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GENERAL CHAPTERS

General Tests
and Assays

General Requirements
for Tests and Assays

(1) INJECTIONS

Every care should be exercised in the preparation of all -
ucts intended for injection, to prevent contamination with mi-
croorganisms and foreign material. Good pharmaceutical prac-
tice requires also that each final container of Injection be subjected
individually to a physical inspection, whenever the nature of the
container permits, end that every container whose contents show
evidence of contamination with visible foreign material be re-
jected.

Definitions—1In this Pharmacopeia, the sterile preparations for

renteral use are grouped into five distinct classes, defined as
F:llm: (1) medicaments or solutions or emulsions thereof suit-
able for injection, bearing titles of the form, Injection; (2)
dry selids or liquid concentrates containing no buffers, dilnents,
or other added substances, and which, upon the addition of suit-
able solvents, yicld sclutions conforming in all respects to the
requirements for Injections, and which are distinsuisﬂed by titles
of the form, Sterile ___; (3) preparations the same as those
described under (2) except that they contain one or more buffers,
diluents, or other added substances, and which are distinguished
by titles of the form, ___ for Injection; (4} solids which are
suspended in a suitable fluid medium and which are not to be
injected mtravenously or into the spinal canal, distinguished by
titles of the form, Sterile ___ Suspension; and (5) dry solids
which, upon the addition of suitable vehicles, yield preparations
conforming in all respects to the requirements for Sterile Sus-
pensions, and which are distinguished by tities of the form, Stertie
— for Suspension.

A Pharmacy bull package is a container of a sterile prepa-
ration for parenteral use that contains many single doses. The
contents are intended for use in a pharmacy admixiure program
and are restricted to thszr aration of admixtures for infusion
ar, through a sicrile transfer device, for the filling of empty steriie
syringes.

The closure shall be penetrated only one time after constitution
with a suitable sterile transfer device or dispensing set which
allows measured dispensing of the contents. The Pharmacy bulk
package is to be used only in a suitable work area such as a

147N

laminar flow hood (or an equivalent clean air compounding area),

Designation as a Phkarmacy bulk package is limited to prep-
arations from classes 1, 2, or 3 as defined above. Pharmacy buik
packages, although containing more than one single dose, are
exempt from the multiple-dose containér volume limit of 30 mL
and tic requirement that they contain a substance or suitable
mixture of subgiances to prevent the growth of microorganisms.

‘Where a container is offered as a Pharmacy bulk package, the
label shall (a) state prominently “Pharmacy Bulk Package—Not
for direct infusion,” (b) contain or refer to information on proper
technigues to help assure safe use of the product, and (c) bear
a statement limiting the 1ime frame in which the container may
be used once it has been entered, provided it is held under the
labeled storage conditions.

Where used in this Pharmacopeia, the dtmﬁon La_rgcbval-
ume intravenous solution applies to a singl ¢ injection that
is intended for intravenous use and is packaged in containers
labeled as containing more than 100 mL. The designation Smali-
volume Injection applies to an Injection that is packaged in con-
tainers labeled as containing 100 mL or less.

The Pharmacopeial definitions for sterile preparations for paz-
enteral use generally do not apply in the case of the biologics,
because of their special nature and licensing requirements (see
Biologics (1041)).

Aqueous Vehicles—The vehicles for aquecus Injections meet
the requirements of the Pyrogen Test {151) or the Bactenal
Endotoxins Test {85}, whichever is specified. Water for Injec-
tion generally is used as the vehicle, unless otherwise spec ied
in the individual monograph. Sodium chioride may be added m
amounts sufficient to render the resulting solution isotontc;
Sodium Chioride Injection, or Ringer’s Injection, may be used
in whole or in part instead of Warer’?:r Injection unless otherwise
specified in the individual monograph. For conditions applying
to other adjuvants, see Added Substances, in this chapter.

Other Vehicles—Fixed oils used as vehicles for nonaqueous
injections are of vegetable origin, are odorless or nearly so, and
have no odor or taste suggesting rancidity. T!;:?' meet the re-
quirements of the test for Solid paraffin vnder Mineral Oil, the
cooling bath being maintained at 10°, have a Saponification value
of between 185 and 200 (see Fats and Fixed Oils (401)), have
an [odine value of between 79 and 128 (see Fats and Fixed Oils
{401}), and meet the requirements of the following tests:

Unsaponifiable Matter—Reflux on a sicam bath 10 mL Gf;lh]f
oil with 15 mL of sodium hydroxide solution (1 in 6) and 30 m
of aleohol, with cceasional shaking until the mixture bcmm:ls
clear. Transfer the solution to 2 shallow dish, evaporate the S
cohol on a steam bath, and mix the residue with 100 mL of wates
a clear solution results.
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Free Fatty Acids—The free fatty acids in 10 g of oil require
for neutralization not more than 2.0 mL of 0.020 ¥ sodium hy-
droxide (sec Fats and Fixed Oils (401)).

Synthetic mone- or diglycerides of fatty acids may be used as
vehicles, provided they are Jiquid and remain clear when cooled
to 10° and have an fodine value of not more than 140 (sce Fats
and Fixed Oils (401}). .

These and other nonaqueous vehicles may be used, provided
they are safe in the volume of injection administered, and aiso
provided they do not interfere with the therapeutic efficacy of
the preparation or with its response to prescribed assays and tests.

Added Substamces—Suitable substances may be added to in-
crease stability or usefiulness, unless proscribed in the individual
monngmph,dprovided they are h ss in the amounts admin-
istered and do not interfere with the therapeutic efficacy or with
the respanses to the specified assays and tests. No coloring agent
may be added, solely for the purposé of coloring the finished

aration, to a solution intended for parenteral administration
see also Added Substances under Gerera! Notices, and Anti-
microbial Preservatives—Effectiveness {51}),

Observe special care in the choice and use of added substances
in preparations for injection that are administered in a volume
exceeding 5 mL. The following maximum limits prevail unless
otherwise directed: for agents containing mercury and the cat-
ionic, surface-active compounds, 0.01%; for those of the types of
chlorobutanol, cresol, and phenol, 0.5%; and for sulfur dioxide,
or an equivalent amount of the sulfite, bisulfite, or metabisulfite
of potassium or sodium, 0.2%. - )

A suitable substance or ‘mixture of substances to prevent the
growth of microorganisms must be added to Ilm:pamtians in-
tended for injection that are packaged in multiple-dose con-
tainers, re; ess of the method of sterilization employed, unless
otherwise dirccted in the individual monograph, or unless the
active ingredients are themselves antimicrobial. Such substances
are used in concentrations that will prevent the growth of or kill
microorganisms in the pregarations for injection (see also Anii-
micrabial Preservatives—. é)‘ectfvemss (513 and Antimicrobial
Agents—Content (341}). Sterilization processes are employed
cven though such substances are used (sce also Parenteral and
Topical Preparations in the section, Added Substances, under
General Notices, and Sterilization and Sterility Assurance of
Compendial Articles {1211)). The air in the container may be
evacuated or be displaced by a chemically inert gas.

Containers for Injections—Containers, including the closures,
for preparations for injection do not interact physically or chem-
ically with the preparations in any manner to alter the strength,

uality, or purity beyond the official requirements under the or-
i or customary conditions of handling, shipment, storage,
sale, and use. The container is made of material that ]
inspection of the contents. The type of glass preferable for each
parenteral preparation is usually stated in the individial mono-

or definitions of single-dose and multiple-dose containers, see
Containers under General Notices. Containers meet the require-
ments ander Containers {(661).

Containers are closed by fusion, or by application of suitable
closures, in such manner as to prevent contamination or loss of
contents. Closures for multiple-dose containers permit the with-
drawal of the contents without remaval or destruction of the
closire. The closure permits penetration by a needle, and, upon
withdrawal of the needle, at once recloscs the container against
contamination.

Contaimers for Sterile Solids—Containers, including the clo-
sures, for dry solids intended for parcnteral use do not interact
physically or chemically with the preparation in any manner to
alter the strength, quality, or purity beyond the official require-
ments under the ordinary or customary conditions of handling,
shipment, storage, sale, and use. ;

A container for a sterile solid permits the addition of 4 suitable
solvent and withdrawal of portions of the resulting solution or
fuspension in such manner that the sterility of the product is
maintained. ) : ;

Where the Assay in 2 monograph provides a procedure for
4ssay preparation in which the total withdrawable contents are
lo be withdrawn from a single-dose container with a hypedermic
n¢edle and syringe, the contents are to be withdrawn as com-
pletely as possible into a dry hypodermic syringe of a rated ca-
pacity not exceeding three times the velume to be withdrawn and

General Requirements / Injections (1) 1471

fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in
length, care bcin% taken to expel any air bubbles, and discharged
inte a container for dilution and assay.

Volume in Coutainer—Each container of an Injection s filled
with a volume in slight excess of the labeled “size™ or that volume
which is to be withdrawn. The excess volumes recommended in
the accompanying table are usually sufficient 1o permit with-
drawal and administration of the labeled volumes. -

DETERMINATION OF YOLUME OF INJECTION IN CON-
TAINERS—Select 1 or more containers if the volume is 10 mL
or more, 3 or more if the volume is more than 3 mL and less
than 10 mL, or 5 or more if the volume is 3 mL or less. Take
up individually the contents of each container selected into a dry
hﬁlpodem.ic syringe of a rated capacity not exceeding three times
the volume to be measured, and fitted with a 21-gauge needle
not less than 2.5 ¢m (1 inch) in length. Expel any air bubbles
from the syringe and needle, and then discharge the contents
of the syringe, without emptying the needle, into a standardized,
dry cylinder (graduated to contain rather than to defiver the
designated volumes) of such size that the volume to be measured
occupies at least 40% of its rated volume. Alternatively, the
contents of the syringe may be discharged into a dry, tared beaker,
the volume, in ml., being calculated as the weight, in g, of In-
jection taken divided by its density. The contents of two or three
1-mL or 2-mL containers may be pooled for the measurement,
provided that a scparate, dry syringe assembly is used for each
container. The content of containers holding 10 mL. or more may
be determined by means of opening them and t:ulptgl;;%t the con-
tents directly into the graduated cylinder or tared er.

Recommended Excess Volume

For Mobile For Viscous
Labeled Size Liquids Liquids
0.5 mL 0.10 mL 0.12 mL
1.0 mL 0.10 mL Q.15 mL
2.0 nd, 0.i5 mL 025 mL
5.0 mL .30 mL 0.50 mL
10.0 mL 0.50 mL 0.70 mL
20.0 mL 0.60 mL 0.90 mL
30.0 mL 0.80 mL 1.20 mL,
50.0 mL
or more 2% 3%

The volume is not less than the labeled volume in the casc of
containers examined individually or, in the case of 1-mL and 2-
ml containers, is not less than the sum of the labeled volumeg
of the containers taken collectively. :

For Injections in multiple-dose containers labeled to yield a
specific number of doses of a stated volume, proceed as directed
in the foregoing, using the same number of separate syringes as
the number of doses ified. The volume is such that each
syringe delivers not less than the stated dose.

For Injections containing oil, warm the containers, if necessary,
and thoroughly shake them immediately before removing the
contents. Cool to 25° before measuring the volume.

Particulate Matter—All large-volume Injections for single-dose
infusion, and those small-volume Injections for which the mono-
graphs specify such requirements, are subject to the particulate
matter limits set forth under Particulate Matter in Injections
{788). An article packaged as both a large-volume and a small-
volume [njection meeis the requirements set forth for Small-
volume Injections where the container is labeled as containing
100 mL or less if the individual monograph includes a test for
Particulate matter, it meets the requirements set forth for Large-
volume Injections for Single-dose Infusion where the container
i labeled as containing more than 100 mL. Injections packaged
and labeled for use as irrigating solutions are exempt from re-
quirements for Particulate matter.

Sterility Tests—Preparations for injection meet the require-
ments under Sterifity Tests (71).

Labeling—[NOTE—See definitions of “label” and “labeling”
under Preservation, Packaging, Storage, and Labeling—Lubel-
ing in the General Notices. -

The label states the name of the preparation; in the case of a
liquid preparation, the percentage content of drug or amount of
drug in a specified volume; in the case of a dry preparation, the
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amount of active ingredient; the route of administration; a state-
ment of storage conditions and an expiration date; the name of
the manufacturer and distributor; and an identifying lot number.
The lot number is capable of yiclding the complete manufactuxi]if
history of the specific package, including all manufacturing, fill-
ing, sterilizing, and labeling operations. !

Where the individual monograph permits varying concentra-
tions of active ingredients in the large-volume parenteral, the
concentration of each ingredient named in the official tide is
stated as if part of the official title, e.g., Dextrose Injection 5%,
or Dextrose (53%) and Sodium Chloride (0.2%) Injection.

The labeling includes the following information, if the complete
formula is not specified in the individual monograph: (1) In the
case of a liquid preparation, the percentage content of each in-
gredient or the amount of each ingredient in a specified volume,
except that ingredients added to adjust to a given pH or to make
the solution isotonic may be declared by name and a statement
of their effect; and (2) in the case of a dry preparation or other
preparation to which 2 diluent is intended to be added before
use, the amount of each ingredient, the composition of recom-
mended diluent(s) [the name(s) alone, if the formula is specified
in the individual monograph], the amount 10 be used to altain a
specific concentration of active ingredient and the final volume
of solution so obtained, a brief description of the physical ap-
pearance of the constituted solution, directions for proper storage
of the constituted solution, and an expiration date limiting t
period during which the constituted solution may be expected to
have the required or labeled potency if it has been stored as
directed. ) i _

Containers for Injections that are intended for use as dialysis,
hemofiltration, or irrigation solutions and that contain a volume
of more than-1 liter are labeled to indicate that the contents are
not intended for use by intravenous infusion.

Injections intended for veterinary use are labeled o that effect.

The container is so labeled that a sufficient area of the con-
tainer remains uncovered for its full length or circumference to
permit inspection of the contents.’ )

Packaging and Storuge—The volume of Tnjection in single-dose
containers provides the amount ified for parenteral admin-
istration at on¢ time and in no case is more than sufficient to
permit the withdrawal and administration of 1 liter.

Preparations intended for intraspinal, intracisternal, or peri-
dural administration are packaged only in single-dose containers,

Unless atherwise specified in the individual monograph, no
multiple-dose contatner contains a volume of Injection more than
sufficient to permit the withdrawal of 30 mL.

Injections packaged for use as irrigation solutions or for hemo-
filtration or dialysis or for parenteral nutrition are exempt from
the 1-liter restriction of the foregoing requirements relating to
packaging. Containers for Injections packaged for use as hemo-
filtration or irrigation solutions may be designed to empty rapidly
and may contain a volume of more than 1 liter,

Injections labeled for veterinary use are exempt from pack-

ing and storage requirements concerning the limitation to sin-
S,F&dose containers and the limitation on the volume of multiple-
dose containers. :

CONSTITUTED SOLUTIONS

Sterile dosage forms from which constituted selutions are pre-
pared for injection bear titles of the form, Sterile ___ or __
Jor Injection. Since these dosage forms are constituted at the
time of use by the health-care practitioner, tests and standards
pertaining to the solution as constituted for administration are
not included in the individual monographs on sterile dry solids
or liquid concentrates. However, in the interest of assuring the
guality of injection preparations as they are actually adminis-
tered, ihe following nondestructive tests are provided for dem-
enstraling the suitability of constituted solutions when they are
prepared just prior to use. ’

Conipleteness and Clarity of Solution—Constitute the solution
as directed in the labeling supplied by the manufacturer for the
sterile dry dosage form.

A:  The solid dissolves completely, leaving no visible residue
as undissolved matter.

B: The constituted solution is not significantly Iess clear
than an equal volume of the diluent or of Purified Water con-
tained in a similar vessel and examined similarly.

(11} USP Reference Standards / General Requirements
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Particulate Matier—Constitute the solution as directed in the
labeling supplied by the manufacturer for the sterile dry dosage
form: the solution is essentially free from particles of foreign
matier that can be observed on visual inspection.

(11 USP REFERENCE
STANDARDS

USP Reference Standards are established and released under
the authority of the USPC Board of Trustees upon recommen-
dation of the USP Reference Standards Committee, which passes
on the selection and suitability of each lot. The critical char-
acteristics of each lot of specimen selected for the standard are
usually determined indegcndently_ in three or more laboratories.
The USP Drug Ressarch and Testing Laboratory (see Preface)
and the Food and Drug Administration laboratories participate
in testing almost all new Standards and replacements for existing
Standards. In addition, laboratories throughout the nation, both
academic and industrial, participate in the testing.

- Reference Standards are specifically required in many Phar-
macopeial assays and tests and are ];lrmvid.cd solely for such use;
suitability for other non-official application(s) rests with the lgur-
chase. Originally introduced for the biological assays of USP X,
reference standards are now required for numerous other pro-
cedures as well. This reflects the extensive use of modern chro-
matography and spectrophotometry, which require measurements
relative to a reference standard (o altain accurate and reprodu-
cible results. .

USP Reference Standards are substances selected for their
high gurity, critical characteristics, and suitability for the in-
tended purpose. Heterogeneous substances, of natural origin, also
are designated “Reference Standards” where needed. Usually
these are the counterparts of international! standards.

Antibiotic reference standards distributed by the USPC have
been designated by the U.S, Food and Drug Administration as
identical to FDA working standards under the DDA ceriification
procedures. USPC distributes both U.S. Reference Standards
and USP Reference Standards for antibiotic substances. This
difference in labeling the Standards is in effect only temporarily,
and eventually all vials will bear the same title. %l’h:re a US%’
Reference Standard is called for, the corresponding substance
labeled as a “U.S. Reference Standard” may be used, and vice
versa, s .

Reference Standards curreaily labeled as “NF Reference Stan-
dards” will cventunIly all be designated and labeled as “USP
Reference Standards”™ pursuant to the consolidation of USP and
NF within the USPC as of January 2, 1975. Meanwhile, where
a USP Reference Standard is called for, the corresponding sub-
stance labeled as an “NF Reference Standard” may be used.

Other Reference Substances

As a service, the USPC tests and distributes additional au-
thenticated substances not currently required as USP or NF Ref-
erence Standards. These also are provided under the supervision
of the USP Reference Standards Committes. These additional
substances fall into three groups: (1) former USP and NF Ref-
erence Standards, not required in the current USP or NF but
for which sufficient demand remains; (2) FCC Reference Stan-
dards, specified in the current edition of the Food Chemicals
Codex; and (3) Authentic Substances (AS), which are highly
purified samples of chemicals, including substances of abuse, that
are cellaboratively tested and madc available as a service pri-
marily to analytical, clinical, pharmaceutical, and research lab-
oratories. . .

The distribution of controlled substances is subject to the reg-
ulations and licensing provisions of the Drug Entorcement Ad-
ministration of the Department of Justice.

As an additional service, the USPC distributes several non-
commercial reagents required in certain USP monographs. These
reagents are specially prepared for their intended use and will be
distributed by USPC only until they become commercially avail-
able.

A program 1o provide international biological standards and
chemical reference substances is maintained by the World Health
Organization, an agency of the United Nations, The WHO pr
gram is concerned with reference materials for antibiotics,
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logicals, and chemotherapeutic agents. As a rule, an Interna-
tional Standard for 2 material of natural origin is discontinued
once the substance responsible for its charactetistic activity has
been isolated, identified, and prepared in such form that it can
be sompletely characterized by chemical and physical means.
The USP Refercnce Standards Committee collaborates closely
with the WHO in order to minimize unavoidable differences in
the actual units-of potency, and in some cases to share in the
paration of a reference standard. Since some USP Reference
grt:ndarﬁs are standardized in terms of the corresponding Inter-
national Standards, the relevant USP Units and the International
Units of potency are generally identical. I
. ‘Proper Use of USP Reference Standards—To serve its intended
Eurposc, each USP Reference Standard must be J;rru erly stored,
andled, and used. Generally, Reference Stan ould be
stored in their original stoppered containers away from heat and
protected from light. Avoid humid storage areas in particular.
Where special storage conditions are necessary, directions are
given on the label. N

Neither Reference Standards nor Authentic Substanees are

.intended for use as drugs or as medical devices, - - .

.- Many Pharmacopeial tests and a.sz%ys are based on comparison
of a test specimen with a USP Reference Standard. In such
-cases, measurements are made on preparations of both the test
specimen and the Reference Standard. Where it is directed that
a Standard solution or a Standard preparation be prepared for
a guantitative determination by stepwise dilution or otherwise, it
is intended that the Reference Standard substance shall be ac-
curately weighed (see Weights and Balances (41) and Volu-
metrie Apparatus {31}). Due account should also be taken of
the rc]atwe!}l large errors associated with weighing small masses
(see also Dilution under General Notices).

Assay and test results are determined on the basis of compar-
isons of the specimen under test with a USP Reference Standard
that has been freed from or corrected for volatile residues or
water content as instructed on the label. The same directions are
given in the Reference standard(s) sections of the appiicable
monographs, ere specific label instruction differ from the text
in the applicable Reference standard scction(s), the actual labe
on the current distributed item will take precedence. such a sit-
uation reflects the ability to immediately effect a necessary change,
on scientific ground in advance of the written change to the Ref~
erence standard section(s) via periodic official revisions. Where
special drying requirements for Reference Standards are found
in specific sections of USP or NF monographs, those supersede
the vsual instructions (see Procedures under Tests and Assays
in the General Notices). Where a USP Reference Standard is
required to be dried before using, transfer an amount, .sufficient
after drying, to a clean and dry vessel. Do not use the original
containcr as the drying vessel, and do not dry a specimen re-
peatedly at temperatures above 25°. Where the titrimetric de-
termination of water is required at the time a Reference Standard
is to be uscd, procecd as directed for Method I under Water
Determination {921). Instrumental or microanalytical methods
are acceptable for this purpose. When using typical amounts,
about 50 mg, of the Reference Standard 23 the test specimen,
titrate with a fourfold dilution of the Reagent. - Z

Unless a Reference Standard label states a specific potency o
content; the Reference Standard is taken as being 100.0% pure
for compendial purposcs. The suitability of a USP Reference
Stadard for noncompendial application is left up to the user.

Current Lots

It is the res tmsibilit% of each analyst to ascertain that his
particular supply of USP Reference Standard is current. Only

sufficient quantity for immedite use should be purchased, and

!m}#-tcrm storage should be avoided. .

o ensure ready access to the latest information, the USPC
publishes the Official Catalog of Reference Standards and Au-
thentic Substances, and the lot designations, bimonthly in Phar-
macopeial Forum.* This system offers more positive control and

* For nonsubscribers, the most recent Official Catalog is avail-
able from: U.S. Pharamcopeial Convention, Inc., Reference
Standards Order Department, 12601 Twinbrook Parkway, Rock-
ville, MD 20852, Telephone 1-301-881-0666, FAX 1-301-881-
5021. Toll-free telephone 1-300-227-USPC. i

Apparatus [ Automated Methods of Analysis (16) 1473

flexibility ia résponding to revisions in Reference Standard usage
than would expiration dates, The Catalog in the most recent
Pharmacopeial Forum identifies items that are official in the
'USP Reference Standards collection at the time of publication.

Two columns appear in the Catalog to identify the current
official lots. One colimn identifies the official lot currently being
shipped by USPC. In some cases, the previous lot may still be
considered official. If so, it is identified in the second colump.
Ordinarily the previous lot is carried in official status for about
one year after the current lot entered distribution unless, because
of a change in monograph requircments or stability limitations,
the previous lot is found ta be no langer suitable.

Apparatus for Tests

(16)' AUTOMATED METHODS
OF ANALYSIS

““Where a sufficiently large pumber of similar units are to be
subjected routinely to the same type of examination, automated
methods of analysis may be far more efficient and precise than
manuzl methods. Such automated methods have been found es-
pecially useful in testing thé content uniformity of tablets and
capsules and in facilitating methods requiring precisely controlled
experimental conditions. Many manufacturing establishments,
ag well as the laboratories of regulatory agencies, have found it
convenient to utilize automated methods as alternatives to Phar-
macopeial methods (see Procedures, under General Notices). In
addition, the detection system and calculation of results for au-
tomated methods ars often computerized,

Beforc an automated method for testing an article is adopted
as an alternative, it is advisable to ascertain that the results ob-
tained by the automated method are equivalent in accuracy and
precision to those obtained by the prescribed Pharmacopeial
method, bearing in mind the further principle stated in the Gen-
eral Notices that “where a difference appears, o in the event of
dispute, only the result obtained by the procedure given in this
Pharmacopéia is conclusive.” .- - _

It is necessary to monitor the performance of the automated
analytical system continually, by assaying standard preparations
of known composition frequently interspersed among the test
preparations. ere immiscible solvents are employed in the
automated apparatus for rapid extractions, they are often sepa-
rated Eor__ana’iysis before complete extraction is attained, and the
chemical reactions ntilized in automated methods rarely are stoi-
chiometric. Both the accuracy and the. precision of the deter-
minations depend upon precise adjustment of the equipment, so
maintained that all standard and test preparations are exposed
to identical physical and chemical manipulations for identical
time intervaIg. Bxcessive variability in the response of the stan-
dard preparations indicates that the analytical system is mal-
functioning and that the test results are thereforc invalid. How-
ever, where automated systems are shown to operate reliably, the
precision of the automated method may surpass that of the man-
ual procedure employing the same¢ basic chemistry.

any of the manual methods given in this Pharmacopeia can
be adapted for use in automated equipment incorporating either
discrete analyzers or continuous flow:systems and ting under
a variety of conditions, On the other hand, an analytical scheme
devised for a particular auiomated system may not be readily
transposable for use either in a mamual procedure or in other
types of automated equipment. I
The apparatus required for manual methods is, in general, less

" eomplicaied than the %;_)paratus of automated systems, even those
ire

‘systems used for the direct automated measurement of a single
analyte (i.e., the substance being determined or analyzed for) in
a binary mixture. However, becausc of their versatility, auio-
mated systems designed for the rapid determination of a specificd
substance often can be readily modified by the addition of suit-
able modules and accessories to permit the determination of one
or more additional substances in a desage form. Such extended
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systems have been utilized, for example, in the automated anal-
ysis of articles containing both estrogens and progestogens.

The accompanying grtinent diagrams represent examples of
automated methods. Diagrams for official methods are repro-
duced here rather than in the individual monographs. The de-
scriptions of the procedural details in these methods exemplify
the general approach in automated analysis applicable to dosage
forms. It should be noted that the diagrams, with many minutiae,
are zn indispensable part of the directions for conducting the

dnalysis.

Antibiotics—Hydroxylamine Assay

The following procedure is applicable for the assay of those
Pharmacopeial antibiotics, such as cephalosporins and penicillins,
that possess the beta-lactam structure.

Apparatus—Automatic analyzer consisting of (1) a liquid sam-
pler, (2) a proportioning ripump, (3) suitable g hotometers
equipped with matched flow cells and analysis capability at 480
nm, (4) a means of recording spectrophotometric readings, and/
or computer for data retrieval and calculation, and (5) a manifold
consisting of the components illustrated in the accompanying per-
tingnt diagram.

Reapents—

Hydroxylamine hmmvhfon'de solution—Dissolve 20 g of hy-
droxylamine hydrochloride in 5 mL of polyoxyethylene (23) lau-
ryl ether solution (1 in 1000), and add water to make 1000 mL.

Acetate buffer—Dissolve 173 g of sodium hydroxide and 20.6
g of sodium acetate in water to make 1000 mL. Dilute 75 mL
of this solution with water to 500 mL, and mix.

USP XXII

Ferric nitrate solutfon—Suspend 233 g of ferric nitrate in about
600 mL of water, add 2.8 mL of sulfuric acid, stir until the ferric
nitrate is dissolved, add 1 mL of polyoxyethylene (23) lauryl
ether, dilute with water to 1000 mL, and mix.

Reference Standard—Usc the USP Reference Standard as di-
rected in the individual monograph.

Standard Preparation—Unless otherwise directed in the indi-
vidual momgrngh, dissolve an accurately weighed quantity of the
Reference Standard in water, and dilute quantitatively with water
to omin a solution having a known concentration of about 1 mg
per mL, .

Assay Preparation—Unless otherwise directed in the individ-
ual monograph, using the specimen under test, prepare as directed
under Stam.ard Preparation.

Procedure—With the sample line- pumpirﬁ water, the other
lines pumping their respective reagents, and the spectrophotom-
eter set at 480 nm, standardize system until a steady ab-
sorbance baseline has been established. Transfer portions of the
Standard Preparation and the Assay Preparation to sampler cups,
and place in the sampler. Start the sampler, and conduct deter-
minations of the Standard Preparation and the Assay Prepa-
ration typically at the rate of 40 per hour, using a ratie of about
2:1 for sample and wash time. Calculate the potency by the
formula given in the individual monograph, in which C s the
concentration, in mg per mL, of USP Relerence Standard in the
Standard Preparation, P is the potency, in ug per mg, of the
USP Reference Standard, and Ay and A5 are the absorbances,
corrected for the absorbances of the resdpecﬁve blanks, of the
solutions from the Assay Preparation and the Standard Prepa-
ration, respectively.

50° HEATING BATH
159 1o 250 9O-fi, 2.4-mm (1D) Coil
Water-jocketed
Caooling SMC*

Glass Fitting
sMct s

SAMPLER
— Rate, 30./br

Pumping Tubes

Tite Size, iD )
(Inches) Contenis

Air, with Carbon Dioxide Absorption Tube

Strontium Hydroxide Solution (1 in 100),

[—'O 0.065
) | 0073

with Carbon Dioxide Absorption Tube
~ | 0,040 ~ Sample Solution [Tube is acid resistant)

SMC* "

A

0,045  Water, as Sample Wash

Glass TF;‘rfna i

Procaine Hydrochloride Solution {3 in 1000)

sMc* N sMc*

A
P
»

Glass T Fitting _ i

@)
—) |0.045
H) |0.045  Dilute Hydrochloric Acid (1 in 5)

0.045  N-1-Naphthylethylenediomine Dihydrochloride

———=To Waste

==

To F" T _O 0081
PROPORTIONING

Solution (1 in 1000)

PUMP
(Lower Level)
Flaw Cell Return

40-ft, 2.4=mm {ID}

Tims Delay Coil I’ ,_jb_ :

De-bubbier

SPECTROPHOTOMETER
S5-mm Rectangular
Flow Cell; 545 nm,

Diagran;l for Automated Assay for Nitroglycerin Tablets

ABSORBANCE
MONITOR

*14-turn, 2.4-min (10] Single Mixing Coil
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15— turn®
W
o
SPECTROPHOTOME TER N - 1080 = Y 3 - AQ W
| MAX 273nm ...[ AR T_140 f / /
| | HEPTANE 5 25 " 3
] DILUTEHCI (1int00} T 200 " /
w WASTE A_120 *
i g A om0 "
an Al [ T 200
[T 1] saueous samre & 080 *
SPECTROPHOTOME TER . | ar T 023 "
IMAX 293 nm T PLE A »
L] 1 LE_PTmé §_ 200
AID AR T 140 "
HEPTANE 5 zo0 "
Symbal Explonation " A R
OR = Drug Release AD = Glass Fitling - Q25K H0M T @00
CU = Content Uniformity Al = Gloss Fitling m[ AR T 120 "
A = Acid Resistant AlQ= Bloss Fitti .
T = Tygon 00 = Glogs Fiting %f- T ——T
S = Alcohol Resistant DI = Glass Fitting A Eg
W = Waoste C3 = Gloss Fitting or R
D = Debubbler B0 Electrolyte trap
FI = Flow Cell F2 = Flow Cell

NOTE | Becouse of variations in the infernal
diametér of the pump tubing, it s
necessary to make adjusiments 1o the

. size of pump fubes in order to bolance
the system at the severol phose tronsfer

points.
NOTE 2:Polytef filoments may be odded ai phase
transfer points to aid saporafion.

» = 2.4 .mm intemal diametar

Diagram for Automated Drug Relcase and Content Uniformity Test for Propranolol Hydrochloride and Hydrochlorothiazide

Extended-refease Capsules
Tubing®
0 Fiow
(inches] (mL/min)
e —— LIQUID
0110 (3.9) SAMPLER
0.1 N Acetic Acid®
0.110 (3.9)
[TTY JUULL ™ 0051 ‘1.0’
e —0
Waste | == SMC SMC 00040 (0.6)
== Air
Taee ot | o007 _2.01
i Dlluant Solv.?
~ 0.020 (0.18)
1 \_/—. V‘O’
Act. X = 375 nm D
Emis. X = 498 nm ! l Wosts O 0.073 (2.0)

Cell = 2nm

SAll tubing is Tygon except for the 0.073-In, tubing, which is silicona.
For the Content Uniformity test, use Ph ic acid futi

Diagram for Automated Dissolution 2nd Content Uniformity Test for Reserpine Tablets

FRESENIUS EXHIBIT 1068
Page 10 of 158



T —

1476  (16) Automated Methods of Analysis / Apparatus USP XXxI1

TUBE SIZE (1.D. IMCHES)

I o 0.051 AL

R
: 0.TI0% WS —
gl
+
0 +
CONT INUOUS ;- (L1 SOLID
FILTER @;’_q | _ | ¥ SAMPLER .
. I, .
L P —~ 0.060% B.T. BISSOLUTION:
) o o ! | O 100 ML OF SOLVENT
WASTE 4 _____ 00000000 00000000 £ Omﬁ* -
* oo L. # D051 AIR:
S | SMPLE RaTE:
o~ 0,060% TM.AH. 20 PER HOUR
:sm* ' - —
m - 0.090*
2 mm CELL I:j WASTE -» O : TINING:
” WASTE . ) HOMOGENIZAT 10N
&l . i =
' G 0.030% :
HYDRALAZINE VISIBLE WASTE * )
5,
HYOROCHLORIDE ' SPECTROPHOTOMETER : . 50.090% DILUENT .| SAMPLING '
ANAX 7] 3 WASTE - N M- 76
271 lj ﬁmem{:__—-,_om____._,
10mm CELL - DHCE COLUMN o~ 0.081* DILUENT
HYDROCHLORD~ 1 e i ) LEGEND:
THIAZIGE S — —— " popo ‘noqn 0.081% - e
U. V. SPECTROPHOTONETER e O Q Polyethylene
. 0.045 AIR * Solvaflex Tubing
WASTE *+, ' :
- . 0.015 H.O - Standard
TIME DELAY p : 20 ‘
20 feet x 2.4mml.D + Glass Fitting
o DRG0 + Debubbler
X ACTIV. 385nm : = U/ # 28 Turn, 2.4:{1[1.060}’!1
FLUDR, 495am : 5 e ass
A lj WASTE 4 e | t 14 Turn, 2.%n(1.0.)
2mm CELL o o - Blass Coil
RESERPINE | e | ] —= Paum’;:pmm

SPECTROFLUOROMETER

Diagram for Antomated Content Uniformity Test for Resorpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets

Content Uniformity of Nitroglycerin Tablets The aumbers represent

= i % h follows:

This is not to be considered as the official method. It is detailed ieagedtz.os folais mL [minute

here for further illustration of deseriptions of antomated methods. (1) Hydroxyhami
; i G ylamine () 0.42

Apparafus—Automatic analyzer consisting of (1) a liquid sam- hydrochloride solution; e AT
pler, (2} a proportioning pump, 513) a heatix;%]bath, (4) a suitable o e
spectrophotometer eqm)pped with a 5~mm flow cell and analysis (2) Acetate buffer; : ‘
capability at 545 nmt, (5) a means of_mcordin% spectrophotometric
readi.lzg_a. and (6) a manifold consisting of the components illus- (3) 3.3 N Sulfurlc acld; : 0.32 |
U‘B;:; in the accompanying pertinent: lagram. {4) Ferric nitrate solution. (3) 0.32

I Percent strontium hydroxide solution—Dissolve 200 g of " 4] 0.0
strontium hydroxide [Sr(gﬁ)gABHZO] in 1800 mL of carbon diox- 5”““"”““":“;““ .

nm

ide—fres water, heating if necessary. Cool to room temperature,
dilute with carbon dioxide—frec water to 2000 mL, and mix. Al-
low to stand overnight, and filter. Store the clear solution in
tightly ¢losed containers, protected from carbon dioxide.

|

|

0.3 Percent procaine hydrochloride solution—Dissotvg 3.0 g f ; g 1
of procaine hydrochloride in water to make 1000 mL. — SAMPL

0.1 Percent N-1-naphthylethylenediamine dikydrochloride so- : o Rate n:‘f: |

lution—Dissolve 1.0 g of N—l—ﬁaphthylcthyléneiam' nine dihydro- ABSORBANCE I————-m = aar |

chloride in water to make 1000 mL. Prepare fresh cach week. MONITOR - ‘

Standard Preparation—Dissolve an accurately weighed portion ’ 032 |

of 10 percent nitroglycerin-betalactose absorbate, previously

standardized, in water, and dilute quantitatively and stepwise 2 0.3z
with water to obtain a solution having a known concentration of T
about 30 ug per mL. Blank L (4] o060

480 nm

Test Pgr(el!nratwn' —Dissolve 1 Mitroglycerin Tablet in water to
obtain a solution havi

ving a concentration of about 30 pg of nitro-

glycerin per mL. . ;
Procedure—With the sample line pumping water, the other SPECTROPHOTOMETER

lines pumping their respective reagents, and the spectrophotom- .

eter set at 545 nm, standardize the system by pumping until a Diagram for Automated Hydrexylamine Assay for Antibiotics
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steady absorbance baseline has been established. Transfer por-
tions of the Standard Preparation and the Test Preparation to
sampler cups, and place in the sampler. Start the sampler, and
conduct determinations of the Standard Preparation and the Test
Preparation at a rate of 30 per hour, using a ratio of 1:1 for
sample and wash time. First, run 2 standards, discarding the first
value, then continue the run using 1 standard after each 5 sam-
ples, recording the absorbance values. Calculate the quantity, in
mg, of C;HsN3Oy in the Tablet by the formula:

(T/D)ClAy/ 4s),

in which T'is the labeled quantity, in mg, of nitroglycerin in the
Tablet, D is the concentration, in ug per mL, of nitroglycerin in
the solution from the Tablet, on the labeled quantity per
Tablet and the extent of diltution, C is the concentration, m pg
per mL, of nitroglycerin in the Standard Preparation, Ay is the
absorbance of the Test Preparation, and Ay is the average of the
absorbances of the two Standard Preparations that bracket the
Test Preparation.

Diagrams
The preceding diagrams are arranged in alphabetic order by
the name of the drug first mentinn:l:‘f where the diagram is for
a procedure for a specific article. Diagrams pertaining to general
classes of articles, ¢.g., Diagram for Automated Hydroxylamine
Assay for Antibiotics, appear after that alphabetic series.

- (21) THERMOMETERS

Thermometers suitable for Pharmacopeial tests conform to
specifications of the American Society for Testing and Materials,

TM Standards E 1, and are standardized in accordance with
ASTM Method E 77.

The thermometers are of the mercury-inglass type, and the
eolumn above the liquid is filled with nitrogen. Thermometers

Thermometer Specifications
Temperature Gradu- Immer-
ASTM Nao. Range ations sion
El (’C% ‘ - (°0) (mm)

Thermometers for General Use, Including
" Melting Range Determinations

1c —20 to 150 1 76
2¢ =5 10 300 1 76
3C - —5to 400 . 1. .76

Thermometers for Boiling or Distilling Range
or Temperature Determinations

37C . —2to 52 0.2 100
38C 240 78 0.2 100
39C 4810102, 0.2 100
40C 72 o 126 0.2 100
41C 98 to 152 0.2 100
102C 123 to 177 0.2 100
103C 148 to 202 0.2 100
104C 173 to 227 0.2 100
105C 198 to 252 0.2 100
106C © 223 10 277 0.2 100
107C 248 10 302 0.2 100
Thermometers for Congealing Ran
or Temperature Determinations &
B9C —20to 10 0.1 76
90C Oto 30 0.1 76
91C 20to 50 0.1 76
92C 40to 70 0.1 76
33C 60 v 50 0.1 76
94C 80 to 110 0.1 76
95C 100 to 130 0.1 76
96C 120 to 150 0.1 76

NOTE—The revised cenliﬁrnde scale attributed to Celsius dif-
fers slightly from the so-called centigrade scale herctoforc ac-
cepted. However, the magnitude of the difference is negligible,
and the two scales are considered equally suitable for Pharma-

copeial purposes.

Apparatus / Weights and Balances (41) 1477

may be standardized for total immersion or for partial immersion.
Insofar as practicable, each thermometer should be emploved
gacmg to the condition of immersion under which it was stan-

Standardization for total immersion involves immersion of the
thermometer to the top of the mercury column, with the re-
meainder of the stem and the :gr expansion chamber exposed
to ambient temperature. Sta dization for partial immersion
involves immersion of the thermometer to the indicated immer-
sion linc etched on the front of the thermometer, with the re-
mainder of the stem cxlposed to ambient temperature. For usc
under other conditions of immersion, an cmergent stem correction
is necessary to oblain correct temperature readings.

In the selection of a thermomeier, careful consideration of the
conditions under which it is to be used is essential. The accom-
panying table lists specifications for a number of thermometers
suitable for use in Pharmacopeial tests. The lower and upper
limits of temperature range specified in the table are to be re-
garded as inclusive.

(31) VOLUMETRIC
- APPARATUS

Most of the volumetric apparatus available in the United States
is calibrated at 20°, although the temperatures generally pre-
veiling in laboratories more nearly aﬂpmch 25°, which is the
temperature specified generally for Pharmacopeial tests and as-
says. This discrepancy is inconsequential provided the room tem-
perature is reasonably constant. ’

Use—To attain the degree of precision required in many Phar-
macopeial assays involving volumetric measurements and direct-
ing that a quantity be “accurately measured,” the apparatus must
be chosen and used with care. A buret should be of such size
that the titrant volume represents not less than 30% of the nominal
volume. Where less than 10 mL of titrant is to be measured, a
10-m]J. buret or a microburet generally is required.

The design of volumetric apparatus is an important factor in
assuring accuracy. For example, the length of the graduated
portions of graduated cylinders should be not less thian five times
the inside diameter, and the tips of burets and pipets should
restrict the outflow rate to not more than 500 L. per second.

Standards of Accuracy—The capacity tolerances for volumet-
ric flasks, transfer pipets, and burets are those accepted by the
National Imstitute of Standards and Technology (Class A),* as
indicated in the accompanying tables found at the top of the next

page.

The capacity tolsrances for measuring (i.c., “graduated”) pi-
pets of up to and including 10-mL capacity are somewhat larger
than those for the corresponding sizés of transfer pipets, namely,
10, 20, and 30 pL for the 2-, 5-, and 10-mL sizes, respectively.

Transfer and measuring pipets calibrated “to deliver” should
be drained in 2 verlical position and then touched against the
wall of the receiving vessel to drain the tips. Yolume readings
on burets should be estimated to the nearest 0.01 mL for 25- and
50-mL burets, and to the nearest 0.005 mL for 5- and 10-mL
burets. Pipets calibrated “to contain” are catled for in special
cases, generally for measuring viscous fluids like syrups; however,
a volumetric flask may be substituted for a “'to contain™ pipet.
In such cases, the pipet or flask should be washed clean, after
draining, and the washings added to the measured portion.

(41) WEIGHTS AND
BALANCES

Pharmacopeial! tests and assays require the use of balances that
vary in capacity, sensitivity, and reproducibility. The accuracy
needed for a weighing dictates the type of balance and the class
of weights required for that weighing. Where substances are to
be “accurately weighed,” the weighing is to be performed so as
1o limit the error to not more than 0.1%. For example, a quantity
of 50 mg is to be weighed so that the error does not exceed 50

* Sce “Testing of Glass Volumetric Apparatus,” N.B.S. Cire.
602, April 1, 1959, and NTIS COM-73-10504, National Tech-
nical Information Service.
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Volumetric Flasks
Designated volume, mL 10 25 50 100 250 500 1000
Limit of error, mL 0.02 0.03 0.05 0.08 ‘0.12 0.15 0.30
Limit of error, % 0.20 0.12 0.10 0.08 0.05 0.03 0.03
Transfer Pipets .
Designated volume, mL 1 w2 5 10 25 S0 100
Limit of error, mL 0.006 0.006 0.01 0.02 0.03 0.05 0.08
Limit of error, % 0.60 0.30 0.20 0.20 0.12 0.10 0.08
Burets

Designated volume, mL 10 (“micra” type) 25 50
Subdivisions, mL 0.02 0.10 0.10
Limit of error, mL 0.02 0.03 0.05

ug. A balance should be chosen such that the value of three
times the standard deviation of the reproducibility of the instru-
g}groni, divided by the amount to be weighed, does not exceed

A weight classification should be chosen so as to limit the error
to 0.F%. This generally means that Class P weights can be used
for quantities greater than 100 mg, Class S-1 for quantities greater
than 50 mg, Class S for quantities greater than 20 mg, and Class
M for quantities greater than 10 mg. Quantities of less than 10

may be weighed on balances having appropriate reproduc-
ibilitics and designed to afford electrical or optical methods for
accurately subdividing a 10-mg, full-scale range, after calibration
with a 10-mg, Class M weight.

The tolerances shown in the accompanying table are for new
or newly adjusted weights. For weights that have been in use,
the tolerances are somewhat larger, as follows:

Ciass M: 100-, 200-, 300-, and 500-mg denominations—10.5
pg;-and 20.0 gg for the group,

Class S: 100-mg and beavier denominations—Twice the values
shown in the accompanying table (for individual and p).

Class S-1; Same as shown in the accompanying m%!tgu

Ciass P: For all weights—Twice the values shown in the ac-

con#)an ing table. - ;
cights should be calibrated periodically, preferably against
an abgolute standard weight.
Tolerances for New Weights in Sets
Class M Class §

Denotii- Class 8-1 Class P
nation Individ- Group Individ- Group Individ- Individ-
g ualpg pg uvalpg pg  ualpg ualpug

Microbiological Tests

(51) ANTIMICROBIAL
PRESERVATIVES—EFFECTIVE-
NESS

Antimicrobial preservatives are substances added to dosage
forms to protect them from microbizl contamination. They are
used primarily in multiple-dose containers to inhibit the growth
of microorganisms that may be introduced inadvertently during
or subsequent to the manufacturing process, Antimicrobial agents
should net be used solely to reduce the viable microbial count as
a substitute for good manufacturing practice. Situations may
arise, hawever, where their usc may be required to minimizé
proliferation of microorganisms. It should be recognized that the
presence of dead microorganisms or the metabolic by-products
of living microorganisms may cause adverse reactions in sensi-
tized persons.

Any antimicrobial agent may exhibit the protective properties
of a preservative. However, all useful antimicrobial agents are
toxic substances. For maximum protection of the consumer, the
concentration of the preservative shown to be cffective in the
final packaged product should be considerably below the con-
centrations of the preservative that may be toxic to human beings.

The following fests are provided to demonstrate, in multiple-
dose parenteral, otic, nasal, and ophthalmic products made with
aqueons bases or vehicles, the effectiveness of any added anti-

100 500 250 1000 2000 . microbial ative(s), the presence of which is declared on
50 250 120 600 1200 the label of the product concerned. The tests and standards aﬂﬂg
30150 74_ 134 450 900 only to the product in the original, unopened container in whic
?g 1% ;i Voo 3;8 ;% it was distributed by the producer.!

e Test Organisms—Use cultures of the following microorgan-

5 34 65 54 105 130 360 isms:? Candida albicans (ATCC No. 10231), Aspergillus niger

3 4 7 54 v 150 300 (ATCC No. 16404), Escherichia cali (ATCC No. 8739), Pseu-
2. 4 7 4 7 130 260 domonas aeruginosa (ATCC No. 9027), and Staphylococcus au-

1 34 ” 54 G 100 200 reus (ATCC No. 6538). Other microorganisms, in addition to
those listed, may be included in the test on an qptional basis,

mg especially if it appears likely that such microorganisms may mgv-
. resent contaminants likely to be introduced during use of the

500 5.4 10.5 25 55 80 160 article. .

300 5.4 ” 25 ” 70 140 Media— For the initial cultivation of the test organisms, select

200 5.4 ” 25 2 60 120 an agar medium that is favorable to vigorous growth of the re-

100 54 " 25 = 50 100 spective stock culture, such as Soybean-Casein Digest Agar Me~
50 54 105 14 34 42 85 dium (see under Microbial Limit Tests (61)). :

30 54 ” 14 » 38 75 Preparation of Inoculum—Preparatory to the test, inoculate
20 5.4 1 14 ” 35 70 the surface of a suitable volume of solid agar medium from a
10 5.4 ” 14 " 30 60 recently growa stock culture of each of the sPecmeg nuclrgolr;
P 54 105 14 34, 28 55 ganisms. Incubate the bacterial cultures at 30° to 357 for
3 g: » }: ” %g g% I For products made with nonaqueous (anhydrous) bases or
1 54 ” “ 75 50 vehicles, a suitable test may be feasible only at a particular stage
: in manufacture.

NoTe—Not more than one-third of Class S-1 weights are in
error by more than one-half of the tabulated tolerances.

2 Available from American Type Culture Collection, 12301
Parklawn Drive, Rockville, MD 20852.

FRESENIUS EXHIBIT 1068
Page 13 of 158



USP XXxir

24 hours, the culture of C. albicans at 20° to 25° for 48 hours,
and the culture of A. miger at 20° to 25° for 1 week.

Ta harvest the bacterial and C. albicans cultures, use sterile
saline TS, washing the surface growth into a suitable vessel, and
add sufficient additional saline TS to reduce the microbial count
to about 100 millien microorganisms per mL. To harvest the 4.
niger culture, use sterile saline TS coniaining 0.05%.0f polysor-
bate 80, and adjust the spare count to about 100 million per mL
by adding more sterile saline TS. .

Alternatively, the stock culture organisms may be grown in a
suitable liquid medium, and the cells may be harvested by cen-
trifugation, washed, and resuspended in sterile saline TS to give
the required microbizal or s count.

Determine the number of colony-forming units per mL in each
suspension. This value serves 1o determine the size of inocaluym
to use ptiln the tsjt.ca{[f the standardized z:uspensif.'u:tsi1 are not used
promptly, periodicaily monitor the suspensions by the platé-count
method to determine any loss of viabﬁl?ty.

For the plate-count monitoring of inoculated test preparations,
use an agar medium corresponding 1o that used for the initial
cultivation of the respective microorganism. Where a specific
inactivator of the preservative(s) is available, add a suitable amount
of it to the agar plate count medium.

Procedure—Where the gmduct container can be entered asep-
teally, such as with a needle and syringe through a rubber stfé:-
oer, conduct the test in five original product containers. If the
sroduct container is such that it cannot be entered aseptically,
ransfer 20-mL samples of the product to cach of five sterile,
rapped bacteriological tubes of suitable size. Inoculate cach tube
o product container with one of the standardized microbial sus-
sensions, using a ratio equivalent to 0.10 mL of inoculum to 20
nL of product, and mix. A suitable concentratior of test mi-
;roorganisms should be added so that the concentration in the
est prggamtion immediatcly after inoculation is between 100,000
wid 1,000,000 microorganisms per mL, Determine the number
if viable microorganisms in each inoculum suspension, and cal-
mlate the initial concentration of microorganisms per mL of prod-
1ct under test by the plate-count methed.

Incubate the inocmlated containers or tubes at 20° to 25°,
izamine the containers or tubes at 7, 14, 21, and 28 days sub-
equent to inoculation, Record any changes obsorved in appear-
mce, and determine by the plate-count ure the number of
1able microorganisms present at each of these time intervals.
Jsing the (heoretical concentrations of microorganisms present
t the start of the test, calculate the percentage change in the
oncentration of eack microorganism c{):rmg the test,

I :&pgvhﬂcn—'l‘he preservative is effective in the product ex-
mined if (a) the concentrations of viable bacteria are reduced
o not more than 0.1% of the initial concentrations by the four-
senth day, (b) the concentrations of viable yeasts and molds
smain at or below the initial concentrations during the first 14
ays; and (c) the concentration of each fest microorganism re-
12ins at or below these designated levels during the remainder
f the 28-day test peried.

61) MICROBIAL LIMIT TESTS

This chapter provides tests for the estimation of the number
viable aerobic microorganisms present and for fresdom from
signated microbial species in pharmaceutical articles of all kinds,
M raw materials to the finished forms. An automated method
ay be substituted for the tests presented here, provided it has
eh properly validated as giving equivalent or better results. In
eparing for and in applying the tests, observe aseptic precan-
'8 i handling the specimens. Unless otherwise directed, where
% Procedurc specifies siaply “incubate,” hold the container in
that is thermostatically controlled at o temperature between

and 35°, for a period of 24 to 48 hours. The term “growth”
used m a special sense herein, i.e., to designate the presence
d presumed proliferation of viable microorganisms.

Preparatory Testing
The validity of the results of the tests sct forth in this chapter
15 largely upon the adequacy of a demonstration that the test
“cumens to which thﬁ:w applied do niot, of themselves, inhibit
* multiplication, under the test conditions, of migroorganisms
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that may be, present. Therefore, preparatory to conducting the
tests on a regular basis and as circumstances require subse-
quently, inoculate diluted specimens of the material to be tested
with separate viable cultures of Staphylococcus aureus, Esch-
erichia coli, Pseudomonas aeruginosa, and Salnionella. This can
be done :Er adding I mL of not less than 103 dilution of 2 24-
hour broth culture of the microerganism to the first dilution (in
pH 7.2 Phosphate Buffer, Fluid Soybean—Casein Digest Medium,
or Fluid Lactose Medium) of the test material and following the
te:k{smoedure. Failure of the organism(s) to grow in the relevant
medium invalidates that portion of the examination and neces-
sitates 2 modification of the procedure by (1) 2an increase in the
volume of diluent, the quantity of test material remaining the
same, or by (2) the incorporation of a sufficient quantity of suit-
able inactivating agent(s) in the diluents, or by (3) an appropriate
combination of modifications (1) and (2) so as to permit growth
of the inocula.

The following are examples of ingredients and their concen-
trations that may be added to the culture medium to neutralize
inhibitory substances present in the sample: soy lecithin, 0.5%:
and polysorbate 20, 4.0%. Alternatively, repeat the test as de-
scribed in the preceding paragraph, using Fluid Casein Digest-
Sey Lecithin—Polysorbate 20 Medium to demonstrate neutral-
ization of preservatives or other antimicrobial agents in the test
material. Where inhibitory substances are contained in the prod-
uct and the lIatter is soluble, a suilable, validated adaptation of
a yrocedure set forth in the Test Procedures Using Membrane
Filtration, under Sterility Tests {71}, may be uscd.

If in spite of the incorporation of suitable inactivating agents
and a substantial increase in the volume of diluent it is still not
possible to recover the viable cultures described above and where
the article is not suitable for employment of membrane filtration,
it can be assumed that the failure to isolate the inoculated or-

enism is attributable to the bactericidal activity of the product.

his information serves to indicate that the arficle is not likely
to be contaminated with the given species of microorganism.
Moniioi ing should be continued n order 1o establish the speetrum
of inhibition and bactericidal activity of the article. .

Buffer Solution and Media

Culture media may be prepared as follows, or dehydrated cul-
ture media may be used provided that, when reconstituted as
directed by the manufacturer or distributor, they have similar
ingredients and for yield media comparable to those obtained from
the formulas given herein.

In preparing media by the formulas set forth herein, dissolve
the soluble solids in the water, using heat, if necessary, to effect
complete solution, and add solutions of hydrochloric acid or so-
divm hydroxide in quantities sufficient to yield the desired pH
in the 2medium when it is ready for use. Determine the pH at
25 + 2°.

Where agar is called for in u formula, use agar that has a
moisture content of not more than 15%. Where water is called
for in a formula, use Purified Water.

pH 7.2 Phosphate Buffer

Stock Solution—Dissolve 34 g of monobasic potassium phos-
phate in about 500 mL of water contained in a 1000-mL volu-
metric flask, Adjust to pH 7.2 & 0.1 by the addition of sodium
hydroxide TS (about 175 mL), add water to volume, and mix,
Dispense and sterilize. Store under refrigeration.

For use, dilute the Siock Solution with water in the ratio of
1 to 800, and sterilize. i

MEDIA

Unless otherwise indicated. the media should he sterilized b
heating in an auteclave (see Steam Sterilization under Steril-
ization (1211)}, the exposure time depending on the volume to
be sterilized.

1. Fluid Casein Digest-Soy Lecithin—Polysorbate 20
Medium i

Pancreatic Digest of Casein ............,....... 03¢
BOY LECHNIN o o.cnomnmmmenmsiiosis oo s ihaios 5p
Polysorbate 20 ..o s arrinms s s v 40 mL
WBRET v i o B S i : 960 mL
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Dissolve the pancreatic digest of casein and soy lecithin in 960
ml of water, heating in a water bath at 48° to 50° for about 30
minutes to effect solution, Add 40 mL of polyserbate 20. Mikx,
and dispense as desired.

II. Soybean-Casein Digest Agar Medium

g:.ncreagc D!g;.fstszf %ﬂfl T lgg g
paic vl SR ety g
lgﬂn ............................... 50¢g
.......................................... 150g

ater ....... e AR B At 1000 mL

pH after sterilization; 7.3 + 0.2

III. Fluid Soybean-Casein Digest Medium
Prepare as directed for Soybean-Casein Digest Medium under

Sterility Tests (71).
IV. Mannitol-Salt Agar Medium

Pancreatic Digest of Casein ................... 50 g
Peptic Digest of Animal Tissue................ 50 g
Beof Bxtract .. ioocvnmiisssimanaive SEdsa 1.0 g
DeMannital ..o vin s s s R e 100 g
Sodium Chloride ................. Ceereeiaaas 750 g

TR, b e R 150 g
i 0 0025 g
WRLRE v it masmmia ey Vo S BT s 1000 mL

Mix, then heat with frequent agitation, and boil for 1 minute

to effect solution.
pH after sterilization: 7.4 + 0.2. . -

V. Baird-Parker Agar Medium

Pancreatic Digest of Casein . 100g
Beel Bavact .. :.ovovsvvinsiiaiinsimes 50g
Yeast Extract ...........000eenen “ie 1.0g
Lithium Ch]ondc e 50g
RN 200¢g
Glyc...e s i2.0g
Sodium Pyruvato 100g
WREBE vy s s i e S s R S e 950 mL

Heat with frequent agitation, and boil for 1 minute. Sterilize,
cool to between 45° and 50°, and add 10 mL of sterilc potassium
tellurite solution (1 in 100) and 50 mL of egg-yolk emulsion. Mix
intimately but gently, and pour into plates. (Pre: the egg-

yolk e i\llsaon[ - dmn.{m ecungm:ge surface of wh lhelli:
aseptma y ng the eggs, and separating out intact yolks into
a sterile graduated cylinder. - Add sterile Bﬁm TS to obtain a 3
to 7 ratio of egg yolk to saline. Add to a sterile blender cup, and
mix at high speed for 5 seconds.)
* pH after sterilization: 6.8 = 0.2.

V1. Vogel-Johnson Agar Medium

Pancreatic D:gest of Casein ........oovivvenns. 10.0.g
Yeast Extract ............ SR T S . 50g
NamEol ..o ooinumiisvis s yesvasaaavissigia 100g
Dibasic Potassium Phusphate ..... dsEa 508
Lithium Chloride .......:........... e 50g
Glyelme ... e i e S e 100 g
........................................... 160 g
Phenol Red ...ocvvniininiiiiiiiiiiiae i 25.0 mg
Water oo R R A SR .. 1000 mL

Boil the solution of solids for 1 minute. Sterilize, cool to be-
tween 45° and 50°, and add 20 mL of sterile potassium tellurite
solution (1 in 100).

pH after mnllzauon: 7.2 = 0.2,

VIl Cetrimide Agar Medium

Pancreatic tof Gelatin .................... 20, 0 g
Magnesium Chloride _...... cociiiiiiiiainia i g
Potassium Sulfate ...............coiiiien 100 g
1 136 g
Cetyt nmethylammomum Bromide

[ [\ ™) F N R TR 03 g
ORI o s s Ry 10.0 mL
WD s o D R s e 1000 mL

Dissolve all solid components in the water, and add the glycerin.
Heat, with frequent agitation, and boil for 1 minute to effect
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solution.
pH after sterilization; 7.2 = 0.2,

VIII. Pseudomonas Agar Medium for Detection of

Fluorescin
Pancreatic Digest of Casein ...........c...oee. . 100 g
Peptic Digest of Animal Tissue ................. 10,0 g
Anhydrous Dibasic Potassium Phosphate ........ 15 g
Magnesium Sulfate (MgSO,.7TH,0) ........ S 15 g
Gcharm ....................................... 10.0 mL
........................................... 150 g
atcr S e R R A SR 1000 mL

Dissolve the solid components in the water before adding the
glycerin. Heat, with frequent agitation, and boil for | minute to
effect solution.

pH after sterilization: 7.2 + 0.2,

IX. Pseudomonas Agar Medium for Detection of

_ nin
Pﬁm Digest of Geé:alt:]n GEnihthnas sty 200 g
An Magnesium Chloride .............. i 14 g
Anhydrous Potassium Sulfate ................... 100 g
R, s - 150 g
GhoorIn .oy e e s S50 10.0 mL
WRtEr -iiiiianiiinine eahnatinroiasaagiiaiions 1000 mL

Dissolve the solid components in the water before adding the
gl cerin. Heat, with frequent a.g1tatmn and boil for | minute to

ect solution.
pH aﬂar sterilization: 7.2 + 0.2,

X. Fluid Lactose Medium

Beel BALIACE & cvvvieeerieenrinstimrnianencreen 30g
Pancreatic Digest of G:latm .................... 50g
LACHOBE ..ol b anosnamane daneavmesiovndvs sveisior 50g
WRBE oo b ratn v s a3 oy svne AT 1000 mL

Cool &3 quickly as possible after sterilization.

pH after sterilization: 6.9 + 0.2.

XI. Fluid Selenite-Cystine Medium

Pancreatic Digest of Casein ........ ST 50g
LaotoBe. oo s i G e Ve s 40¢g
Sodium Phesphate ... .. A 100 g
Su_él;gm Acid Salemite .......ccuiiennnsansasnes { 33 E
L | 1) R G S e E
Water . R AR R 1000 r;"llf

Final pH 70 + 0.2
Mix, and heat to effect solution. l-leat in flowing steam for 15

minutes. Do not sterilize.
" XII. Fluid Tetrathionate Medium

Pancreatic Digest of Cascin ........c.ovviveinns 25g
PepthlgastofAnml'I'usua................. 25g
Bile Salts .......... et R e e 1.0g
Calcium Carbongte ....ovo oo 100 g
Sodium Thiosulfate ................ s 300g
WBEE ..ovinvimnsssmviiisnd rednE T Saad 1000 mL

Heat the aolutmn of solids to boiling. On the day of use, add
a solution prepared by dissolving 5 g of potassium iodide and 6
of jodine in 20 mL of water. Then add 10 mL of a solution of
ﬁnﬂlant green (1 in 1000), and mix. Do not heat the medium

after adding the green solution,
XIII. Brilliant ‘Green Agar Medium

Yeant EXtrct . covcopncenronoponmnsins e — 30¢g
Peptic Digest of Animal Tissue ........ - - 508
Pancrea.tic Digest of Casein .........coovvvennnns 138 2

........................................ 0 g
Sod:um Chlanle: st s 508
SUCTOBE ..ot veviiina ettt ieensiarettinaenas 10.0g
PHenolb Red ... i crccusmemny snas snsamsssmymieas ggoms
) S P A e e, Og
Brilliant Green ............ iR PP 12.5
Water ..oy Db s T DA s 1000 m

Boil the solution of solids for 1 minute. Sterilize fusr. prior to
use, melt the medium, pour into Petri dishes, and allow to cool.
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pH after sterilization: 6.9 = 0.2.
XIV. Xylose-Lysine-Desoxycholate Agar Medi

E

OO Uhh S W

umnémmnumm
e

SUCTORS i s v s DTy SR
Sodium Chloride ....c..vvviviliiiiniiiinniiaas
Yeast Extract ......... S R Fivaarnass
Phenol Red ... iieienrrcsana g
9.1 D S
Sodium Desoxycholate ......... P
Soditiir Thiosalfats .. .. cewiivvimavis i
Ferric Ammonium Citrate ,.................
WRLEE iiiiiisssinisnssindenrassrinasne e

Final pH: 7.4 + 0.2,

Heat the mixture of solids and water, with swirling, just to the
boiling point. Do not overheat or sterilize. Transfer at once to
a water bath maintained at about 50°, and pour into plates as
soon as the medium has cooled. J

XV. Bismuth Sulfite Agar Medium
Beef Extract .....c.ooau.n.. SR
Pancreatic Digest of Casein ...........ccc..oun ]
Peptic Digest of Animal Tissue .................
DOXLTO8E vivviisconvivits RS
Sodium Phosphate ,............coiiiivinnnnns v
Ferrous Sulfate ..........ccvovuiriecniinnnannn

Buuaauw

o G
oo Lh Ly

i
B
pgug:hsnyg.np;
o ocoooD

agumgumnmm ;

...........................................

Agar
Brilliant Green ........... A £ETG sl v
Water o cisniinsaneaiass SRR AT

Final pH: 7.6 £ 0.2.

Heat the mixture of solids and water, with swirling, just to the
boiling point. Do not overheat or sterilize. Transfer at once 16
a water bath maintained 2t ahont 50°, and pour into plates as
soon as the medium has cooled. '

XVL. Triple Sugar-Iron-Agar Medium

[
§I‘\J
w

Pancreatic Digest of Casein ............. . 100 g
Pancreatic Digest of Animal Tissue ............. 100 g
EACIOE i i pmvciiskisasaes v anis R 5 100 g
SUCTOIE - o< % v van e s ToT s i s 100 g
Dextrose ............ R 10g
Ferrous Ammonium Sulfate ..................... 200 mg
Sodium Chloride ..........ccoivveeriiiniiaitinn 50g
Sodiotn: Thiosullate .....qtusmmmirosssimes s 200 mg

T %o e S R R T T S 130g
Phenol Red ...... R R ) e 25 mg
Water L.....- G T e T s vdies - 1000 mL

pH after sterilization: 7.3 £ 0.2.
XVII. MacConkey Agar Medium

Pancreatic Digest of Gelatin ..................., 17.0g
Pancreatic Digest of Casein ................. S 15g
Peptic Digest of Animal Tissue ........... e 1.5g
Lactose ........ N1 I P . 100g
Bile Salts Mixture............ i S A AL 1.5g
Sodium Chloride ....... R o R A N 50¢g
Agar. ... e e R S R 13.5g
Neubnl Refll oo aiinsin diss b de 30 mg
Crystal Violet .......c.covviiinniann. Fymedie it 1.0 mg
Water ......civvnnns (R Ceeees Cheeraenas 1000 mL

Boil the mixture of solids and water for | minute to effect
solution. : : .
pH after sterilization: 7.1 = C.2.

XVIIL Levine Eosin-Methylene Blue Agar Medium

Pancreatic Digest of Gelatin ...........c..ciuee 10.0 g
Dibasic Potassium Phosphate ................... 20
PRBOY i A o A PR R A 150g
LACIORe . couoaiiis s B TR RN 100g
Mot Y v e e e R R e A e 400 mg
Methylene Blue ................ TR 65 m
Water ..o e 1000

Dissolve the pancreatic digest of gelatin, the dibasic potassium
phosphaie, and the agar in the water, with warming, and allow
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to cool. Just prior to use, liquefy the gelled r solution, add
the remaining ingredients, as solutions, in the following amounts,
and mix: for each 100 mL of the liquefied agar solution—5 mL
of lactose solution (1 in 5), 2 mL of the eosin Y solution (1 in
50), and 2 mL of methylene blue solution {1 in 300). The finished
medium may not be 3

pH after sterilization: 7.1 £ 0.2.

XIX. Sabouraud Dextrose Agar Medium

Dextrose .......... (A G e 40
Mixture of equal parts of Peptic Digest of Animal
Tissue and Pancreatic Digest of Casein ....... 10 g
anr ........................................... 15g
175 S S 1000 mL

Mix, and boil to effect solution.
pH after sterilization: 5.6 + 0.2.

XX. Potato Dextrose Agar Medium
Cook 300 g of iﬁ;eled and diced potatees in 500 mL of water

prepared by distillation, filter throngh cheesecloth, add water
prepared by distillation to make 1000 mL, and add the following:

Al aucivsasirsnns e IR PR RAR 35‘
Glucose ... ... AR R R 20¢g

Dissolve by heating, and sterilize.

pH after sterilization: 5.6 + 0.2.

For use, just prior to pouring the plates, adjust the melted and
cooled to 45°% medium with sterile tartaric acid solution (1 in 10)
to a pH of 3.5 = 0.1. Do not recheat the pH 3.5 medium.

Sampling

Provide separate 10-mL or 10-g specimens for each of the tests
called for in the individual monograph.

Procedure

Prepare the specimen to be tested, by treatment that is ap-
propriate to 1ts physicai characteristics and that does not alter
the number and kind of microorganisms originally present, in
order to obtain a sclution or suspension of all or part of it in a
form suitable for the test p re(s) to be carried out,

For a solid that dissolves to an appreciable extent but not
completely, reduce the substance to a moderately fine powder,
suspend it in the vehicle :;pcciﬁud, and proceed as directed under
Total Aerobic Microbial Count, and under Test for Staphylo-
coccus aureus and Pseudomonas aeruginosa and Tes! for Sal-
monella Species and Escherichia coli.

For a fluid specimen that consists of a true solution, or a sus-
pension in water or a hydroalecholic vehicle containing less than
30 percent of alcohol, and for a solid that dissolves readily and
practically completely in 90 mL of pH 7.2 Phosphate Buffer or
the media specified, proceed as directed under Total Aerobic
Microbial Count, and under Test for Stapkriacoccus auréus and
Pseudomonas aeruginosa and Test for Salmonella Species and
Escherichia coli.

For water-immiscible fluids, cintments, creams, and waxes, iru-
pare a suspension with the aid of a minimal quantity of a suitable,
sterile emulsifying agent (such as one of the polysorbates), using
a mechanical blender and warming to a temperature not exceed-
ing 45°, if necessary, and proceed with the suspension as directed
under Total Aerobic Microbial Count, and Test for Staph-
ylococcus aureus and Pseudomonas aeruginosa and Test for Sal-
monella Species and Escherichia coli.

For a fluid specimen in acrosol form, chill the container in an

I-dry ice mixture for approximately 1 hour, cut gpen the
container, allow it to reach room temperature, i
pellant to escape, or warm to drive off the propellant if feasible,
and (ransfer the quantity of tesi material required for the pro-
cedures specified in one of the two preceding paragraphs, as
appropriate. Where 10.0 g or 10.0 mL of the specimen, whichever
is applicable, cannot be obtained from 10 containers in aerosol
form, transfer the entire contents from 10 chilled containers to
the culture medium, permit the pmgllmt to escape, and proceed
with the test on the residues. If the results of the test are in-
conclusive or doubtful, repeal the test with a specimen from 20
more containers.

Total Aerobic Microbial Count—For specimens that are suf-
ficiently soluble or translucent to permit use of the Plate Method,
use that method; otherwise, use the Muitiple-tube Method. With
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cither method, first dissolve or suspend 10.0 g of the specimen
if it 1s a solid, or 10 mL, accurately measured, if the specimen

is a liquid, in pH 7.2 Phosphate Buffer, Fluid Soybean-Casein
Digest Medium, or Fluid Casein Digest—Soy Lecithin—Polysor-
bate 20 Medium to make 100 mL. For viscous specimens that
cannot be pipeted at this initial 1:10 dilution, dilute the specimen
umiil 4 suspension is obtained, i.e., 1:50 or 1:100, ctc., that can
be Eliapctod. Perform the test for absence of inhibitory (antimi-
crobial) propertics as described under Preparatory Testing before
the determination :gl Total Aerobic tﬂlicmb}:‘al Co;mr. Add the
speci to the medium not more than ! hour after preparin
tﬁe appropriate dilutions for inoculation. $
PLATE METHOD—Dilute further, if necessary, the fluid so that
1 mL will be expected to yield between 30 and 300 colonies.
Pipet | mL of the final dilution onto each of two sterile petri
dishes. Promptly add to each dish 15 to 20 mL of Soybean-
Casein Digest Agar Medium that previously has been melted and
cooled to approximately 45°. Cover the petri dishes, mix the
sample with the agar by tilting or rotating the dishes, and allow
the contents to solidify at room temperature. Invert the petrl
dishes, and incubate for 48 fo 72 hours. Following incubation,
examine ihe plates for growth, count the number of colonies,
express the average for the two plates in terms of the number of
microorganisms per g or per mL of specimen, If no microbial
colonies are recovered from the dishes representing the initial

Table 1. Most Probable Total Count by Moultiple-tube
Method. '

Observed Combinations of Numbers
of Tubes Showing Growth

in Bach Set
No. of mg (or mL) of Specimen Most Probable
: pet Tube Number of Micro-
100 10 1 organisms per g
{100 pi) (10 uL) (i xL) or per mi

3 3 3 =>1100

3 3 2 100

3 3 1 500.

3 3 0 200

3 2 3 290

3 2 2. 210

3 2 1 150

3 2 0 90

3 . 1 3 160

3 1 2 120

3 1 1 70

3 1 0 40

3 0 3 95

k) 0 2 60

3 ] 1 40

3 0 0 23
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1:10 dilution of the specimen, express the results as “less than
10 microorganisms per g or per mL of specimen.”

MULTIPLE-TUBE METHOD—Into each of fourteen test tubes
of similar size place 9.0 mL of sterile Fluid Soybean-Casein Di-
gest Medium, Arrange twelve of the tubes in four scts of three
tubes each. Put aside onc set of three tubes to serve as the
controls. Into each of three tubes of one set (*100”) and into a
fourth tube (A4) pipet 1 mL of the solution or suspension of the
sﬁecimen, and mix, From tube A, Pi et | mL of its contents into
the ane remaining tube (B) not included in 2 set, and mix. These
two tubes contain 100 mg (or 100 pL) and 10 mg (or 10 uL) of
the specimen, respectively. Into cach of the second set (“10”)
of three tubes pipet | from tube A4, and into each tube of
the third set (“1”8 pipet | mL from tube 8. Discard the unused
contents of tubes 4 and B. Close well, and incubate all of the
tubes. Following the incubation period, examine the tubes for

rowth:; the three control tubes remain clear and the observations
in the tubes containing the specimen, when interpreted by ref-
erence to Table 1, indicate the most probable number of micro-
organisms per g or per mL of specimen.

Test for Staphylococcus awrens and Pseudomownas aerugi-
nosa—To the specimen add Fluid Soybean-Casein Digest Me-
dium to make 100 mL, mix, and incubate. Examine the medium
for growth, and if grawth is present, use an inoculating loop to
streak a ion of the medium on the surface of Vogel-Johnson
Agar Medium (or Baird-Parker Agar Medium, or Mannitol-Salt
Agar Medium) and of Cetrimide Medium, each plated on
petri dishes. Cover and invert the dishes, and incubate, If, upen
examination, none of the plates contains colonies having the char-
acteristics listed in Tables 2 and 3 for the media nsed, the test
specimen meets the requirements for freedom from Siaphylo-
voceus aureus and Pseudomonas aeruginosa.

COAGULASE TEST (FOR St?ahy!woccw aureus)—With the
aid of an inoculating loop, transfer representative suspect colonies
from the agar surfaces of the Vogel-Jolinson Agar Medium (or
Baird-Parker Agar Medivm, or Mannitol-Salt Agar Medium) to
individual tubes, each containing 0.5 mL of ian, pref-
crably rabbit or horse, plasma with or without suitable additives.
Incubate in 2 water bath at 37°, examining the tubes at 3 hours
and subsequently at suitable intervals up to 24 hours, Test positive
and tive controls simultancously with the unknown speci-
mens. If no coagulation in any. degree is observed, the specimen
meets the requirements of the test for absence of Staphplococcus
aureus.

OXIDASE AND PIGMENT TESTS (FOR Pseudomonas aerugi-
nosa)—With the aid of an inoculating loop, streak representative
suspect colonies from the agar surface of Cetrimide Agar Me-
dium on the agar surfaces of Pseudomonas r Medium for
Detection of Fluorescin and Pseudomonas Agar Medium for De-
tection of Pyacyanin contained in peiri dishes. If numerous col-
onies are to be transferred, divide the surface of each plate into
guadrants, each of which may be incculated from a separate
colony. Cover and invert the inoculated media, and incubate at
35 + 2° for not less than three days. Examine the st
surfaces under ultraviolet light. Examine the plates to determine

Table 2. Morphologic Characteristics of Staphylococcus aureus on Selective Agar Media.

Sclective Medium Vogel-Johnson Agar Medium

Mannitol-Salt Agar Medium Baird-Parker Agar Medium

Black surrounded

Characteristic Colonial
by yellow zone

Morphology

Black, shiny, surrounded

Yellow colonies
by clear zones 2 to 5 mm

with yellow zones

Gram Stain Positive cocei {in clusters)

Positive cocei (in clusters) Positive cocci (in clusters)

Table 3.. Morphologic Characteristics of Pseudomonas aeruginosa on Selective and Diagnostic Agar Media.

Psgudomonas Agar

Pscudomonas Agar
Medium for De-

Cetrimide Agar Medium for De-
Medium Medium tection of Fluorescin tection of Pyocyanin
Characteristic Colo- Generally greenish Generally colorless Generally greenish
nial Morphology o, (00 yellowish
Fluorescence in Greenish Yeltowish Bluc
Ultraviolet Light
Oxidase Test Positive Positive Positive
Gram Stain Negative rods Negative rods Negative rods

FRESENIUS EXHIBIT 1068
Page 17 of 158



USP xxiI

Table 4. Morphologic Characteristics of Salmonella
Species on Selective Agar Media.

Medium Description of Colony
Brilliant Green Small, transparent, colorless or pink
Agar Medium to white opaque (frequentiy

surrounded by pink to red zone)
Red, with or without black centers

Xylose-Lysine-
Desoxycholate
Agar Medium

Bismuth Sulfite
Agar Medium

Black or green

Table 5. Morphologic Characteristics of Escherichia coli
on MacConkey Agar Medium.

Characteristic Brick-red; may have surrounding

Colonial zone of precipitated bile
Morphology
Gram Stain Negative rods (cocco-bacilli)

whether colonies having the characteristics listed in Table 3 are
sent.

meonfi.rm any suspect colonial growth on one or more of the
media as Pseudomonas aeruginosa by means of the oxidase test.
Upon the colonial growth place or transfer colonies to strips or
disks of filter paper that previously has been impregnated with
N, N-dimethyl-p-phenylenediamine dihydrochloride: if there is no
development of a pink color, changing to purple, the specimen
meets the requirements of the test for the absence of Pseudo-
monas aeruginosa. The lgesenee of Preudomonas aeruginosa
may be confirmed by other suitable cultural and biochemical
teits, if necessary.

Test for Selwmonuells Species and Sscherichia coli—To the
specimen, contained in a suitable vessel, add a volume of Fluid
Lactose Medium to make 100 mL, and incubate. Examine the
medium for growth, and if growth is present, mix by gently shak-
ing. Pipet 1-mL portions into vessels containing, respectively, L0
mL of Fluid Selenite-Cystine Medium and Fluid Tetrathionate
Medium, mix, and incubate for 12 to 24 hours. (Retain the
remainder of the Fluid Lactose Medium.)

TEST FOR Salmonella SPECIES—By means of an inoculating
loop, streak portions from both the selenite-cystine and tetra-
thionate media on the surface of Brilliant Green Agar Medium,
Xylose-Lysine-Desoxycholate Agar Medium, and Bismuth Sulfite
Agar Medium contained in petri dishes. Cover and invert the
dishes, and incubate, Upon examination, if none of the colonies
conforms te the description given in Table 4, the specimen meets
the requirements of the test for absence of the genus Safmonefla.

If colonies of Gram-negative rods matching the description in
Table 4 arc found, proceed with further identification by trans-
ferring representative suspect colonies individually, by means of
an inoealating wire, to a butt-slant tube of Triple Sugar-Iron-
Agar Medium by first streaking the surface of the slant and then
stabbing the wire well beneath the surface. Incubate. IT ex-
amination discioses no evidence of tubes having alkaline (red)
slants and acid (yt[bwl)l butts (with or without concomitant black-
ening of the butt from hydrogen sulfide production), the specimen
meets the requirements of the test for the absence of the genus
Salmonella.*

TEST FOR Escherichia coli—By means of an inoculating loop,
streak a portion from the remaining Fluid Lactose Medium on
the surface of MacConkey Agar Medium. Cover and invert the
dishes, and incubate. Upon examination, if none of the colonies
conforms to the descrintion given in Table 5 for this medium,
the specimen meets .the requirements of the test for absence of
Escherichia coli.

If colonies matching the dmaiﬂmion in Table 5 are found, pro-
ceed with further identification by transferring the suspect col-
onics individually, by means of an inoculating loop, to the surface
of Levine Eosin-Methylene Blue Agar Medium, plated on petri

* Additional, confirmatory evidence may be obtained by use
of Cgrrocedures set forth in Official Methods of Analysis of the
ACAC, 12th ed. (1975), sections 46.013-46.026.
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dishes. Tf numerous colonies are to be transferred, divide the
surface of each plate into quadrants, each of which may be seeded
from a separate colony. Cover and invert the plates, and incubate.
Upen examination, if nonc of the colonies exhibits both a char-
acteristic metallic sheen under reflected light and a blue-black
appearance under transmitted light, the specimen meets the re-
quirements of the test for the absence of Escherichia coli. The
presence of Escherichia coli may be confirmed by further suitable
cultural and biochemical tests.

Total Combined Molds and Yeasts Count—Proceed as for the
Plate Method under Toral Aerobic Microbial Count, except for
using the same amount of Sabouraud Dextrose Agar Medium or
Polato Dextrose Agar Medium, instead of Soybean Casein Digest
Medium, and except for incubating the inverted petri dishes for
5 to 7 days at 20° to 25°. )

Retest—For the purpose of confirming a deubtful result by any
of the procedures outlined in the foregoing tests following their
application to a 10.0-g specimen, a retest on a 25-g specimen of
the product may be conducted. Proceed as directed under Pro-
cedure, but make allowance for the larger specimen size.

(71) STERILITY TESTS

The following ?rocedurcs are applicable for determining whether -
a Pharmacopeial article purporting to be sterile complies with
the requirements set forth in the individual monograph with re-
spect to the test for Sterility. (For the use of sterility test pro-
cedures as part of quality control in manufacture, see Steriliza-
tion and Sterility Assurance of Compendial Articles (1211).)
In view of the possibility that positive results may be due to faulty
aseptic techniques or environmental contamination in testing, pro-
visions are inc?uded under fnerpretation of Sterility Test Results
for two stages of testing. ’

Alternative procedures may be employed to demonstrate that
an article is sterile, provided the resuits obtained are at ieast of
cquivalent reliability. (See Procedures under Tests and Assays
in the General Notices.) Where 2 difference appears, or in.the
event of a dispute, when evidence of microbial contamination is
obtained by the procedure given in this Pharmacopeia, the result
so obtained is conclusive of failure of the article to meet the
requirements of the test. Similarly, failure to demenstrate mi-
crobial contamination by the proecedure given in this Pharma-
copeia is evidence that the article meets ihe requirements of the
test. For additional interpretive information, see Sterilization
and Sterility Assurance tli;F Compendial Articles (1211).

Media
Media for the tests may be prepared as described below, or
dehydrated mixtures yiclding similar formulations may be used
provided that, when reconstituted as directed by the manufac-
turer or distributor, they have th-promoting properties equal
or superior to those obtained from the formulas given herein.

I Fluid Thioglycollate Medium

TECYRUNE . 5 7 e R R
Sodium Chloride.......covvevvvnenniianns rin s

Dextrose (C,;H.;;OG.H_;O).... T T
Agar, g:rm%u)lawd (moisture content not in excess
of 158
Yeast Extract (watersoluble)....................
Pancreatic Digest of Casein.............ooveeenn 15,
Sodium Thieglycollate ........ R
or Thioglycollic Acid .........ccoceens
Resazurin Sodium Solution (1 in 1000), freshly

uh

i?‘ EMMWM s g 0

Senve wuno
[iw WL D= LhiLhin

=T

7.1 £ 0.2
ix, and heat until solution is effccted. Adjust the solution
with 1 N sodium hydroxide so that, after sterilization, it will have

H after sterilization:

a pH of 7.1 + 0.2. Filter while hot through filter paper, if
necessary. Place the medium in suitable vessels, which provide
a ratio of surface to depth of medium such that not more than
the upper half of the medium has undergone a color change
indicative of oxygen uptake at the end of the incubation period.
Sterilize in an autoclave. If more than the upper cne-third has
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acquired a pink color, the medinm may be restored once by heat-
ing on a steam bath or in free-flowing steam until the pin.{ color
disappears. When ready for use, not more than the upper one-
tenth of the medium should have a pink color.

Use Fluid Thioglycollate Medium by incubating it under aero-
bic conditions.

II. Alternative Thioglycollate Medium for Devices Having
Tubes with Small Lumina

LCYSHDe. v i i
Sodium Chloride, .. .oooocviviiinvieeinnean:
Dextrose (CsH,,0;. Hy0) ...
Yeast Extract twa.ter—uoluble} ....................
Pancreatic Digest of Casein.....................
Sodium Thioglycollate ..........................

or Thioglycollic Acid .............c...... ...
Water. ... i s

H after sterilization: 7.1 + 0.2.
eat the ingredients in 2 suitable container until solution is
effected. Mix, and, if necessary, adjust the solution with 1 N
sodium hydroxide so that, after sterilization, it will have a pH of
7.1 £ 0.2. Filter, if necessary, place in suitable vessels, and
sterilize by steam. The medium is freshly prepared or heated in
a steam bath and allowed 10 cool just prior to use. Do not reheat.
Use Alternative Thioglycollate Medium in a manmer that will
assure anaerobic conditions for the duration of the incubation

period.

s o

I e

H

8 i

SOOI O
Lol

Ea“

™

TIT. Soybean-Casein Digest Medium

Pancreatic Digest of Casein..................... 17.0g
PaEic igest of Soybean Meal ................. jog
Sodium Chloride... ...t 50g
Dibasic Potassium Phosphate.................... 25g
Dextrose (CeH 120 HyO) oo vovo v 2.5 g
WALEE civisnnminavmaseaivi v P e 1000 mL

H after sterilization: 7.3 £ 0.2, :

issolve the solids in the water, warming slightly to effect
solution. Cool the solution to room temperature, and adjust with
1 N sodium hydroxide, if necessary, to obtaina pH of 7.3 + 0.2
after sterilization. Filter, if necessary, and dispense into suitable
vessels. Sterilize by steam.

Use Soybean-Casein Digest Medium by incubating it under

aerobic conditions.

Dilating and Rinsing Fluids
FLUID A—Dissolve 1 g of peptic digest of animal tissye (seg
Reagent Specifications in the section, Reagents, Indicetors, and
Solutions) in water to make 1 liter, filter or centrifuge to clarify,
adjust toa pH of 7.1 + 0.2, dispense into containers in 1oo-mi
quantities, and sterilize by steam. NoTE—Where Fluid A is to
be used in performing the test for Sterility on a specimen of the
penicillin or cephalosporin class of antibiotics, aseptically add a
uantity of sterile penicillinase to the #fuid A to be used to rinse
e membrane(s) sufficient to inactivate any residoal antibiotic
activity on the membrane(s) after the solution of the specimen
has been filtered.

USP XXIt

FLUID D—If the test specimen contains lecithin or oil, or for
device sterile pathway tests using membrane filtration, use Fluid
A o each liter of which has heen added 1 mL of polysorbate 80,
adjust to a pH of 7.1 + 0.2, dispense into flasks, and sterilize
by steam.

FLUID K—

Peptic Digest of Animal Tissue (see Reagent
pecifications in the section, Reagents, Indi-

cators, and Solutions) ............. SRR R 50g
Beef BREACE o0 v vvsinnsssns o isass iinmmnspmms Jog
Polysorbate 80.........cooooiiiiiiiiiie i, 10.0g
LT O corens 1000 mL

EH after sterilization: 6.9 + 0.2.
terilize by steam.

NOTE—A sterile fluid shall not have antibacterial or antifungal
properties if it is to be considered suitable for dissolving, diluting,
or rinsing an article under test for sterility.

Growth Promotion Test

Confirm the sterility of each lot of medium by incubation of
resentative containers, at the temperature and for the length
of time specified in the test.

Test each auwtoclaved load of each lot of medium for its growth-
promoting qualities by separately inoculating duplicate test con-
tainers of each medium with 10 to 100 viable microorganisms of
cach of the strains listed in the a.ccompaneé-ing table, and incu-~
bating according to the conditions specified.

The test media are satisfactory if clear evidence of growth
appears in all inoculated media containers within 7 days. The
tests may be conducted simultancously with the use of the test
media for sterility test purposes. The sterility test is considered
invalid if the test medium shows inadequate growth respomnse.

If freshly geé)ared media are not used within 2 days, store
them in the dark, preferably at 2° to 25°,

Finished media. if stored in unsealed containers, may he nged
for not more than one mﬁnt!lll,lsmvided that they are tested within
one weck of the lime of use and if the color indicator requirements
arc met. If stored in suitable sealed containers, the media may
be used for not more than one year, pro they are tested for
growth promotion every three months and if the color indicator
requirements are met. '

Bacteriostasis and Fungistasis

Before initiating direct transfer sterility tests on an article,
determine the level of bacteriostatic and fungistatic activity by
the following procedures. Prepare dilute cultures of bacteria and
fungi from at least the strains of microorganisms cited under
Growih Promotion Test. Inoculate the sterility test media with
10 to 100 viable microorganisms, employing volumes of medium
listed in the table of Quantities for Liquid Articles under Selec-
tion of Test Sfe‘a'mem' and Incubation. Add the specified portion
of article to half of a suitable number of the containers already
containing the inoculum and culture medium. Incubate the con-
tainers at the appropriate temperatures and under the conditions
listed in the.table for not less than 7 days.

1f growth of the test organisms in the article-medinm mixture
is visually comparable to that in the control vessels, use the amounts

Incubation
-Medium Test Microorganisms™® . Temperature (°) . Conditions
Fluid Thioglycollate 1) Bacillus subtilis (ATCC No. 6633)t 30to 35
23 Candida albicans (ATCC No. 10231) 30 to 35 Aerobic
3} Bacteroides vulgatus {ATCC No. 2482} : 30 to 35
Alternative Thioglycollate {1} Bacteroides vulgatus (ATCC No. 8482)1 30 to 35 Anaerobic
Soybean-Casein Digest El) Baciflus subtilis (ATCC No. 6633)7 20 ta 25
2) Candida albicans (ATCC No. 10231) 20 to 25 Aecrobic

* Available from the American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD 20852
NOTE-—Seed Iot culture maintenance techniques should be employed so that the viable microorganisins used fur inoculation are

not more than 5 passapes removed from the ATCC cultures.

tIfa siaom-furm‘ing organism is not desired, use Micrococeus luteus (ATCC' No. 9341) at the incubation temperatures indicated
.

in the ta

jlfa zyuwforming organism is desired, use Clostridium sporogenes (ATCC No. 11437) dt the incubation temperature indicated
e

in the table.
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Quantities for Liquid Articles
Minimum Volume of Each Medium
Minimum volume Used for direct Used for membrane or half
taken from each transfer of volume membrane representing total No. of
Container container for taken from each volume from the appropriate containers
_ content {mL) cach medium container (mL) number of containers (mL) per medium
Less than 10 1 mL, or entire con- 15 100 20 (40 if each
tents if less than does oot con-
1 mL tain sufficient
volume for
both media)
10 to less than 50 5 mL 40 100 20
50 to less than 100 10 mL 80 100 20
50 to less than 100, Entire contents - 100 10
intended for in-
travenous admin-
istration
100 to 500 Entire contents — 100 10
QOver 500 500 mL 100 10

of article and medium regularly S})ecificd in the table of Quan-
tities for Liquid Articles under Selection of Test Specimens and
Incubation.

If the article is bacteriostatic and/or fungistatic when tested
as described above, use a suitable sterile neutralizing agent, if
available. Suitability of such an agent is determined as in the
test described below. If a neutmlgziﬂg agent is not available,
establish, as described below, suitable amounts of article and

R- ml?”m'rthho the specified

epeat the tests set forth above, usi ¢ specified amount
of artlng?c and larger volumes of the mium to determine the
ratio of article to medium in which growth of the test organisms
is not adversely affected.

H the specified amount of article is bacteriostatic or fungistatic
in 250 mL of the medium, decrease the amount of the article to
find the maximum amount that does not adversely affect the
growth of the test organism in 250 mL of the medium. For liquids
and suspensions, if this amount is less than | mL, increase the
quantity of medium so that the 1 mL is sufficiently diluted to
prevent inhibition of growth. For solids that are not readily sol-
uble or dispersible, if the amount is less-than 50 mg, increase the

nantity of medium so that the 50 mg of the article is sufficiently
giluted to prevent inhibition of growth. In either case, use the
amounts of the article and medium established in this ratio for
sterility testing, o

‘Where membrane filtration is nsed, meke similar comparisons
using the specified portions of the article under test and similar
quantities of a suitable diluting and rinsing fluid, rinsing the
membrane in each case with three 100-mL portions of the diluti
and rinsing fluid. Inoculate the stated quantities of viable mi-
croorganisms into each final portion of diluting and rinsing fluid
used (o filter the article under test and to filter the diluting and
rinsin&i’luid only. The growth of the test organism in each case
from the membrane(s) used to filter the article under test fellowed
by the inoculated final diluting and rinsing fluid is visually com-

ble to that from the membrane(s) used to filter only the
inoculated diluting and rinsing fluid.

General Procedure

The test procedures include (1) direct transfer to test media
und (2) membrane filtration techniques. Sterility testing of Phar-
macopeial articles nsing membrane filtration of the test speci-
mens, where feasible, is the method of choice. The proceaure is
particularly useful for liquids and soluble powders possessing bac-
teriostatic or fungistatic propertics, 80 as to permit separation of
possible contaminating microorganisms from such growth inhib-
itors. The ure is to be validated for such use. For similar
reasons, it 15 very useful where the article is an oil, an cintment,
or a cream that can be put into solntion with non-bacteriostatic
or non-fungistatic diluting fluids. Its use is also entirely appro-
priate and preferable in the sterility testing of non-bacteriostatic
or non-fungistatic liquids or soluble powders. Certain devices also

may be apgropriately tested for sterility of surfaces or the critical
pathways by the membrane filiration technique.

Because of diversity in the nature of articles to be tested and
other factars affecting the conduct of the sterility test, it is im-
p(flrts.ut to observe the following considerations in performing ste-
rility tests.

OPENING CONTAINERS

Cleanse the exterior surfaces of ampuls and closures of vials
and bottles with a suitable decontaminating aigent. and gain ac-
cess io the contents in an aseptic manner, If the vial contents
are packaged under vacuum, admit sterile air by means of a
suitable sterile device, such as a needle ati to a syringe
containing sterilizing grade filter material.

For purified cotton, gauze, surgical dressings, sutures, and re-
lated Pharmacopeial articles, open the package or container asep-
tically.

SELECTION OF TEST SPECIMENS AND

INCUBATION

For liquid articles, usc not less than the volumes of article and
medium for cach nnit and the number of containers per medium
specified in the table of Quantities for Liquid Articles, in this
section, If the contents are of sufficient guantity, they may be
divided so that portions are added to each of the two specified
media. If each container does not contain sufficient volume for
both media, use double the number of containers. For articles
other than liguids, test 20 units of the article with each medium.
For such articles in which only the jumen must be sterile, flush
the lumen with a suitable quantity of app:gprix e medium to yield
u recovery of not less than 15 mL of medium. .

Unless otherwise directed in the individual monograph or in a
section of this chapter, incubate the test mixture for 14 days with
Fluid Thioglycollate Medium (or Alternative Thioglycollate Me-
dium, where so indicated) at 30° to 35°, and with Soybean-Casein
Digest Medium at 20° to 25°.

Test Procedures for Direct Transfer to
Test Media

LIQUIDS

Remove liquids from test containers with a sterile Ecpci or with
a sterile syringe and necdle. Ascptically transfer specified
volume of the material from each test container to a vessel of
culture medium. Mix the liquid with the medium, but do not
aerate excessively. Incubate in the specified media as directed
under General Procedure, for not less than 14 days. Examine
the media visually for growth at least as often as on the third or
fourth or fifth day, on the seventh or cighth day, and on the last
day of the test period.
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Where the material being tested renders the mediom turbid,
so that the presence or absence of micrabial growth cannot be
determined readily by visual examination, transfer suitable por-
tions of the medium to fresh vessels of the same medium at least
once during the period from the third to the seventh day after
the test is started. Continue incubation of the original and of the
transfer vessels for a total of not less than 14 days from the
original inoculation.

OINTMENTS AND OQILS INSOLUBLE IN
ISOPROPYL MYRISTATE

Select 20 representative containers, assign them to 2 groups
of 10 containers, and treat each group as follows. Aseptically
transfer 100 mg from each of the 10 containers to a flask con-

ining 100 mL of a sterile, aqueous vehicle capable of dispersing
the test material homo%encously throughout the fluid mixture.
[NOTE—The choice of dispersing agent incorporated in the
aqueous vehicle may differ according to the naturs of the oint-
ment or oil. Before initiating routine use of a given dispersing
agent, test the dispersing agent to ascertain that in the concen-
tration used it has no significant antimicrobial effects during the
time interval for all transfers employing test procedures set forth
under Bacteriostasis and Fungistasis.] Mix an aliquot of 10 mL
of the flutd mixture so obtained with 80 mL of each medium,
and proceed as directed under Liguids, beginning with “Incubate
in the specified media.”

SOLIDS

Take a quantity of the product in the form of a dr)lv) solid (or
of a solution or a suspension of the product prepared by adding
sterile diluent to the immediate container), corresponding to not
less than 300 mg from each container being tested, or to the
entire contents if each contains less than 300 mg of sclids, Trans-
fer it to not less thaa 40 mL of Fluid Thioglycollate Medium and
te not less than 40 mL of Seybean-Casein Digest Medium, re-
spectively, and mix, the number of containers and the conditions
of incubation being the same as for liquids. Proceed as directed
under Liguids, beginning with “Examine the media visually.”

PURIFIED COTTON, GAUZE, SURGICAL
DRESSINGS, SUTURES, AND RELATED ARTICLES

From each package of cotton, rolled gauze, or gauze bandage
being tested, remove aseptically two or more portions of 100 mg
to 500 mg each from the innermost part of the sample. From
individually packaged single-use materials such as gauze pads,
remove aseptically a single portion of 250 mg to 500 mg or the
entire article in the case of small, i.c., 25- X 75-mm or smaller,
adhesive absorbent bandages, or sutares.

Aseptically transfer these portions of the article to the specified
number of containers of appropriatc media and incubate as di-
rected under General Procedure. Proceed as directed under Lig-
uids, beginning with “Examine the media visually.”

STERILIZED DEVICES

The following considerations apply to sterilized devices man-
ufactured in lots, each consisting of a number of units. Special
considerations apply to sterile devices manufactured in small fots
ar in individual units where the self-destructive nature of the
Steﬁlilt:y Test renders the conventional Sterility Test impractic-
able. For these articles, ap iate and acceptable modifications
to the Sterility Test must be made. ’

For articles of such size and shape as to permit compléte im-
mersion in not more than 1000 mL of culture medium, test the
intact article, using the appropriate media, and incubate as di-
rected under General Procedure. ed as directed under Lig-
uids, beginninfawith “Examine the media visually.”

For devices having hollow tubes, such as transfusion or infusion
assemblies, or where the size of an item makes immersion im-
ﬁmcﬁmhle and where only the fluid path;rﬁ% must be sterile,

ush the lumen of each of 20 units with a sufficient quantity of
Fluid ThicF[ycollate Medium and the lumen of each of 20 units
with a sufficient quantity of Soybean-Casein Digest Medium to
yield a recovery of not less than 15 mL of each medium, and
incubale with not less than 100 mL of each of the two media as
directed under General Procedure. For devices in which the lu-
men is so small that Fluid Thioglycollate Medium will not pass
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through, substitute Alternative Thioglycollate Medium for Fluid
Thioglycollate Medium, but incubate the medium anaerobically.

Where the entire intact article, because of its size and shape,
cannot be tested for sterility by immersion in not more than 1000
mL of culture medium, expose that portion of the article most
difficult to sterilize, and test that portion, or where practicable
remave two or more portions each from the innermost portion of
the article. Aseptically transfer these portions of the article to
the specified number of vessels of appropriate media in a volume
of not more than 1000 mL, and incubate as directed under Gen-
eral Procedure. Proceed as directed under Liguids, beginning
with “Examine the media visually.”

‘Where the presence of the test specimen in the medium in-
terferes with tﬂo test because of bacteriostatic or fungistatic ac-
tion, rinse the article thoroughly with a minimal amount of rinse
fluid (see under Diluting and Rinsing Fluids). Recaver the rinse
fluid, and test as directed for Devices under Test Procedures
using Membrane Filiration.

STERILE EMPTY OR PREFILLED SYRINGES

Sterility testing of prefilied syringes is performed by employing
the same techniques used in testing sterile products in vials or
ampuls. The direct transfer technique may be employed if the
Bacteriostasis and Fungistasis determination has indicated no
adverse activity under the test conditions. Where adppropriatc,
the membrane filtration procedure may be employed. For pre-
filied syringes containing a sterile needle, flush the contained
product through the lumen. For syringes packaged with a sep-
arate needle, aseptically attach thcwlee, and expel the product
into the ap%mpziate media. Pay special attention toward dem-
onsirating that the outside of the attached needle (that portion
which will enter the patient’s fissues) is sterile. For empty sterile
syringes, take up sterile medium or diluent into the barrel th
the needle if attached, or if not attached, through =z sterile needle
attached for the purpose of the test, and express the contents into
the appropriate ia.

Test Procedures Using Membrane Filtration

Where the membrane filtration technique is used for liquid
articles that may be tested by dircct transfer to test media, test
not less than the volumes and numbers specified under Selection
of Test Specimens and Incubation. :

Apparatus—A suitable membrane filter unit consists of an as-
sembly that facilitates the aseptic handling of the test articles
and that allows the processed membrane to be remaved asepti-
cally for inaculation of appropriate media or an assembly where
sterile media can be added to the sealed filter and the membrane
incubated in situ. A membrane generally suitable for sterility
testing has a nominal poresity of 0,45 pm, a diameter of approx-
imately 47 mm, and a flow rate of 55 to 75 mL of water per
minute at a ;rassure of 70 cm of mercury. The entire unit may
be assembled and sterilized with the membrane(s) in place prior
to use in the test, or the membranes may be sterilized separately
by any means that maintains the performance characteristics of
the filter and essures the sterility of the filter and the assembly.

Where the article to be tested is an oil, the membrane may be
sterilized separately, and after thorough drying, the unit assem-
bled, using aseptic precautions.

LIQUIDS MISCIBLE WITH AQUEOUS VEHICLES

Aseptically transfer the velumes required for both media, as
indicated in the table of Quantitics for Liquid Articles under
Selection of Test Specimens and Incubation, either directly into
one or two separate membrane filter funnels or to separate sterile
pooling vesscl(s) prior to transfer. In the case of liquid articles
1n containers in which the volume of liquid is either less than 50
mL, or 50 mL to iess than 100 mL, and not intended for intra-
venous administration, the required volumes from not less than
20 containers are thus re; ted by one membrane, or mem-
brane half, transferred to cach medium. If the volume of liguid
in the article is 50 mL to less than 100 mL per container and js
intended for intravencus administration, or 1s 100 mL or more
up to 500 mL, aseptically transfer the entire contents of not less

an 10 containers through each of two filter assemblies, or not
less than 20 containers if only one filter assembly is used. If the
volume of the liquid in the article is more than 500 mL, asep-
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tically transfer not less than 500 mL from each of not less than

10 containers through each of two filter assemblies, or not less
than 20 containers if only one filter assembly is uscd. Immedi-
ately pass each specimen through the filter with the aid of vacuum
or ure.

n some cases, where the liquid is highly viscous and not readily
filterable through one or two mem , more two filter
assemblies may be needed. In such cases, half the number of
membranes used are incubated in each medium, provided that
the volumes and requirements for numbers of containers per me-
dium are complied with, If the product is bacteriostatic or fun-

i{sta;(ic, rinse the membrane(s) with three 100-mL portions of

uid A. '

Aseptically remove the membrane(s) from the holder(s), cut
the membrane in half (if only one is used), immerse the mem-
hrane, or one-half of the membrane, in 100 mL of Soybean-Casein
Digest Medium, and incubate at 20° 1o 25° for not less than 7
days. Similarly, immerse the other membrane, or other half of
the membrane, in 100 mL of Fluid Thioglycollate Medium, and
incubate at 30° to 35° for not less than 7 days.

- NOTE—Where the product under test has inherent bacterio-
static properties, use hydrophobic membrane filter disks, or after
the specimen has been filtered, cut a disk comprising about one-
half of the filtering area from the center of the membrane using
a sterile cutting device, aseptically transferring the disk cut from
the center of the membrane to Fluid Thioglycollate Medium, and
aseptically transferring the remainder of the disk to Soybean-
Casein Digest Medium.

LIQUIDS IMMISCIBLE WITH AQUEOUS
VEHICLES (LESS THAN 100 mL
PER CONTAINER)

Using the contents of not less than 20 containers (40 containers,
if each one does not contain sufficient volume for both media),
ageptically transfer the volumes required for both media, s in-
dicated in the table of Quantities for Liquid Articles under Se-
lection of Test Specimens and incubaiion, eiitr directly into
one or two separale membrane filter funnels or to separate sterile

ing v prior o transfer. The required volumes from not

than 20 containers are thus represented by the membrane,
or membranc half to be transferred to each medium. Immedi-
ately pass each specimen through the filter with the aid of vacuum
or pressure,

the substance is a viscous liquid or suspension and not adapt-
able to rapid filtration, aseptically add a sufficient quantity of
diluting fluid to the pooled specimen prior to filtration to increase
the flow rate,

" If the product under test has inherent bacteriostatic or fun-
gistatic properties or contains a preservative, wash the filter with
from one 1o three 100-mL portions of Fiuid A. IF the subsiance
::‘Jlder test contains lecithin or oil, substitute Fiuid D for Fluid

-Upon cong:letion of the filtration, and rinsing, treat the mem-
brane(s) as directed under Liquids Miscible with Aqueous Ve-
hicles, beginning with “Aseptically remove the membrane(s).”

FILTERABLE SOLIDS

Take about 6 g of the product in the form of a dry solid (or
a portion of a solution or suspension of the product, prepared
adding sterile diluent to the 1mmediate container{s), correspond-
ing to 6 g of solid), or not less than 300 mg from each container
being tested, or the entire contents of each container if each
contains less than 300 mg of solids, unless otherwise specified in
the individual monograph, the number of containers being the
ified for Liquids Miscible with Aqueous Vehicles.

same as s
Transfer the specimen asepticall¥ 10 a vessel containing 200 mL
of Fluid A, and swirl to dissolve. If the spocimen docs not dissolve

completely, use 400 mL of Fiuid A, or divide the specimen asep-
tically into two portions and test cach using 200 of Fluid A.
Aseptically transfer the solution(s) into one or two membrane
funnels, and immediately filter with the aid of vacuum or pres-
sure. If the product under test has inherent bacteriostatic or
fungistatic properties, rinse the membrane(s) with three 100-mL
portions of Fluid A. Upon completion of the filtration and rinsing,
treat the membrane(s) as directed under Liguids Miscible with
Agqueous Vehicles, beginning with “Asepticaﬁy remove the mem-

bmnqs).u
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OINTMENTS AND OILS SOLUBLE [N ISOPROPYL
MYRISTATE

Dissolve not less than 100 from each of not less than 20
containers {40 containers, if each one does not contain sufficient
volume for both media) in not less than 100 mL of isopropyl
myristate with a pH of water exiract not less than 6.5 (see under
Reagent Specifications in the section, Reagents, Indicators, and
Solutions) which previously has been rendered sterile by filtration
through a 0.22-um membrane filter. [NOTE—Warm the steri-
lized solvent, and if necessary the test material, to not more than
44° just prior to use.] Swirl the flask to dissolve the ointment

1, taking care to expose a2 large surface of the material to
the solvent. Filter the dissolved ointment promptly following dis-
solution. Aseptically transfer the mixture into one or two mem-
brane filter funnels. Immediately pass each specimen through
the filter with the aid of vacuum or pressure. Keep [ilter mem-
brane(s) covered with liquid throughout the filtration for maxi-
mum efficiency of the filter.

Following fcirtration of the specimen, wash the membrane(s)
with two 200-mL portions of Fluid D, then wash with 100 mL
of Fluid A. Treat the test membrane(s) as directed under Liguids
Miscible with Aqueous Vehicles, beginning with “Aseptically re-
move the membrane(s),” except to provide that the sterility test
medium to be used contains I g of polysorbate 80 per liter.

If the substance under test contains petrolatum, use Fluid K.
Moisten the membrane(s) with approximately 200 L of the rinse
medium before the filtration operation begins, and keep the mem-
brane(s) covered with liquid throughout the filtration operation
for maximum efficiency of the filter.

Following filtration of the specimen, wash the membrane(s)
with three 100-mL portions of the rinse medium. Treat the test
membrane(s) as directed above.

NOTE—For ointments and oils that are insoluble in uwpmg}:l
myristate, proceed as directed for Ointments and Otls Insoluble
in Isapropyl Myristate under Test Procedures for Direct Trans-
fer to Test Media.

NON-FILTERABLE SOLIDS

The sterility testing of these articles by membrane filtration is
considered inadvisable unless it can be demonstrated that filter
blockage does not occur, Proceed as direcied for Solids under
Test Procedures for Direct Transfer to Test Media.

DEVICES

Devices that are gu rted 1o contain sterile pathways may be
tested for sterility by ihe membrane filtration technique as fol-
lows

Aseptically pass a sufficient volume of Fluid D through each
of not less than 20 devices so that not less than 100 mkL is re-
covered from each device, Collect the fluids in aseptic containers,
and filter the entire volume collected through membrane filter
funnel(s) as directed under Liguids Miscible with Aqueous Ve-
hicles, beginning with “Aseptically remove the membrane(s).”

Where the devices are large, and lot sizes are small, test an
appropriate number of units as described for similar cases in the
section, Sterilized Devices, under Test Procedures for Direct
Transfer to Test Media.

Interpretation of Sterility Test Results
FIRST STAGE

At the prescribed intervals during and at the conclusion of the
incubation period, examine the contents of all of the vessels for
evidence of microbial growth, such as the development of tur-
bidity and/or surface growth. If no growth is observed, the articic
tested meets the requirements of the test for sterility.

If microbial growth is found, but a review in the sterilily tcaﬁ;ﬁ
facility of the monitoring, materials used, testing procedure, a
negative controls indicates that inadeqguate or faulty aseptic tech-
nﬂuc was user in the test itsclf, the First Stage is declared invalid
and may be repcated.

If microbial growth is observed but there is no evidence in-
validating the First Stage of the test, proceed to the Second

Stage.
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SECOND STAGE

The minimum number of specimens sclected is double the num-
ber tested in the First Stage. The minimum volumes tested from
each specimen and the megfa and incubation periods are the same
as those indicated for the First Stage. If no microbial growth is
found, the article tested mects the requirements of the test for
sterility. If growth is found, the result so obtained is conclusive
that the article tested fails to meet the requirements of the test
for sterility. If, however, it can be demonstrated that the Second
Stage was invalid because of faulty or inadequate aseptic tech-
nique in the performance of the test the Second Stage may be

repea .

ill\h'_'rl'la-JiPVhc:r:: sterility testing is used as part of an assessment
of a production lot or batch or 2s one of the quality control criteria
for release of such lot or batch, see Sierilization and Sterifity
Assurance of Compendial Articies {1211).

Biological Tests and Assays

(81) ANTIBIOTICS—
MICROBIAL ASSAYS

The activity (potency) of artibiotics may be demonstrated un-
der suitable conditions by their inhibitory effect on microorga-
nisms. A reduction in antimicrobial activity also will reveal subtle
changes not demonstrable by chemical methods. Accordingly,
microbial or biological assays remain generally the standard for
resolving doubt with respect to possible loss of activity. This
chapter summarizes these procedures for the antibiotics recog-
nized in this Pharmacopeia for which microbiclogical assay re-
mains the definitive method,

Two general methods are employed, the cylinder-plate or “plate™
assay and the turbidimetric or “tube” assay. The first depends
upen diffusion of the antibiotic from a vertical cylinder through
a solidified agar layer in a petri dish or plate to an extent such
that growth of the added microorganism is prevented entirely in
a circular area or “zone” around the cylinder containing a solution
of the antibiotic. The turbidimetric method depends upon the
inhibition of growth of a microbial culture in a uniform solution
of the antibiotic in a fluid medinm that is favorable to its rapid
growth in the absence of the zntibiotic.

Apparatus
All equi&mcnt is to be thoroughly clcaned before and after
each use. Glassware for holding transferring test organisms

is sterilized by dry heat, or by steam.

TEMPERATURE CONTROL

Thermostatic control is required in several stages of a microbial
assay, when culturing a microorganism and preparing its inocu-
lum, and during incubation in plate and tube assays. Maintain
the temperature of assay plates at £0.5° of the temperature
selected. Closer control of the temperature {+0.1° of the se-
lected temperature) is imperative during incubation in 2 tube
assay, and may be achieved in either circulated air or water, the
greater heat capacity of water lending it some advantage over
circulating air.

SPECTROPHOTOMETER

Measuring transmittance within a fairly narrow frequency band
requires a suitable spectrophotometer in which the wavelength
of the light source can be varied or restricted by the use of a
580-nm filter for prclpa.ring inocula of the required density, or
with a 530-nm filter for reading the absorbance in a tube assay.
For the latter E;n-pose, the instrument may be arranged to accept
the tube in which incubation takes place, to accept a modified
cell fitted with a drain that facilitates raﬁid change of content,
or preferably, fixed with a flow-through cell for a continuous flow-
through analysis; set the instrument at zero absorbance with clear,
uninoculated broth prepared as specified for the particular anti-

(81) Antibiotics—Microbial Assays / Biological Tests
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biotic, including the same amount of test solution and formal-
dehyde as found in each sample.

OTE—Either absorbance or transmittance measurement may
be used for preparing inocula.

CYLINDER-PLATE ASSAY RECEPTACLES

For assay plates, use lass or plastic petri dishes (approximatcly
20 X 100 mm) having covers of suitable mateneﬁ. For assay
cylinders, use stainless steel or porcelain cylinders with the fol-
lowing dimensions, each dimension having a tolerance of +0.1
mm: outside diameter 8 mm; inside diameter 6 mm; and length
10 mm. Carefully clean cylinders to rcmove all residues. An
occasional acid bath, e.g., with about 2 &V nitric acid or with
chromic acid (see Cleaning Glass Apparatus {(1051)} is needed.

TURBIDIMETRIC ASSAY RECEPTACLES

For assay tubes, use glass or plastic test tubes, e.g, 16 X 125
mm or 18 X 150 mm that are relatively uniform in length, di-
ameter, and thickness and substantially free from surface blem-
ishes and scratches. Tubes that are to be placed in the spectro-

hotometer are matched and are without scratches or blemishes.

leanse thoroughly, to remove all antibiotic residues and traces
of cleaning solution, and sterilize tubes that have been used pre-
viously, before subsequent use.

Media and Diluents
MEDIA

The media required for the preparation of test organism inocula
are made from the ingredients listed herein. Minor modifications
of the individual ingredients, or reconstiteted dehydrated media,
mébt substituted, provided the resulting media possess equal
or better growth-promoting properties and give a similar standard
curve response.

Dissalve the ingredients in water to make 1 liter, and adjust
ilie solutions wiil eider 1 ¥ sodinm hydroxide or 1 & hydro-
chloric acid as required, so that after steam sterilization the pH
is as specified. - ‘

Peptone .............. e ——
Pancreatic Digest of Casein ..
Yeast Extract ..
Beef Extract....

pH after sterilization: 6.6 + 0.L.
Medium 2

Peptone .........cnnn.
Yeast Extract .

5

1
Beef Extract 1
Sodium Chloride ...........c..oooinia .. 3
Dextrose ...ovveemivieniiiiiiaiinnasin. L
Dipotassium Phosphate ....................... 3
Potassium Dihydrogen Phosphate .............. 1.
Wilefcovmassvndilinsemsiumagymraorave 1000

pH after sterilization: 7.0 + 0.05.
: Medium 3
Same as Medium 2, except that the final pH after sterilization
i8 7.9 + 0.1,

Loy
[N ]
E‘nmummmm

Medium 8
Same as Medium 2, except that the final pH after sterilization
is 5.9 £ 0.1
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Medium 9 _ DEALTOSE . \evtvneiiieeeiieaeeiinranranans 123 g
Pancreatic Digcstquasein _________________ 17.0 g OBRT coooiianiianiiiee et basa NN vy - g
Papaic Digest of Soybean ........._.._........ 3.05 WHEE oy i comancnmsvaume i sxammmenssasusovess 1000 mL
Sodium Chloride ............ccoiiiiiiiinnann, 50g pH after sterilization: 7.0 + 0.1.
D1potammm Phosphate ....... R K 25g
M ................................ ver 2%3 g PHOSPHATE BUFFERS AND OTHER SOLUTIONS
iRk i ot T Prepare as follows or by other suitable means the potassium
L hosphate buffers required for the antibiotic under assay. The
pH after sterilization: 7.2 + 0.1. Euffers are sterilized after preparation, and the pH specified in
Medium 10 each case is that after sterilization,

Same as Medium 9, except to use 12.0 g of Agar instead of
20.0 g, and to add lOmLofPolysnrbate 80 after boiling the
medium to dissolve the agar,

pH after sterilization: 7.2 + 0.1.
Medium 11

Same as Medium 1, except that the final pH after sterilization
i3 8.3 = 0.1,

Medium 13
Dextrose . 200g
Peptone .. o 100g
WREEE i oo i Vs i i e T e e SRS 1000 mL
pH after stcnhzamn 56 £ 0.1
Medium 19
Peplone ..oovveiiviiiiaiiiiiiiieiiiiiaianeas 94¢g
Yeast Extract ......... AR SRR 47¢g
Beel BXEOAGE .; -vviniviisammmanimavie iaaniie 24g
Sodiam Chlotide: . ;¢ ivizviveiasiinmaiiasiis 10.0g
170 e e s S R 100 g
&Pﬂ ................. e . 235g
17 R, - - 1000 mL

pH after sterilization: 6.1 + 0.1.

Medium 32 -
Same as Medium 1, except for the additional ingredient 0.3 g
of Manganese Sulfate.

Medium 34
CHyceml oo e a e 100g
PODIONe: i v R S s 100g
Beel EXtrBCL .o .. cvovcoasrrasmsiiass sasmannsaes 10.0 g
Sodium Chloride .........cccovieeeiunianninn. 3.0g
WRIEE i vnncsnimimsmmiises s as s s et 1000 mL
pH after sterilization: 7.0 % 0.1.
Medium 35

Same as Medium 34, except for the additional ingredient 17.0
g of Agar.

Medium 36.
Pancreatic Digest of Casein ................... 150g
Pa; |c t of Soybean ...........cccovuin.- 50g
S ii s - 508
...... R S —— 150 g
WNVELERE s et s W R R T AR ¥ 1000 mL
pH after sterilization: 7.3 = 0.1.
Medium 37
Pancreatic Digest of Casein......c.ovviiiiinnn 170 g
Soybean Peptone ..........oovviiiiiiineeneians i0g
Dextrose ............. R ALy 25g
Soditn CRlotle . s ixwossmemsios Savaivin 50¢g
Dipotassiim Phosphate ....................... 25g
T e e e A S e 1000 mL
pH after sterilization: 7.3 + 0.1.
Medium 38
IP;: toneD ....... g e lg.gg
paic est of Soybean Meal ............... Og
Sodium C lil y .......................... 40g
Sodium Slllﬁle .................. e 02g
LACVEINE o sy vomionniommaisnmions PO 07g

Blﬂ'er No. 1, 1 percent, pH 6.0—Dissolve 2.0 g of dibasic

um phosphate and 8.0 g of monobasic potassium phosphate

n 1000 mL of water. Adjust the pH with 18 ¥ phosphoric acid
or 10 N potassium hydroxide to 6.0 + 0.05.

Buffer No. 3, 0.1 M, pH 8,0—Dissolve 16.73 g of dlhamc
potassium phosphate and 0 523 g of monobasic rotassmm

phate in 1000 mL of water. Adjust the pH with 18 N phosphoric
ac:dor 10 N potassium hydroxide 10 8.0 = 0.1,

Buffer No. 4, 0.1 M, pH 4.5—Dissolve 13.61 g of monobasic
‘potassium phosphate in 1000 mL of water. Adjust the pH with
(IJ%SN phosphoric acid or 10 N potassium hydroxide to 4.5 +

Buffer No. 6, 10 percent, pH 6.0—Dissolve 20.0 g of dibasic
potassium phos hatc and 80 0 g of monobasic potassium phos-
phate in 1000 mL of water. Adjust the pH with 18 & phosphoric
acid or 10 N potassium hydroxide to 6.0 = 0.05.

Buffer No. 10, 0.2 M, pH 10.5—Dissolve 35.0 g of dibasic
potassium phosphate in 1000 mL of water, and add 2 mL of 10
N potassium hydroxide. Adjust the pH with 18 N phosphoric
acid or 10 NV putas:mm hydroxide to 10.5 + 0.1.

Buffer No. 16, 0.1 M, SH 7.0—Dissolve 13.6 g of dibasic
potassium phosphate and 4. g of monobasic potassium phosphate
in 1000 water. Adjust with 18 N phosphoric acid or 10
N potassium hydroxide to a pH of 7.0 = 0.2.

Other solutions—Use the substunces specified under Reagents,
Indicators, and Solutions. For water, use Purified Water. For
saline, use Sodium Chloride I Jectwn. Dilute fonnaldehydc is
Formaldehyde Solution diluted 1:3 with water,

' Units and Reference Standards

1po cy of antibiotics is designated in e:ther “Units” or
activity. In each case the “Unit” or “ug” of antibiotic
ncmnty is established and defined by the designated federal mas-
ter standard for that antibiotic. The correspanding USP Refer-
ence Standard is calibratcd in terms of the master standard. USP
Reference Standards for antibiotic substances are held and dis-
tributed by the U.S. Pharmacopeial Convention, Inc.

The concept of “ug” of activity originated from the sitnation
where the antibiotic preparation selected as the reference stan-
dard was thought to consist entirely of a single chemical entity

Table 1. Units of Potency of Reference Standards
Available in 1988, ]
Weight of Material (in
kg) containing the Number of USP
Unit as defined by the Units
master standard (and per mg of the USP
; corresponding number Reference Standard
Antibiotic nits per mg) (1988)
Bacitracin Zinc 13.51 (74) 58.5(Lot L)
Nystatin 0.2817 %3550) 6044 (Lot L
Penicillin G 0.600 1667) 1590 (Lot G)
Fcf:cf]l]“m\’ U.590 (1695 1520 {Lot F)
1n ..
yxin B 0.1274 (7849 8300 (Lot I)
Sullt{m
Note—Each mg of penicillin G benzathine contains 1211 USP
Penicillin G Units, and each mg of penicillin G procaine contains

1009 USP Penicillin G Units.

For any of the antibiotics listed, when stocks of a batch of USP
Reference Standard are depleted, the replacement is calibrated
to maintain oonhnmty of the USP Unit. The number of USP
Units per of the USP Rafarcnce Standard may thercfore
differ from shown above.
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Table 2. Preparation of Stock Solutions and Test Dilutions of Reference Standards.

USP xXxir

Stock Solution

Test Dilution

o Initial Solvent {and initial Median Doge
Antibiotic and Type of Assay . concentration wl Final Stock (ug of activity
[C{!md_er.-platq (CP) or Prior specified); [Further Concentration Use Fi or
urbidimetric (T)] Drying - Diluent, if different] per mL Within Diluent  Units per mL)
Amikacin (T No Water 1 mg 14 days Water 10 ug
Amphotericin B (CP) Yes  Dimethyl sulfoxide 1 mg Same day B. 10 1.0 pug
Ampicillin (CP) No Water 100 # 7 days B3 0.1
Bacitracin Zinc (CP) Yes 0.01 N hydrochloric acid 100 Same day B .1 1.0 ﬁF
Bleomycin ((CP) Yes B.16 2U 14 days B. 16 004 U
icidin (T) Yes Dimethyl sulfoxide 1 mg me day Water 0.06 ug
reomycin Yes  Water I mg 7 days Water 100 pg
Carbenicillin (CP) No B. 1 1 mg 14 days B 1 20 RE
Cephalexin (CP No B.1 1 mg 7 days B 1 20 HE
Cephalothin &C ) Yes B.1 1mg 5 days B. 1 10 ug
Cephapirin (CP No B.1 1 mg 3 days B 1 1.0 g
szhra.dine (C } No B 1 1 mg 5 days B.1 10 g
Chloramphenico: % No Alcohol (10 mL); [Water] 1 mg 30 days Water 25 pg
Chlortetracycline No 00LNh oric aci 1 mg 4 days Water 0.06 ug
Clindam 'ér(’)l') No Water 1 mg 30 days B3 10 ug
Clogmpilfm( ) ! No B 1 e 1 mg 7 days B1 50 pg
Colistimethate ium (CPF) Yes Water (10 mg/mL); [B. 6 1 mg Same day B 6 1.0 ug
Colistin (CP) Yes  Water (10 mg/mL); |B. 6 1 mg 14 days B.6 1.0 g
Cycloserine Yes Water 1 mg 30 days Water 50 ug
Dactinomycin (CP Yes Methanol (10 mg/mL); [B. 31 1 mg 90 days 83 1.0 ug
eclocycline Yes 0.1 N hydrochloric acid 1 mg 4 dayz Water 01 ug
Dicloxacillin (C No B 1 1 mg 7 days B1 50 pg
drostreptomycin (CP) Yes B3 1 mg 30 days B.3 1.0 pg
Dibydrostreptomycin Yes Water 1 mg 30 days Water 30 ag
Doxyeycling (T) : No 0.1 N hydrochloric acid 1 mg 5 days Water 01 up
Erythromycin (CP) Yes  Methanal (10 mg/mL); [B. 3] 1 mg 14 days B.3 1.0 g
Gentamicin (CP) Yes A3 ) | mg 30 days 8.3 01 pg
Gramicidin Yes Alcohol 95% 1 mg 30 days Alcohol 95% 0.04 ug
Kanamycin No Water 1 mg 30 days Water 10 ug
Lincomyein No Water 1 mg 30 days Water 0.5 ug
Methacycline (T) Yes  Water 1 mg 7 days Water 0.06 ug
Methicillin (CP) No B 1 1 mg 4 days . 1 10 18
Minocycline }‘R No 0.1 N hydrochloric acid 1 mg 2 days Water 0.085 ug
Mitomyctn (CF) Neo 21 ! ma 14 days 8.1 1.0 uE
Nafcii.lym (C No B.1 1 mg 2 days B. 1 20 g
Natamyein No Dimethyl sulfoxide 1 mg Same day B.10 500 pg
Neomycin (CP Yes B.3 1 mg 14 days B.3 1.0 pg
etilmicin No B3 1 mg 7 days 83 0.1 pug
Novobiocin E )] Yes  Alcohol 5}0 mg/mL); [B. 3] 1 mg 5 days B.6 0.5 tF
Nystatin (C Yes Dimethylformamide 1,000 U Same day B 6 20
Oxacillin (CP) No B 1 1 mg 3 days £ 1 50 ug
Oxytetracycline (T) No 0.1 N hydrochloric acid 1 mg 4 days Water 024 pg
Paromomyein ép Yes B3 1 mg 21 days B.3 10" ug
Penicillin G &P ) No &1 1,000 U 4 days B.1 1.0
Plicamycin C)P i Yes Water 100 pg 1 day B.1 1.0 EF
myxin °P) Yes Water; [£. 6] 10,000 U 14 days B. 6 10
Rifampin (CP No Methanol 1 mg day B 1 50 pg
Rolitetracycline (T) Yes Water 1 mg 1 day Water 024 ug
Sisomicin {CF) No A3 1 mg 14 days B3 0.1 xg
Spectinomycin (T} No Water 1 mg 30 days Water 30 HE
Streptomycin Yes Water ) 1 mg 30 days Water 30 pg
Tetracycﬁ‘jno No 0.1 N hydrochloric acid 1 mg 1 day Water 0.24 pg
Ticateillin ( ‘No 81 1 mg 1 day B 1 30 ug
Tobran No Water 1 mg 14 days Water 25 ug
Troleandomycin S'I') Yes Tsopropyl alcohol-water (4:1) L mg Same day Water 25 ug
Vancomycin (CP’ No Water 1 mg 7 days B 4 10 HE
Viemyein (T) Yes  Water 1 mg 7 days Water 100 ug

“B" denotes “buffer,” and _fhe number following refers to the potassium phosphate buffers defined in this chapter.
For Amphotericin B, Colistimethate Sodium, and Nystatin, prepare the reference standard solutions and the sample test solution simul--

taneously.

the test dilutions of the reference standard and the sample simultancously,

For Ampicillin, p
For Amphotericin B, further dilute the stock solution with dimethyl sulfoxide fo give concentrations of 12.8, 16, 20, 25, and 31.2 ug per

mL prior to making the test dilutions. The Test Dilution of the sample pre

amount of dimethyl sulfoxide as the
inc, each of the §

For Bacitracin

test dilutions of the Standard.
tandard test dilutions should contain the same amount of hydrochioric acid as the Test Dilution of the

from the Adssay Preparation should contain the same

sample, ) . :
For Natamyein, further dilute the stock solution with dimethy! sulfoxide to ]give concentrations of 64.0, 80.0, 100, 125, and 156 ug per

mL prior to making the test dilutions.

tested, Use red low-actinic
amount of d

Prepare the sta

| sulfoxide as the test dilutions of the 8

regponse line solutions simultaneously with dilutions of the specimen fc be

re. The Test Dilution of the sample prepared from the Assay Preparaiion should contain the same

For Nystatin, further dilute the stock solution with dimathylfcmhamid: to give concentrations of _256[“320, 4[]01, 500, and 624 Units pﬁl‘

mL prior to making the test difutions.
The Test Dilution of the sample prepared from the Assay Preparation should contain the same amount of dimethylformamide as the test

dilutions of the Standard. Use red low-actinic glassware.

When m

For Sterile Penicillin G- Procaine with

(dry at 40° for 2 hours).

pare the s

terile luminum Stearate Suspension cylinder-p
Where indicated, about 100 mg of the Reference Standard is dried before use in a vacuum oven at a
at a temperature of 60° for 3 hours, except in the case of Bleomycin and Plicamycin (dry at 25° for 4

tomycin, and Novobiocin _&dry at 100° for 4 hours), Gentamicir 5 : g, 1
he Sisomicin Reference Standard and the Netilmicin Reference Standard are not dried; the weight is calculated

ard response line solutions simultancously with

dry at 110° for

on the dried basis from the Loss on drying value of e separate portion taken concomitantly.

lutions o

El‘mﬂl

ours)
hours), Candicidin (dry at

aurs,

the sample to be tested,

aking the stuck solution of Polymyxin B, add 2 mL of water for cach 5 mg of weighed reference standard material.

i late assay only, use Penicillin G Reference Standard.
re of 5 mm or less of mercury
a mgn;ycin, iliydrostrep-
 for

Nystatin
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and was therefore assigned a potency of 1000 “ug” per mg. In
several such instances, as a result of the development of manu-
facturing and purification methods for particular antibiotics,
preparations became availeble that contaimed more than 1000

ug” of activity per mg. It was then understood that such prep-
arations had an activity equivalent to a given number of *“‘ug” of
iginal reference standard. In most instances, however, the

activity is exactly equivalent numerically to the g (weight)
of the pure substance. Complications arise in some situations,

Table 3. Test Organisms for Antibiotics Assayed by the
Procedure

the
g

Indicated in Table 2.
' ) ATCC*
Antibiotic Test Organism Number

Amikacin Staphylococcus aureus 29737
Amphotericin B Saccharomyces cerevisiae 9763
Ampicillin Micrococcus luteus 9341
Bacitracin Micrococcus luteus 10240
Bleomycin Mycobacterium smegmatis 607
Candicidin Saccharomyces cerevisiae 9763
Capreomycin Klebsiella pnewmoniae 10031
Carbenicllin Pseudomonas aeruginosa 25619
Cephalexin Staphylococcus aureus 29737
Cephalothin Staphylococcus aureus 29737
Cephapirin Staphylococcus aurets 29737
Cefhradine Staphylococcus aureus 29737
Chloramphenicol  Escherickia coli 10536
Chlortetracycline  Staphylococcus aureus 29737
C]indaclﬁlrycin Micrococcus luteus 9341
Cloxacillin Staphylococcus qureus 29737
Colistimethate Bordetella bronchiseptica - 4617

Sodium
Celistin Bordetella bronchiseptica 4617
Cycloserine Staphylococcus aureus 29737
Dactinomycin Bacillus subrilis 6633
Demeclocycline Staphylococcus aureus 29737
Dicloxacilli Staphylococcus aureus 29737
Dihy to- Bacillus subtilis 6633

mycin (CP)
Dihiydrostrepto- Klebsiella pneumoniae 10031

mycin :
Doxycycline Staphylococcus aureus 29737
Erythromycin Micrococcus luteus 9341
Gentamicin Staphylococcus epidermidis 12228
Gramicidin Streptococcus faecium 10541
Kanamycin Staphylococcus aureus 29737
Lincomycin Staphylococcus aureus 29137
Methacycline Staphylococcus aureus 29737
Methicillin Staphylococcus awreus 29737
Minocycline Staphylococcus aureus 29737
Mitomycin Bacillus subtilis 6633
Nafei Staphylococcus aureus 29737
Natamycin Saccharomyces cerevisine 9763
Neomycin Staphylococcus epidermidis 12228
Netilmicin Staphylococcus epidermidis 12228
Novobiocin Staphylococcus epidermidis 12228
Nystatin Saccharomyces cerevisiae 2601
Oxacillin Staphylococcus aureus 29737
Oxytetracycline Staphylococcus aureus 29737
Paromom, Staphylococcus epidermidis 12228
Penicillin G Staphylococeus aureus 29737
Plicamycin Staphylococcus aureus 29737
Polymyxin B Bordetella bronchiseptica 4617
Rifampin Bacillus subtilis 6633
Rolitetracycline Staphylococcus aureus 29737
Sisomicin Staphylococcus epidermidis 12228
Spectinomyein Escherichia coli 10536
Strepiomycin Klebsiella preumoniae 10031
Tetracycline S:apy!oooccm aureus 29737
Ticarcillin . Pseudomonas aeruginosa 29336
Tobramycin Staphylococcus aureus 29737
Troleandomycin Klebsiella pneumoniae 10031
Vancomycin Bacillus subtilis 6633
Viomycin Klebsiella pneumoniae 10031

* American Type Culture Collection, 21301 Parklawn Drive,
Rockville, MD 20852.
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e.g., where an antibiotic exists as the frec base and in salt form,
and the “ug” of activity has been defined in terms of one such
form; where the antibiotic substance consists of a number of
components having close chemical similarity but differing anti-
biotic activity; or where the potencies of a family of antibiatics
are expressed in terms of a reference standard consisting of a
single member which, however, might itself be heterogeneous.
In such cases the “ug” of activity defined in terms of a “Master
Standard™ is tantamount to a “Unit.” The “ug” of activity should
therefore not be assumed necessarily to correspond to the ag
{weight) of the antibiotic substance.

Preparation of the Standard

Topr;r:are a stock solution, dissolve 2 quantity of the Refercnce
Standard of a given antibiotic, accurately weighed, and previously
dried where so indicated in Table 2, or the entirc contents of a
vial of Reference Standard, where appropriate, in the solvent
specified in that table, and then dilute to the required concen-
tration as indicated. Store in a refrigerater, and use within the
period indicated. On the day of the assay, prepare from the stock
solution 5 or more test dilutions, the successive solutions increas-
ing stepwise in concentration, usually in the ratio of 1:1.25 for
a cylinder-plate assay or smaller for a turbidimetric assay. Use
the final diluent specified and a sequence such that the middle
or median has the concentration designated.
Preparation of the Sample

From the information available for the preparation to be as-
sayed (the *“Unknown™), assign to it an assumed potency per unit
weight or volume, and on this assumption prepare on day of
the assay a stock solution and test dilution as specified for ¢ach
antibiotic but with the same final diluent as used for the Ref-
erence Standard. The assay with 5 levels of the Standard requires
only one level of the Unknown at a concentration assumed equal
to the median level of the Standard.

Organisms and Inoculum

TEST ORGANISMS

The test organism for each antibiotic is listed in Table 3, to-
gether with its identification number in the American Type Cul-
ture Collection. The method of assay is given for each in Table
2. Maintain a culture on slants of the medium and under the
incubation conditions specified in Table 4, and transfer weekly
to fresh slants. For K. preumoniae use a non-capsulated culture.

PREPARATION OF INOCULUM

Preparatory to an assay, inoculate, from a recently grown slant
or culture of the organism, the surface of 250 mL of the agar
medium specificd for that organism in Table 4 and contained in
a Roux bottle except in the case of Streptococcus faecium, which
is grown in a liquid mediuvm. Spread the suspension evenly over
the surface of the agar with the aid of sterile glass beads, and
incubate at the temperature shown for approximately the indi-
cated length of time. At the end of this period, prepare the stock
suspension by collecting the surface growth in 50 mL of sterile
saline, except for Bleomycin (use 50 mL of Medium 34) and for
Ticarcillin (use 50 mL of Medium 37). )

For the assay, dilute a portion of the stock suspension by adding
a volume of sterile, purified water or sterile saline, in the dilution
indicated in Table 4, and determine the transmittance of this trial
dilution at 580 nm, with a spectmfhotoqle!or Adjust the pro-
portion in such a way that the froculum will have a transmittance
of 25% against saline as the biank. For the turbidimetric assay,
vary the composition of the stock suspension, if necessary, fo
obtain the optimum dose-response relationship.

For the cylinder-plate assay, determine 13 trial the proportions
of stock suspension to be Int_:o?orated in the Inoculum, starting
with the volumes indicated in Table 4, that result in satisfactory
demarcation of the zones of inhibition of about 14 t¢ 16 mm in
dizmeter and gimifija reproducible dose relationship. Prepare
the inoculum by adding 2 portion of stock suspension to a suf-
ficient amount of agar medium that has been melted and cooled
to 45° to 50°, and swirling to attain a homogeneous suspension.
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Table 4. Preparation of Inoculum. .
‘Suggested Inoculum

Incubation Conditions Dﬂéﬁg‘; B Composition
i ; Suspension Amount
Test Organism Medi-  Temp. to obtain 25% Medi- {mL per
& (ATCC No.) um ) Time  Transmittance um 100 mL) Antibiotics Assayed
Bacillus sublilis 32 32t035 5 days 5 As Dactinomycin, Dihydrostrep-
{6633) required  tomycin, Rifampin
8 0.5 Mitomycin
8 As  Vancomyein
required
Bordetella bronchiseptica ! 321035 24 hr. 1:20 19 qO.] Colistimethate Sodium,
(4617) Colistin, Polymyxin B
Escherichia coli 1 32135 24hbr 1:20 3 0.7 Chloramphenicol
{10536) 0.1 Spectinomycin
Klebsiella pneumoniae 1 36to37.5 24hr 1:25 3 0.05  Capreomyein
© (10031) 01 Streptomyecin,
Troleandomycin,
Eﬁm cin,
ihydrestreptomycin
Micrococcus luteus 1 32t035 24hr 1:40 11 0.5 Ampicillin, Clindamycin,
(9341) 11 1.5 in
Micrgfgzcgg.)s luteus 1 3210 35 24 hr. 1:35 1 0.3 Bacitracin
Myct(:gg%eﬁum smegmatis 36 36to 375 48 hr.  As determined 35 1.0 Bleomycin
P.seuéasrrsul;gs}m aeruginosa 1 36t0375 24hbrn 1:25 10 0.5 Carbenicillin
Pseu?;grgzgg;w aeruginosa 36 36t0375 24hr 1:50 38 1.5 Ticarcillin
Saccharomyces cerevisiae 19 29 to 31 48 hr. As determined 13 0.2 Candicidin
(9763) ' 19 1.0 Amphotericin B
19 0.8 Natamycin
Sacc?zaggf)zym cerevisiae 19 29ta3l 48 hr. 1:30 19 1.0 Nystatin
Stapk{!acoccus aureus 1 2t035 24 hr 1:20 1 005  Cephalexin, Cephradine
(29737 1 0.1 Cephalothin, Cephapirin,
Cloxacillin, Dicloxacillin
1 0.3 Nafcillin, Oxacillin,
Methicillin
1 1.0 Penicillin G
3 0.1 Amikacin, Chlortetracycline,
Demeclocycline, Doxycy-
ﬁin:ﬁz%inwmycin,
ethacycline,
Rolietracyeling
itetracycline,
Tetracycline
3 0.2 Kanamycin, Minocycline
3 0.4 Cycloserine
3 0.15 Tobramycin
. 8 0.1 Plicamycin
Staphylococcus epidermidis 1 32t035 24 hr. 1:14 11 0.25  Netilmicin
(12228) ’ 1 4.0 Novebiocin
11 0.03  Gentamicin, Sisomicin
11 0.4 Neomycin
1:25 11 2.0 Paromomycin
Streptococcus faecium 3 36t0375 16to As determined 3 1.0 Gramicidin
(10541) 18 hr.

The iricubated test organism Pseudomonas aeruginosa (ATCC 29336) for the assay of Ticarcillin is suspended in Medium 37,
instead of saline, for the determination of light transmittance. )

For Pseudomonas aeruginosa (ATCC 25619) in the assay of Carbenicillin, use the dilution yielding 25% light transmission, rather
than the stock suspension, for preparing the inoculum suspension. T i .

The incubated test organism Mycobacterium smegmatis (ATCC 607) for the assay of Bleomycin is suspended in Medium 34,
instead of saline, for the determination of light transmittance. 2 )

-NoTE—The dilution of the Stock Suspension to obtain 25% transmittance is for checking the quelity of the suspension and is not
used for preparing the inoculum suspension, except as specified above. In all other cases, incorporate the stated amount of undiluted
stock suspension in the Medium md’i)ca ted by numioer, for preparing ihe inoculum of suggested starting composition.

Procedure diameter :]masurer;mts within p]ate;:::l ex_%smive of htg: dwiiariati%n
between plates in their preparation and subsequent ing. To
ASSAY DESIGNS conduct a turbidimetric assay so that the differences in observed

turbidity will reflect the differences in the antibiotic concentra-
of relatively large sources of potential error and bias through tion requires both greater uniformity in the environment created
suitable experimental designs. In a cylinder-plate assay, the es-  for the tubes through closer thermostatic control of the incubator
-sential comparisons are restricted to relationships between zone  and the avoidance of systematic bias by use of a random place-

Microbial assays gain markedly in precision by the segregation
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ment of replicate tbes in separate tube racks, each rack con-
taining one complete set of treatments, The essential comparisons
are then restricted to relationships between the observed turbid-
ities within racks.

NoTeE—For some purposes, the practice is to design the assay
50 that a set of treatments consists of not fewer than three tubes
for each sample and standard concentration, and each set is placed
in a single rack '

Within these restrictions, the assay design recommended is a
1-level assay with a standard curve. For this assay with a standard
curve, prepare solutions of 5, 6, or more test dilutions, provided
they include one cmsonding to the reference concentration
(,5‘3, of the Standard and a solution of a single median test Jevel
of the Unknown as described under Preparation of Standard and
Preparation of the Sample. Consider an assay as preliminary if
its computed potency with either design is less than 80 percent
or more than 125 percent of that assumed in preparing the stock
solution of the Unknown. In such a case, adjust its assumed
potency accordingly and repeat the assay.

Microbial determinations of polency are subject to inter-assay
as well as intra-assay variables, so that two or more independent
assays are required for a reliable estimate of the potency of a
given assay preparation or Unknown. Starting with separately
pr?ared stock solutions and test dilutions of both the Standard
and the Unknown, repeat the assay of a given Unknown on a
different day. If the estimated potency of the second assay differs
significantly, as indicated by the calculated standard error, from
that of the first, conduct one or more additional assays. The
combined result of a series of smaller, independent assays spread
over a number of days is 8 more reliable estimate of potency than
that from a single ﬁrge assay with the same total number of
plates or tubes.

CYLINDER-PLATE METHOD

To prepare assay plates us:‘:l‘u:ctri dishes, place 21 mL of
Medium 2 in each of the required number of plates, and allow
1t iv harden into a smooth base layer of uniform depth, sxcent
for Amphotericin B, Natamycin, and Nystatin, where no separate
base layer is used. For An;qpicillin. Clindamycin, Erythromycin,
Gentamicin, Lincomycin, Neomycin B, Paromomycin, and Sis-
omicin, use Medium 11. For Bleomycin, use 10 mL of Mediu
35, For Dihydrostreptomycin use Medium 5. For Dactinomycin,
use 10 mL of Medium 5. For Plicamycin, Mitomycin, and Van-
comycin, use 10 mL of Medium 8. For Carbenicillin, Colisti-
methate Sodium, Colistin, and Polymyxin B, use Medium 9. For
Netilmicin, use 20 mL of Medium 11. Add 4.0 mL of seed layer
inocutum (sce Preparation of Inoculum and Table 4), prepared
as directed for the given antibiotic, except for Bleomycin Fuse 6
ml.), for Netilmicin (use 5 mL), and for Natamycin, Nystatin
and Amphotericin B (use 8 mL), tilting the plate back and forth
to spread the inoculum evenly over the surface, and allow it to
en. 6 assay cylinders on the inoculated surface from
a height of 12 mm, using a mechanical guide or other device to
insure even spacing on a radius of 2.8 cm, and cover the plates
to avoid contamination. After filling the 6 cylinders on each plate
with dilutions of antibiotic containing the test levels specified
below, incubate the plates at 32° to 35°, or at the temperature
specified below for the individual case, for 16 to 18 hours, remove
the cylinders, and measure and record the diameter of each zone
of growth inhibition to the nearest 0.1 mm. Incubate the plates
at-29° to 31° for Amphotericin B, Natamycin, Nystatin, and
Rifampin. Incubate at 34° to 36° for Novobiocin. Incubate at
36° to 37.5° for Carbenicillin, Clindamycin, Colistimethate So-
diu%olislin, Dactinomyein, Dihydrostreptomyein, Gentami-
cin, Mitomycin, Neomycin, Netilmicin, Paromomycin, Poly-
myxin B, Sisomicin, Ticarcillin, and Vancomycin.
For the 1-level assay with a standard curve, prepare dilutions
representing 5 test Jevels of the Standard (S to 8s) and a single
test level of the Unknown U; corresponding to S5 of the standard
curve, as defined under Preparation of the Standard and Prep-
aration of the Sample. For deriving the standard curve, fill al-
ternate cylinders on each of 3 plates with the median test dilution
{53} of the Standard and each of the remaining 9 cylinders with
one of the other four dilations of the Standard. Repeat the pro-
cess for the three dilutiops of the Standard. For each Unknown,
fill alternate cylinders on each of 3 plates with the median test
dilution of the Standard (S3), and the remaining 9 cylinders with
the corresponding test dilution {(U5) of the Unknown.

Biological Tests /| Bacterial Endotoxins Test (85)
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TURBIDIMETRIC METHOD

On the day of the assay, prepare the necessary doses by dilution
of stock solutions of the Standard and of each Unknown as de-
fined under Preparation of the Standard and Preparation of the
Sample. Add 1 mL of each dose to cach of 3 prepared test tubes,
and place the 3 replicate tubes in a position selected at random,
in a tube rack. Include similarly in each rack 1 or 2 control tubes
containing 1 mL of the test diluent (sec Table 4) but no antibiotic.
Upon completion of the rack of test solutions (with candicidin
within 30 minutes of the time when water is added to the methyl
sulfoxide stock solution), add 9.0 mL of inoculum to each tube
in the rack in turn, and place the completed rack immediately
in an incubator or a water bath maintained at 36° to 37.5° for
2 to 4 hours, except for Candicidin (incubate at 27° to 29° for
16 to 18 hours). After incubation add 0.5 mL of dilute formal-
dehyde to each tube, taking one rack at a time, and read its
transmittance or absorbance in a suitable spectrophotometer fit-
ted with a 530-nm filtcr.

For the 1-level assay with a standard curve, prepare dilutions
representing 5 test levels of the Standard (S to Ssgaand a single
test level (Uy) of each of up to 20 Unknowns corresponding to
&, of the Standard. Prepare also an extra S as a test of growth.
Add 1| mL of each test dilution, except for Gramicidin (use 0.1
mL) to 3 tubes and | mL of antibiotic-frec diluent to 6 tubes as
controls. Distribute one complete set, including 2 tubes of con-
trols, to a tube rack, intermingling them at random. Add 9.0 mL
of inoculum, incubate, add 0.5 mL of dilute formaldehyde, and
complete the assay as dirccted above. Determine the exact du-
ration of incubation by obscrvation of growth in the reference
concentration (median dose) of the dilutions of the standard (54).

Calculation

To calculate the potency from the data obtained either by the
cylinder-plate or by the turbidimetric method, proceed in each
case a8 £mcted under Potencies Interpolated from a Standard
Curve (see Design and Analysis of Biological Assays (111)),
using a log transformation, slmfht-!ine method with a least squares
fitting procedure, and a test for linearity. Where u number of
assays-of the same material arc made with the same standard
curve, calculate the coefficient of variation of results of all of the
assays of the material. ere more one assay is made

ys of th ial. Wh than y i de of
the same material with different standard curves, average the
two or more values of the potency.

(85) BACTERIAL
ENDOTOXINS TEST

This cha provides a test for estimating the concentration
of bacterial endotoxins that may be present in or on the sample
of the article(s) to which the test is applied using Limulus Ame-
bocytc Lysate (LAL) which has been obtained from agqueous
extracts of the circulating amebocytes of the horseshoe crab,
Limulus polyphemus, and which has been prepared and char-
acterized for use as a LAL reagent for gel-clot formation.

Where the test is conducted as a limit test, the specimen is
determined to be positive or negative to the test judged against
the endotoxin concentration ificd in the individual mono-
graph. Where the test is conducted as an assay of the concen-
tration of endotoxin, with calculation of confidence limits of the
result obtained, the specimen is judged to comply with the re-
gnircmr.nts if the result does not exceed (a) the concentration
lLimit specified in the individual monqﬁapm and (b) the specified
confidence limits for the assay. In either case the determination
of the reaction end-point is madc with dilutions from the material
under test in direct comparison with parallel dilutions of a ref-
crence endotoxin, and quantities of endotoxin are expressed in
defined Endotoxin Uhits.

Since LAL reagents have also been formulated to be used for
turbidimetric (including kinetic assays) or colorimetric readings,
such tests may be used if shown to comply with the requirements
for alternative methods. These tests require the establishment of
a standard regression curve and the endotoxin content of the test
material is determined by interpolation from the curve. The pro-
cedures include incubation for a pre-selected time of reacting
endotoxin and control solutions with LAL Reagent and reading
of the spectrophotometric light absorbance at suitable wave-
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lengths. In the case of the turbidimetric procedure the reading
is made immediately at the end of the incubation period, or in
the kinetic assays, the absorbance is measured throughout the
reaction period and rate values are determined from those read-
ings. In the colorimetric procedure the reaction is arrested at
the end of the pre-selected time by the addition of an appropriate
amount of acetic acid solution, prior to the readings. A possible
advantage in the mathematical treatment of results, if the test
be otherwise validated and the assay suitably designed, could be
the application of tests of assay validity and the calculation of
the confidence interval and limits of potency from the internal
evidence of each assay itself (see Design and Analysis of Bio-
logical Assays {111}).

Reference Standard and Control Standard
Endotoxins

The reference standard endotoxin (RSE) is the USP Endotoxin
Reference Standard which has a defined potency of 10,000 USP
Endotoxin Units (EU) per vial. Constitute the entire contents of
1 vial of the RSE with 5 mL of LAL Reagent Water,! vortex
for not less than 20 minutes, and use this concentrate for making
appropriate serial dilutions. Preserve the concentrate in a refrig-
erator, for making subsequent dilutions, for not more than 14
days. Allow it to reach room temperature, if applicable, and
vortox it vigorously for not less than 5 minutes before use. Vortex
cach dilution for not less than | minute before proceeding to
make the next dilution. Do not use stored dilutions. A control
standard endotoxin (CSE) is an endotoxin preparation other than
the RSE that has been standardized against the RSE. If a CSE
is a preparation not already adequately characterized, its eval-
uation should include characterizing parameters both for endo-
toxin quality and performance (such as reaction in the rabbit),
and for suitability of the material to serve as a reference (such
as uniformity and stability). Detailed procedures for its weighing
and/or constitution and usc to assure consistency in performance
should also be included. Standardization of a CSE against the
RSE using a LAL Reagent for the gel-clot procedure may be
cffected by assaying a minimum of 4 vials of the CSE or 4
carrespond)i’ng aliquots, where applicable, of the bulk CSE and
1 vial of the RSE, as directed under Test Procedure, but using
4 replicate reaction tubes at each level of the diletion series for
the RSE and 4 replicate reaction tubes similarly for each vial or
aliquot of the CSE. If all of the dilutions for the 4 vials or aliquots
of the CSE cannot be accommodated with the dilutions for the
1 vial of the RSE on the same rack for incubation, additional
racks may be used for accommodating some of the replicate
dilutions for the CSE, but a1l of the racks containing the ditutions
of the RSE and the CSE are incubated as a block. However, in
such cases, the replicate dilution series from the 1 vial of the
E are accommodated together on a single rack and the rep-
licate dilution series from any one of the 4 vials or aliquots of
the CSE are not divided between racks. The antilog of the dif-
ference between the mean log,y end-point of the RSE and the
mean log,, end-point of the CSE is the standardized potency of
the CSE which then is to be converted to and expressed in Units
per ng under stated drying conditions for the CSE, or in Units
per container, whichever is appropriate. Standardize each new
lot of CSE prior to use in the test. Calibration of a CSE in terms
of the RSE must be with the specific Jot of LAL Reagent and
the test procedure with which it is to be used. Subsequent lots
of LAL Reagent from the same source and with siomlar char-
acteristics need only checking of the potency ratio. The inclusicn
of one or mere dilution series made from the RSE when the CSE
is used for testing will enable observation of whether or not the
relative potency shown by the latter remains within the deter-
mined confidence limits. A large lot of a CSE may, however, be
characterized by a collaborative assay of a suwitable design to
provide a representative relative potency and the within-labora-
tory and between-laboratory variance.

A suitable CSE has a potency of not less than 2 Endotoxin
Units per ng and not mote than 50 Endotoxin Units per ng, where
in bulk form, under adopted uniform drying conditions, e.g., to
a particular low moisture content and other specified conditions

' LAL Reagent Water—Sterile Water for Injection or other
water that shows no reaction with the specific LAL Reagent with
which it is to be used, at the limit of sensitivity of such reagent.
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of use, and a potency within a corresponding range where filled
in vials of a homogeneous lot.

Preparatory Testing

Use 2 LAL reagent of confirmed label or determined sensitiv-
ity. In addition, where there is to be a change in lot of CSE,
LAL Reagent or another reagent, conduct tests of a prior satis-
factory lot of CSE, LAL and/or other reagent in parallel on
changeover. Treat any containers or ntensils employed so as to
destroy extraneous surface endotoxins that may be present, such
as by heating in an oven at 250° or above for sufficient time.2

e validity of test resulis for bacterial endetoxins requires an
adequate demonstration that specimens of the article, or of so-
lutions, washings, or extracts thereof to which the test is to be
applied do not of themselves inhibit or enhance the reaction or
otherwise interfere with the test. Validation is accomplished by
testing untreated specimens or appropriate dilutions thereof, con-
comitantly with and without known and demonstrable added
amounts of RSE or 2 CSE, and comparing the results obtained.
Appropriate negative controls arc included. Validation must be
repeated if the LAL Reagent source or the method of manufac-
ture or formulation of the article is changed.

Test for confirmation of labeled LAL Reagent sensitivity—
Confirm the labeled sensitivity of the particular LAL reagent
with the RSE (or CSE) using not less than 4 replicate vials, under
conditions shown to achieve an acceptable variability of the test,
viz., the antilog of the geometric mean logy, lysate gelclot sen-
sitivity is within 0.5\ to 2.0A, where X is the Jabeled sensitivity
in Bndotoxin Units per mL. The RSE (or CSE) concentrations
selected in confirmuing the LAL reagent label potency should
bracket the stated sensitivity of the LAL reagent. Confirm the
labeled sensitivity of each now lot of LAL reagent prior to use
in the test.

Inhibition or Enhancement Test—Conduct assays with stan-
dard endotoxin, of untreated specimens in which there is no en-
dogeneous endotoxin detectable, and of the same specimens to
which endotoxin has been added, as directed under Tesr Iro-
cedure, but using not less than 4 replicate reaction tubes at cach
level of the dilution serics for cach untreated specimen and for
each specimen to which endotoxin has been added. Record the
end-points (E, in Units per mL) observed in the replicates. Take
the logarithms (e) of the end-points, and compute the geometric
means of the log end-points for the RSE {(or CSE), for the un-
treated specimens and for specimens coniaining endotoxin by the

formula antilog:
Zeff,

in which Ze is the sum of the log end-points of the dilution series
used and f is the number of replicate end-points in each case.
Compute the amount of endotoxin in the specimen to which endo-
toxin has been added. The test is valid for the article if this result
is within twofold of the known added amount of endotoxin. Al-
termatively, if the test has been appropriately set up, the test is
valid for the article if the geometric mean end-point dilution for
the specimen to which endotoxin has been added is within one
2-fold dilution of the corresponding geometric mean end-point
dilution of the standard endotoxin.

If the result obtained for the specimens to which endotoxin has
been added is outside the specified limit, the article is unsuitable
for the Bacterial Endotoxins Test, or, in the case of Injections
or solutions for parenteral administration, it may be ren
suitable by diluting specimens appragriateiy.

Repeat the test for inhibition or enhancement using specimens
diluted by a factor not exceeding that given by the formula:

T oxfA
(see Maximum Valid Dilution, below). Use the least dilution
sufficient to overcome the inhibition or enhancement of the known
added endotoxin, for subsequent assays of endotoxin in test spec-
imens

If c'ndogeneous endotoxin is detectable in the untreated spec-
imens under the conditions of the test, the article is unsuitable

2 For a test for validity of procedure for inactivation of endo-
toxins, see “Dry-heat Sterilization” under Sterilization and Ste-
rility Assurance of Compendial Articles (1211). Use a LAL
Reagent having a sensitivity of not less than 0,15 Endotoxin Unit
per mL.
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for the Inkibition or Enhancement Test, or, it may be rendered
suitable by removing the endetoxin present by ultra-filtration, or
by appropriate dilution. Dilute the untreated specimen (as con-
stituted, where. applicable, for administration or use), to a level
not exceeding the maximum valid dilution, at which no endotoxin
is detectable. Repeat the test for Inhibition or Enhancement
using the specimens at those dilutions.

Test Procedure

In preparing for and applying the test, observe precautions in
handling the specimens in order to avoid gross microbial contam-
ination, Washings or rinsings of devices must be with LAL Re-
Aﬁent Water in volumes appropriate to their use and, where a]
plicable, of the surface area which comes into contact with body
tissues or fluids. Use such washings or rinsings if the extracting
fluid has been in contact with the relevant pathway or surface
for not less than 1 hour at controlled room temperature {15° to
30°). Such extracts may be combined, where appropriate. The
ultimate rinse or wash volume is such as to result in possible
dilution of any contained endotoxin to a level not lcss than that
suitable for use in the Pyrogen Test {151} under Transfision
and Infusion Assemblies {161},

For validating the test for an article, for endotoxin limit tests
or assays, or for special purposes where so specified, testing of
specimens is conducted guantitatively to determine response end-
points for gel-clot readings. Usually graded strengths of Lhe spec-
jmen and standard endotoxin are made by multifeld dilutions.
Select dilutions so that they correspond to a geometric series in
which cach step is greater than Lﬁe next lower by a constant
ratio. Do not store diluted endotoxin, because of loss of activity
by adsorption. In the absence of supporting data to the contrary,
negative 2nd positive controls are incorporated in the test.

Use not less than 2 replicate reaction tubes at each level of
the dilution series for each specimen under test. Whether the
test is employed as a limit test or as a quantitative assay, a
standard endotoxin dilution series involving not less than 2 rep-
licate reaction fuhes is conducted in parafiei. A sei of sinwdard
endotoxin dilution series is included for each block of tubes, which
may consist of a number of racks for incubation together, pro-
vided the environmental conditions within blocks are uniform.

Preparation—Since the ferm and amount per container of stan-
dard endotoxin and of LAL reagent may vary, constitution and/
or dilution of contents should be as directed in the labeling. The
pH of the test mixture of the specimen and the LAL Reagent is
in the range 6.0 to 7.5 unless specifically directed otherwise in
the individual monograph. The pH may be adjusted by the ad-
dition of sterile, endotoxin-free sodium hydroxide or hydrochloric
acid or suitable buffers to the ‘?eciman riar to testin%

Maximum Valid Dilution (MVD)-—The Maximum Valid Di-
Iution is approprizte to Injections or to solutions for parenteral
administration in the form constituted or diluted for administra-
tion, or where applicable, to the amount of drug by weight if the
volume of the dosage form for administration could be varied.
Where the endotoxin limit concentration is specified in the in-
dividual monograph in terms of volume (in EU per mL}, divide
the limit by A, which is the labeled sensitivity (in EU per mL)
of the lysate empl in the assay, to obtain the MYD factor.
Where the endotexin limit concentration is specified in the in-
dividual monograph in terms of weight or of Units of active drug
(in EU per mg or in EU per Unit), multiply the limit by the
concentration (in mg per mL or in Units per mL) of the drug in
the solution tested or of the drug constituted according to the
label instructions, whichever is applicable, and divide the product
of the multiplication by A, to obtain the MYD facter. The MVD
factor so obtained is the limit dilution factor for the preparation
for the test to be valid.

Procedure—To 10~ X 75-mm test tubes add aliquots of the
appropriately constituted LAL reagent, and the specified volumes
of specinens, endotoxin standard, negative controis, and a posi-
tive product control consisting of the article, or of solutions, wash-
ings or extracts thereof to which the RSE (or a standardized
CSE) has been added at a concentration of endotoxin of 2\ for
that LAL reagent (sec under Tesz for confirmation of labeled
LAL Reagent sensitivity). Swirl cach gently to mix, and place
in an incubating device such as a water bath or heating block,
accurately recording the time at which the tubes are so placed.
Incubate each tube, undisturbed, for 60 + 2 minutes at 37 +
1°, and carefully remove it for observation. A positive reaction
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is characterized by the formation of a firm gel that remains when
inverted through 180°. Record such 2 result as positive (+). A
negative result is characterized by the absence of such a gel or
by the formation of a viscous gel that does not maintain its in-
tegrity. Record such a result as negative (—). Handle the tubes
with care, and avoid subjecting them to unwanted vibrations, or
false negative observations may result. The test is invalid if the
positive product control or the endotoxin standard does not show
the cnd-point concentration to be within +1 twofold dilutions
from the label claim sensitivity of the LAL Reagent or if any
negative control shows a gel-clot end-point.

Calculation and Interpretation

Calcularion—Calculate the concentration of endotoxin (in Units
er mL or in Units per g or mg) in or on the article under test
gy the formula:

pSfU,

in which S is the antilog of the geometric mean log,, of the end-
points, expressed in Endotoxin Units (EU) per mL for the Stan-
dard Endotoxin, U is the antilog of Zgff, where ¢ is the log;s of
the end-point dilution factors, expressed in decimal fractions, /°
is the number of replicate reaction tubes read at the end-point
level for the specimen under test, and g is the correction factor
for those cases where a specimen of the article cannot be taken
directly into test but is processed as an extract, solution, or wash-

ing.

Where the test is conducted as an assay with sufficient repli-
cation to provide a suitable number of independent results, cal-
culate for each replicatc assay the concentration of endotoxin in
or on the article under fest from the antilog of the geometric
mean log end-point ratics. Calculate the mean and the confidence
limits from the replicate logarithmic values of all the obtained
assay tesults by a suitable statistical method (see Calculation of
Potency from a Single Assay (111)). ;

Interpretation—The article meets the requirements of the test
if the concentration of cndotoxin does not exeeed that specified
in the individual monograph, and where so specified in the in-
dividual monograph or in this chapter, the confidence limits of*
the assay do not exceed those specified.

(87) BIOLOGICAL
REACTIVITY TESTS,
IN-VITRO

The fellowing tests are designed to determine the biclogical
reactivity of mammatian cell cuftures following contact with the
elastomcric plastics and other polymeric materials with direct or
indirect patient contact or of specific extracts pre| from the
materials under test, It is essential to make available the specifie
surface arca for extraction. When the surface area of the spec-
imen cannot be determined, use 0.1 g of elastomer or 0.2 g of
plastic or other material for every of extraction fluid. Also
it is essential to exercise care in the preparation of the materials
to prevent contamination with microorganisms and other foreign
matter.

Three tests arc described; i.e., the Agar Diffusion Test, the
Direct Contact Test, and the Elusion Test.* The decision as to
which type of test or the number of tests to be performed to
assess the potential biological response of a specific sample or
extract depends wpon the material, the final product, and its
intended use. Other factors that niay also affect the suitability
of sample for a specific use are the polymeric composition; pro-
cessing and cleaning procedures; contacling media; inks; adhe-
sives; absorption, adsorption, and permeability of preservatives;
and conditions of storage. Evaluation of such factors should iw

* Further details are given in the following publications of the
American Society for Testing and Materials, 1916 Race St., Phil-
adelphia, PA 19103: “Standard Test Meihod for Agar Dif-
fusion Cell Culture Screening for Cytotoxicity,” ASTM Desig-
nation F 895-84; “Standard Practice for Direct Contact Cell
Culture Evaluation of Materials for Medical Devices,” ASTM
Designation F 813-83.
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made by appropriate additional specific tests before determining
that a product made from a specific material is suitable for its
intended use.

Referemce Standards—USP Negative Control Plastic Refer-
ence Standard. USP Positive Bioreaction Solid Reference Stan-
dard. USP Positive Bioreaction Extract Reference Standard. -

Ceil Culture Preparation—Prepare multiple cultures of L-929
(ATCC eell line CCL 1, NCTC clone 929) mammalian fibroblast
cells in serum-supplemented minimum essential medium having
a seeding density of about 10° cells per mL. Incubate the cultures
at 37 + 1° for not less than 24 hours ina 5 & 1% carbon dioxide
atmosphere, until 2 monolayer, with greater than 80% confluence,
ig obtained. Examine the prepared cultures under a microscope
to ensure uniform, near-confluent monolayers. [NOTE—The re-
producibility of the In-vitro Biological Reactivity Tests depends
upon obtaining uniform cell culture density.]

Extraction Solvents—Sodium Chloride Injection (see mono-

h—uge Sodium Chloride Injection containing 0.9 percent of
a(EJl); Alternatively, serum-free mammalian culture media
or serum-supplemented mammalian cell culture media may be
used. Serum supplementation is used when extraction is done at
37° for 24 hours,

Apparatus—

Auroclave—Employ an autoclave capable of maintaining a
temperature of 121 + 2° equipped with a thermometer, a pres-
sure gauge, a vent cock, a rack adequate to accommodate the
test containers above the water level, and a water cooling system
that will allow for cooling of the test containers to about 20°, but
not below 20°, immediately following the heating cycle.

Oven—Use an oven, preferably a mechanical convection model,
that will maintain operating temperatures in the range of 50° to
70° within +2°.

Incubator—Use an incubator capable of maintaining a tem-
perature of 37 + 17 and an atmosphere of 5 + 1% carbon dioxide
in air. {NOTE—If capped culture tubes are used, it is unnec-
essary ic maintain & carbon dioxide atmosphere in the incubator, ]

Extraction Containers—Use only containers, such as ampuals
or screw-cap culture test tubes, or their equivalent, of Type I
glass. If used, culture test tubes, or their equivalent, are closed
with a screw cap having a suitable clastomeric liner. The exposed
surface of the clastomeric liner is completely protected with an
inert solid disk 50 to 75 um in thickness. A suitable disk can be
fabricated from polytetrafluoroethylene (polytef).

Preparation of Apparatus—Cleanse all glassware theroughly
with chromic acid c{e ing mixture and, if necessary, with hot
nitric acid followed by pmionged rinsing with Sterile Water for
Injection. Make containers and devices used for extraction, trans-
fer, or administration of test material sterile and dry by a suitable
praocess. If cthylenc oxide is used as the sterilizing agent, allow
not less than 48 hours for complete degassing.

Procedure—--

Preparation of Sample for Extracts—Follow the procedure in
chapter (88) Biological Reactivity Tests, In-Vivo.

Preparation o{ Extracts—Pre as directed for Preparation
of Extracts in chapter {88), Biological Reactivity Tests, In-vivo
using either Sodium Chloride Injection (0.9 percent NaCl) or
serum-free mammalian cell culiure media as Extraction Salvents.
[NoTE—IF extraction is done at 37° for 24 hours, in an incubator,
use cell culture media supplemented by serum. The extraction
conditions should not in any instance cause physical changes such
as fusion or melting of the material pieces other than a slight
adherence.]

Agar Diffusion Test

This test is designed for elastomeric closures in a variety of
shapes. The agar layer acts as a cushion to protect the cells from
mechanical damage while allowing the diffusion of leachable
chemicals from the polymeric s s. Extracts of materials
that are to be tested are applied to a piece of filter paper.

Sample Preparation—Use extracts, prepared as directed or
use portions of the test specimens having flat surtaces not less
than 100 mm? in surface area. '

Procedure—Prepare the monolayers in 60-mm diameter plates
using 7 mL of Cell Culture Preparation. Aspirate the culture
medium from the monolayers, and roplace it with serum-supple-
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mented culture medium containing not more than 2% of agar.
Place the flat surfaces of Sample Preparation, USP Negative
Control Plastic RS (to provide a Negative Control), and either
USP Positive Bioreaction Extract RS or USP Positive Bioreaction
Solid RS (to provide a Positive Control) in duplicate cultures in
contact with the solidified agar surface. Incubate all cultures for
not less than 24 hours at 37 + 1°, preferably in a humidified
incubator containing 5 + 1% of carbon dioxide. Examine ¢ach
culture around each Sample, Negative Control, and Positive Con-
trol, under a microscope, using cytochemical stains, if desired.

Interpretation of Results—The biological reactivity (cellular
degeneration and malformation) is described and rated on a scale
of 0 to 4 (see Table 1). Measure the responses obtained from
the Negative Control and the Positive Control. The test system
is suitable if the observed response corresponds to the labeled
biological reactivity grade of ihe relevant Refercnce Standard.
Measure the response obtained from the Sample Preparation.
The Semple meets the requirements of the test if none of the
cell culture exposed to the Sample shows greater than a mild
reactivity (Grade 2). Repeat the test if the suitability of the
system is not confirmed.

Direct Contact Test

This test is designed for materials in a variety of shapes. The
procedure allows for simultaneous extraction and testing of leach-
able chemicals from the specimen with a serum-supplemented
medium. The procedure is not appropriate for very low- or high-
de}n:]nsity materials that could cause mechanical ggmage to the
cells.

Sample Preparation—Use portions of the test specimen havi
flat su”?i'aces n};‘i”less than 1()80 mm? in surface aga’ac.l =

Procedure—Prepare the monolayers in 35-mm diameter plates
using 2 mL of cell suspension. Aspiraie the culture medium from
the cultures, and replace it with 0.8 mL of fresh culture medium.
Place a single Sample Preparation, USP Negative Control Plastic
RS (to provide a Negative Control), and USP Positive Bioreaction
Solid RS (1o provide a Paositive Controf) in cach of duplicate
cultures. Incubate all cultures for not less than 24 hours at 37
% 1° in a humidified incubator preferably containing 5 = 1%

Table 1. Reactivity Grades for Agar Diffusion Test.

Grade Reactivity Description of Reactivity Zone

0 None No detectable zone around
or under specimen

1 Slight Zone limited to area under
specimen :

2 Mild Zone extends less than 0.5
cm beyond specimen

3 Moderate Zone extends 0.5 to 1.0 ¢cm
beyond specimen

4 Severe Zone extends greater than 1.0

cm beyond specimen but
does not involve entire dish

Table 2. Reactivity Grades for Direct Contact Test
and for Elution Test.

Grade Reactivity Cenditions of all Cultures

0 None Discrete intracytoplasmic granules;
; no cell lysis
1 Slight More than 20% of the cells are round,

loosely attached, and without in-
tracytoplasmic granules; occa-
sional lysed cells are piesent

Mild More than 50% of the cells are round
and devoid of intracytoplasmic
granules; extensive cell lysis and
empty areas between cells

ta

3 Moderate  Greater than 70% of the cell layers;
contain rounded cells and/or are
tysed

4 Severe Nearly complete destruction of the
cell layers
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of carbon dioxide. Examine each culture around each Sample,
Negative Control, and Positive Control, under a microscope, us-
ing cytochemical stains, if desired.

Interpretation of Results—Proceed as directed for Inferpre-
tation of Results under Agar Diffusion Test using Table 2. The
Sample meets the requirements of the test if none of the cuitures
treated with the Sample shows greater than a mild reactivity
(Grade 2). Repeat the test if the suitability of the system is not

confirmed.
Elution Test

This test is designed for the evaluation of extracts of polymeric
malt:e;ials.l The pracedure ;Hoa{s focl;lfxtmction of tht} specimens
at iological or non-physiclogical temperatures for varyin
time i’;lstervals. It is appropriate for high-density materials a.n&
for dose-response evaluations.

Sample Preparation—Prepare as directed in Preparation of
Extracts, using ether Sodium Chloride Injection 6"9’ parcent
NaCl) or serum-free mammalian cell culiure media as Extraction
Solvents. If the size of the Sample cannot be readily measured,
2 mass of not less than 0.1 g of elasiomeric material or 0.2 g of
Bleastic or polymeric material per mL of extraction medium maﬁr

used. Alternatively, use scrum-supplemented mammalian ce.
culture media as the extracting medium to simulate more closely

hysiological conditions. Prepare the extracts by heating for 24
Eonrs in an incubator preferably containing 5 + 1% of carbon
dioside, Maintain the extraction temperature at 37 + 1°, be-
cause higher temperatures may cause denaturation of serum pro-
teins, '

Procedure—Prepare the monolayers in 35-mm diameter plates
using 2 mL of Cell Culture Preparation. Aspirate the-culture
medium from the monolayers, and replace it with either extracts
of the Sample, USP Negative Control Plastic RS (to providc a
Negative Controf), or USP Positive Bioreaction Extract RS (to
Frovidc a Positive Control). The serum-supplemented and serum-

ree cell culture media extracts are tested in duplicate without
dilution {(100%). The Sodium Chloride Injection extract is di-
futed with serum-supplemented cell culture medium and tested
in duplicate at 25% extract concentration. Incubate all cultures
for 4IP hours at 37 % 1° in an incubator preferably containing 5
* 1% of carbon dioxide. Examine each culture at 48 hours,
under a microscope, using cytochemical stains, if desired.

Interpretation of Results—Proceed as directed for Inter
tation of Resuits under Agar Diffuston Test but using Table 2.
Repeat the test if the suitability of the system is not confirmed.
The Sample meets the requirements of the test if the eultures
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nificantly greater reaction than the cultures treated with the Neg-
ative Control, repeat the test with several quantitative dilutions
of the extracts.

(88) BIOLOGICAL REACTIVITY
TESTS, IN-VIVO

The following tests are designed fo determing the biological
response of animals to elastomeric plastics and other polymeric
material with direct or indirect patient contact, or by the injection
of specific extracts prepared from the material under test. 11 is
essential to make available the specific surface area for extrac-
tion. When the surface area of the specimen cannot be deter-
mined, use 0.1 n-gf of elastomer or 0.2 g of plastic or other material
for every mL of extraction fluid. Also it is essential to exercisc
care in the preparation of the materials to be injected or instilled
to prevent contamination with microorganisms and other foreign
matter.

Four tests are described. The Systemic Injection Test and the
Intracutaneous Test are used for clastomeric materials, especially
to elastomeric plastics for which the appropriate Biological Reac-
ity Tests, In-vifro (87) have indicated significant biological,
reactivity. These 1wo tests are used for plastics and other poly-
mers in addition to a third test, the fmplantation Test, to test

“the suitability of these materials intended for use in fabricating

containers and accessories thereto, for use in parenteral prepa-
rations, and for use in medical devices, implants, and other sys-
tems. .

The fourth test that is nsed for plastics and other lymeric
material for containers and medical devices for oph ics is
the Eye Irritation Test. It consists of the instillation of extracts
of materials under test into the eye of a rabbit and a comparison
of its effect with that of a rabbit eye treated with oontmi blank
extracts.

For the purpose of this chapter, these definitions apply: The
Sample is ihc specimen under iust or an extract prepared from
such a specimen. A Blank consists of the same quantity of the
same ¢xtracting medium that is used for the extraction of the
specimen under iest, treated in the same manner as the extracting
medtum containing the specimen under test. A Negative Con-
trol* is a specimen that gives no reaction under the conditions
of the test.

On the basis of response to the biological test edures (see
Systemic Injection Test, Iniracutaneous Test, I»E’Emm Test),
six general classes of plastics arc defined in Table 1. This class-

treated with the Samples show not greater than a mild reactivity f
(Grade 2). If the cultures treated with the Sarmple show a sig- _* USP Negative Control Plastic RS.
Table 1. Classification of Plastics.
Plastic Claszes? Tests To Be Conductod
I Im w v Vvl Test Material ) Animal . " Dose Procedure®
X * X x x X Extract of Sample tn Sodium Mouse 50 mL/kg A (iv)
X X X x x x Chioride Injection Rabbit 0.2 mL /animal B
at each of
10 sites
X X x x x Extract of Sample in I.in 20 Mouse 50 mL/kg A (iv)
I X x X x Solution of Alcokol in Rabbit 0.2 mL/animal B
Sodium Chioride Injection at each of
10 sites
x X X Extract of Sample in Mouse 10 g/kg - A (ip)
x X Polyethylene Glycol 400 Rabbit 0.2 mL/animal B
at each of
10 sites
X A A A Extract of Sampie in Mouse 50 mL/kg A (ip)
X x X Vegetable Oif Rabbit 0.2 mL/animal B
at each of
, 10 sites
X X Implant strips of Sample Rabbit 4 stripg/2nimal C

" Tests required for each class are indicated by “x” in appropriate columns.
®Legend: A (ip)—Systemic Injection Test (intraperitoneal); A (iv)—Systemic Injection Test (intravenous); B—Intracutaneous Test
Intracutaneous); C—Implantation Test (intramuscular implantation). :
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ification does not apply to plastics that are intended for use as
containers for oral or topical products, or that may be used as
_an integral part of a drug formulation. Extracts of elastomers to
be tested are in Sodium Chloride Injection and in vegetable oils.

Factors such as material composition, processing and cleaning
procedures, contacting media, inks, adhesives, absorption, ad-
sorption and permeability of preservatives, and conditions of stor-
age may also affect the suitability of a material for a specific
use. Bwvaluation of such factors should be made by appropriatc
additional specific tests to determine the suitability of a material
for its intended use.

With the exception of the Implantation Test, the procedures
arc based on the use of extracts which, depending on the heat
resistance of the material, are prepared at one of three standard
temperatures; 50°, 70°, and 121°. Therefore, the class desig-
nation of & plastic must be accompanied by an indication of the
temperature of extraction; €8, 1V-121°, which represents a class

"IV plastic extracted at 121°, or I-50°, which represents a class
1 plastic extracted at 50°.

The %’ys:emz’c Injection Test and the Intracutaneous Test are
designed to determine the systemic and local, respectively, bio-
logical responses of animals to plastics and other polymers by the
single-dose injection of specific extracts prepared from a Sample.
The Implantation Test is designed to evaluate the reaction of
living tissue to the plastic and other polymers by the implantation
of the Sample i into animal tissue. The. proper preparation
and placement of the specimens under aseptic conditions are
im%nt in the conduct of the Implantation Tes:.

tests are designed for aﬁp}icatiun to plastics and other
‘polymers in the condition in which they are used. If the material
is to be exposed to any cleansing or sterilization process prior to
its end-use, then the tests are to be conducted on a Sample pre-
pared from a specimen pre-conditioned by the same processing.

Extracting Media—

SODIUM CHLORIDE INJECTION (sec monograph). Use So-
dium Chioride Tujeciion containing D_yrcent NaCi.

1 in 20 SOLUTION OF ALCOHOL IN Soditm Chloride Infection.

POLYETHYLENE GLYCOL 400 (scc monograph).

VEGETABLE OIL—Use freshly refined Sesame Oil (see mono-
graph} or Cottonseed Oil (see monograph) or other suitable veg-
etable oils, .

DRUG FRODUCT VEHICLE (where applicable).

WATER FOR INJECTION (see monograph).

[NOTE—The Sesame Qil or Cottonseed il or other suitable
vegetable oil meets the following additional requirements: Ob-
tain, if possible, freshly refined oil. Use three pro; erl};}:rcgarcd
animals and inject the cil intracutaneously in a dose of 0.2 mL
into each of 10 sites per animal, and observe the animals at 24,
48, and 72 hours following injection. Rate the cbservations at
each site en the numerical scale indicated in Table 5. For the 3
rabbits {30 injection sites), at any observation time, the average
response for erythema is not greater than 0.5 and for edema is
not greater than 1.0, and no site shows a- tissue reaction larger

Biological Reactivity Tests, In-vivo / Biological Tests

USP XXxiI

than 10 mm in overall diameter. The residue of oil at the injection
site should not be misinterpreted as edema. Edematous tissue
blanches when gentle pressure is applied.]

Apparatus—The apparatus for the tests includes the following.

AUTOCLAVE—Use an autoclave capable of maintaining a tem-
peraturg of 121 + 2.0°, equipped with a thermometer, a pressure
pauge, a vent cock, a rack adequate to accommodate the tcst
containers above the water level, and a water cooling system that
will allow for cooling of the test containers to about, but not belaw,
20° immediately following the heating eycle.

ovEN—Use an oven, preferably a forced-circulation model,
th:;tawill mizintain operating temperatures of 50° or 70° within
&2, i

EXTRACTION CONTAINERS—Use only containers, such as am-
puls or screw-cap culture iest tubes, ol'y Type 1 plass. If used,
culture test tubes are closed with screw caps having suitable
elastomeric liners. The exposed surface of the elastomeric liner
is completely protected with an inert solid disk 0.05 mm to 0.075
mm in thickness. A suitable disk may be fabricated from a

polytetrafluoroethylene (polytel) resin.

Preparation of Apparatus—Cleansc all %I.asswarc thoroughly
with chromic acid cleansing mixture, or if necessary with hot
nitric acid, followed by prolonged rinsing with water. Clean cut-
ting utensils by an apgropriate method (¢.g., successive cleaning
with acetone and methylene chloride) prior to use in subdividing
a specimen. Clean all other equipment by thorough scrubbing
with a suitable detergent and prolonged rinsing with water,
nder containers and equipment used for extraction, and in
transfer and administration of test material, sterile and dry by a
suitable process. [NOTE—If ethylene oxide is used as the ster-
ilizing agent, allow adequate time for complete degassing.]

Procedure—

Preparation of Sample—DBoth the .?'ystemic Injection Test and
ths Intracitaneous Tast may be performed using the same ex-
tract, if desired, or separate extracts may be made for each test.
Select and subdivide into portions a Sample of the size indicated
in Table 2. Remove particulate matter, such as lint and free
particles, by treating each subdivided Samipfe or Negative Con-
trol as follows: Place the Sample into a clean, glass-stoppered,
100-mL graduated cylinder of Type I glass, and add about 70
mL of Water for Injection. Agitate for about 30 seconds, and
drain off the water, t:-g:eat this step, and dry those pieces prepared
for the extraction with Vegetable Oil in an oven at a temperature
not exceading 50°. [NOTE—Do not .clean the Sample {with a
dry or wet cloth or by rinsing er washing with an organic solvent,
surfactant, etc.]

Preparation of Extracis—Place a properly ared Sample
to be tested in an extraction container, and add 20 mL g}"ﬁc
appropriate extracting medium. Repeat these directions for each
extracting medium required for testing. Also prepare one 20-mL
blank of each medium for parallel injections and comparisons.

Table 2. Surface Area of Specimen To Be Used.!

Amounnt of Sample for Each 20 mL of

Form of Material Thickness Extracting Medium Subdivided Into
Film or sheet <0.5 mm Equivalent of 120 cm? total surface area Strips of about
(both sides combined) 55X 0.3em
0.5 to 1 mm Equivalent of 60 cm? total surface area (boih
sides combined) -
Tubing <0.5 mm (wall) Tength (in em) = 120 cm?/(sum of ID and OD Sections of about
I 5X03c¢m

0.5 to 1 mm (wall)

circumferences)
Length (in cm) = 60 cm?/{sum of ID and OD

circumferences)
Slabs, tubing, and >1 mm Equivalent of 60 cm? total surface arca (all Picces up to about
molded items exposed surfaces combined) 5X03cm
Elastomers >1 mm Equivalent of 25 cm? tota) surface Do not sub-
area (all exposed surfaces combined) divide?

! When surface area cannot be determined due to the configuration of the specimen, use 0.1 g of elastomer or 0.2 g of plastic ot

other polymers for every 1 mL of extracting fluid.
2 Molded elastomeric closures are tested intact.
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Extract by heating in an autoclave at 121° for 60 minutes, in an
oven at 70° for 24 hours, or at 50° for 72 hours. Allow adequate
time for the liquid within the container to reach the extraction
temperature.

[Note—The extraction conditions should not in any instance
cause physical changes such as fusion or melting of the Sample
pieces, which result in a decrease in the available surface area.
A slight adherence of the pieces can be tolerated. Always add
the cleaned picces individually to the extracting medium, If cul-
ture tubes are used for autoclave extractions with Vegetable Oil,
seal screw caps adequately with pressure-sensitive tape.

Cool to about room temperature but not below 20°, shake
vigorously for several minutes, and decant each extract imme-
diately, using aseptic precautions, into a dl?' sterile vessel. Store
the extracts at a temperature between 20° and 30°, and do not
use for tests after 24 hours, Of imporiance are the contact of
the extracting medium with the available surface area of the
plastic and the time and temperature during extraction, the proper
cooling, agitation, and decanting process, and the aseptic handling
and storage of the extracts following extraction.

Systemic Injection Test

This test is designed to evaluate systemic responses to the ex-
tracts of materials under test following injection inte mice.
Test Animal—Usc llealth%', not previously used albino mice
weighing between 17 and 23 g. For each test group use only
mice of the same source, Allow water and food, commonly used
for lzboratory animals and of known composition, ad libitum.
Procedure —[NOTE—Agitate cach extract vigorously prior to
withdrawal of injection doses to ensure even distribution of the
extracted matter. However, visible particulates should not be
injected intravenously.] Inject each of the five mice in a test
group with the Sm;:f e ar the Blank as outlined in Table 3, except
to dilute cach g of the extract of the Sample prepared with
Polyethylene Glycol 400, and the corresponding blank, with 4.1
volumes of Sodium Chioride Injection to obtain a solution having
a concentration of about 200 mg of polyethylene glycol per mi..
Observe the animals immediately after injection, again 4 hours
after injection, and then at least at 24, 48, and 72 hours. If during
the observation period none of the animals treated with the ex-
tract of the Sample shows a signil‘icnnﬂg lgrmtcr biological reac-
tivity than the animals treated with the Blank, the Sample meets
the requirements of this test. If any animals treated with the
Sample show only slight signs of biological reactivity, and not
more than one animal shows gross symptoms of biological reac-
tivity or dies, repeat the test using groups of 10 mice. On the
?:Flt test, all 10 animals treated with the Sample show no sig-
icant biological reactivity above the Blank animals during the
observation period. 3

Intracutaneous Test
This test is designed to evaluate local responses to the extracts
ofb:ém‘luials under test following intracutancous injection into
rabbits,
Test Animal—Select healthy, thin-skinned albino rahbits whose

fur can be clipped closely and whose skin is free from mechanical

Table 3. Injection Procedure—Systemic Injection Test.

Injection
Rate,
Dose aL per
Extract or Blank per kg  Route® second
Sodium Chloride Injection 50 mL v 100
1 in 20 solution of 50 mL v 100
Alcohol in Sodium
Chiloride Injection
Polyethylene Glycol 400 10g P
Drug product vehicle 50 mL v 100
(where applicable) 50 mL 1P -
Vegetable Oil 50 mL by

* IV = intravenous (aqueous sample and blank); [P = intra-
peritoneal (oleaginous sample and blank), ;
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Table 4. Intracutaneous Test.
Extract Number of Sites Dose,
or Blank (per animal) aL per site
Sample 3 200
Blank 5 200
Table 5. Evaluation of Skin Reactions.
Erythema and Eschar Formation Value
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (bect-redness) to slight
eschar formation (injurics in depth) 4
Edema Formation Value
No edema i 0
Very slight edema (barely perceptible) 1
Slight edema (edges of arca well defined by
definite raising) 2
Moderate edema {raised approximately 1 mm) 3
Severe edema (raised more than 1 mm
4

and extending beyond the area of exposure)

irritation or trauma. In bandling the animals, aveid touching the
injection sites during observation periods, except to discriminate
between edema and an oil residuec. [NOTE—Rabbits previously
used in vorclated tests, such as the Pyrogen Test (151), and that
have received the prescribed rest period, may be used for this
test provided that they have clean, unblemished skin. ]
Procedure—[NOTE—Agitate each extract vigorousiy priot to
withdrawal of injection doses to ensure even distribution of the
extracted matter,] On the day of the test, closely clip the fur on
the animal’s back on both sides of the spinal column over & suf-
ficiently large test area. Avoid mechanical irritation and trauma.
Remove loose hair by means of vacuum, If n , swab the
skin lightly with diluted alcohol, and dry the skin prior to injec-
tion. More than one cxtract from a given ma(er'nr can be used
r rabbit, if you have determined that the test results will not
affected. For each Sample use two animals and inject each
intracutaneously, using one side of the animal for the Sample
and the other side for the Blank, as outlined in Table 4, [NOTE—
Dilute each g of the extract of the Sanztlle prepared with Poly-
ethylene Glycol 400, and the corresponding Blark, with 7.4 vol-
umes of Sodium Chloride Injection to obtain a solution having
a concentration of about 120 mg of polyethylene glycol per mL.]
Examine injection sites for evidence of any tissue reaction such
as erythema, edema, and necrosis. Swab the skin lightly, if nec-
essary, with diluted alcohol to facilitate reading of injection sites.
Observe all animals at 24, 48, and 72 hours after injection. Rate
the observations on a numerical scale for the extract of the Sam-
ple and for the Blank, using Table 5. Reclip the fur as nccessary
during the observation period.
If each animal at any observation period shows an average

‘reaction to the Sample that is not significantly Frea.tcr than to

the Blank, the Sample meets the requirements of this test. If at
any observation period the average reaction to the Sample is
questionably greater than the average reaction to the Blank, re-
peat the test using three additional rabbits. On the repeat test,
the average reaction to the Sample in any of the three animals
is noi significantly greater than the Hlank.

Implantation Test

The implantation test is designed for the evaluation of plastic
materials and other polymeric materials in direct contact with
living tissue. Of importance are the proper preparation of the
implant strips and their proper implantation under aseptic con-
ditions. Prepare for implantation 8 strips of the Sample and 4
strips of USP Negative Control Plastic RS. Each strip should
measure not less than 10 X | mm. The edges of the strips should
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be as smooth as possible to avoid additionel mechanical trauma
upon implantation. Strips of the specified minimum size are im-
pfanted y means of a hypodermic needle (15- to 19-gauge) with
intravenous point and a sterile trocar, Use either pre-sterilized
needles into which the sterile plastic strips are aseptically in-
serted, or insert each clean strip into a needie, the cannula and
hub of which are protected with an appropriate cover, and then
subjecied to the appropriate sterilization procedure. [NOTE—
;?sltla(:l“]’ for proper degassing if agents such as ethylene oxide are

Test Animal—Select healthy, adult rabbits weighing not less
than 2.5 kg, and whose paravertebral muscles are sufficiently
large in size to aliow for implantation of the test strips. Do not
use any muscnlar tissue other than the paravertebral site. The
animals may be anesthetized with a commonly used anesthetic
agent to a degree deep cnough to prevent muscular movements,
such as twitching,

Procedure—Perform the test in a clean area. On the day of
the test or up to 20 hours before testing, clip the fur of the animals
on both sides of the spinal column. Remove loose hair by means
of vacuum. Swab the skin lightly with diluted alcohol and dry
the skin prior to injection.

Implant four strips of the Sample into the paravertebral muscle
on one side of the spine of each of 2 rabbits, 2.5 to 5 ¢m from
the midline and paraliel to the spinal column, and about 2.5 cm
apart from each other. In a similar fashion implant 2 strips of
USP Negative Control Plastic RS in the opposite muscle of each
animal. Insert a sterile stylet into the needle to hold the implant
strip in the tissue while withdrawing the needle. If excessive
bleeding is observed after implantation of a strip, place a dupli-
cate strip at another site.

Keep the animals for a period of not less than 72 hours, and
sacrifice them at the end of the observation period by adminis-
tering an overdose of an anesthetic agent or other suitable agents.
Allow sufficient time to elapse for the tissue to be cut without
bleeding. Examine macroscopically the area of the tissue sor-
rounding the center portion of szch implant strip. Uss & mag-
nifsying lens if necessarf' The tissuc immediately surrounding the
USP Negative Control Plastic RS strips appears normal and en-
tirely free from hemorrhage, film, or encapsulation. The require-
ments of the test are met if, in each rabbit, the reaction to not
more than 1 of the 4 Sample strips is significantly greater than
that to the strips of USP Negative Control Plastic RS.

Eye Irritation Test

This test is designed to evaluate responses to the instillation of
‘extracts of materials under testing in the eye of a rabbit.

Extracting Media—Use (1) Sodium Chloride Injection and (2}
Vegetable Oil,

Test Animal—Select healthy, albino rabbits having no visible
gye irritation and not ircviously used for an eye irritation test.
The animal facilitics should be designed and maintained as to
exclude sawdust, wood chips, or other extraneous materials that
might produce eye irritation. Examine both eyes of the animals
before testing, and use only those animals without eye defects or
eye irritation.

Procedure—Uze three albino rabbits for each extract to be
tested. Restrain the animals firmly but gently until quiet. Gamlﬁ'

pull and lower lid away {rom the eyeball to form a cup, and instilt.

about 200 uL of the Blank prepared as dirceted under Systemic
Injection Test. Hald the lid together for about 30 seconds. Instill
into the other eye 200 gl of the Sample extract prepared as
directed under Systemic Injection Test. Examine the eyes at
24-, 48-, and 72-hour intervals. Examination is facilitated by the
use of a binocular loupe and a hand slit-lamp. The requirements
of the test are met if the Sgmple extract shows no significant
irritation over the Blank extract during the observation period.
if significant irritation 18 observed in the eye treated with the
Blank extract, repeat the test using three additional rabbits. On
the repeat test, all rabbits meet the test requirement.

SAFETY TESTS—GENERAL

The general safety test set forth here is intended to detect in
an article any unexpected, unacceptable, biological reactivity.
This in-vivo test is provided for the safety assessment of biologics
(sec Biologics {1041)) and any article in Transfusion and In-
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Sfusion Assemblies {161), Elastomeric Closures for Infections

{381), and Containers (661).

Safety Test

Select five healthy mice not previously used for testing, weigh-
ing between 17 and 23 g, unless otherwise directed in the indi-
vri'gﬁal monograph or elsewhere in this chapter, and maintained
on an adequate balanced dict. Prepare a test solution as directed
in the individual monagraph. Unless otherwise directed in the
individual monograph or elsewhere in this chapter, inject intra-
venously a dose of 0.5 mL of the test solution into cach of the
mice, using a 26-gauge needle of suitable length, or of the length
specified below as applicable. Observe the animals over the 48
hours following the injection. IF, at the end of 48 hours, all of
the animals survive and not more than one of the animals shows
outward symptoms of a reaction not normally expected aof the
lcvel of toxicity related to the article, the requirements of this
test are met. If onc or more animals die or if more than one of
the animals shows signs of abnormal or untoward toxicity of the
article under test, 1 the test using at least another 10 mice
gimilar to those used in the initial test, but weighing 20 + 1 g
In either case, if all of the animals sutvive for 48 hours and show
no symploms of a reaction indicative of an abnormal or unduec
lev ofP toxicity of the article, the requirements of the test are
met, -

For biologics, perform the test according to the procedures
cribed in the Federal Reguintions (see Biologics {1041),
ection 610.11, using not less than 2 mice similar to those de-
seribed above but weighing less than 22 g and not less than 2
healthy guinea pigs weighing less than 400 g. Unless otherwise
directed. in the individual monograph, for a liquid product or a
freeze-dried product that has been constituted as directed in the
[abeling, inject a volume of 0.5 mi intraperitoneally into each
mouse, and inject a volume of 5.0 mL intraperitoneally into each
guinea pig. For freeze-dried products for which the volume of
censtitution is not indicated in the label, or for nonliquid products
other than freeze-dried products, gerl'orm the test using the route
of administration, test trose, and diluent approved by the Center
For Bio]oﬁ_ics Evaluation and Research (FDA), on the basis of
substantial evidence demonstrating that the test variation will
assure sensitivity equal to or greater than that of the test described
above, Observe the animals for 2 minimum observation period
of 7 days. If all of the animals survive the test period, do not
exhibit any response that is not specific for or expected from the
uct and that may indicate 2 difference in suc]‘lsgroduc*t qual-
ity, and weigh no fess at the end of the test period than at the
time of injection, the requirements of the test are met. If the
article fails to meet the requirements, the test may be repeated
as in the initial test, in the one or both species in which the
requirements were not met. If the animals fulfill the criteria
specified for the initial test, the article meets the requirements
of the test. If the article Fails to meet the requirements after the
first repeat test, and not less than 50% of the total number of
animals of the species in which the requirements of the test were
nol met in the combined initial and first retests have survived, a
second retest may be performed. Use twice the number of ani-
mals of the relevant species used in ihe initial test. If the animals
fulfill the criteria specified for the initial test, the requirements
of the test are met.

(91) CALCIUM
PANTOTHENATE ASSAY

Reference standard—USP Calciuin Pantothenate Reference
Standard---Dry at 105° for 3 hours beforc using,

Standard Stock Solution of Calcium Pantothenate—Dissolve
50 of USP Calcium Pantothenate RS, previously dried and
stored in the dark over fphosphorus pentoxide and accurately
weighed while cted from absorption of moisture during the
weighing, in about 500 mL of water in a 1000-mL volumetric
ﬂ:;i. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium
acetate solution (1 in 60), then dilute with water to volume. Each
mL represents 50 ug of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
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Standard Preparation—On the day of the assay, dilute 2 mea-
sured volume of Standard Stock Solution of Calcium Panio-
thenate with sufficient water so that it contains, in each mL,
between 0.01 pug and 0.04 xg of calcium pantothenate, the exact

concentration being such that the res es obtained as directed
under Procedure, 2.0 and 4.0 mL of the Standard Preparation
being used, are within the linear portion of the log-concentration
Tesponse curve. :

Assay Preparation—Proceed as directed in the individual
mono, raﬁh,for preparing a solution expected to contain approx-
imately the equivalent of the calcium pantothenate concentration
in the Standard Preparation.

Basal Medium Stock Solution—

Acid-hydrolyzed Casein Solution................ 25 mL
Cystine-Tryptophane Solution. , .. ............... 25 mL
Polysorbate 80 Solution............. i SR 0.25 mL
Dextrose, Anhydrous ........covvveenens R v 10 g
Sodium Acetate, Anhydrous.................... 5 g
Adenine-Guanine-Uracil Solution ... .......... 5 mL
Riboflavin-Thiamine Hydrochloride—Biotin

SolBHON v vincedvessis R 5 mL
Para-aminobenzoic Acid-Niacin—Pyridoxine

Hydrochloride Solution 5 mL
Salt Solution A ............... 5 mlL
Salt Solution B... S mL

Dissolve the anhydrous dextrose and sodium acetate in the
solutions previously mixed, and adjust with 1 Vsodium hydroxide
to a pH of 6.8. Finally, dilute with water to 250 mL, and mix.

Acid-hydrolyzed Casein Solution—Mix 100 g of vitamin-free
casein with 500 mL of 6 &~ hydrochloric acid, and reflux the
mixture for B to 12 hours. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick
paste remains. Redissolve the resulting paste in water, adjust the
solution with 1 N mdiumlﬁ{dmxide toa pH of 3.5 £ 0.1, and
add water to make 1000 mL. Add 20 g of activated charcoal,
stir for | hour, and filter. Kepeat the treatment with aciivated
charcoal. Store under toluene in a refrigerator at a temperature
not below 10° Filter the solution if a precipitate forms during

storage.

Cystine-Tryptophane Solation—Suspend 4.0 g of L-cystine and
1.0 g of L-tryptophane (or 2.0 g of D.L-lryé)t hane) in 700 to
800 mL of water, heat to 70° to 80°, and add dilute hydrochloric
acid (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and add water to make 1000 mL. Store under toluene in
a refrigerator at a temperature not below 10°.

Adenine-Guanine-Uracil Solnfion—Dissolve 200 mg each of
adenine sulfate, nine hydrochloride, and uracil, with the aid
of heat, in 10 mL of 4 N hydrochloric acid, cool, and add water
to make 200 mL. Storc under toluene in a refrigerator.

Polysorbate 80 Solution—Dissolve 25 g of rbate 80 in
alcohlgr‘:o make 250 mL. S5 ping

Riboflavin-Thiamine ide-Biotin Solution—Prepare
a solution containing, in each mL, 20 ug of riboflavin, 10 ug of
thiamine hydrochloride, and 0.04 ug of biotin, by dissolving ri-
boflavin, thiamine hydrochloride, and biotin in 0.02 /¥ acetic acid.
Store, protected from light, under toluene in a refrigerator.

Para-aminobenzoic Acid—Niacin-Pyridoxine Hydrochloride
Solution—Prepare a solution in neutral 25 percent alcohol to
contain 10 ug of para-aminobenzoic acid, 50 ug of niacin, and
40 ug of pyridoxine hydrochloride in each mL. Store in a re-
frigerator.

Salt Solution A—Dissolve 25 g of monobasic potassium phos-
%te and 25 g of dibasic ]fmtassmm osphate in water to make

mL. Add 5 drops of hydrochloric acid, and store under
tolucne.

. Salt Solution B—Dissolve 10 g of magnesium sulfate, 0.5 g of
sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of manganese
sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid, and store under toluene.

Stock Culture of Lactobacillus plantarum—Dissolve 2.0 g of
water-soluble yeast extract in 100 mL of water, add 500 mg of
anhydrous dextrose, 500 mg of anhydrous sodium acetate, and
1.5 g of agar, and heat the mixture, with stirring, on a steam
bath, until the agar dissolves.  Add approximately 10-mL portions
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of the hot solution to test tubes, suitably close or cover the tubes,
sterilize at 121°, and allow the tubes to cool in an upright position.
Prepare stab cultures in 3 or more of the tubes, using a pure
culture of Lactobacillus plantarum,® incubating for 16 to 24
hours at any selected temperature between 30° and 37° but held
constant to within & 0.5°, and finally store in a refrigerator. Pre-
pare a fresh stab of the stock culture every week, and do not use
for inoculum if the culture is more than | week old.

Culture Medium—To each of a series of test tubes containing
5.0 mL of Basal Medium Stock Solution add 5.0 mL of water
containing 0.2 ug of calcium pantothenate. Plug the tubes with
cotton, sterilize i an autoclave at 121°, and cool.

Inoculum—Make 2 transfer of cells from the stock culture of
Lactobacillus plantarum to a sterile tube containing 10 mL of
culture medium. Incubate this culture for 16 to 24 hours at any
selected temperature between 30° and 37° but held constant to
within +0.5%. The cell suspension so obtained is the inoculum.

Procedure—To similar test tubes add, in duplicate, 1.0 and/
or 1.5, 2.0, 3.0, 4.0, and 5.0 mL, respectively, of the Siandard
Preparation. To each tube and to 4 similar tubes containing no
Standard Preparation add 5.0 mL of Basal Medium Stock So-
tution and sufficient water to make 10 mL.

To similar test tubes add, in duplicate, volumes of the Assay
Preparation wrmsm:diug to 3 or more of the levels listed above
for the Standard ation, including the levels of 2.0, 3.0,
and 4.0 mL. To each tube add 5.0 mL of the Basal Medium
Stock Solution and sufficient water to make 10 ml.. Place one
complete set of Standard and Assay tubes together in one tube
rack and the duplicate set in a second rack ar section of a rack,
preferably in random order.

Cover the tubes of both series suitably to prevent contamina-
tion, and heat in an autoclave at 121° for 5 minutes. Cool, add
1 drop of inoculum to each tube, except 2 of the 4 tubes containing
no Standard Preparation (to serve as the uninoculated blanks),
and mix, Incubate the tubes at a te ture between 30° and
37°, held constant to within £0.5° until, following 16 to 24 hours
of incubation, there has been no substantial increase in turbidity
in the tubes containing the highest level of standard during a 2-
hour period. )

Determine the transmittance of the tubes in the following man-
ner: Mix the contents of each tube, and transfer to an optical
container il necessary. Place the container in a spectrophotom-
eter that has been sct at a specific wavelength between 540 nm
and 660 nm, and read the transmittance when a steady state is
reached. This steady state is observed a few seconds after agi-
tation when the galvanometer reading remains constant for 30
scconds or more. Allow approximately the same time interval
for the reading on each tube.

With the transmittance set at 1.00 for the uninoculated blank,
read the transmittance of the inoculated blank. With the trans-
mittance sct at 1.00 for the inoculated blank, read the transmit-
tance for each of the remaining tubes. If there is evidence of
contamination with a foreign microorganism, disregard the result
of the assay.

Calculation—Prepare a standard wnwn[r&ﬁommxium curve
as follows: For each level of the standard, calculate the response
from the sum of the duplicate values of the transmittance as the
differcnce, y = 2.00 — 2 {of transmitiance). Plot this response
on the ordinate of cross-section paper against the logarithm of
the mL of Standard Preparation per tube on the abscissa, using
for the ordinate either an arithmetic or a logarithmic scale, which-
ever gives the better approximation to a straight line. Draw the
straight line or smooth curve that best fits the ‘floucd points. '

Calculate the response, y, adding together the two transmit-
tances for cach level of the A.r.s;‘v Preparation. Read from the
standard corve the ithm of the volume of the Standard
Preparation corresponding to each of thosc values of y that fall
within the range of the lowest and lighest poiuts plotted fov the
standard. Subtract from cach loparithm so obtained the loga-
rithm of the volume, in mL, of the Assay Preparation to obtain
the difference, x, for each dosage level. Average the values of
x for cach of three or more dosage levels to obtain x = A, the
log-relative potency of the Assay Preparation. Determine the
quantity, in mg, of USP Calcium Pantothenate RS corresponding

* American Type Culture Collection No. 8014 is suitable. This
strain formerly was known as Lactobacillus arabinosus 17-5.
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to the calcium pantothenate in the portion of material taken for
assay as antilog:

M = antilog (M" + log R),

in which R is the number of mg of calcium pantothenate that
was assumed to be present in each mg (or capsule or tablct) of
the material taken for assay.

Replication—Repeat the entire determination at lcast once,
using separatcly prepared Assay Preparations. If the difference
between the two log-potencies M is not greater than 0.08, their
mean, M, is the assaved log-potency of the test material (see The
Confidence Interval and Limits of Potency (111)). If the two
determinations differ by more than 0.08, conduct one or mere
additional determinations. From the mean of two or more values
of M that do not differ by more than 0.15, compute the mean
potency of the preparation under assay.

(101) DEPRESSOR
SUBSTANCES TEST

Reference Standard—USP Histamine Dilydrochloride Ref-
erence Standard—Keep container tightly closed and protected
from light. Dry over silica gel for 2 hours before using.

Standard Solution of Histamime—Dissolve a suitable quantity
of USP Histamine Dihydrochloride RS, accurately weighed, in
water, and dilute with water-to obtain a solution having a
chentration of the equivalent of 1.0 pg of histamine base per
mL.

The Animal—Weigh and anesthetize a healthy, and if female,
nonpregnant adult cat by intraperitoneal injection of an anesthetic
substance, such as sod{nm phenobarbital, that is favorable to
maintenance of uniform blood pressure. Immobilize the animal,
and make provisions to prevent excess loss of body heat. If pref-
erable, inseri a tracheai canmila. Ex a carotid or other Suii-
able artery, separate it from su:roumﬁg;e tissues, and arrange for
continuous blood-pressure recording with 2 manometer or other
apparatus of at least equivalent sensitivity. Then cxpose a fem-
oral vein to facilitate intravenous injection.

Determine the sensitivity of the animal to histamine by in-

jecting, at uniform time intervals of not less than 5 minutes, doges
of the Standard Solution of Histamine corresponding to 0.05,
0.1, and 0.15 pg of histamine base per kg of body weight of the
animal. Repeat these injections, and disrcgard the first set of
responses. Determine the extent of variation in depressor re-
sponse to the same dose by repeating the injection of 0.1 pg per
kg. Use the animal for the test only if the responses to the graded
doses are clearly different and the responses to several injections
of the dose of 0.1 ug per kg are approximately the same and
correspond o a decrease m pressure of not less than 20 mm of
mercury. If in this test the doses of the Standard Solution o
Histamine and of the solution under test are to be given throu,
a single common cannula, each injection in the preliminary test
and in the succeeding test is to be followed immediately bg an
injection of about 2.0 mL of Sedium Chloride Injection to flush
in any residual activity.

Procedure—Dissolve the substance under test in the diluent
designated so as to give the concentration specified in the indi-
vidual monograph. Follow the same time schedule establishod
during the injcction of the Standard Solution of Histamine. In-
ject a series of three doses, of which two doses of 0.1 ug of

istamine base per kg are alternated with an intervening dose of
the solution under test in the dosage specified in the individual
monograph. Measure the change in blood pressure following each
of the three injections. The depressor response to the solution
under test is not greater than onc-half the mean depressor re-
sponse to the two associated doses representing (.1 ug of hista-
mine base per kg, If this requirement is not met, continue the
series of injections similarly until it consists of five doses, of which
three doses of 0.1 pg of histamine base ‘ggr kg are alternated with
twa dosos of the solution under test in the dosage specified in the
individual monogragh' Measure the change in blood pressure
following each of the additional injections. The depressor re-
:Etm.se to each dose of the solution under test is not greater than

e mean of the respective depressor responses to the associated
doses, representing 0.1 pg of histamine base per kg.
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If the depressor response to either dose of the solution under
test is greater than the mean of the depressor responses to the
associated doses representing 0.1 pg of histamine base per kg,
the test may be continued in the same animal, or in another animal
similarly prepared and tested for responses to the Standard So-
lution of Histamine. If the test is continued in the same animai,
after the last dose of the Siandard Sofution of Histamine of the
initial series, administer four more injections, of which two are
doses of the solution under test and two are doses representing
0.1 pg of histamine base per kg, alternately in sequence. If the
test is continued in another animal, prepare a fresh solution of
the substance under test from an indgpendent container or con-
tainers of test substance, and inject a series of five deses com-
prising the Standard Solution of Histamine and the solution
under test in accordance with the initial injection sequence. Mea-
sure the change in blood pressure following each of the additional
injections. Compute the difference between each response to the
dose of the solution under test and the mean of the associated
doses representing 0.1 pg of histamine base per kg in the entire
series, initial and additional, and calculate the average of all such
differences. The requirements of the test are met if the average
of the differences is such that in the specified dose the depressor
response to the solution under test is not greater than the de-
pressor response to the dose representing 0.1 ;,f of histamine base
per kg, and if not more than one-half of the depressor responses
to the soél;tinn under test are glr::atcr thanedt!:ie mean of the re-
spoctive depressor responses to the associated doses, representi
0.1 ug of histamine base per kg. 5 -

(111) DESIGN AND
ANALYSIS OF BIOLOGICAL
ASSAYS

General

The potency of several Pharmacopeial drugs must be deter-
mined by bioassay. A controlling factor in assay design and anal-
ysis is the variability of the biological test system, which may
vary in its mean responsc from one laboratory to another, and
from time to time in the same laboratory. To control this type
of variation, the response to a Pharmacopeial drug is compared
with that io a USP Reference Standard or other suitable stan-
dard. For convenience, each such preparation will be called the
“Standard” and each preparation under assay, or Sample, the
“Unknown,” and these will be designated respectively by the
symbols § and U. (The Sample is sometimes referred fo as the
“test preparation.”)

After elimination of extraneous variables from the comparison
of the Standard and the Unknown, an error variance is computed
from the remaining variation, which, while uncontrolled, can
pevertheless be measured. The error variance is required in cal-
culating the confidence interval of the assayed potency. The
confidence interval, known also as the fiducial interval, is so com-
puted that its upper and lower limits are expected to enclose the
true potency of the Unknown in 19 out of 20 assays. Many assa
procedures fix the acceptable width of the confidence interval,
and two or mere independent assays may be needed to meet the
specified limit. The confidence limits of the individual compo-
nent assays usually overlap.

The aim of this chapter is to st"t a concise account of
biometrical procedures for the USP bioassays. Its various sec-
tions are interrelated. Although the procedures are ?]mmed pri-
marily for the sssl%y of a single Unknown, equations for the joint
assay of several Unknowns arc given in context thronghout the
chapter and arc summarized in the last section. Proof that an
assayed potency meets its required confidence imits may be bused
also upon other recognized biometrjc methods that have a pre-
cision equivalent to that of the met outlined herein.

A glos of the terms used in the equations is provided 2t
the end of this chapter.

Steps Preceding the Calculation of Potency

Designs for Minimizing the Error Variance—Variation in re-
sponse 18 reduced as much as is practicable by the limitations
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im on body weight, age, previous handling, environment,
and similar factors. In a number of assays, the test animals or
their equivalent are then a.ssifned at random but in equal numbers
to the different doses of the Standard and Unknown, This implies
an objective random process, such as throwing dice, shuffling
cards, or using a table of random numbers. Assigning the same
number of individuals to each treatment simplifies the subsequent
calculations materially, and usually leads to the shortest confi-
dence interval for a given number of observations.

In some assays, the potential responses can be assembled into
homogeneous scts in advance of treatment. The differences be-
tween sets are later scgregated, so that they do not affect ad-
versely either the computed potency or its confidence interval.
One unit within cach set, picked at random, receives each treat-
ment. Examples of randomized sets are the cleared areas on a
single plate in the plare assay of an antibiotic, and four successive

ired readings in the same rat in the Va sin [njection assay.

ets of twa occur wherc cach test animal is used twice, as in the
aswzs of Tubocurarine Chloride Injection and Insulin Injection.
In these cases, neither the average differences between individ-
uals nor the order of treatment can bias the potency or precision,
In the microbial assays for vitamin B,, activity and for calcium
pantothenate, replicate tubes are assigned to two or more sepa-
rate, complete sets, preferably with the tubes arranged at random
within cach set. This restricts the variation duc to position or
?ird.et within a set to the differences within each complete rep-

cate.

Rejection of Outlying or Aberrant Observations—A response
that is gucslionab]u because of failure to ot:ﬂply with the pro-
cedure during the course of an assay is rejected. Other aberrant
values may be di only after the responses have been
tabulated, bul can then be traced to essay irregularitics, which
justify their omission. The arbitrary rejection or retention of an
apparently aberrant response can be a scrious source of bias. In
general, the rejection of observations solely on the basis of their
relative magnitudes is a procedure to be used sparingly. When
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this is unaveidable, each suspected aberrant response or outlier
may be tested against one of two criteria;

1. The first criterion is based upon the variation within 2
single group of surpoudly equivalent responses. On the average,
it will reject a valid observation once in 25 or once in 50 trials,
provided that relatively few, il any, responses within the group
arc identical. Beginning with the supposedly erratic value or
outlier, designate the responses in order of magnitude from y; to
Y, where IV is the number of observations in the group. Compute
the relative gap G, = (» — 3)/(vy — y)) when N = 3 {0 7,
Gy = (ys — »1)/(y—1 — 1) when N = 8 to 13, or G3 = (3,
= )ﬂ)[ w—1— y1) when N = 14 to 24. If Gy, G, or Gg exceeds
the critical value in Table 1 for the obscrved N, there is a sta-
tistical basis for omitting the outlier.

This criterion is applicable also in a microbial assay where each
treatment is represented by a transmittance in each of two sep-
arate complete scts. Subtract each transmittance in the first set
from its paired value in the second set, and record each difference
with its sign, cither plus or minus, Beginning with the most di-
vergent difference, =:i§na_te the N differences in order of mag-
nitude from y; to yy and compute the relative gap G,, G, or G.
If this exceeds its critical value in Table 1, one of the two trans-
miftances giving the aberrant difference is suspect and may be
identified on inspection or by comparison with its expectation
(see next column). Repeat the process with the remaining dif-
ferences if an outlier is in a second pair,

2. The second criterion compares the ranges from a series of
k = 2 or more groups. Different groups may receive different
treatments, but all f responses within each group represent the
same treatment. Compute the range from each group by sub-
tracting the smallest from the largest within each of the
k groups. Divide the largest of the & ranges by thc sum of all
the ranges in the series. Refer this ratio R to Table 2. If k is
not larger than 10, use the tabular values in the upper part of
Table 2; if k is larger than 10, multiply R, by (k + 2) and
interpolete, if necessary, between the tabular values in the lower

Table 1
Test for ontlicrs. In samples frout a normal population, gaps equal to or larger than the joilowing vaiues of &y, Gp, and G5 vctw

with a probability P = 0.02 where outliers can occur only at one end, or with P = 0.04 where they may occur at either end.

N 3 B A 6 7

Gy 976 846 729 644 .586

N 8 9 10 11 12 13

G, .780 725 678 638 .605 578

N 14 15 16 17 18 19 20 21 22 23 24

G,y 602 579 559 542 527 S14 502 491 481 472 A64
Table 2

Test for groups contzining outliers. Compute the range from the f observations in each of & groups, where all grou

are equal in size. The observed ratio R, of the largest range to

in the series
& sum of the & ranges will equal or exceed the following critical

values at a probability of P = 0.05.

Critical R, for Ranges Each from f Observations

{liﬂno. of
nges
k 2 3. 4 5 6 ' 8 9 10
2 0.962 0.862 0.803 0.764 0.736 0.717 0.702 0.691 0.682
3 813 667 601 563 539 521 507 498 489
4 .681 538 479 446 425 410 398 389 382
5. .581 451 398 369 351 338 328 320 314
6 0.508 0.389 0.342 0.316 0.300 0.288 0.280 0.273 0.267
7 451 342 .300 278 .263 253 245 .239 234
8 407 305 267 248 234 225 218 213 208
9 369 276 241 224 21T 203 197 192 188
10 339 .253 220 204 193 .185 179 174 172
No. of Critical (k + 2)R, for Ranges Each from j Observations
Ranges =
k 2 3 4 5 6 7 8 9 10
10 4.06 3.04 2.65 2.44 2.30 2.21 2.14 2.09 2.05
12 4.06 3.03 2.63 242 2.29 2.20 2.13 2.07 2.04
15 4.06 3.02 2.62 241 2.28 2.18 2.12 2.06 202
20 4,13 3.03 2.62 2.41 2.28 2.18 2.11 2.05 2.01
50 4,26 311 267 2.44 2.29 2.19 211 206 2.01
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part of Table 2. If R, cxcceds the tabular or interpolated value,
the group with the largest range is suspect and inspection of its
components will usually identify the observation, which is then
assumed to be aberrant or an outlier. The process may be re-
peated with the remaining ranges if an outlier is suspected in a
sccond group.

Replacement of Missing Values—As directed in the mono-
graphs and in this section, the calculation of potency and its
confidence interval from the total response for each dose of cach
preparation requires the same number of observations in cach
total. When observations are lost or additional responses have
been obtained with the Standard, the balance may be restored
by one of the following procedures, so that the nsual equations
apply.

1. Reduce the number of observations in the larger grou
until the number of responses is the same for each treatment.
animals have been assigned at random to ¢ach treatment group,
either omit one or more responses, selected at random, from each
larger group, or subtract the mean of each larger group from its
initial total as often as may be necessary. The latter technique
is preferred when extra animals have been assigned deliberately
to the Standard. When the assay consists of randomized sets,
retain only the complete scts.

2. Alternatively, an cccasional smaller group may be brought
up to size when the number of missing responses is not more than
one in any one treatment or 10% in the entire assay. Fstimate
a replacement for each missing value by either method a or method
b. One degree of freedom (7) is lost from the error variance s
for each replacement by ecither method, except in a microbial
assay where cach response is based on the sum of two or more
transmittances and only one transmittance is replaced.

(a) If animals have been assigned to treatments at random,
add the mean of the remaining responses in the incomplete groap
to their total. It a microbial assay, when one of two transmit-
tances is missing for a given treatment, add the mean difference
between seis, computed from all complete pairs, to the remaining
trangmittance to obtain the replacement.

{b) If the assay consists of randomized sets, replace the miss-

ing value by
kT T
Y =k~ n

where f is the number of sets, k is the number of treatments or
doses, and T,', T/, and T* are the incomplete totals for the ran-
domized set, treatment, and assay from which an observation is
missing.

If the assay consists of n’ Latin squares with k rows in common,
replace a missing value by

kAT + T+ T) — r
k — )(wk — 2)

where n’ is the number of Latin squares with k& rows in common,
k is the number of treatments or doses, and T,/, T/, T/, and T"
are respectively the incomplete totals for the column, row, treat-
ment, and assay from which an observation is missing.

If more than one value is missing, substitute the treatment
mean temporatily in all but one of the empty places, and compute
y’ for the other by E&l:lauon 1. Replace cach of the initial sub-
stitutions in turn by Equation 1, and repeat the process in suc-
cessive approximations until a stable 3 is obtained for each miss-
ing observation.

Calculation of Potency from a Single Assay

Directions for calculating gutecy from the data of 2 single
assay are given in the individual monographs. In those assays
which specify graphical interpelation from dosage-res, CUrves
but which meet the conditions for assay validity set forth herein,
ey may be computed alternatively zy the appropriate method

in this section, )
Planning the assay involves assigning to the Unknown an as-
sumed potency, to permit administering it in dosages equivalent
to those of the Standard. The closer the agreement between this
original assumption and the result of the assay, the more precise
is the calenlated potency. The ratio of a given dose of the Stan-
dard, in pg or in USP Units, to the corresponding dose of the
Unknown, measured as specified in the monograph, is designated

) (1a)

USP XXII

uniformly by R. The log-relative potency in tzuaptities assumed

initially to :?i::.!l those of the Standard is ated as M’
Ideaily, A’ should not differ significantly from zero. The log-
potency is

M= M +log R 2
ar

Potency = P, = antilog M = (antilog M")R.

Assay from Direct Determinations of the Threshold Dose—
Tubocurarine Chloride Injection and Metocurarine Iodide are
assayed from the threshold dose that just produces a character-
istic biological response. The ratio of the mean threshold dose
for the Standard to that for the Unknown gives the potency di-
rectly. The threshold dose is determined twice in each animal,
once with the Standard and once with the Unknown. Each dose
is converted to its logarithm, the difference (x) between the two
log-doses is dstermined for each animal, and potency is calculated
from the average of these differences.

In the Bacterial Endotoxins Test (85), the etric mean
dilution end-point for the Unknown corresponding to the geo-
metric mean dilution end-point for the Standard (multiplied by
a dilution factor, where applicable) gives the concentration of
endotoxin in the test material,

In these assays, the confidence interval depends upon the
variability in the thresheld dose.

Indirect Assays from the Relationship between the Log-dose
and the Response—Generally, the threshold dose cannot be mea-
sured directly; therefore, potency is determined indirectly by
comparing the responses following known doses of the Standard
with the responses following one or more similar doses of the
Unknown. Within a restricted dosage range, a suitabie measure
of the response usually can be plotted as a straight line against
the log-dose, a condition that simplifies the calcuiation of potency
and its confidence interval. Both the slope and position of the
log-dose response relationship arc deicrmincd in cach assay by
the use of two or more levels of the Standard, or, preferably, of
both the Standard and the Unknown. '

In the assay of Heparin Sodium, the interval between the dose
at which clotting eccurs and that which produces no clotting is
so small that the dosage-response curve is not determined ex-
plicitly. Mwingiuvemges are used instead to interpolate the log-

dose correspon to 50% clotting for both the Standard and
the Unknown, learﬁ% to the log-potency (see Cadcrlation under
Heparin Sodiwm). The precision of the potency is estimated from

the agreement between independent assays of the same Unknown.

For a drug that is assayed biologically, the response should plot
as a straight line against the log-dose over an adequatc range of
doses. Where a preliminary test is required or the assay dc]gcuds
upon interpolation from a multi-dose Standard curve, plot on
coordinate paper the mean response of the Standard at cach
dosage level on the ordinate against the log-dose x on the abscissa,
If the trend is basically linear over the required dosage range,
the initial response unit may be used directly as y; if, instead,
the trend is clearly curvilinear, a suitable transformation of each
initial reading may bring linearity.

One possible transformation is to logarithms; another, in mi-
crobial tube assays, where y = (100 — % transmittance) does
not plot linearly againat the log-dose x, is to gobits. In this case,
if absorbance cannot be read directly, the % transmittance for
each tube or test solution is first converted to absorbance, 4 =
2 — log(% transmittance). Each absorbance value, in turn, is
converted to % rcduction in bacterial growth as

% reduction = 100(4, — A)/4.,

where A, is the mean density for the control tubes (without anti-
biotic or with excess of vitamin) in the same zet o= tube rack.
Percent reduction is then transformed to a probit (see Table 3)
to obtain a new y for all later calculation. The probit transfor-
mation offers the advantage of extending the working range of
linearity even where a portion of the dosage-response relationship
is non-finear in the griginal units of percent transmittance, ﬂ'o-
vided that the incubation pericd docs not extend beyond the log-
arithmic ]ghase of growth of the control tubes.

The LDs; in the Safety test for Iron Dextran Injection is cal-
culated with log-doses and probits. The four doses of the Injection
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Table 3
Probits (normal deviates + 5) corresponding to percentages in the margins.
0 1 ' 2 3 5 6 7 8 9
0 - 2.67 2.95 3.12 3,25 3.36 3.45 3.52 3.59 3.66
10 372 3.77 382 3.87 392 3.96 4,01 4.05 4.08 412
20 4.16 4.19 4.23 . 4.26 4.29 4.33 4.36 4.39 4.42 4.45
an 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 472
40 4.75 4,71 4.80 4.82 4.85 4.87 4,90 492 4,95 497
50 5.00 5.03 5.05 5.08 5.10 5.13 3135 5.18 5.20 523
60 525 5.28 5.31 5.33 5.36 5.39 541 5.44 5.47 5.50
70 552 5.55 5.58 5.61 5.64 5.67 571 5.74 577 581
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23
20 _6.23 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.08 7.33
0.0 0.1 0.2 0.3. 04 0.5 0.6 0.7 0.8 0.9
99 T3 7._37 7.4% 7.46 7.51 7.58 7.65 L.73 7.88 8.09
Table 4

Coefficients x, for computing the respomcs ¥; and Y predicted by least squares at the lowest and highest of k log-doses when
these are spaced at equal intervals.

Coefficient x, for Mean Responsc ¥, at Log-Dose

No. of Predicted
Dases End ¥ 1 2 3 4 S 3 Divisor
k] Yz 5 2 —1 6
Yy —1 2 5 6
4 Y 7 4 1 2 10
Y —2 1 B 7 10
5 Y, 3 2 | 0 =] 5
Y -1 0 1 2 3 3
6 Y 11 8 5 2 -1 —4 21
Yy —4 -1 2 5 8 11 21

in of iron per kg of body weight are transformed to x; =
2.574, x; = 2.699, x3 = 2.875, and x; = 3.000. The probits
c?rrgspondinz Iczlo the n;‘fnbcr of dea::z observed ir:':lach g;oup
of 10 mice are designated yy, vz, 3, ¥4, respectively, and are
given in Table 3 for mortal]iu{i (!;mn 10 to 90 percent. For ab-
served deaths of 0 and 10 adjacent to doses giving an intermediate
mortality, use the approximate probits 3.02 and 6.98, respec-
tively; omit the end value (at x; or x,) if not adjacent to an
intermediate mortality, Since the information in a probit varics
with its ex tion, assign cach probit an approximate relative
weight w for computing the LDs, of the Injection, as shown in

When the mean response y, for each dose of Standard plots
linearly against the log-dosc, and the k doses are spaced at equal
intervals on the logarithmic scale, the predicted responses (¥
and ¥y) at the extreme ends of the line of best fit can be computed
directly with the cocfficients x, in Table 4, which correspond fo
‘the k successive log-doses, as :

¥y, = B(x,¥9)/divisor
and . 3)
¥y = Z(x,J,)/divisor,

where Z stands uniformly for *“the sum of”’ the values that follow

the accompanying table. it. When ¥; and Yy arc plotted against the low and high log-

No of Deaths  0or10 1or9 2or8 Jor7 dto6 oosce X and Xy respectively, they may bo comnected by &

Weight, w 0.3 0.7 1.0 1.2 1.3 b= (Yu — ¥/(Xy — X0). @)

Calculate the weighted means " At any selected log-dose x of Standard, the predicted response
¥ = B(wx)/2w i

and @) Y=9+bkx—9, ®
7 = Do)/ R e e

from the sum of the weights, Zw, of the four (or three) acceptable
responses and the corresponding weighted sums of the log-doses,
Z(wx), and of the probits, Z(wy). From the sums of the weighted

set.
When the log-dose response relationship is linear, but the k
doses [expreag in mL) are spaced substantially in an arithmetic

products, Z(wxy), and of the weighted squares, Z(wx?), compute  sequence as in Table 5 (which refers to the microbial assays set
-dose-probit li forth under Antibiotics—Microbial Assays (81)), the slope b of
e sl li ot The g Tt e 44 the straight line of best fit may be computed with the terms in
- Zlwxy) — TE(wy) 2 Table 5 and the mean response at each dose yy, or T, = f¥, where

Swxd) — T2(wx) (25) the number of y's(f) is constant at each dose, as

The LDs, for this safety test, in mg of iron per kg of body weight,
is calculated as

b = E(x /et = Z{xi T)/fes'i (6)
The coefficients x; are convenient multiples of the differences

. = antilopl® + (5 — ] 3¢ x — X) about the mean log-dose X, and ¢ is the corresponding
Lhir=ileste - n/H (2<) l{nulﬁple of Z(x — X)°. The predicted response ¥ at a given log-

In quantal assays not included in this Pharmacopeia, such as the  dose x may be ted by substitution of the assay slope b in
mouse assay for insulin, the calculation with probits involves other Equation 5 and of the mean ¥ either of all the responses on the

adjustments that are omitted here.

Standard in the entire assay or of those for cach set separately.

B e — e ]
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Table 5
Coefficients x; for computing the slope b of a log-dose response curve when the doses are spaced on an arithmetic scale as shown.
Coefficients x; for Computing b from the Responses y at Doses, in mL, of . Mean
No. of Divisor Log-dose
Doscs 1 1.5 2 3 -4 5 ey’ 3
— —25 =12 12 29 . — 14.4663 0.38908
5 —34 — -9 & 15 : 23 24.7827 0.41584
5 — —20 =11 2 11 18 13.3249 0.45103
6 =15 -8 -3 4 9 13 14.1017 (.37588

POTENCIES INTERPOLATED FROM A STANDARD CURVE—
Where the log-dose response curve of the Standard in & given
assay is curvilinear and 15 fitted grzphica]ly to the plotted points,
the amount of Standard that would be expected to produce sach
observed response y of an Unknown is estimated by interpolation
from the curve and then adjusted for the known concentration
of its test solution.

When the response to the Standard can be plotted linearly
against the lug-dosc, it is fitted numerically by a straight line, as
described in the preceding section. For assays in randomized seds,
a standard curve is computcd with & for the assay and ¥ for each
set and the response yy in each tube of a given n in that
set is converted to an estimated log-relative potency,

X = (v — Ys)/b, m

where Y is the response predicted by the standard curve at the
assumed Iol;g-dose x of the Unknown. The average of the separate
estimates from each of f sets, M" = ZX/f, is the assayed log-
relative potency of the Uninown. )

Factorial Assays from the Response to Each Treatment—When
some function of the response can be plotted linearly against the
log-dose, the assayed potency is computed from ihc B?rcspunsc
for gach treatment, and its precision is measured in terms of
confidence intervals, This requires that (1) in suitable units the
response (¥) depends linearly upon the 1 within the dos
range of the assay, and (2) the nllmbe?% f) of responses be the
same at each dosage level of both Standard and Unknown. The
y’s are totaled at each dosage level of each preparation. In dif-
ferent combinations, these totals, T}, lead directly to the log-

ficient and the products summed to obtain T;. The T}'s in the
successive rows carry the same meaning in all assays.

T, in the first row measures the difference in the average
response to the Standard and to the Unknown. Ty in the second
row leads directly to the combined slope of the dosage-response
curves for both Standard and Unknown. The third to the fifth
rows (ab, g, and aq) provide tests for the validity of an assay, as
described in a later section. From the totals T, and T}, compute
the log-relative potency of the Unknown, before adjustment for
its assumed potency, as

M = ciT /Ty, ]

where | is the interval in logarithms between successive log-doscs
of both the Standard and the Unknown, and the constant ¢ is
given separately at the bottom of each table. Each M is corrected
to its log?otency M by Equation 2.

When doses are spaced unequally on a log scale, as in Table
8, use instead the constant ci at the botiom of the table.

In a fully balanced assay, such as the assay for corticotropin,
compute M’ with the coefficients in Table 6. If one ation
has one less dose than the other but the successive log-doses of
both Standard and Unknown differ by a constant interval i, use
the factorial coefficients in Table 7, correcting for the actual
difference between the observed mean fog-doses, Xz and X, by
computing

M"'fs‘f{__f"’.ﬂl’. (9)

In ass;.Ls where the successive doses are not spaced at equal log-

intervals, the log-relative potency of a single Unknown may be

'i.p%lgugcd by Equation 8 with the factorial coefficients and i in
4 L

relative and 1o tests of assay validity, The factorial coef- :

ficients in Tables 6, 7, and 8 determine how they are combined. In an assay of twe or more Unknowns against a common Stan-

In a given row, each T, is multiplied by the corresponding coef-  dard, all with dosage-response lines that are parallel within the
Table 6

Factorial coefficients x, for analyzing a balanced bioas&g.ﬁin which successive log-doses of Standard (§) and of Unknown (U) are

spaced equally, each with

same number (f) of responses totaling T,.

Factorial Coefficients x; for Each Dose

Design Row : Sl Sg 7 Sg S4 U] Uz U] U.q €; Tj
2,2 da -1 -1 1 d 4 T,
b =, 1 -1 1 4 T
ab 1 -1 : -1 1 4 Ta
3.3 a -1 -1 = | | 1 1 6 T,
b -1 0 1 =1 0 1 4 T
ab 1 0 -1 =1 0 1 4 Tt
q 1 -2 1 1 =2 1 12 Tt
ag -1 . 2 —1 1 -2 1 12 C oM
4.4 a =] et | —1 ] 1 1 1 I 8 T
b -3 =1 i 3 =3 —1i 1 3 40 '
i 3 i e -3 =3 1 1 3 40 Tes
g I —1 -1 1 1 -1 -1 1 8 T,
aq =1 1 1 =i 1 =] —1 1 8 Tog
For Bquatios Value of Constant for Design
Computing No. Constant 22 33 4.4
M 8, 10 ¢ 1 4/3 5
L 26, 29 Fiol 1 8/3 5
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Factorial coelficients x; for analyzing a partially balanced assay, in which successive log-doses of Standard (S;) and of Unknown

(U;) are spaced equally, each with
known

same number ( f) of responses totaling T, If the number of successive doses of the Un-

exceeds by one the number on the Standard, interchange S; and IJ; in the heading and reverse 2ll signs in

rows a, ab, and ag.
Factorial Coefficients x, for Each Dose

Dl’.sig.ﬂ Row 8 S; SJ Sy U] s U, & 7;
2.1 a —~1 ~1 2 6 T

b -1 1 o 2 Ty

3.2 a = -2 -2 3 3 30 T,

b -2 0 2 -1 1 10 T
ab i 0 -1 =9 2 0 Tab

q 1 -2 1 0 0 .

4,3 a —3 —3 —3 -3 4 4 4 84 T

b -3 -1 1 3 -2 0 2 28 T
ab 3 1 —1 —3 -5 0 5 70 T

g 3 -3 -3 3 2 —4 2 60 T,
ag ~1 1 1 -1 1 -2 1 10 - T
For Equation Value of Constant for Design
Computing No. Constant 2,1 3.2 4,3
M 8, 10 c 1/2 5/6 7/6
L 26, 29 < 3/4 25/12 49/12
Table 8
Factorial coefficients x; for analyzing assays with a 3- or 4-dose sequence of 1.5, 2.0, 3.0, and 4.0, each dose having the same
number ( /) of responses.
Daose of Standard Dose of Unknown

Design Row 1.5 2.0 30 4.0 1.5 2.0 3.0 4.0 2 T,
4.4 a ~1 —1 -1 -1 1 1 1 1 8 7,
b =29 —12 12 29 —29 —12 12 29 3940 T
ab 29 12 =12 —29 —29 —12 12 29 3940 Tap

q 1 -1 -1 1 1 -1 -1 1 8 T,
ag =1 1 1 -1 1 -1 V] 1 1 Tog

3,3 a =¥ =1 -1 1 1 1 6 Ta
b —25 -3 28 -25 -3 28 2836 T
ab 25 3 —28 —15 -3 28 2836 Tay

g 31 —53 22 31 —53 22 8508 T,
ag 31 8 =n 31+ -5 22 8508 T,

33 a =i -1 -1 1 ILr 1 6 T,
b —28 3 25 —28 3 25 2836 Ty

ab 28 -3 —25 —28 3 25 2836 T,
p 2 —53 31 2 -s3 31 8508 T,
ag —22 53 -3l 22 —53 3 8508 Toy
For Equation Value of Eo_li_sfammf?r Dcs:,gn_

Computing No: Constant 44 ‘3.3

M s 8, 10 ci 7.2332 5.3695
L . 26, 29 of i 0.10623 0.06100
experimental error, each log-relative potency may be computed 6, and requires four equal ps of rabbits each injected twice
wift: the same zsu'y slope as follows: For"gch pympmﬁon. de- (seec Insr:?rh Assay (121)). difference (y) in the blood sugar

termine the slo
of x; are the factorial

factor T, = 2(x, T,) or Z(x,y), where the values
coefficients for the Standard in the ap-

ropriate row b of Table 6 or 8. The log-relative potency of cach

M = K T2Ty,

(10)

response of each rabbit to the two treatments leads to the log-

relative pote

M’ (see the first two paragraphs of the section,

Calculation of Potency from a Single Assay). The V in

assay follows a si

randomized sets of four successive
for the four treatment groups of rab

su
Bits

Ituting two or more
of injections into rats
in the insulin assay. .

Oxytocin Injection is assayed from blood pressure changes in

where &' 1s the number of values of 7}’ summed in the denom-

inator.

Assays from Differences in Response—When doses of the Stan-
dard and Unknown are paired and the difference in response is
computed for each pair, these differences are not affected by
variations in the average sensitivity of the paired readings. The
paired 2-dose insulin assay corresponds to the first design in Table

a single test animal following alternating injections of a single
dose of Standard and of one of two doses of the Unknown. The
calculation of potency from the differences in the response of the
Unknown and to the average of the two adi'aoent responses to the
Standard is equivalent to the [irst design in Table 7 with § and
U reversed, z%ere i is the log-interval between the two dosage
levels of the Unknown.
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Experimental Error and Tests of Assay
- Validity

As the term is used here, “experimental error” refers to the
residual variation in the response of biological indicators, not to
a mistake in procedure or to an outlier that needs replacement.
Tt is measured in terms of the error variance of a single response
or other unit, which is designated uniformly as s2, despite dif-
ferences in the definition of the unit. It is required in tests of
assay validity and in computing the confidence interval.

Errot Variance of a Threshold Dose-—The individual threshold
dose is measured directly in some assays. In a Digitalis assay,
designate each individual threshold dose by the symbol z, the
number or frequency of 2's by £, and the total of the 2’s for each
.preparation by T, with subscripts S and ¥ for Standard and
Unﬁnown, respectively. Compute the error variance of z as

s2 = [222 — Télfs — T{ful/m (i

with # = f5 + fy — 2 degrees of freedom. In the assay of
Tubocurarine Chloride Injection, each log-threshold dose of the
Unknown is subtracted from the corresponding log-dose of the
Standard in the same rabbit to obtain an individnal difference
x. Since each x may be either positive or negative {(+ or —)}, it
is essential to carry the correct sign in all sums, Designate the
total of the x’s for the animals injected with the Standard on the
first day as T, and for those injected with the Standard on the
second day as T,. Compute the crror variance of x withn = N
— 2 degrees of freedom as

st = {Zx? — (T2 + DA In, (12)

where [V is the total number of rabbits that complete the assay,
excluding any replacement for a missing value to equalize the
size of the two groups. oL i T

Error Variance of an Individual Response—In the Pharmaco-
peial assays, differences in dose that modify the mean response
arc assumed 1ot o affect the variability ia the respomse. The
c¢alculation of the error variance depends upon the design of the
assay and the form of the adjustment for any missing values,
Each response is first converted to the unit y used in computing
the potency. Determine a single error variance from the com-
bined deviations of the y°s around their respective means for each
dosage Ievel, summed over all levels. Doubtful values of y may
be tested as described under Refection of Outlying or Aberrant
Observations, and proved outliers may be replaced as missing
values (see Replacement of Missing Values).

In the simplest design, the units of response are assigned at
random to each dosage level, as in the assay for corticotropin. If
a missing value is replaced by adding the mean of the remaining
¥'s at any given dosage level to their total, the degrees of freedom
() in the error variance are reduced by one for cach replacement
but no other change is needed in the caleulation. Assuming that
[ is then the same for all doses or groups, compute the error
variance from the variation within doses of all the »'s as

s = {Zy* = ZT3f }n, 3

where T, is the total at each dose of the f values of y, there are
k totals T, and the degrees of freedom n = Ef — &, with Zf
diminiabeci by -1 for each replacement.

If variations in f are adjusted by subtracting a group mean
from its group total, compute the error variance from the observed
s and the unadjusted Tyas

st = {Zy* — 2TH in,

where n = Zf — k. :
In the calculation of the résult of an assay using the coefficients
of Table 6 or 8, s* may be computed from the response y for
rach of the ' preparations, including. the h Unknowns and the
corresponding dosage levels of the Standard.’ For each prepa-
ration, compute T° = Zy and the slope factor Ty’ = Z(x;y) where
the values of x; are the factorial coefficicnts for the Standard in
the a; iate row b of Table 6 or 8. The error variance for

the assay is
st = [Z? — ZT%k — WSTy) W'y f}/n, (15)

where the degress of freedom # = A(k — 1) — 1, and e, is the
¢; from the same table and row as the coefficients x;.

L (14)
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The Error Variance in Restricted Designs—In some assays, the
individual responses occur in randomized sets of three or more.
Examples of sets are litter mates in the assay of vitamin D, the

_cleared areas within each plate in an antibiotic assay, and the
“responses following four successive

irs of injections in the va-
sopressin assay. Arrange the individual »’s from these assays in
a 2-way table, in which each column represents a different treat-
ment or dose and -each row a randomized set. T.osses may be
replaced as cl&scribed\nnde_r_Reg!acemem of Missing Values.
The k column totals arc the Ty's required for the analysis of
balanced designs. The f row totals (T,) represent a source of
variation that does not affect the estimated potency and hence
is excluded from the assay error. Compute the approximate error
variance from the squares of the individual y°s and of the marginal
totals as

52 = {Zy? — BTk — ZT2f -+ TN}/, (16)

where T = ET, = X7, and the n = (k — 1)(f — 1) degrees
of freedom must be diminished by one for any gap in the original
table that has been filled by computation,

When the order of treatment is an additional
of variation, its effect can be corrected by the dose regimen for
a series of # Latin squares with % rows in common, such as that
for the two Latin squares in the dose regimens 1 to 4 and 5 to
8 in the assay of Glucagon for Injection. List the observed re-
‘ssnnses y of each test animal in a separate column in the order

dosing. The responses to each of the k doses then occur equally
often in cach of the k rows and of the n'k columns, where #' is
the number of Latin squares. Total the res s y in each row
(T,) in each column ( 73:)' and, in a separate listing, for each dose
or treatment (7,). An occasional lost reading may be replaced
by Equation-1a as described under Replacement of Missing Val-
ues. Compute the error variance from the squares of the indi-
vidual ¥’s and of the marginal and treatment totals as

2 = {5 — ET 'k — ZT2k —

L UETME + 2TYNYR,  (162)
where T = Zy = 2T, = BT, = 2T, N.= #k? and the n =
gk — 1)(w'k — 2) degrees of freedom must be diminished by one
or any gap in the original table that has been filled by compu-
tation.

ntial source

In assays where the reactions occur in pairs, the differences
between test animals or paired reactions are segregated auto-
matically by calculating ﬁ assay with the difference within a
pair as the response. 'With insulin, the response is the difference
y in the bl sugar of a single rabbit following two injections
(see Insulin Assay (121}). Afier adjustment for rabbits lost dur-
mg the assay, compute the error vartance of y from the responses
in all four groups and from the group totals 7, = T; ta 74 as

82 = {32 - IT7/f}/n, an

where the number of rabbits fis the same in each group and the
degrees of freedom, n = 4(f — 1), are reduced by one for each
replacement of 2 rabbit lost during the assay, In the Oxytocin
Injection assay, cach y represents the difference between the
blood pressure response to a dose of the Unknowa and the average
for the two adjacent doses of Standard. . Compuic the error
variance of y as

s2 = {2y — (T2 + TA)/ft/n (18)

with n = 2(f — 1) degrees of freedom, where 7 is the total of
the y's for the low dose of the Unknown and T, that for the high

ge. L )

In a microbial assay calcmlated by interpolation from a stan-
dard curve, convert each difference between two paired responses
to units of log-dose, X, by the use of Equation 7. Wi
difference X as the unit, a composite 52 is computed from the
variation in the f values of . for each Unknown, iotaled over the
h Unknowns in the assay, as

o8t = {Zx? — AT2)}/n, 19
where}‘, =-'-hEX for a single Unknows and the degrees of freedom
n=Xf - h

Tests of Assay. Validity—In addition to the specific require-
ments in each monograph and a combined log-dose response curve
with a sigiificant slope (see the statistic C in the next section),
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two conditions determine the validity of an individeal factoriai
assay: (1) the log-dose response curve for the Unknown must
rallel that fer the Standard within the experimental crror, and
2) neither curve may depart significantly from a straight line.
. When the assay has {ecn completely randomized or consists of
randomized sets, the necessary tests are computed with the fac-
torial coefficients for ab, 1; and aq from Tables 6 to 8§ and the
treatment totals T;. Sum the products of the cocfficients in each
row by the corresponding 7's to obtain the product total Tj, where
the subscript { stands in turn for ab, ¢, and aq, respectively. Each
of the three ratios, T//e, f, is computed with the corresponding
value of ¢; from the table and with f equal to the number of y's
in each T, That in row ab tests whether the dosage-response
lines are parallel, and is the only test available in a 2-dose assay.
With three or more doses of both preparations, that in row q is
a test of combined curvature in the same direction, and in row
ag of searonte curvatures in o?posite directions. If any ratio in

a 3-or se assay exceeds s° as _much as three-fold, compute
Fy = X(T¢/erf)/ 35 (20)
For a 2-dose assay, compute instead
Fi = T?fea fs, 21
and for a 3,2 assay (Table 7) determine
Fy = 3(T7/e )/ 252 (22)

For a valid assay, Fy, Fa, or Fy does not cxceed the value given
.;ué Table 9 (at cdds of 1 in 20) for the degrees of freedom » in

An assay may fail the test for validity and still provide a con-
tributory estimate of potency that can be combined profitably
with the result of a second assay of the same Unkunown, as de-
scribed in a later section. An end dosage level for either the
Standard or the Unknown, or both, may fall outside the linear
zone. With three or more dosage levels and relatively large values
of T,, T, and T, the total respopse T; at an end dose of one
preparation may approach an upper or lower limit and be re-
sponsible for the large values of T, and T,,. This T, may be
omitted and the assay recomputed with the appropriate design
in Table 7. If the assay then meets the.test in%z»atiun 20, or
22, the resulling potency, M, may be combined with that of a
second assay in computi.;g the log-potency of the Unknown (see
under Combination of Independent Assays). If T, is not signif-
icant but T, shows significant combined curvature, the largest
(or smallestg dose of both preparations may be toa large (or too
small). Their omission may lead to a valid assay with the factorial
coefficients for the next smaller design in Table € or 8. A sta-
tistically significant T, or 2T, may be neglected and all dosage
levels retained without biasing the computed log-potency M' and
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its confidence interval by morc than 5% when the following in-
equality is true:

Tye, > 1007, e,

or

(ZT /ey > 100(ZT, Ve, 23)
where cach T} and T, is computed with the T’s (or y's) for a
single preparation multiplied by the coefficients for the Standard
in rows b and g, respectively. If both T, and T are significant
in a 2-dose assay, one T, may be outside the linear zone. Some-
times a preliminary or contributory estimate of potency can be
computed from the remaining three valucs of T, and the first
design in Tablc 7. In assays of insulin and of other drugs in which
the responscs are paired, the test for parallelism is so insensitive
that it is omitted. If the tubes in each set are amm%ad system-
atically instead of at random in a microbial ass:‘y, the tests for
validity may be subject to bias from positional effects.

The Confidence Interval and Limits of Potency

A bioassay provides an estimate of the true potency of an
Unknown, This estimate falls within a confidence interval, which
is computed so that the odds are not more than | in 20 (P =
0.05) tiat the true potency either exceeds the upper limit of the
confidence interval or is less than its lower limit. Since this in-
terval is determined by a number of facters that may influence
the estimate of potency, the required precision for most bisassays
is given in the monograph in terms of the confidence interval,
related either to the potency directly or to its logarithm.

General Calculation—Despitc their many forms, bicassays fall
into two feneral categories: (1) those where the log-potency is
computed directly from a mean or a mean difference, and (2)
those where it is computed from the ratio of two statistics.

(1) When the log-potency of an assay is compuled as the mean
of several estimated log- cies that are approximately equal
in precision, the log-confidence interval is

L= 2st\/k, (24)

where s is the standard deviation of a single estimated log-po-
tency, ¢ is read from Table 9 with the a degrees of freedom in
5, and k is the number of estimates that have been averaged.
The same equation holds where the log-potency is computed as
the mean ¥ of k differences x, with § the standard deviation of
a single x. In either case, the estimated log-potency M is in the
center of its confidence interval, so that its confidence limits are

Xy=M+%Land M — WL, or Xpr = M = BL. (25

Table 9

Values of #, 12, F,; and %2 for different degrees of freedom 7 that will be exceeded with a probability # = 0.05 (or 0.95 for
confidence intervals).t

n H = FI Fg o x! n I ©?= Fi B f’; xz
1 12.706 161.45 — — 3.84 19 2.093 4.381 3.52 3:13 30.1
2 4.303 18.51 19.00 19.14 5.99 20 2.086 4.351 3.49 3.10 314
3 3.182 10,128 9.55 9.28 7.82 21 2080 4,325 3.47 3.07 327
4 2.776 7.709 6.94 6.59 9.49 22 2074 4.301 3.44 3.05 33.9
3 2.57 6.608 5.79 5.41 11.07 23 2.069 4279 342 3.03 35.2
6 2.447 5.987 514 4.76 12.59 24 2.064 4,260 3.40 3.0 36.4
7 2.365 5.591 4.74 435 14.07 25 2,060 4,242 3.38 2.99 37.7
8 2.306 5.318 4.46 4.07 15.51 26 2056 4.225 3.37 298 38.9
9 2.262 5.117 4,26 3.86 16.92 27 2052 4.210 335 2.96 40.1
10 2.228 4.965 410 3.71 18.31 28 2048 4.196 3.34 295 41.3
11 2.201 4,844 3.98 3.59 19.68 29 2045 4.183 3.33 293 42.6
12 21719 4.747 3.89 3.49 21.03 30 2042 2171 2.32 2.92 43.8
13 2.160 4.667 381 3.41 22.36 40 2021 4.085 k15 2.84 55.83
14 2.145 4.600 3.94 3.34 23.68 60 2000 4.001 115 2.76 79.1
15 2131 4,543 3.68 3.29 25.00 120 1.980 3.920 3.07 2.68 146.6
16 2.120 4,499 363 324 26.30 o 1960 3.841 31.00 2.60
17 2110 4,451 3.59 3.20 27.59
18 2101 4.414 3.55 3.16 28.87

1 Adapted from portions of Tables II to V of “Statistical Tables for Biological, Agricuitural and Medical Research,” by R. A.
Fisher and F. Yates, published by Oliver and Boyd, Ltd., Edinburgh.
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The upper and lower limits are converted to their antilogarithms
to obtain the limits as explicit potencies.

(2) More often, the log-potency or potency is computed from
a ratio, and in these casés the length of the confidence interval
is typified by the log-interval in the cquation

L = 2+/(C — IXCM" + &), (26)

where M” is the log-relative potency as defined (see Calculation
of Potency (gom a Single Assay), i is the log-interval between
successive doses, and g’gis a constant characteristic of the assay

rocedure. The remaining term C depends upon the precision
with which the slope of the dosage-response curve has been de-
termined. (This is sometimes expressed in terms of g = (C —
1)/C.) In factorial assays, it is computed as

C= T;,zf{Taz = & fszrz), (27]

where 52 is the error variance of a single observation, #* is read
from Table 9 with the degrees of freedom in 52, f is the number
of responses in each 7, used in calculating T, and 7 and e are
computed with the factorial coefficients for row & in Tables 6 to
8. The 42 in Equation 26 depends upon the des}gn of the assay,
as indicated for each drug in the next section. In a valid assay,
C is a positive number.

In an assig of two or more Unknowns against 2 commen Stan-
dard, all with dosage-response curves that are parallel within the
experimental error, C may be computed with the error variance
52 for the assay and with the assay slope as

€ = QL {CTY — ea 02} (28)

The slope factor Ty = Z{x;T}) or Z(xp) for cach of the &
preparations, including the Standard, is computed with the fac-
torial coefficients x; for the Standard in the appropriate row b
of Table 6 or 8. Il‘ a treatment total 7, includes one or more
replacements for a missing response, replace e, fin Equation 27,
or e, fh'/2 in Equation 28, by f2E(x,2/f), where each x| is a
factorial coefficient in row & of Tables 6 to 8, in this chapter,
and f” is the number of res 3 in the corresponding T; before
add:-l‘l% the replacement. With this C, compute the confidence
interval as

L = 2(C = 1)([CMZ T cPh]2). 29)

In assays computed from a ratio, the most probzable log-potency
M is not in the exact center of the confidence interval. The upper
and lower confidence limits in logarithms are

Xy=1log R+ CM + %Land log R + CM" — KWL (30)

C is often very little larger than unity, and the more precise the
agsay, the more nearly C approaches 1 exactly, R = z‘#a is the
ratio of corresponding doses of the Standard and of the Unknown
or the assumed potency of the Unknown. The upper and lower
confidence limits in log-potencies are converted separately to their
antilogarithms to obtain the corresponding potencies.

Coafidence Intervals for Individual Assays—Since the confi-
dence interval may vary in detail from the above general patterns,
compute it for each assay by the special directions given under
the name of the substance in the paragraphs following.

Antibiotic Assays—The confidence interval may be computed
by Equations 24 and 25.

Calcium Pantothenate—For log-potencies obtained by inter-
polation from the Standard curve, the confidence interval ma
be computed with Equations 19 and 24. For log-potencies cal-
culated with Equation 8 or 10, s? may be computed with Equation
15, C with Equation 27 or 28, and the confi e interval L with
Equation 26 or 29.

Corticotropin Infection—Compute the log confidence interval
by Equations 26 and 27, with the coefficients and constants in
Tal;ﬁ: 6 for a 3<lose assay, and s* as determined by Equation 13
or 14.

Digitalis—Compute the confidence interval as

L= 2J(C — INCGs/T)* + fulfsh G

where fi; and fs are the number of observations on the Unknown
and on the Standard, and

€ = 2@? — Pfy) (32)
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is determined with 52 from Equation 11. The confidence limits
for the potency in USP Units are then

Xpy = R{ClEg/7p) £ 'hL}, (33)

in which R is as defined in the Glossary of Symbals.

Glucagon for Injection—Compute the error variance s? by
Equation 152, C by Equation 27 with e, f = 16»’, and the log
confidence interval L by Equation 26 with /i = 0.09062.

Chorionic Gonadorropin—Proceed as directed under Corti-
cotropin Injection. ’

Heparin Sodium—If two independent determinations of the
log-potency M differ by more than 0.05, carry owt additional
aggays and compute the error variance among the IV values of M
as

§ = {IM? — (ZMP/N}/n (39)

with n = N — 1 degrees of freedom. Given this value, determine
the confidence interval in logarithms (L) by Equation 24.

Insulin Injection—Compute the error variance (s2) of p by
Fguation 16 and C as

C = THTP — #7N), 35)

where #2 from Table 9 depends upon # = 4(f — 1) degrees of
freedom in 52 and V = 4f'is the total number of differences in
the four groups. By Equation 26, compute the confidence interval
L in logarithms, where ¢’ = 0.09062. The upper and lower
confidence limits in USP Units of insulin are given by the an-
tilogarithms of X, from Equation 30,

Oxytocin Injection—Compute the approximate log confidence
interval by Equation 26, in which

C = (T, — /(T — T2 — 4(F + 1)s%%3}, (36)
where 5 is defined by Equation 18, and
¢ =4 — /8(f+ 1). (EX))]

Tubocurarine Chloride Injection—Compute the error variance
by Equation 12, and the confidence interval by Equation 24.

Vasopressin Injection—Compute the error variance ¢ by
Equation 16, C by Equation 35, and the log confidence interval
&Equatjon 26, where ¢/ = 1 and i is the log-interval separating

two dosage levels.

Vitamin By; Activity—Proceed as directed under Calcium

Pantothenate.

Combination of Independent Assays

When the method permits, additional animals can be added to
an insufficiently precise assay until the combined results reduce
the confidence interval within the limits specified in the mono-
graph. Where two or more independent assays are regu:’med, each
leading to a log-potency M, the M’s are combined in determining
the weighted mean potency of the Unknown. Except in the Hep-
arin Sodium assay, where the log-potencies are weighted equally,
the relative precisions of the itwo or more independent M’s de-
termine the weight assigned to cach value in computing their
mean and its confidence interval.

Before combining two or more separate estimates of M, test
their mutual consistency.: If the M’s are consistent, their re-
spective confidence intervals will overlap. Where the intervals
dI: not overlap or where the overlap js small, compute an ap-
proximate xug Assign cach of the # individual assays 4 weight
w, defined as

w = 42, (38)

where the length of the ¢onfidence interval L is computed with
the agpropriate cquation from the pmedj.:fosection, and 12 is
read from Table 9 for the degrees of freedom n in the error
variance of the assay. Sum the individual weights to obtain Zw.
Then an approximate x? with k — 1 degrees of freedom is de-
termined as

ADPTox. 3 = Z(wM?) — {Z(wM)}*/Zw. (39
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For two assays with log-potencies M, and A5 and weights wy and

wy, Equation 35 reduces to
M, — M))Y?
Approx. v 2 = P — M)
PProx. X1 W s

with one degree of freedom. If the approximate x,/ is well under

the critical value for %2 in Table 9, use the weights w in compu
the mean log-potency M and its confidence interval, L. If ;ﬁ
approaches or exceeds this critical value, vse instead the semi-
weights w' (Equation 47) when computing M.

Compute the mean log-potency M of two or more mutually

consistent assays as
M = I(wM)/Zw. (1)

This is the most probable single value within a combined confi-
dence interval of length L., defined as the square root of

et [ 4 s wEw—w
wot fieghzeen) e

where each »” = n — 4(k — 2)/(h — 1) and 1,2 is interpolated
from Table 9 with the degrees of freedom
ny = Z2w/Z(w2(n).

For two assays (A = 2) with log-potencies M| and M, and weights
wy and ws, respectively, the above equation may be rewritten as

2

40

Zw 2w |m m

where Zw = w; + wy,. Where L, the confidence interval for a
combined estimate, does noi exceed the requirement in a mono-
gra"ph, upper and lower confidence limits are taken 5L, above
and below M, to obtain approximately o 95% confidence interval

Where the variation in the assayed potency between the h
independent determinations, as tested by xa?, approaches or ex-
c P = 0.05, the several estimates are assigned semi-weighis
w’. From the weight w, compute the variance of each A as

V= 1/w = L[}4~ (44)
Calculate the variance of the heterogeneity between assays as

_ IM: — ZMP/h LV
Y h—1 B’ 3)

orif h = 2,
M — M WtV

2 2z

‘Where ¥ varies so markedly that v calculated as above i3 a neg-
ative number, compute instead an approximate v by amitting the
term following the minus sign in Equations 45 and 46. A semi-

weight is defined as
W= 1/ + ). @7

Substitute w” and Zw’ for w and Zw in Equation 41 to obtain the
semi-weighted mean M. This falls near the middle of @ confi-
dence interval of approximate length L., where

L = 422w

and 72 from Table 9 has Za degrecs of freedom.

Where x” in Equation 39, from h = 4 or more estimates of
M, exceeds the critical level in Table 9 by more than 50%, and
the weiﬁ: w differ by less than 30%, the k estimates of M ma
be checked for a suspected outlier with Table 1. Where signif-
icant, the outlying M may be omitted in computing M with w”.

Where the potency of & drug is determined rcpeatedly in a
given laboratory b{ the same bioassay method, successive deter-
minations of both the slope b and the error variance §2 may scatter
randomly within the sampling error about a common value for
each parameter. Plotting estimates from successive assays on a
quality control chart for each statistic and computing the mid-
valee and control limits defining the allowable random variation
make it possible to check continuously the consistency of an assa
technique. Where estimates of b and s? from a single assay {aﬁ

(46)

(48)
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within the control limits, they ma{ be replaced by their laboratory
means. Reject any assay in which these statistics fall outside the
control limits, or accept it only after close scrutiny with respect
to its validity.

Joint Assay of Several Preparations

Each monograph describes the assay of a single Unknown against
the Standard. Although not provided explicitly, scyeral different
Unknowns are often included in the same assay and each is com-

ared separately with the same responses to the Standard. This
acl may warrant increasing the number of observations with the
Standard. Given f observations at each dosage level of each of
h different Unknowns, the number of observations at each dosage
level of the Standard may be increased advantageously, if & is
large, tof1/k. This rule can be a%:plicd only approximately where
litter differences or their equivalent must be segregated, and in
any case is merely suggestive.

If all of several assays conducted concurrently meet the re-
quirements for validity, and have linear log-dose response curves
with the same glope b and the same crror variance 5° about these
lines, these two statistics may be considered as charactcristic of
the assay. Combining all of the evidence from the same assay
into a single value of the assay slope resulis in a more stable and
reliable estimate of b than if each Unknown were anal in-
dependently. The degrees of freedom and reliability of the error
variance s2 can be increased similarly. Confidence intervals com-
puted with these composite values for b and s? are smaller on
the average than if bascd upon only part of the relevant data.

‘For the calculation or application of such assay estimates, see

Equations 10, 15, 16, 19, 28, and 29. The potency estimated
with a slope computed from a single Unknown and the Standard
agrees within a fraction of the confidence interval with that com-

uted from the combined slope for the cniire assay. Since it is
casod upon more evidence, the latter is considered the better

estimate,

GLOSSARY OF SYMBOLS

A absorbance for computing % reduction in bacterial growth
from turbidimetric readings.

b  slope of the straight linc relating response () to log-dose (x)

{E?ua.tions 2h, 4, 5, 8].

¢ constant for computing M’ with Equations 8 and 10.

¢ constant for computing I with Equations 26 and 29.

¢i  constant for computing M” when doses are spaced as in
Table 8.

i mnsta:;:l f%r computing L when doses are spaced as in
Table 8.

¢ term measuring precision of the slope in a confidence in-
terval [Equations 27, 28, 35, 36).

x?  statistical constant for testing significance of a discrepancy
[Table 9].

x? testing the disagreement between different estimates

of log-potenc; FEquatiuns 39, 40].

e, ¢ from row b in Tables 6 1o 8.

eyi  multiple of Z(x — x)? [Table 5; Equation 6].

e; sum of squares of the factorial coefficients in each row of
Tables 6 to 8.

e, ¢ from row g in Tables 6 to 8.

)"q number of responses at each dosape level of a preparation;
number of replicaies or scts.

fs  number of abservations on the Standard.

f; pumber of observations on the Unknown,

FitoF;  observed variance ratio with 1 to 3 degrees of freedom
in numerator [Table 9].
G, Gy, and G;  relative gap in test for cutlier [Table 1].

& pumber of Unknowns in a multiple assay.

#  number of preparations in a multiple assay, including the
Standard and & Unknowns; Le., ¥ = & + 1.

i interval in logarithms between successive log-doses, the same
for beth Standard and Unknown.

%  number of estimated log-potencies in an average [Equation
24); number of treatments or doses [lr"ﬁ)lc 4; Equa-
tions 1, 13, 15, 16]; number of ranges or groups in a
series [Table 2]; number of rows, columns, and doses
in a single Latin square [Equations 1a, 16a].

L length of the confidence interval in logarithms [Equations
24, 26, 29, 38], or in terms of a proportion of the
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gsliaisj;}e potency of the dilutions compared [Equations
L, lengtiist;f a combined confidence interval [Equations 42,

L length of confidence interval for a semi-weighted mean M
uation 48].
[ethal dose killing an expected 50% of the animals under
test [Equation 2c].

M log-potency [Equation 2],

M’ log-potency of an Unknown, relative to its assumed po-

tency.

M mean log-potency.

n  degrees of freedom in an estimated variance 52 or in the

statistic ¢ or x2.

n'  number ofﬁl.z]ltin squares with rows in common [Equations

) la, 16a].

number; ¢.g., of observations in a gap test [Table 1}, or of
responses y in an assay [Equation 16].

prabability of observing a given result, or of the tabular value
of a statistic, usually P = 0.05 or 0.95 for confidence
intervals [Tables 1, 2, 9].

potency, P, = antilog M or computed directly.

ratio of a given dose of the Standard to the corresponding
dose of the Unknown, or assumed potency of the Un-
known [Equations 2, 30, 33].

R, ratio of largest of k ranges in a series to their sum [Table

5= \/P standard deviation of a response unit, also of a single

estimated log-potency in a direct assay [Equation 24],
§2  error variance of a response unit. :

LDsy

bl

P
B

S;  a log-dose of Standard [Tables 6, 7].

Z  “the sum of.”

¢ Student’s z for r degrees of freedom and probability P =
0,05 [Table 9{

T  total of the responses y in an assay [Equation 16].

T°  incomplete total for an assay in randomized sets with one
missing observation [Equation 1]

T, Z(p) for the animais injected with the Standard on the first
day [Equations 18, 36].

Ty E(y) for the animals injected with the Standard on the
second day [Equations 18, 36].

T, T;for the difference in the responses to the Standard and
to the Unknuwnuf['abim to 8].

T, T for testing the difference in slope between Standard
and Unknown [‘é‘ahles 6 to 8].1; Foliagiiesii

T, T; for testing opposed curvature in the curves for Standa

“ and Uaknown, [Tablos 6 to 8],

Ty  T;for the combined stope of the dosage-response curves for
Standard and Ungfown [Tables 6 to 8].

Ty Z(x; T,y or Z(x,p) for computing the slope of the log-dose
response curve [Equations 10, 23, 28].

Ty  sum of products of T, multiplied by the corresponding fac-
torial coefficients in each row of Tables 6 to 8.

T, T, for testing similar curvature in the curves for Standard
and Unknown [Tables 6 to B].

T, row or set total in an assay in randomized sets [Equation
16].

T, incomplete total for the randomized set with a missing

ol ogs}rvatian in qu}ation 1. P ;

T, total of f responses y for a given dose of a preparation
[Tables 6 to §; %uaticms 6, 13, 14, 16].

Ty incomplete total for the treatment with 2 missing obser-
vation in Equation 1.

U; alog-dose of Unknown [Tables 6 to 8].

v variance for heterogeneity between assays [Equation 45].

¥ = 1/w  variance of an individual M [Equations 44 to 47].

w  weight assigned to the M for an individual assay [Equation
38] X f] to a probit for computing an LDy, [Equations
2a, 2b].

w semi-weight of each M in a series of assays {Equations 47,

48].

x @ log-dose of drug in a bioassay [Equation 5]; also the dif-
ference between two log-threshold doses in the same
animal [Equation 12],

x, coefficients for computing the lowest and highest expected
responses ¥ and Y in a log-dose response curve [Ta-
ble 4; Equation 3].

x; a factorial coefficient that is a multiple of (x — X) for

{115} Dexpanthenol Assay / Biological Tests
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com%iil.ing the slope of a straight line [Table 5; Equa-

tion 6].

mean log-dose [Equation 5]. )

s mean log-dose for Standard [Equation 9].

Xy mean log-dose for Unknown [Equation 9].

D¢ lag-potenciiy from a unit response, as interpolated from a
standard curve [Equations 7a, 7b, gfo )

Xy  confidence limits for an estimated log-potency M [Equa-
tions 25, 30]. ) ]

Xp, confidence limits for a directly estimated potency P, (see
Digitalis assay) [Equation 33].

v  an abserved individual response to a dose of drug in the units
used in ccmguling potency and the etror variance
[Equations 13 to 16]; a unit difference between paired
responses in 2-dose assays [Equations 17, 18].

y1... ¥y observed responses listed in order of magnitude, for

computing &y, G, or &; in Table 1.

replacement for a missing value [Equation 1].

mean response in & set or assay [Equation 5].

mean response to a given treatment [Equations 3, 6].

a response predicted from a dosage-response relationship,

often with qualifying subscripts [Equations 3 to 5].

z  threshold dose determined directly by titration (see Digitalis
2ssay) }E uation 11].

Z  mean i3hr1;o galose in a set (see Digitalis assay) [Equations

1,824 .

(115) DEXPANTHENOL ASSAY

The following procedure is provided for the determination of
dexpanthenol as an ingredient of multiple-vitamin preparations.
It is applicable also to the determination of the dextrorotatory
component of racemic panthenol and of other mixtures containing
dextrorotatory panthenol.

Media may be prepared as described hercinafter, or dehy-
drated mixtures yielding similar formulations may be used pro-
vided that, when reconstituted as directed by the manufacturer
or distributor, they have growth-promoting properties equal to or
supericr to those obtained from the formulas given herein.

Reference Standard—US P Dexpanthenol Reference Standard.,

Standard Stock Solution of Dexpanthenol—Dissolve an accu-
rately weighed %tuantity of USP Dexpanthenol RS in water, dilute
with water to obtain a solution having a known concentration of
about 800 ug per mL, and mix. Store in a refrigerator, protected
from light, and use within 30 days.

Standard ration—On the day of the assay, prepare a
water dilution of the Standard Stock Solution of Dexpanthenol
1o contain 1.2 ug of dexpanthencl per mL.

Assay Preparation—Proceed as directed in the individual
monograph for preparing a solution sxpected to contain approx-
imately the equivalent of the dexpanthenol concentration in the
Standard Preparation.

x|

~siere,

Modified Paniothenate Medium—
Acid-hydrolyzed Casein Solution ............. 25 mL
Cystine-Tryptophane Solution .. .............. 25 mL
Polysorbate 80 Solution...................... 0.25 mL
Dextrose, Anhydrous.................coooue0 10 g
Sodium Acetate, Anhydrous................0 5 g
Adenine-Guanine-Uracil Solution............. 5 mL
Riboflavin—Thiamine Hydrochloride—Biotin

Solutien..... s i g e 5 mL
Para-aminobenzoic Acid-Niacin—Pyridozine

Hydrochloride Solution .%.................. 5 mL
Salt SolOHON A vovvosvoiesi v sarsmavmmsss 5 mL
Salt Solution B -.os v vimmnii v viiiasi 5 mL
Pyridoxal-Caluiun Pantothenate Solution..... i mt

5§ m

Felysorbate 40-Oleic Acid Solution ... ......

Dissolve the anhydrous dextrose and sodium acetate in the
solutions previously mixed, and adjust with 1 N sodium hydroxide
to a pH of 6.8, Finally, dilute with water to 250 mL, and mix,

Double-strength Modified Pantothenate Medium—Prepare as
directed under Modified Pantothenate Medium, but make the
final dilution to 125 mL instead of 250 mL. Prepare fresh.

Acid-hydrolyzed Casein Solutlon—Mix 100 g of vitamin-free
casein with 500 mL of 6 ¥ hydrochloric acid, and reflux the
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mixture for 8 to 12 hours. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick
paste Temains. Redissolve the resulting paste in about 500 mL
.of water, adjust the solution with 1 ¥ sodium hydroxide to a pH
of 3.5 + 0.1, and add water to make 1000 mL. Add 20 g of
activated charcoal, stir for 1 hour, and filter. Repeat the treat-
ment with activated charcoal. Store under toluene in a refrig-
erator at a temperature not below 10°. Filter the solution if a
precipitate forms during storage.

Cystine-Tryptophane Solution—Suspend 4.0 g of L-cystine and
1.0 g of L»glypwphane (or 2.0 g of B,L-t to‘i:h,ane) in 700 mL
to 800 mL of water, heat to 75 + 5°, and add dilute hydrochloric
acid (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, add water to make 1000 mL, and mix. Store under toluene
in a refrigerator at a temperature not below 10°.

Adenine-Guanine-Uracil Solution—Dissolve 200 mg each of
adenine sulfate, guanine hydrochloride, and wracil, with the aid
of heat, in 10 mL of 4 N hydrochloric acid, cool, add water to
make 200 mL, and mix. Store under foluene in a refrigérator.

Polysorbate 80 Solution—Dissolve 25 g of polysorbate 80 in
alcohol to make 250 mL, and mix.

Riboflavin-Thiamine Hydrochloride-Biotin Solution—Prepare
a solution containing, in each mL, 20 gg of riboflavin, 10 ug of
thiamine hydrochlonde, and 0.04 pg of biotin, by dissolving ri-
boflavin, thiamine hydrochloride, biotinin 0.02 N acetic acid.
Stare, protected from light, under toluene in a refrigerator.

Para-aminobenzoic Acid-Niacin-Pyridoxine Hydrochloride

Solution—Prepare a solution in neutral 25 percent alechol to
contain 10 pg of para-aminobenzoic acid, 50 ug of niacin, and

40 ug of pyridoxine hydrochloride in each ml. Store in a re-
frigerator.

Salt Solution A—Dissolve 25 g of menobasic potassium phos-
phate and 25 g of dibasic potassium phosphate in water to make
5{)10 mL. Add 5 drops of hydrochloric acid, mix, and store under
toluene.

Salt Solution B—Dissolve 10 g of magnesium sulfate, 0.5 g of
sodium chloride, 0.5 g of ferrous sulfate, and 0.5 g of manganese
sulfate in water to make 500 mL. Add 5 drops of hydrochloric
acid, mix, and store under toluene.

Pyridoxal-Calcium Pantothenate Solution—Dissolve 40 mg of
pyridoxal hydrechloride and 375 pg of calcium pantothenate in
10 percent alcohol to make 2000 mL, and mix. Store in a Te-
frigerator, and use within 30 days.

Polysorbate 40-Oleic Acid Solution—Dissolve 25 g of poly-
sorbate 40 and 0.25 g of oleic-acid in 20 percent alcohol to ma
500 mL, and mix. Store in a refrigerator, and ise within 30 days.

Stock Culture of Pediococcus acidilactici—Dissalve in about
800 mL of water, with the aid of heat, 6.0 g of peptone, 4.0 g
of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g of
beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with
0.1 & sodium hydroxide or 0.1 IV hydrochloric acid to a pH
between 6.5 and 6.6, adjust the volume with water to 1000 mL,
and mix. Add approximately 10-mL portions of the solution to
culture tubes, place caps on the tubes, and sterilize at 121° for
15 minutes. Cool on a slant, and store in a refrigerator. Prepare
a stock culture of Pediococcus acidilactici* on a slant of this
medium. Incubate at 35° for 20 to 24 hours, and store in a
refrigerator, Maintain the stock culture by monthly transfer onto
fresh slants.

Inoculwm—-Inoculate three 250-mL portions of Modified Pan-
tothenate Medium from a stock culture slznt, and incubate at
35° for 20 to 24 hours.. Centrifuge the suspension from the com-
bined portions, and wash the with Modified Pantothenate
Medium. Resuspend the cells in sufficient Modified Pantothen-
ate Medium so that 8 1:50 dilution. when tested jn 2 13-mm
diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to glass ampuls,
seal, freeze in liquid nitrogen, and store in a freezer. On the day
of the assay, allow the ampuls to reach room temperature, mix
the contents, and dilute 1 mg. of thawed culture with sterile saline
TS to 150 ml. [Nore—This dilution may be altered, when
necessary, to obtain the desired test response.]

Procedure—Prepare in triplicate a series of eight culture tubes
by adding the following quantities of water to the tubes within

* American Type Culture Collection No. 8042 is suitable.

Biological Tests / Insulin Assay {121) 1513

a set: 50 mL, 4.5 mL, 4.0 mL, 35 mL, 3.0 mL, 2.0 mL, 1.0
mL, and 0.0 mL. To these same tubes, and in the same order,
add 0.0 mL, 0.5 mL, 1.0 mL, 1.5 mL, 2.0 mL, 3.0 mL, 40 mL,
and 5.0 mL of the Standard Preparation.

Prepare in duplicaic 2 serics of five culture tubes by addin
the following quantities of water to the tubes within a set: 4.8
mL, 3.5 mL, 3.0 mL, 2.0 mL, and 1.0 mL. To these same tubes,
and in the same order, add 1.0 mL, 1.5 mL, 2.0 mL, 3.0 mL,
and 4.0 mL of the Assay Preparation.

Add 5.0 mL of Double-strength Modifiéd Pantothenate Me-
dium to each tube, and mix. Cover the tubes with metal caps,
and sterilize in an autoclave at 121° for 5 minutes. Cool to room
temperature in a chilled water bath, and inoculate each tube with
0.5 mL of the Inoculum. Allow to incubate at 37° for 16 hours.
Terminate growth by heating to & temperature not below 80°,
such as by steaming at atmospheric pressure in a suitable ster-
ilizer, for 5 to 10 minutes. Cool, and concomitantly determine
the percentage transmittance of the suspensions, in cells of equal
pathlength, on a suitable spectrophotometer, at 530 nm.

Calculatiot—Draw a dose-responsc curve on arithmetic graph
}mper bﬁr plotting the average res;onse, in percent transmittance,

or cach set of tubes of the standard curve against the standard
level concentrations. The curve is drawn by conmnecting each
adjacent pair of points with a straight line. From this standard
curve, determine by interpolation the potency, in terms of dex-
panthenol, of each tube containing portions of the Assay Prep~
aration. Divide the potency of each tube by the amount of Assay
Preparation added to it, to obtain the individual res . Cal-
culate the mean responsc by averaging the individual responses
that vary from their mean by not more than 15%, using not less
than half the total number of tubes. Calculate the potency of
the portion of the material taken for assay, in terms of dexpan-
thenol, by multiplying the mean responsc by the appropriate di-
lution factor.

- (121) INSULIN ASSAY

The most prominent manifestation of insulin activity, an abrupt
decrease in glood glucose, was the basis for biologic assay from
the time of the first clinical use of insulin. The procedure, al-
though relatively cumbersome, has the great merit of accurately
reflecting the effect on the diabetic patient. Another attribute
of insulin, that of reacting under in-vitro conditions o sgeciﬁc
antibodies, the amounts of which are rendered measurable by
means of radiozctive isotopes, is the basis for a procedure that
pla::es possible the rapid measurement of minute amounts of
insulin..

Rabbit Blood-sugar Method

Reference Standard—USP Insulin Reference Standard—Pre-
serve in a refrigerator, and afier opening the ampul, store in a
tight container.

Standard Solution—Dissolve a suitable quantity of USP Insulin
RS, accurately weighed, in sufficient water, containing 0.1% to
0.25% (w/v) of either phenel or cresal, 1.4% to 1.8% (w/v) of
ilycerin, and sufficient hydrochleric acid to make a Standard

‘olution containing 40 USP Insulin Units per mL and having a
PH between 2.5 and 3.5, unless otherwise directed in the indi-
vidual monograph. Storeina cold place, protected from freezing,
and use within 6 months.

Standard Dilutions—Dilute portions of the Standard Solution
to make two solutions, one to contain 1.0 USP Insulin Unit per
mL (Standard dilution I), and the other to contain 2.0 USP
Tosulin Units per mL (Standard dilution 2). Use as a diluent a
solution containing 0.1% to 0.25% (w//v) of either cresol or phenol,
1.4% to 1.8% (:vi/vj of glycerin, and sufficient nydrochloric acid
to produce a pH between 2.5 and 3.5, unless otherwise directed
in the individual monograph.

Assal Employing the same diluent used in prepar-
ing the g‘mndard Dilutions, make two dilutions of the preparation
to be assayed, ane of which may be expected, on the basis of the
assumed potericy, to contain 1.0 USP Insulin Unit per mL (4ssay
dilfution 1), and the other to contain 2.0 USP Insulin Units per
mL {(Assay dilution 2}, In the case of neutral Insulin Injection,
adjust to a pH of 2.5 to 3.5 prior to making the dilutions.
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Doses of the Dilutions To Be Injected—Sclect on the basis of
trial or experience the dose of the dilutions to be injected, the
volume of which usuaily will be between 0.30 mL and 0.50 mL.
For each animal the volume of the Srandard dilution shall be
the same as that of the Assay dilution.

The Animals—Select suitable, healthy rabbits each weighing
not less than 1.8 kg. Keep the rabbits in the laboratory for not
less than 1 week before use in the assay, maintaining them on
an adequate uniform diet, with water available at all times except
during the assay,

Procedure—Divide the rabbits into four equal groups of pref-
erably not less than six rabbits each. On the preceding day,
approximately 20 hours before the assay, provide cach rabbit with
an amount of food that will be consumed within 6 hours. Follow
the same feeding schedule before each test day. During the assay,
withhold al! food and water until after the final blood specimen
is taken. Handle the rabbits with care in order to avoid undue
excitement, and inject subcutaneously the doses indicated in the
following design, the Second Injection being made on the day
after the First Injection or not more than 1 week later.

At 1 hour and 2% hours after the time of injection obtain from
each rabbit a suitable blood specimen from a marginal ear vein.

Determine the dextrose (glucose) content of the blood speci-
mens by a sunitable procedure, preferably one that depends upon
the reduction of ferricyanide and is adapted to automatic han-
dling. The following method may be , all steps being carried
out in a pre-determined sequence accurately reproduced for sach
blood specimen and for prepared solutions of dextrose of known
concentration.

Pipet inte separate, suitable vessels 0.8 mL of each blood spec-
imen and 0.8 mL each of standard solutions containing, respec-
tively, the following concentrations of dextrose: 0.25; 0.50, 0.75,
1.0, and 1.25 mg per mL. Into each vessel pipet 2.4 mL of saline
TS, and mix. Place each vessel in a water bath maintained at
38°, and subject the diluted bleod to dialysis across a semiperme-
able membrane for a sufficient time for a definite proportion of
the dextrose to pass through the membrang into a solution, in
saline TS, of B?tassium ferricyanide (1 in 1670) and sodium car-
bonate (1 in 50). Add a measured portion of potassium cyanide
solution (1 in 200). Heat at a temperature of goq for 5 minutes,
cool to 40°, and determine the absorbance, at 420 nm, in a re-
cording colorimeter. In a similar manner, determine the absorb-
ances of solutions obtained from one or more standard solutions
of dextrose of known concentration in the range of 25 mg to 125
mg per 100 mL.

Calculation—Calculatc the response of each rabbit to each
injection from the sum of the two blood-sugar values, and subtract
its response to Dilution I from that to Dilution 2, disregarding
the chronological order in which the responses were observed, to
obl’:f.in the individual differences, y, shown in the accompanying
table.

Group First Injection

Second Injection

t Standard dilution 2 Assay dilution 1
2 Standard dilution 1 Assay dilution 2
3 Assay dilution 2 Standard dilution 1
4 Assay dilution 1 Standard dilution 2
Individual - Total
Group Differences Response Response |
o) (N
1 Standard 2 — Assayl ¥, T
2 Assay 2 — Standard 1y, T
3 Assay 2 — Standard I s T3
4 Standard 2 — Assay | V4 Ty

When the data for one or more rabbits are missing in an assay,
allow for differences in the sizes of the groups by suitable means
(see Replacement of Missing Values {111 )f.s

When the number of rabbits, f, carried through the assay is
the same in each group, total the y's in each gro%p and compute
=N+ Nh+h—-—TNadN =T+ H+ T+ T,
The logarithm of the relative potency of the test dilutions is M’
= (.3017,/T;. The potency of the Injection in USP Units per
mL ethzals the antilog (log R + M), where R = vg/v,;, in which
vg is the number of USP Units per mL. of the Standard dilution

USP XXiI

and vy is the number of mL of Injection per mL of the Assay
dilution. )

Determine the confidence interval of the log-relative Fotenc
M (see Confidence Intervals for Independent Assays (111)). l’f'
the confidence interval is more than 0.082, which corresponds at
P = 0.95 to confidence limits of about +10% of the computed
potency, repeat the assay umtil the combined data of the two or
more assays, re-determined as described under Combination of
Independent Assays {111}, meet this acceptable limit.

(141) PROTEIN—BIOLOGICAL
ADEQUACY TEST

This test is intended for the evaluation of the biological ade-
quacy, as an index 10 the cempleteness of the mixture of amino
acids contained, of Protein Hydrolysate Injection.

Depletion Diet—

Parts by
Weight
DRI i v v sisss oo it s s, s siemose 83.9
ORI v v i s A e SRR 2.0
Salt Mhxture: ooy seineiy oo s 40
AE e o onrrmnmmnme N AR e B e e 4 240
Cod Liver Oil ..ot iiiiinareacannnn 1.0
Choline Chlanide. ..cvoivs ormsmmsvass smsmssrmnses 0.15
Ihositol coovvvunam sz S w010
Calcinm Pantothenate ............cocviiireenians 0.002
N A R, & s oy s A R s 0.0015
BADOFIAVIR . oo vwnmp o m e sshna i e o e S 0.0003
7T (53,11 1L~ J 0.00025
i 0.0002
0.0002
0.0002
0.0002
0.00002

Salt Mixture—Frepare the salt mixture specified in the De-
pletion Diet as Tollows:

Sodium Chloride ......covvvveiiiiiniinniian... 1393 g
Potassium Biphosphate ...........cc.coooiiaiiiln 389.0 g
Magnesium Sulfate, Anhydrous .................. 573 g
Calcium Carbonate . ..........ccovvveiiciiiinnnnn 3814 g
Ferrous Sulfate ..... X 270 g
Manganese Sulfate .........ocoocviinirmniananns 401 g
Potassium Todide ... 079 g
Zinc Sulfate .................. " 0.548g
Cupric Sulfate _....... S i 0477g
Cobaltons: Chloride i s mmrsrsssmmsiny 0.023g

Place a portion of the weighed quantity of sodium chloridg in
a suitable mortar and add, with grindinﬂ:the potassium. iodide.
Set aside the mixturc, znd mix in a similar manner all the other
salts with the remainder of the sodium chloride, adding finally
the previously mixed sodium chloride and potassium iodide. Re-
duce the entire mixture to a fine powder (see Powder Fineness
(811)). .

Control Nitrogen Supplement Mixture—Place 50 g of calcium
caseinate and 46 g of anhydrous dextrose in a beaker, add suf-
ficient water to make a paste, and finally add 1000 mL of water.
Heat the solution between 70° and 82° for 5 minutes with stirring,
and cool. Determine nitrogen on an aliquot using Nifrogen De-
termination—Method I or Method IT {461). Store in a refrig-
erator. Mix before removing portions for analysis or use.

Depletion und Coittro] Periods—Select a group of not less than
siz male rats 7 to 4 months of age and each weighing between
190 g and 225 g. Place the rats in individual cages with free
access to water and the Depletion Diet for 12 days. Weigh the
depleted rats, and discard any rat that weighs more than 90% of
its starting weight, )

For the next 3 days substitute as drinking water the Control
Nitrogen Supplement Mixture in a quantity equivalent to 0.12
g of nitrogen per rat day, diluted with water to 20 mL, and
offered at the same time each morning cither in a dish suitable
for preventing spillage or in a reservoir fitted with a dri
tube. Remove alf drinking water from the cages of the deplet

FRESENIUS EXHIBIT 1068
Page 49 of 158

= |




Use xxn

rats during cach feeding, and return it after the supplement has
been consumed or is removed. On the third day, weigh cach rat.
Discard any rats that have not consumed all of the Control Ni-
trogen Supplement Mixiure,

For the next 3 days, replace the Control Nitrogen Supplement
Mixture with water ad libitum, and continue the rats on the
Depletion Diet. Weigh the rats, and discard any that have not
lost weight since the previous weighing,

Procedure—Assemble not less than six rats that have com-
pleted the depletion and contrel periods. For § days maintain
the assembled rats on the Depletion Dief with a daily supplement
of 20 mL, accurately measured, of 2 solution containing the Pro-
tein Hydrolysate Injection in an amount equivalent to 0.12 g of
nitrogen offered each morning in the same way as the Controi
Nitrogen Supplement Mixture was offered previously. Withhold
water for at least 2 hours prior to offering the supplement and
for 4 hours afterward. Then if the supplement has been con-
sumed, offer water ad libitum,

On the afternoon of the fifth day, weigh each rat, and compare
the respective final and starting weights. Not fewer than 50%
of the group of rats used gain weight or maintain their weight
during the test.

{151) PYROGEN TEST

The tpyrogcn test is designed to limit to an acceptable Jevel the
risks of febrile reaction in the patient to the administration, by
injection, of the product concerned. The test involves measuring
the rise in temperature of rabbits following the intravenous jn-
jection of a test solution and is designed for products that can
be tolerated by the test rabbit in a dose not to exceed 10 mL per
kg injected intravenously within a period of not more than 10
minutes. For products that require preliminary preparation or
are subject to special conditions of administration, follow the
additional directions given in the individual monograph or, in the
case of antiniotics or biologics, the additional directions given i
the federal regulations (see Binlogics (1041)).

Apparatus and Diluents—Render the syringcs, needles, and
glassware free from pynﬁens by heating at 250° for not less than
30 minutes or by any other suitable method. Treat all diluents
and solutions for washing and rinsing of devices or parenteral
injection asscmblies in a manner that will assure that they are
sterile and pyrogen-free. Periodically perform control pyrogen
tests on representative portions of the diluents and solutions for
washing or rins(i;}g of the &:Elpﬂmtus. Where Sodium Chloride
Injection is specified as a diluent, use Injection containing 0.9
percent of NaCl.

Temperature Recording—Use an accurate temperature-sensing
device such as a clinical thermometer, or thermistor probes or
similar probes that have been calibrated to assure an accuracy
of +0.1° and have been tested to determine that a maximum
reading is reached in less than 5 minutes. Insert the temperature-
sensing probe into the rectum of the test rabbit to a depth of not
less than 7.5 cm, and, after a period of time not less than that
previously determined as sufficient, record the rabhit’s body tem-
perature.

Test Animals—Use healthy, mature rabbits. House the rabbits
individually in an area of uniform temperaturc between 20° and
23° and free from disturbances likely to excite them. The tem-
peraturc varies not more than +3° from the selected tempera-
ture. Before using a rabbit for the first time in a pyrogen test,
condition it not more than seven days before use by a sham test
that includes all of the steps as directed under Procedure excclft
injection. Do not use a rabbit for pyrogen testing more frequently
than once every 48 hours, nor prior to 2 weeks following a max-
imum tise of its temperature of 0.6° or more while being sub-
jected to the pyrogen test, or following its having heen given =
test specimen that was adjudged pyrogenic.

Procedure—Perform the test in a separate arca designated solely
for Lgymgen testing and under environmental conditions similar
to those under which the animals are housed and free from dis-
turbances likely to excite them. Withhold all food from the rab-
bits used during the period of the test. Access to water is allowed
at all times, but may be restricted during the test. If rectal
temperaturc-measuring probes remain inserted throughout the
testing period, restrain the rabbits with light-fitting neck stocks
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that allow the rabbits to assume a natural resting posture. Not
more than 30 minutes prior to the in{eclion of the test dose,
determine the “contral temperature” of each rabbit: this is the
base for the determination of any temperature increase resulting
from the injection of a test solution. In any one group of test
rabbits, use only those rabbits whose control temperatures do not
vary by more than 1° from each other, and do not use any rabbit
having a temperature exceeding 39.8°.

Unless otherwise specified in the individua! monograph, inject
into an ear vein of each of three rabbits 10 mL of the test solution
per kg of body weight, completing each injection within 10 min-
utes after start of administration. The test solution is either the
product, constituted if necessary as directed in the labeling, or
the material under test treated as directed in the individual mono-
graph and injected in the dose specified therein. For pyrogen
testing of devices or injection assemblies, use washings or rinsings
of the surfaces that come in contact with the parenterally ad-
ministered material or with the injection site or internal tissues
of the patient. Assure that 2]l test solutions are protected from
contamination. Perform the injection after warming the test so-
lution to a temperature of 37 & 2°. Record the temperature at
1, 2, and 3 hours subsequent to the injection.

Test Interpretation and Continuation—Consider any temper-
ature decreases as zero rise. If no rabbit shows an individual rige
in temperature of 0.6° or more above its respective control tem-
perature, and if the sum of the three individual maximum tem-
perature riscs does not exceed 1.4°, the product meets the re-
quirements for the absence of pyrogens. If any rabbit shows an
individual temperature rise of 0.6° or more, or if the sum of the
three individual maximum temperature rises exceeds 1.4°, con-
tinue the test using five other rabbits. [ not more than three of
the eight rabbits show individual rises in temperature of 0.6° or
more, and if the sum of the ei§ht individual maximum temper-
ature rises does not exceed 3.7°, the material under examination
meets the requirements for the absence of pyrogens.

RADIOACTIVE TIIARMACEUTICALS

Test Dose for Preformulated, Ready-to-use
Products Labeled with Radioactivity

AGGREGATED ALBUMIN AND OTHER PARTICLE-
CONTAINING PRODUCTS

For the rabbit pyrogen test, dilute the product with Sodium
Chloride Injection to not less than 100 pCi per mL, and inject
a dose of 3 mL per kg of body weight into each rabbit.

 OTHER PRODUCTS

Where Physical Half-life of Radionuclide Is Greater Than 1
Day—Calculate the maximum volume of the product that might
be injected into a human subject. This calculation takes into
account the maximum recommended radioactive dose of the
preduet, in pCi, and the radioactive assay, in pCi per mL, of the
preduct at its expiration date or ime. Using this information,
calculate the maximum volume dose per kg to a T0-kg human
subject.

For the rabbit pyrogen test, inject a minimum of 10 times this
dose per kg of body weight into each rabbit. If necessary, dilute
with Sodium Chloride Injection. The total injected volume per
rabbit is not less than | mL and not more than 10 mL of solution.

Where Physical Half-Tife of Radionuclide is Less Than 1 Day-
For products labeled with radionuclides having a half-life of less
than 1 day, the dosage calculations are identical to those de-
scribed in the first paragraph under Other Products. These prod-
ucts may be released for distribution prior to completion of the
rabbit pyrogen iesi, but such test shall be initiated at ot more
than 36 hours after release.

Test Dose for Pharmaceutical Constituents or
Reagents to Be Labeled
The following test dose requirements pertain to reagents that
are to be labeled or constituted prior to use by the direct addition
of radioactive solutions such as Sodium Pertechnetate Tc 99m
Injection, i.e., “cold kits.”
Assume that the entire contents of the vial of nonradioactive
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reagent will be injected into a 70-kg human subject, or that 1,
of the total contents per kg will be injected. If the contents are
dry, constitute with a measured volume of Sodium Chloride In-
jection,

For the rabbit pyrogen test, inject 1 of the vial contents per
kg of body weight into each rabbit. The maximum dose per rabbit
is the entire contents of a single vial. The total injected volume
peIr rabbit is not less than 1 mL and not more than 10 mL of
solution.

(161 TRANSFUSION AND
INFUSION ASSEMBLIES

The requirements apply to medical devices that are labeled
nonpyrogenic in contact directly or indirectly with the cardio-
vascular e?stem or other soft body tissucs. This includes, but is
not limited to, solution administration sets, extension sets, transfer
sets, blood administration sets, intravenous cathcters, implants
extracorporeal oxygenator mhim,is and accessories, dialysers and
dialysis tubing and accessories, heart valves, vascular grafts, in-
tramuscular drug delivery catheters, and transfusion and infusion
assemblies. These requirements do not apply to orthopedic prod-
ucts, latex gloves, or wound dressings.

Sterifity—Proceed as directed for Sterilized Devices under Ste-
rility Tests (71}.

‘Bacterial Endotoxins (see Bacterial Endotoxins Test (85))—

Transfusion and Infusion Assemblies and Similar Devices—
Through the tubing of each of 10 assemblics, pass a separate 40-
mL portion of Limulus Amoebocyte Lysate (LAL)-negative Ster-
ile Water for Injection at a temperature between 37° and 40°,
at 2 flow rate of approximately 10 mL per minute. The pooled
effluent meets the requirements of the Bacterial Endotoxins Test
{85) with an endotoxin limit not to exceed 0.5 USP Endotoxin
Unit per mL.

Implanis—For implants a3 wcll a3 other medical devices that
are intended to be sterile internally as well as externally, select
not less than 3 implants and not mere than 10 implants. Cut in
small pieces or, if modular, separate the pieces, and soak for not
less than 40 minutes and not more than 60 minutes in 400 mL
of LAL-negative Sterile Water for Injection at a temperature
between 37° and 40°, with swirling at 10-minute intervals. The
supernatant liquid meets the requirements of the Racierial Endo-
toxins Test (85) with an endotoxin limit not to exceed 0.5 USP
Endotoxin Unit per mL.

Other Medical Devices—Pass equal portions of 400 mL of
LAL-negative Sterile Water for Injection at a temperaturc be-
tween 37° and 40°, at a flow rate of approximately 10 mL per
minute through a number of devices representative of a lot (not
less than 3 devices and not more than 10). The 400 mL effluent
meets the requirements of the Bacterial Endotoxins Test (85)
with H?Ln endotoxin limit not to exceed 0.5 USP Endotoxin Unit
per mL.

Medical Devices in Contact with Cerebrospinal Fluid—Pro-
ceed as directed under Transfusion and I:E!{:.siaa Assemblies,
Other Medical Devices, or Implants, whichever is applicable.
The 400 mL pooled effluent meets the requirements of the Bae-
terial Endotoxins Test (85) with an endotoxin Iimit of not more
than 0.06 USP Endotoxin Unit per mL.

A Bacterial Endgtoxins Test failure can be retested once by
another Bacterial Endotoxins Test. If the cause of the initial
failure is due to a level of endotoxin of less than 0.5 USP Endo-
toxin Unit per mL, the Pyrogen Test (151} can be used to retest.

Pyrogen—For samples that meet the requirements of the Bac-
terial Endotoxins Test retest and for samples that cannot be
tested by the Bacterial Endotoxins Test because of nonremovable
inhibition or enhancement of the test, the Pyrogen Test (151) ic
ﬁlpflied. A pooled effluent is obtained by passing a separate 40-

portion of sterile pyrogen-free saline TS at a flow rate of
agproximatcly 10 mL per minute through the tubing of each of
10 Transfusien and Infusion Assemblies, or through 3 10 10 Med-
ieal Devices, or by soaking the cut or separated pieces of Implants
in 400 mL of the Saline T'S, whichever is appropriate. The re-
quirements of the Pyrogen Test {151) are met.

Safety—It meets the requirements of the Safety Test under
Safety Tests—Generel in chapter (88), Biologicul Reactivity
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Tests, In-vivo, or in chapter {87}, Biological Reactivity Tests,
In-Vitro. :
Other Requirements—The portions of medical devices that are
made of plastics or other polymers meet the requirements under
Containers—Plastics {661); those made of elastomers meet the
requirements under Elastomeric Closures for Injection (381).

(171) VITAMIN B;; ACTIVITY
ASSAY

Reference Standard—USP Cyanocobalamin Reference Stan-
dard—Keep container tightly closed and protected from light.
Dry over silica gel for 4 hours before using.

Assay Preparation—Place a suitable quantity of the material
to be assayed, previously reduced to a fine powder if necessary
and accurately measured or weighed, in an appropriate vessel
containing, for each g or mL of material taken, 25 mL of an
aqueous extracting selution prepared just prior to use to contain,
in each 100 mL, 1.29 g of disodium phosghatc, 1.1 g of anhydrous
citric acid, and 1.0 g of sodium metabisulfite. Autoclave the
mixture at 121° for 10 minutes. Allow any undissoived particles
of the extract to settle, and filter or centrifuge, if necessary.
Dilute an aliquot of the clear solution with water so that the final
test solution contains vitamin B,y activity approximately equiv-
alent to that of the Standard Cyanocobalamin Solution which
is added to the assay tubes.

Standard Czanocobahmin Stock Solution—To a suitable quan-
tity of USP Cyanocobalamin RS, accurately weighed, add suf-
ficient 25 percent alcohol to make a solution having a known
concentration of 1.0 pg of cyanocobalamin per mL. Store in a

refrigerator.

Standard Cyanocobalamin Soletion—Dilute 2 suitable volume
of Standard Cyanocobalamin Stock Solution with water to a
measured volume such that after the incubation period as de-
scribed under Procedure, the difference in transmitiance between
the incculated blank and the 5.0-mL level of the Stendard Cyano-
cobalamin Solution is not less than that which corresponds to a
difference of 1.25 mg in dried cell weight. This concentration
usually falls between 0.01 ng and 0.04 ng per mL of Stardard
Cyanocobalamin Solution. Prepare 3 fresh standard solution for
gach assay. .

Basal Medium Stock Solution—Prepare the medium according
to the following formula and directions. A dehydrated mixture
containing the same i ients may be used Yrowded that, when
constitutcd as dirceted in the labeling, it yiclds a medium com-
parable to that obtained from the formula given herein,

Add the ingredients in the order listed, carefully dissolving the
cystine and tryptophane in the hydrochloric acid before addi
tg: next eight solutions in the resulting solution. Add 100 mL
of water, mix, and dissolve the dextrose, sodium acetate, and
ascorbic acid. Filter, if necessary, add the polysorbate 80 solu-
tion, adjust the solution to a pH between 5.5 and 6.0 with 1 ¥
sodium hydroxide, and add purified water to make 250 mL.

LACYSHIE «vvvmvnisvnesisaie i e 01 g
L-Tryptophane ............iciciviicvriinnens e 005 g
1 N Hydrochloric Acid .. ...........coooooiinn 10 mL
Adenine-Guanine-Uracil Solution . .............. 5 mL
Xanthing Solation ...... e 5 mL
Vitamin SolutionI ......... PR | mL
Vitamin Solution TT .............iiiiiiiinnn..s 10 mL
Salt Solution A -..oovviviiiiinn... e mL
Salt Solution B...... i 5 mL
Anparapiime SolbOn . couos esnmiiisiss S mL
Acid-hydrolyzed Casein Solution ................ 25 mL
Dexirose, Anhydrous .........ocovvinniieeinnnn. 10 g
Sodium Acetate, Anhydrous ........ R S 5 g
T T T — L B
Polysorbate 80 Solution ..............ccceeenne. 5 mL

Acid-Hydrolyzed Casein Solution—Prepare as directed under
Calcium Paniothenate Assay (91).

Asparagine Solution—Dissolve 2.0 of I-a;paragine in water to
make 200 mL. Store under toluene in a refrigerator.

Adenine-Guanine-Uracil Solution—Prepare as dirccted under
Calcium Pantothenate Assay {91},
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Xanthinz Solution—Suspend 0.20 g of xanthine in 30 mL to
40 mL of water, heat to about 70°, 6.0 mL of 6 N ammonium
hydroxide, and stir until the solid is dissolved. Cool, and add
water to make 200 mL. Store under toluene in a refrigerator.

Salt Solution A—Dissolve 10 g of monobasic potassium phos-

hate and 10 g of dibasic n?otaxsium hosphate in water to make
: mL. Add 2 drops of hydrochloric acid, and store under
tolucne.

Salt Saiution B—Dissolve 4.0 g of magnesium sulfate, 0.20 g
of sodium chloride, 0.20 g of ferrous sulfate, and 0.20 g of man-
Eanese sulfate in water to make 200 mL. Add 2 drops of hy-

rochloric acid, and store under toluene.

Polysorbate 80 Solution—Dissolve 20 g of polysorbate 80 in
alcohol to make 200 mL. Store in a refrigerator,

Vitamin Solution I—Dissolve 10 mg of riboflavin, 10 mg of
thiamine hydrochloride, 100 g of biotin, and 20 mg of niacin in
0.02 N glacial acetic acid to make 400 mL. Store, protected
from light, under toluene in 4 refrigerator.

Vitamin Solution II—Dissolve 20 mg of para-aminobenzoic
acid, 10 mg of celcium pantothenate, 40 mg of pyridoxine hy-
drochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridox-
amine dihydrochloride, and 2 mg of folic acid in dilute neutralized
alcohol (1 in 4) to make 400 mL. Store, protected from light,
in a refrigerator.

Tomato Juice Preparation—Centrifuge commercially canned
tomato juice so that most of the pulp is removed. Suspend about
5 g per liter of analytical filter-aid in the supernatant liquid, and
filter, with the aid of reduced pressure, through a layer of the
filter-aid. Repeat, if necessary, until a clear, straw-colored filtrate
is obtained. under toluene in a refrigerator.

Culture Medium—[NOTE—A dehydrated mixture ini
the same ingredients may be used provided that, when constitu
as directed in the labeling, it yields a medium equivalent to that
obtained from the formula given herein.] Dissolve 0.75 g of water-
soluble yeast extract, 0,75 g of dried peptone, 1.0 g of anhydrous
dextrose, and 0.20 g of potassium bipbosphate in 60 mL to 70
mL of water. Add 10 mL of Tomato Juice Freparation and 1
mL of Polysorbate 80 Solution. Adjust the solution with 1 ¥
sodium hydroxide to a pH of 6.8, and add water to make 100
mL. Place 10-mL portions of the solution in test tubes, and plug
with cotton. Sterilize the tubes and contents in an autoclave at
121° for 15 minutes. Cool as rapidly as pessible to avoid color
formation resulting from overheating the medium.

Suspension Medium—Dilute a measured volume of Basal Me-
dium Stock Solution with an equal volume of water. Place 10-
mL portions of the diluted medium in test tubes. Sterilize, and
cool as directed abave for the Culture Medium.

Stock Culture of Lactobacillus leichmannii—To 100 mL of
Cufture Medium add 1.0 g to 1.5 g of agar, and heat the mixture,
with stirring, on a steam bath, until agar dissolves. Place
approximately 10-mL portions of the hot solution in test tubes,
cover the tubcs suitably, sterilize at 121° for 15 minutes in an
autoclave (exhaust line temperature), and allow the tubes to cool
in an upright position. Inoculate three or more of the tubes, lq:
stab ua.u.jer of a pure culture of Lactobacillus leichmannii.
(Before first using a Fresh culture in this assay, make not fewer
than 10 successive transfers of the culture in a 2-week gﬁuﬂ.)
Incubate 16 to 24 hours at any sclected temperature between
30° and 40° but held constant to within +(.5°, and finally store
in a refrigerator.

Prepare fresh stab cultures at least three times each week, and
do not use them for Sreparing the inoculum if more than 4 da;
old. The activity of the microorganism can be increased by daji y
or twicc-daily transfer of the stab culfure, to the point where
definite turbidity in the liquid inoculum ¢an be observed 2 to 4
hours after inoculation. A slow-growing culture seldom gives a
suitable response curve, and may lead tv erratic results.

necwium—[NOTE—A [rozen suspension of Lactobacillus
leichmannii may be used as the stock cu!tureifmﬁded it yields
an inoculom comparable to 2 fresh cuhur'e.} ake a transfer of
cells from the Stock Culture of Lactobacillus Teichmannii to 2
sterile tubes containing 10 of the Culture Medium each.
Incubate these cultures for 16 to 24 hours at any selected tem-

* Purc cultures of Lactobacillus leichmannii may be obtained
as No. 7830 from the American Type Culture Collection, 12301
Parklawn Drive, Rockville, MD 20852,
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perature between 30° and 40° but held constant to within +0.5°,
Under aseptic conditions, centrifuge the cultures, and decant the
supernatant liquid. S:?:end the cells from the culture in 5 mL
of sterile Suspension Medium, and combine. Using sterile Sus-
pension Medium, adjust the volume so that a 1 in 20 dilution in
saline TS produces 70% transmittance when read on a suitable
spectrophotometer that has been set at a wavelength of 530 nm,
equipped with a 10-mm cell, and read against saline TS set at
100% transmittance. Prepare a 1 in 400 dilution of the adjusted
suspension using Basal Medium Stock Solution, and use it for
the test inoculum. (This dilution may be altered, when nccessary,
to obtain the desired test response.)

Calibration of Spectrophotometer—Check the wavelength of
the spectrophotometer periodically, using a standard wavelength
cell or other suitable device, Before reading any tests, calibrate
the spectrophotometer for 0% and 100% transmittance, using
water and with the wavelength set at 530 om.

Procedure—Clecanse meticulously by suitable means, followed
preferably by heating at 250° for 2 hours, hard-glass test tubes,
about 20 mm X 150 mm in size, and other necessary glassware
because of the high sensitivity of the test organism to minute
amounts of vitamin B activity and to traces of many cleansing
agents.

To test tubes add, in duplicate, 1.0 mL, 1.5 mL, 2.0 mL, 3.0
mL, 4.0 mL, and 5.0 mL, respectively, of the Standard Cyano-
cobalamin Solution. To each of these tubes and to four similar
empty tubes add 5.0 mL of Basal Medium Stock Solution and
water 10 meke 10 mL.

To similar test tubes add, in duplicate, respectively, 1.0 mL,
1.5 mL, 2.0 mL, 3.0 mL, and 4.0 mL of the Assay Preparation.
To each tube add 5.0 mL of Basal Medium Stock Solution and
water to make 10 mL. Place one complete set of standard and
assay tubes together in one tube rack and the duplicate set in a
second rack or section of a rack, preferably in random order.

Cover the tubes suitably io prevent bacterial contamination,
and sterilize the tubes and contents in an autoclave at 121° for
5 minutes, arranging to reach this temperature in not more than
i0 minutes by preheating the autoclave, if necessary., Cool as
rapidly as practicable to avoid color formation resulting from
overheating the medium. Take precautions to maintain unifor-
mity of sterilizing and cooling conditions throughout the assay,
since packing tubes too closely in the autoclave, or overloading
it, may cause variation in the heating rate.

Aseptically add 0.5 mL of Inoculum to each tube so prepared,
except two of the four containing no Standard Cyanocobalamin
Solution (the uninoculated blanks). Incubate the tubes at a tem-

rature betwecn 30° and 40° held constant to within +0.5°,
or 16 to 24 hours.

Terminate growth by heating to a temperature not lower than
80° for 5 minutes. Cool to room temperature. After agitating
its contents, place the container in a spectrophotometer that has
been set at a wavelength of 530 nm, and read the transmittance
when a steady state is reached. This steady state is observed a
few seconds after agitation when the reading remains constant
for 30 seconds or more, Allow agpmmmatcly the same time
interval for the reading on each tube.

With the transmittance set at 100% for the uninoculated blank,
read the transmittance of the inoculated blank. If the difference
is greater than 5% or if there is evidence of contamination with
a foreign microorganism, disregard the results of the assaz. :

With the transmittance set at 100% for the uninoculated blank,
read the transmittance of each of the remaining tubes. Disregard
the results of the assay if the slope of the standard curve indicates
@ problem with sensitivity,

Calculation—Prepare a standard concentration-response curve
by the following procedure, Test for and replace any aberrant
individual transmittances. For each level of the standard, cal-
culate the response from the sum of the duplicate values of the
transmittances (Z) as the difference, y = 2.00 — Z. Plot this
response on the ordinate of cross-section paper against the log-
arithm of the mL of Standard Cyanocobalamin Solution per tube
on the abscisea, using for the ordinate either an arithmetic or a
logarithmic scale, whichever gives the better approximation to a
strai&m line. Draw the straight line or smooth curve that best
fits the plotted points.

Calculate the response, y, adding together the two transmit-
tances for cach level of the Assay Preparation. Read from the
standard curve the logarithm of the velume of the Standard
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Preparation corresponding 10 each of those values of y that falls
within the range of the lowest and highest points plotied for the
standard. Subtract from each logarithm so obtained the loga-
rithm of the volume, in mL, of the Assay Preparation to obtain
the difference, x, for each dosage level. Average the values of
x for each of three or more dosage levels to obtain € = A, the
log-relative potency of the Assay Preparation. Determine the
uantity, in ug, of USP Cyanocobalamin RS corresponding to
the cyanecobalamin in the portion of material taken for assay by
the equaticn antilog M = antilog (M" + log R), in which R is
the number of ug of cyanccobalamin that was assumed to be
resent in each mg (or capsule or tablet) of the material taken
Or assay.

Replication—Repeat the entire determination at least once,
using separately Iivreparcd Assay Preparations. 1f the difference
between the two log polencies M is not greater than 0.08, their
mean, M, is the assayed log-potency of the test material (see
Vitamin By, Activity Assay under Design and Analvsis of Bio-

logical Assays (111)). If the two determinations difi"er by more

than 0,08, conduct one or more 2dditional determinations. From
the mean of two or more values of A that do not differ by more
than 0.15, compute the mean potency of the preparation under
assay.

Chemical Tests and Assays
IDENTIFICATION TESTS

(181) IDENTIFICATION—
ORGANIC NITROGENOUS
BASES

This test is for the identification of tertiary amine compeunds.

Dissolve 50 mg of the substance under test, if in bulk, in 25
mL of 0.01 & hydrochloric acid, or shake a quantity of powdered
tablets or the contents of capsules cqgivalent to 50 mg of the
substance with 25 mL of 0.01 N hydrochloric acid for 10 minutes.
Transfer the liquid to a separator, if necessary filtering it and
washing the filter and the residue with several small portions of
water. In a second separator dissolve 50 mg of the corresponding
USP Reference Standard in 25 mL of 0.01 ¥ hydrochloric acid.
Treat each solution as follows: Add 2 mL of 1 N sodium hy-
droxide and 4 mL of carbon disulfide, and shake for 2 minutes.
Centrifuge if necessary to clarify the lower phase, and filter it
through a dry filter, collecting thé filtrate in a small flask provided
with a glass stopper.

Determine the absorption spectra of the filtered solutions of
both standard and samtfle without delay, in 1-mm cells between
7 pm and 15 pm, with 2 suitable infrared spectrophotometer,
using carbon disulfide in a matched cell as the blank. The s
trum of the solition prepared from the sample shows all of the
significant abso?atian bands efpmem in the spectrum of the so-
lution prepared from the Reference Standard.

(191) IDENTIFICATION
TESTS—GENERAL

Under this heading are placed tests that are frequently referred
to in the Pharmacopcia for the identification of official articles.

NOTE—The tests are not intended to be applicable to mixtures
of substances unless so specified.

Acetate—When acetic acid or an acetate is warmed with sul-
furic acid and alcohol, ethyl acetate, recognizable by its char-
acteristic ador, is evolved. With neutral solutions of acetates,
ferric chloride TS produces a deep red color which is destroyed
by the addition of mineral acids,

Aluminum—Solutions of aluminum salts yield with 6 /¥ am-
monium hydroxide a gelatinous, white precipitate that is ingoluble
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in an excess of 6 /¥ ammonium hydroxide. 1 /¥ sodium hydroxide
or sodium sulfide TS produces the same precipitate, which dis-
solves in an excess of either of these reagents,

Ammonimm—Ammonium salts are demmgowd by the addition
of an excess of 1 N sodium hydroxide, with the evolution of
ammonia, recognizable by its odor and by its alkaline effeet upon
moistened red litmus paper exposed to the vapor. Warming the
solution accelerates the decomposition.

Antimony—Solutions of antimony (III) compounds, strongly
acidified with hydrochloric acid, yield with hydrogen sulfide an
orange precipitate of antimony sulfide which is ingoluble in 6 N
ammonium hydroxide, but is solubie in ammonium sulfide TS.

Bariwm—Solutions of barium salts yield a white precipitate
with 2 N sulfuric acid. This precipitate is insoluble in hydro-
chloric and in nitric acid. Barium salts impart 2 yellowish green
color to a nonluminous flame, which appears blue when viewed
through green glass.

Benzeate—In nentral solutions, benzoates yield a salmon-col-
arcg;rccipitatc with ferric chloride TS. In moderately concen-
trated solutions, benzoates yield a precipitate of benzoic acid
upon acidification with 2 & sulfuric acid. This precipitate is
readily soluble in ether.

Bicarbomate—Sce Carbonate.

Bismuth—When dissolved in a slight excess of nitric or h
drochloric acid, bismuth salts yield a white precipitate upon di-
lution with water. This precipitate is colored brown by hydrogen
sulfide, and the resulting compound dissolves in a warm mixtare
of equal parts of nitric acid and water.

Bisulfite—See Sulfite. )

Borate—To L mL of a borate solution, acidified with hydro-
chloric acid to litmus, add 3 or 4 drops of a saturated solution
of iodine and 3 or 4 drops of polyviny] alcohol solution {1 in 50):
an tntense blue color is producec{v “;hen a horate is treated with
sulfuric acid, methanol is added, and the mixture is ignited, it
burns with a green-bordered flame.

Bromide—Solutions of bromides, upon the addition of chiorine
TS, dropwise, liberate bromine, which is dissolved by shaking
with chloroform, coloring the chloroform red to reddish brown.
Silver nitrate TS produces in solutions of bromides a yellowish
white precipitate, which is insolublc in nitric acid and s slightly
soluble in 6 N ammonium hydroxide, :

Calciwm—Solutions of calcium salts form insoluble oxalates
when treated as follows: To a solution of the calcium salt (1 in
20) add 2 drops of methyl red TS, and neutralize with 6 &
ammonium hydroxide. Add 3 iV hydrochldric acid, dropwise,
until the solution is acid to the indicater Upon the addition of
ammonium oxalate TS, a white precipitate is formed. This pre-
cipitate is insolublc in 6 IV acetic acid but dissolves in hydro-
chloric acid. Calcium salts moistened with hydrochloric acid
impart a transient yellowish red color to a nonluminous flame.

. Carbonate— Carbonates and bicarbonates effervesce with acids,
evolving a colorless gas, which when passed into calcium hy-
droxide TS produces a white procvipi!ate immediately. A cold
solation of e soluble carbonate is colored red by phenolphthalein
T8, while a similar solution of a bicarbonate remains unchanged
or 1s only slightly colored.

Chiorate—Solutions of chlorates yield no precipitate with silver
nitrate TS. The addition of sulfurous acid to this mixture pro-
duces a white precipitate which is insoluble in nitric acid, but is
soluble in 6 N ammonium h ide. Upon ignition, chlorates
yield chlorides, recognizable by appropriate tests. When sulfuric
acid is-added to a dry chlorate, decrepitation occurs and a green-
ish yeliow gas is evolved. [Caution—Use only a small amount
j!f chlorate for this rest and exercise extreme caution in per-

orming it.]

Chioride—Solutions of chlorides yield with silver nitrate TS 2
white, curdy precipitate, which is insoluble in nitric acid, but is
solubls in a slight cxcess of 6 N ammonium hydroxide. When
testing alkaloidal hydrochlorides, add 6 N ammonium hydroxide,
filter, acidify the filtrate with nitric acid, and proceed as directed
above, Dry chlorides, when mixed with an equal weight of man-
panese dioxide, moistened with sulfuric acid, and gently heated,
evolve chlorine which is recognizable by the production of 2 blue
color with moistened starch 1odide paper.

Citrate—To 15 mL of pyridinc add a few mg of a citrate salt,
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dissolved or suspended in 1 mL of water, and shake. To this
mixture add 5 mL of acetic anhydride, and shake: a light red
color is produced.

Cobali—Solutions of cobalt salts (1 in 20) in 3 V hydrochloric
acid yield a red precipitate when heated on a steam bath with
an equal volume of a hot, freshly prepared solution of 1-nitroso-
2-naphthol (1 in 10) in 9 NV acetic acid. Solutions of cobalt salts,
when saturated with potassium chloride and treated with potas-
sium nitrite and acetic acid, vield a yellow precipitate.

Copper—Solutions of cupric compounds, acidified with hydro-
chleric acid, deposit a red film of metallic copper upon a bright,
untarnished surface of metallic iron. Anexcess of 6 N ammomum
hydroxide, added to a solution of a cupric salt, produces first a
bluish precipitate and then a deep blue-colored solution. With
potassium ferrocyanide TS, solutions of cupric salts yicld a red-
dish brown precipitate, insoluble in diluted acids.

Hypophosphite—When strongly heated, hypophosphites evolve

spontaneously flammable phosphine. Hypophoscﬂhitu in solution
yield a white precipitate with mercuric chloride TS. This pre-
cipitate becomes gray when an excess of hypophmlphite is present.
Solutions of hypophos?hitea. acidified with sulfuric acid, and
warmed with cupric sulfate TS yield a red precipitate.
' lodide—Solutions of iodides, upon the addition of chlorine TS,
dropwise, liberate iodine, which colors the solution yellow to red.
When the solution is shaken with chloroform, the latter is colored
violet, The iodine thus liberated gives a blue color with starch
TS. Silver nitrate TS produces in solutions of iodides a2 yellow,
curdy preci{itate, which is insoluble in nitric acid and in 6 N
ammonium hydroxide.

Iron—Ferrous and ferric oom‘pw.nds in solution yield a black
precipitate with ammonium sulfide TS. This precipitate is dis-
solved by cold 3 N hydrochloric acid with the evolution of hy-
drogen sulfide.

FERRIC SALTS—Acid solutions of ferﬁc.saltwieid a dark blue
precipitate with potassium ferrocyanide TS. With an excess of
1 NV sodium &ydggxide. a reddish brown precipitate is formed.
Solutions of ferric salts produce with ammonium thiocyanaie TS
a deep red color which 15 not destroyed by dilute mineral acids,

FERROUS SALTS—Solutions of ferrous salts yield a dark blue
precipitate with potassium ferricyanide TS. This precipitate is
insoluble in 3 NV hydrochloric acid, but is decom by I N
sodium h ide. Solutions of ferrous salts yield with 1 &V so-
dium hydroxide a greenish white pmciﬁitate, the color rapidly
changing to green and then to brown when shaken.

Lactate—When solutions of lactates are acidified with sulfuric

acid, jum nganate TS is added, and the mixture is
hc:lteu,l noctald&yde, recognizable by its distinctive odor, is
evolved.

Lead—Solutions of lead salts yicld with 2 N sulfuric acid a
white precipitate which is insoluble in 3 V hydrochloric or 2 N
nitric acid, but is soluble in warm 1 N sodium hydroxide and in
ammonium acetate TS, With potassium chromate TS, solutions
of lead salts, frec or nearly free from mineral acids, gield a
precipitate which is insoluble in 6 N acetic acid, but is soluble
in 1 N sodium hydroxide.

Lithium—Modeiately concentrated solutions of lithium salts,
made alkaline with sodium hydroxide, yicld with sodiam carbon-
ate TS a white precipitate on boiling. The precipitate is soluble
in ammonium chioride TS. Lithium salts meistened with hydro-
chloric acid impart an intense crimson color to a noniuminous
flame. Solutions of lithium salts are not precipitated by 2 N
sulfuric acid or soluble sulfates (distinction from strontium),

Magmnesium—Solutions of magnesium salts in the presence of
ammonium chloride yield no precipitate when neutralized with
ammonium carbonate TS, but on the subsequent addition of di-
basic sodium phosphate TS, a white, crystalline pregi‘pitate, which
iz insoluble in § N ammonium hydroxide, ie formed.

Manganese—Solutions of nous salts yield with ammo-
ninm sul(i&ie TS a salmon-colored precipitate, which dissolves in
acetic acid.

M —Solutions of salts, free from an excess of
nitric acid, when applied to bright copper foil, yield a deposit,
which, upon rubbing, becomes bright and silvery in appearance.
With hytlia.mgcn 1de, solutions of mercury compounds yield a
black precipitate, which is insoluble in ammonium sulfide TS and
in boiling 2 NV nitric acid.

Chemical Tests / Identification Tests—General

(191) 1519

MERCURIC SALTS—Solutions of mercuric salts yield a yellow
precipitate with 1 N sodium hydroxide. They yield also, in neutral
solutions with potassium iodide TS, a scariet precipitate, which
is very soluble in an excess of the reagent.

MERCUROUS SALTS—Mercurous oomﬂounds are decomposcd
by | N sodium hydroxide, producing a black color, Selutions of
mercurous salts yicld with hydrochloric acid a white precipitate
which is blackened by 6 N ammonium hydroxide. \gruh potas-
sium iodide TS, a yellow precipitate, which may become green
upon standing, is formed.

Nitrate—When a solution of a nitrate is mixed with an equal
volume of sulfuric acid, the mixture is ccoled, and a solution of
ferrous sulfate is superimposed, 2 brown color is produced at the
junction of the two liquids. When a nitrate is heated with sulfuric
acid and metallic copper, brownish red fumes are evolved, Ni-
trates do not decolorize acidified potassium permanganate TS
(distinction from nitrites).

_ Nitrite—When treated with dilutc mineral acids or with 6 N
acetic acid, nitrites evolve brownish red fumes. The solution colors
starch-iodide paper blue.

Oxalate—Neutral and alkaline solutions of oxalates yield a
white precipitate with calcium chloride TS. This precipitate is
insoluble in 6 IV acetic acid, but is dissolved by hydrochloric acid.
Hot acidified solutions of oxalates decolorize potassium perman-
ganate TS.

Permanganate—Solutions of permanganates acidified with sul-
furic acid are decolorized by hydrogen peroxide TS and by so-
dium bisulfite TS, in the cold, and by oxalic acid TS, in hot
solution.

Perexide—Solutions of peroxides slightly acidified with sul-
furic acid yicld a deep blue color upon the addition of potassium
dichromate TS, On shaking the mixture with an ¢qual volume
of ether and allowing the liquids to separate, the blue color is
found in the ether layer. _

Phos, Neutral solutions of orthophosphates yield with
silver mitrate TS a yellow precipitate, which ﬁmsolub]c in2 N
nitrie acid and in 6 NV ammonium hydroxide. With ammonium
molybdate TS, a vellow precipitate, which is soluble in 6 V am-
monium hydroxide, is formed. Pyrophosphates obtained by ig-
nition yield with silver nitrate a white precipitate, which 1s
soluble in 2 N nitric acid and in 6 N ammonium hydroxide. With
ammonium molybdate TS, a yellow precipitate, which is soluble
in 6 N ammonium hydroxide, is formed.

Potassium—Potassium compounds impart a violet coler to a
nonluminous flame, but the presence of small quantities of sodium
masks the color unless the yellow color produced by sodium is
screened out by viewing through cobalt glass. In neutral, con-
centrated or moderately concentrated solutions of potassium salts
(depending upon the solubility and the potassium content), so-
dium bitartrate TS produces a white crystalline precipitate, which
is soluble in 6 NV ammonium hydrozide and in solutions of alkali

ydroxides and carbonates. The formation of the precipitate,
which is usually slow, is accelerated by stirring or rubbing the
inside of the test tube with a glass rod. The addition of a small
amount of glacial acetic acid or aleohol aiso promotes the pre-
cipitation.

Salicylate—In moderately dilute solutions of salicylates, ferric
chloride TS produces a violet color, The addition of acids to
moderately concentrated solutions of salicylates produces a white,
crystalline precipitate of salicylic acid, which melts between 158°
and 161°, ’

 Silver—Solutions of silver salts yicld with hydrochloric acid a
white, curdy precipitate, which is insoluble in nitric acid, but is
readily soluble in 6 N ammonium hydroxide. A solution of 2
silver salt to which 6 /V ammonium hydroxide and a small quan-
tity of formaldehyde TS are added deposits, upon warming, a
mirror of metallic silver upon the sides of the container.

Sodium—Solutions of sodium compounds after conversion to
chloride or nitrate yield, with five times their volume of cobalt—
uvranyl acetate TS, 2 golden yellow precipitate, which forms after
agitation for several minutes. Sodium compounds impart an in-
tensc yellow color to a nonluminous flame.

Sulfate—Solutions of sulfates yield with barium chioride TS
a white precipitate, which s insoluble in hydrochloric acid and
in nitric acid. With lead acetate TS, sulfates yield a white pre-
cipitate, which is soluble in ammonium acetate solution. Hydro-
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chloric acid produces no precipitate when added to solutions of
sulfates (distinction from thiosulfates).

Sulfite —When treated with 3 ¥ hydrochloric acid, sulfites and
bisulfites yield sulfur dioxide, recognizable by its characteristic,
pungent odor. This gas blackens filter paper moistened with mer-
curous nitrate TS.

Tartrate—Dissolve a few mg of a tartrate salt in 2 of
sodium periodate solution (1 in 20). Add a drop of 1 N sulfuric
acid, and after 5 minutes add a few of sulfurous acid fol-
lowed by a few drops of fuchsin—sulfurous acid TS: a reddish
pink color is produced within 15 minutes.

Thiocyanate—Solutions of thiocyanates yield with ferric chlo-
ride TS a red color, which is not destroyed by moderately con-
centrated mineral acids. ~

Thiosulfate—Solutions of thiosulfates yield with hydrochloric
acid a white precipitate which soon turns yellow, and sulfur diox-
ide, recognizable by its odor, is liberated. The addition of ferric
chloride TS to solutions of thiosulfates produces a dark violet
color which quickly disappears. ’

Zinc—In the presence of sodium acetate, solutions of zinc salts
yield a white precipitate with hydrogen sulfide. This precipitate
15 insoluble in acetic acid, but is dissolved by 3 NV hydrochieric
acid. Ammonium sulfide TS produces a similar precipitate in
fieutral and in alkaline solutions. Zinc salts in solution yield with
potassium ferrocyanide TS 4 white precipitate, which is insoluble
i 3 N hydrochloric acid.

(193) IDENTIFICATION—
TETRACYCLINES®

The following chromatographic procedures are provided to con-
firm the identity of Pharmacopeial drug substances that are of
the tetracycline type, such as doxyeycline, oxytetracycline, and
tetracycline, and to confirm the identity of such compounds in
their respeciive Fharmacopeiai dosage forms. Two procedures
are provided, one based on paper chromatography (Method I}
and the other on thin-layer chromatography (Method II). Method
Iis t}c; be used unless otherwise directed in the individual mono-
grapl.

Standard Solutionr—Unless otherwise directed in the individual
monograph, dissolve the USP Reference Standard for the drug
substance being identified in the same solvent and at the same
concentration as for the Test solution.

Test Solution—Prepare as directed in the individual mono-

graph. | ;

Method I

pH 1.5 Buffer—Dissolve 13.4 g of anhydrous citri¢ acid and
16.3 g of dibasic sodium phosphate in 1000 mL of water, and
i ; : :

Developing Solvent—On the day of use, mix 10 volumes of
chloroform, 20 volumes of nitromethane, and 3 volumes of pyr-
idine.

Mixed Test Solution—Mix equal volumes of the Standard so-
lution and the Test solution. .

Chromatographic Sheet—Draw as?ottinglincz.s cm from one
edge of 4 2 X 20-cm sheet of filter paper (Whatman No.
1, or equivalent). Impregnate the sheet with pH 3.5 Buffer by
passing it through a trough filled with pH 3.5 Buffer, and remove
the excess solvent by firmly pressing the sheet between non-flu-
orescent blotting papers.

Procedure—To 2 suitable chromatographic chamber, f red
for ascending chromatography (see Chromatography {6 Ir?{agdd
Developing Solvent to a depth of 0.6 cm. On the spotting line
of the Chromat, :‘phic Sheet ap[}!y at 1.5-cm intervals 2 uL
each of the Stanjgr Solution, the Test Solution, and the Mixed
Test Solution. Allow the sheet to dry partially, and while still
damp place it in the _chromamgraﬁgic chamber with the bottom
edge touching the Developing Soivens. When the solvent front
has risen about 10 ¢m, remove the sheet from the chamber, and
expose the sheet to ammonia vapor, Examine the chromatogram
under long-wavelength ultraviolet light. Record the positions of
the major yellow fluorescent spots. the R, value of the principal
spot obtained from the Test Solution and from the Mixed Tesi

USF XXxir

}S’Dlu!ion cerresponds to that obtained from the Standard So-
ution.

Method 1L

Resolution Solution—Prepare as directed in the individual
monograph,

Developing Solvent—Prepare a mixture of 0.5 M oxalic acid,
previously adjusted with ammonium hydroxide to a pH of 2.0,
acetenitrile, and methanol (80:20: 20).

Chromatographic Plate—Use a suitable thin-layer chromato-
graphic plate (see Thin-layer Chromatography under Chroma-
tography {621}), coated with a 0.25-mm layer of octylsilanized
chromatographic silica gel mixture. Activate the plate by heating
it at 130° for 20 minutes, allow to cool, and use while still warm.

Procedure—On the Chromatographic plate separately apply
1 4L each of the Standard Solution, the Test Solution, arn:!p the
Resolution Seiution. Allow the spots to dry, and develop the
chromatogram in the Developing Solvent until the solvent front
has moved about three-fourths of the length of the plate. Remove
the plate from the developing chamber, mark the solvent front,
and allow to air-dry. Expose the plate o ammonia vapors, for 5
minutes, and promptly locate the spots on the platc bpy viewing
under long-wavelength ultraviolet light: the chromatogram of the
Resolution Solution shows clearly separated spots, and the prin-
cipal spot obtained from the Test Solution corresponds in R,
value, intensity, and appearance to that obtained from the Starn-

dard Solution.

(201) THIN-LAYER
CHROMATOGRAPHIC
IDENTIFICATION TEST

The following procedure is applicable as an aid in verifyi
the identities of many compendial drug subsiances as such an
in their respective dosage forms.

re a test solution as directed in the individual monograph.
On a line parallel to and about 2 cm from the edge of a suitable
thin-layer chromatographic plate, coated with a 0.25-mm layer
of chromatographic silica gel with a suitable fluorescing sub-
stance (sce mmmmhy (621)), apply 10 uL of this solution
and 10 uL of a Stans solution prepared from the USP Ref-
erence Standard for the drug substance being identified, in the
same solvent and at the same concentration as the test solution,
unless otherwise directed in the individual monograph. Allow the
spots to dry, and develop the chromatogram in a solvent system
consisting of a mixture of chloroform, methanol, and water
(180:15:1), unless otherwise directed in the individual mono-
graph, until the solvent front has moved about three-fourths of
the length of the plate. Remove the plate from the developing
chamber, mark the solvent front, and allow the solvent to evap-
orate. Unless otherwise directed in the individual monograph,
locate the spots on the plate by examination under short-wave-
length ultraviolet light. The R, value of the I{Jl‘in::ipal spot ob-
tained from the test solution corresponds to that obtained from
the Standard solution.

LIMIT TESTS

(211) ARSENIC

This procedure is designed to determine the presence of trace
amounts of arsenic (As) b{ converting the arsenic in a substance
under test to arsine, which is then passed through a solution of
silver diethyldithiocarbamate to form a red complex. The red
color so produced is compared, either viskally or spectrophote-
metrically, to the color produced similarly in a control containing
an amount of arsenic equivalent to the limit given in the individual
monograph. Limits are stated in terms of arsenic (As). The
content of arsenic does not exceed the limit given in the individual
monograph. .

Two methods are pravided, the methods differing only in the

liminary treatment of the test substance and the standard.
ly, Method I is used for inorganic materials, while Method
11 18 used for organic materials. : )
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Apparatus—The apparatus (see illustration)* consists of an ar-
sine generator (a) fitted with a scrubber unit (? and an absorber
tube (e} with standard-taper or ground glass ball-and-socket joints
(b and d} bg;gepn tltll:e unitsérp}l-:o\;c\:r, any gtihe‘ri;ucitabgd ap-
paratus, embodying the principle of the assembly ribed and
lustrated, may be used.

Arsenic Test Apparatus

Arsenic Trioxide Stock Solution—Dissolve 132.0 mg of arsenic
trioxide, previously dried at 105° for | hour and accurately
weighed, in 5 mL of sodium hydroxide selution (1 in 5} ina 1000-
mL volumetric flask. Neutralize the solution with 2 /¥ sulfuric
acid, add 10 mI. more of 2 A sulfuric acid, then add recently
boiied and cooled water to volume, and mix.

Standard Arsemic Solution—Transfer 10.0 mL of Arsenic
Trioxide Stock Selution to a 1000-mL volumetric flask, add 10
mL of 2 N sulfuric acid, then add recently boiled and cooled
water to volume, and mix. Each mL of Standard Arsenic So-
lution contains the equivalent of 1 ug of arsenic (As). Keep this
solution in an all-glass container, and use within 3 days.

Method I

Standard Preparation—Pipet 3.0 mL of Standard Arsenic So-
Jution into a generator flask, and dilute with water to 35 mL.

Test Preparation—Unless otkerwise directed in the individual
monograph, transfer to the generator flask the quantity, in g, of
the test substance calculated by the formula: )

3.0/L,

in which L is the arsenic limit in ppm, dissolve in water, and
dilute with water to 35 mL.

Procedure—Treat the Standard Preparation and the Test
P;famfon similarly as follows: Add 20 mL of 7 N sulfuric
acid, 2 mL of sium iodide TS, 0.5 mL of stronger acid
stannous chloride TS, and 1 mL of isopropy! alcohol, and mix.
Allow to stand at room temperature for 30 minutes. Pack the
scrubber tube (c) with two pledgets of cotton that have been
soaked in saturated lead acetate solution, freed from excess so-
lution by expression, and dried in vacuum at room temperature,
leaving a 2-mm space between the two pledgets. Lubricate the
jointg (b and 4) with a suitable stopcock grease designed for use
with organic solvents, and connect thic scrubber unit to the ab-
sorber tube (¢). Transfer 3.0 mL of silver diethyldithiocarbamate
TS 1o the absorber tube. Add 3.0 g of granular zinc (No. 20
mesh) 1o the mixture in the flask, immﬂdg'rmtely connect the as-
sembled scrubber unit, place the generator flask (a) in a water
bath maintained at a tcmperature of 25 + 3° and allow the
evolution of hydrogen and the color development to proceed for
45 minutes, swirling the flask gently at 10-minute intervals, Dis-

* A suitable apparatus is obtainable from Fisher Scientific Co,,
711 Forbes Ave., Pittsburgh, PA 15219,

Chemical Tests | Arsenic (211) 1521

connect the absorber tube from the generator and scrubber units,
and transfer the absorbing solution to a 1-cm absozption cell,
Any red color prodiced by the Test Preparation does not exceed
that i)roduced by the Standard Preparation. If necessary or de-
sirable, determine the absorbance at the wavelength of maximum
absorbance between 535 nm and 540 am, with a suitable spec-
trophotometer or colorimeter, using silver diethyldithiocarbamate
TS as the blank.

Method 11

NOTES—

(1) Caution—Some substances may react with explosive
violence when digested with hydrogen peroxide. Exercise safety
precautions at all times,

(2) If hal en-uontaimttg:ompaunds are present, use a lower

temperature while heating test specimen with sulfuric acid,
avoid boiling the mixture, and add the hydrogen ide with
caution, before charring begins, to prevent loss of trivalent ar-
senic. '
(3) If the test substance reacts too rapidly and begins char-
ring with' S mL of sulfuric acid before heating, use instead 10
mL of cooled dilute sulfuric acid (1 in 2), and add a few drops
of the hydrogen peroxide before heating.

Standard Preparation—Pipet 3.0 mL of Standard Arsenic So-
lution into a generator flask, add 2 mL of sulfuric acid, mix, and

add the amount of 30 percent hydrogen peroxide used in
preparing the Test Preparation. Heal the mixture to strong fum-
ing, cool, add cauticusly 10 mL of water, and again heat to strong
fumes. Repeat this procedure with another 10 mL of water to
remove any traces of hydrogen peroxide. Cool, and dilute with
water to 35 mL.

Test Preparation—Unless otherwise directed in the individual
monograph, transfer to e generator [task the guantity, in g, of
the test substance calculated by the formula:

3.0/L,

in whick L is the arsenic limit in ppm. Add § mL of sulfuric
acid and a few glass beads, and digest in a fume hood, ﬁr;fcmbllﬁ

on a hot plate and at a temperature not exceeding S, un
charring begins, (Additional sulfuric acid may be necessary to
wet some specimens completely, but the total volume added should

not exceed 10 mL.) Cautiously add, dropwise, 30 percent hy-
drogen peroxide, allowing the reaction to subside and again heat-
in? between drops. Add the first few drops very xlowg“with
sufficient mixing, in order 1o prevent a rapid reaction, Discon-
tinue heating if foaming becomes excessive. When the reaction
has abated, heat cautiously, rotating the flask occasionally to
prevent the specimen from caking on glass to the heating
unit. Maintainoxidizing conditions ar all times during the diges-
tion by adding smalf quantities of the hydrogen peroxide solution
whenever the mixture turns brown or darkens. Continue the
digestion until the organic matter is destroyed, gradually raising
the temperature of the hot plate until fumes of trioxide
are copiously evolved, and the solution becomes colorless or re-
tains only a light straw color. Cool, add cautiously 10 mL of
water, mix, and again evaporate to strong fuming, repeating this
procedure to remove any trace of hydrogen de. Cool, add
cautiously 10 mL of water, wash the sides of the flask with a few
mL of water, and dilute wjth water to 35 mL.

Procedure—Proceed as directed for Procedure under Method

Interfering Chiemicals—Metals or salts of metals such ay ¢coro-
mium, cobalt, copper, mercury, molybdenum, nickel, patladium,
and silver may interfere with the evolution of arsine. Artimony,
which forms stibine, produces a positive interference in the color
development with silver diethyldithiocarbamate TS; when the
presence of antimeny is suspected, the red colors Ernduwl in the
two silver diethyldithiocarbamate solutions may be compared at
the wavelength of maximum absorbance between 535 nm and
540 nm, with a suitable colorimeter, since at this wavelength the
interference due to stibine is negligible.
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(216) CALCIUM, POTASSIUM,
AND SODIUM

The flame photometer characteristically is equipped with a
photomultiplier phototube detector for determination of calcium
or sodium, a red-sensitive phototube detector for the determi-
nation of potassium, a monochromator, an adjustable exit slit,
sensitivity controls, and an oxyacetylene burner. An oxyhydrogen
burner is necessary for the determination of potassium in the
presence of large amounts of calcium.

Standard Calcium Ion Solution—Transfer 249.7 mg of cal-
ciym carhonate, previously dried at 300° for 3 hours and cooled
in a desiccator for 2 hours, to 2 100-mL volumetric flask, dissolve
in a mixture of 20 mL of water and 5 mL of 3 & hydrochloric
acid, dilute with water to volume, and mix. Each mL contains
1.00 mg of calcium ion (Ca).

Standard Potassium Ion Solution—Transfer 190.7 mg of
tassium chloride, previously dried at 105° for 2 hours, o a 1
mL volumetric flask, dissolve in water, dilute with water to vol-
ume, and mix, Each mL contains 1.00 mg of potassium ion (K).

Standard Sodium Ton Solution—Transfer 254.2 mg of sodium
chloride, previously dried at 105° for 2 hours, to a 100-mL vol-
umetric flask, dissolve in water, dilute with water to volume, and
mix. Each mL contains 1.00 mg of sodium ion (Na).

Standard Preparation—Transfer 2 50-mL aliquot of the Test
Preparation to a 100-mL volumetric flask, add the volume(s) of
Standard Ion Solution(s) specified in the individual monograph,
- dilute with water to volume, and mix. Quantitatively dilute ali-
quots of this solution with water as necessary to bring the con-
centration of the ion to be determined into the proper range for
the flame photometer used. : _

Test Preparation—Unless otherwise directed in the individual

monograph, transfer 2,000 g of test specimen to a 100-mL vol-
umetric flask, chill in an ice bath, adci 5 mL of nitric acid, swirl
1o dissolve, and allow io Waiiii t0 room temperature. Heai geutly,
if necessary, to obtain a clear or just slightly turbid mixture. Cool
to room temperature, if necessary, dilute with water to volume,
fmd mix. Fiﬁcer or centrifuge if necessary, to obtain a clear so-
ution.

Adjust the flame photometer to give a rea.g.l."'\} a3 near as pos-
sible to 100 percent transmittance with the Standard Preparation
at the wavelength setting giving maximum emission correspond-
ing to the designated characteristic wavelength as shown in the
accompanying table. Use an exit slit width corresponding as nearly
as possible to the designated bandwidth. Record the transmit-
tance reading, labeling it as S.

Dilute aliquots of the Test Preparation with water as necessary
to prepare a solution in which the concentration is similar to that
in the Standard Preparation. Without changing any of the ad-
justments of the flame photometer, determine the emission of the
solution as ent transmittance, and record the reading, labeling
it s T, Readjust only the monochromator to the designated
wavelentith for background determination. Determine the emis-
sion of the solution at this wavelength as percent transmittance,
and record the reading, labeling it as B.

The requirements of the test are met if the value of T minus
B is less than or equal to the value of § minus 7.

Wavelength (nm)

Ton Characteristic =~ Background Bandwidth (am)
Calcium 422.7 430 0.8
Potassium 766.5 750 12
Sodinm 389 580 0.8

{221) CHLORIDE AND
SULFATE

The following limit tests are provided as general procedures
for use where limits for chloride and sulfate are specified in the
individual monographs.

Perform the tests and the controls in glass cylinders of the
same diameter and matched as closely as practicable in other

UsP XXir

respects (see Visual Comparison {851 )?. Use the same quantities
of the same reagents for both the solution under test and the
control solution containing the specified volume of chloride or
sulfate. If, after acidification, the solution is not perfectly clear,
filter it throngh a filter paper that gives negative tests for chloride
and sulfate. Add the precipitant, silver nitrate TS or barium
chloride TS as required, tc both the test solution and the control
solution in immediate sequence.,

Where the individual monograph calls for applying the test to
a specific volume of a solution of the substance, and the limit
for chloride or sulfate corresponds to 0.20 mL or less of 0.020
N hydrochloric acid or sulfuric acid, respectively, apply the test
to the solution without further dilution. In such cases maintain
the same volume relationships for the control solution as specified
for the solution under test. Im applying the test to the salts of
heavy metals, which normally show an acid reaction, omit the
acidification and do not neutralize the solution, Dissolve bismuth
salts ina few mL of water and 2 mL of nitric acid before treating
with the precipitant.

Chloride—Dissolve the specified quantity of the substance un-
der test in 30 to 40 mL of water, or, where the substance is
already in solution, add water to make a total volume of 30 ta
40 mL, and, if necessary, neutralize the solution with nitric acid
to litmus. Add 1 mL each of nitric acid and of silver nitrate TS,
and sufficient water to make 50 mL. Mix, allow to stand for 5
minutes protected from direct sunlight, and compare the turbid-
ity, if any, with that produced in a solution containing the volume

0,020 N hydrochloric acid specified in the monograph.

Sulfate—Dissolve the specificd quantity of the substance under
test in 30 to 40 mL of water, or, where the substance is already
in solution, add water to make a total volume of 30 to 40 mL,
and, if necessary, neutralize the solution with hydrochloric acid
to litmus. Add 1 mL of 3 ¥V hydrochloric acid, 3 mL of barium
chloride TS, and sufficient water to make 50 mL. Mix, allow to
stand for 10 minutes, and com the turbidity, if any, with that
produced in 2 solution containing the volume of 0.020 N sulfuric
acid specified in the monograph.

(224) DIOXANE

The following limit test is provided as a general procedure,
where specified in the individual monograph, for the gas chro-
matographic determination of traces of 1,4-dioxane that may be
separated from compendial articles.

Apparatus—Assemble a closed-system vacuum distillation ap-
paratus, employing glass vacuum stopcocks (4, B, and (), as
shown in the accompanying diagram. The concentrator tube (£2)*
is made of borasilicate or quartz (not flint) glass, graduated pre-
cisely enough to measure the 0.9 mL or more of distillate collected
and marked so that the analyst can dilute accurately to 2.0 mL,

Standard preparation—Prepare a solution of dioxane in water
having a known concentration of 100 ug per mL. Use a freshly
prepared solution.

TO McLEOD
GAUGE

VENT P
T0

PUMP

¥24/40 F10/30

£ o
VACUUM
TRAP

Closed-system Vacuum Distillation
Apparatus for Dioxane

* A suitable tube is available as Chromaflex concentrator tube,
Kontes Glass Co., Vineland, NJ (Catalog No. K42560-0000).
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Test preparation—Unless otherwise specified in the individual
monograph, transfer 20 g of the substance to be tested, accuratel
weighed, to a 50-mL round-bottom flask {¥) having a 24{48
ground-glass neck joint. Liquefy semisolid or waxy test specimens
by heating on a steam bath before making the transfer. Add 2.0
mL of water to the flask for crystalline specimens, and 1.0 mL
for liquid, semisolid, or waxy specimens. Place a small polytel-
covered stirring bar in the flask, insert the stopper, and stir to
mix. Immerse the flask in an ice bath, and chill for about 1
minute.

Wrap heating tape around the tube connecting the concentrator
tube (D) and the round-bottom flask (E), and apply about 10
volts to the tape. Apply a light coating of high-vacuum silicone
greasc to the ground-giass joints, and connect the tube D to the
10/30 joint and the round-bottom flask £ to the 24/40 joint.
Immerse the vacuum trap in a Dewar flask filled with liquid
nitrogen, close stopcocks A4 and B, open stopcock C, and begin
evacuating the system with a2 vacuum pump. Prepare a slurry
bath {rom powdered dry ice and methanal, and raise the bath to
the neck of the round-bottom flask. After freezing the contents
of the flask for about 10 minutes, and when the vacuum system
is operating at 0.05-mm pressure or lower, open stopcock 4 for
20 seconds, then close it. Remove the slurry bath, and allow the
flask to warm in air for about 1 minute. Immerse the flask in a
water bath maintained at a temperature of 20° to 25°, and after
about 5 minutes warm the water bath to 35° to 40° (sufficient
to liguefy most specimens) while stirring slowly but constantly
with the magnetic bar. Cool the water in the bath by adding ice,
and chill for about 2 minutes. Replace the water bath with the
slurry bath, freeze the contents of the flask for about 10 minutes,
‘then op:an stopeock A for 20 seconds, and close it. Remove the
slucry bath, and repeat the heating steps as before, this time
reaching a final temperature of 45° to 50° or a temperature
necessary to melt the specimen completely. If there is any con-
densation in the tube connecting the round-bottom flask to the
concentrator tube D, slowly increase the voltage to the heating
tape, and heat until condensation disappears. !

Stir with the magnelic stirrer throughout the following steps:
Very slowly immerse the tube D in a Dewar flask containing
liquid nitrogen, [Caution—When there is liquid distillate in tube
D, immerse the tube in the liquid nitrogen very slowly or the
tube will break.]

Water will begin to distil into the concentrator tube. As ice
forms in the tube, raise the Dewar flask to keep the liquid nitrogen
level only slightly below the level of ice in the tube. When water
begins 1o freeze in the neck of the 10/30 joint, or when liquid
nitrogen reaches the 2.0-mL graduation mark on the tube D,
remove the Dewar flask; and aliow the ice to melt without heating.
After the ice has melted, check the volume of water that has
distilled, and repeat the sequence of chilling and thawing until
not less than 0.9 mL of water has been collected, Freeze the
tube once again for about 2 minutes, and rclease the vacuum
first by opening stopcock B, followed by opening stopcock A.
Remove the tube D from the apparatus, close it with a greased
stopper, and allow the ice to melt without heating, Mix the con-
tents of the tube by awirling, note the volume of distillate, and
dilute with water to 2.0 mL, if necessary. Use this Test prepa-
retion as directed under Procedure.

Procedure—Usc a gas chromatograph equipped with 2 flame-
ionization detectar. Under typical conditions, the instrument con-
taing a 2-mm X 1.8-m glass column packed with 80- to 100- or
100- to 120-mesh suppart S10. The column is maintained iso-
thermally 21 a temperature of about 140°, the injection port at
200°, and the detector at 250°. Nitrogen or helium is the carrier
gas, flowing at a rate of about 35 mL per minute. Install an
oxygen scrubber between the carrier gas line and the column.
Condition the column for about 72 hours at 230° with 30 to 40
ml per minute carrier flow. [NOTE- Support SI0 iz oxygen-
scnsitive. Flush both new and used columns with carrier pas for
30 to 60 minutes before heating each time they are instailed in
the gas chromatograph.] '

Inject a volume of the Stendard preparation, accurately mea-
sm-ei to produce about 20% of maximum reco response,
‘Where possible, keep the injection: volume in the range of 2 uL
to 4 uL, and use the solvent-flush technique to minimize errors
associated with injection volumes. In the same manner, inject an
equal volume of the Test preparation. The height of the peak
produced by the Test preparation is not greater than that pro-

Chemical Tests / Heavy Metals (231) 1523

duced by the Siandard preparation. The limit is 10 ppm, unless
otherwise specified in the individual monograph.

(226) 4-EPIANHYDROTETRA-
CYCLINE

This chromatographic procedure is provided to demonstrate
that the content of 4-epianhydrotetracycline, a degradation prod-
uct of tetracycline, does not exceed the limit given in the indi-
vidual menograph.

EDTA Buffer—Dissolve 37.2 g of disodium ethylenediamine-
tetraacetate in BOO mL of water, adjust with ammonium hy-
drexide to a pH of 7.8, dilute with water to 1000 mL, and mix.

Support Phase—Add 5 mi. of EDTA buffer to 10 g of acid-
washed chromatographic siliceous earth for column chmmatog-
raphy, and mix until the siliceous earth is uniformly moistened.

Te;.t Solution—Prepare 25 directed in the individual mono-
grap! )

Procedure—Preparca 15-mm X 170-mm chromatographic tube
with a 4-mm X 50-mm outlet by packing it. in increments, with
Support phase, firmly tamping down cach increment, until the
tube is filled to a height of about 10 cm. In a beaker, prepare
a mixture of 1 g of acid-washed chromatographic siliceous earth
for column chromatosrapl;g’ and | mL of Test solution. Transfer
the mixture to the top of the column. Dry-wash the beaker with
Support phase, and transfer to the column te provide an addi-
tional 1-cm layer on top of the mixture containing the Test so-
Jution. Within 30 minutes, pass chloroform through the column,
and collect successive fractions of 5.0 mL, 5.0 mL, 10.0 mL, 10.0
mL, and 5.0 mL. Observe the column during elution, and note
the appearance of two separate yellow bands. The fraction or
fractions containing the first geilow band contain the anhydro-
tetracyclines. Discard these fractions. The fractions after the
first ycllow band contain the 4-epianhydrotetracycline. .Deter-
mine the absorbance of each 4-epranhydrotetracycline fraction
at the wavelength of maximum absorbance at about 438 nm, with
a suitable spectrophotometer, diluting each fraction, if necessary,
with chloroform, and using chloroform as the blank. Calculate
the quantity, in mg, of 4-epianhydrotetracycline in each fraction

by the formula:
AVD/20.08, -

in which A is the absorbance, V is the volume, in mL, of the
fraction taken, D is the dilution factor, if the fraction was diluted,
and 20.08 is the absarptivity of 4-epianhydrotetracycline at 438
nm. From the sum of the quantities of 4-cpianhydrotetracycline
found in the fractions, calculate the percentage of 4-epianhydro-
tetracycline in relation to the tetracycline hydrochloride equiv-
alent contained in the Tes? solution.

(231) HEAVY METALS

This test is provided to demonstrate that the content of metallic
impurities that are colored by sulfide ion, under the specified test
conditions, does not exceed the Heavy metals limit specified in
the individual monograph in terms of the percentage (by weight)
of lead in the test substance, as determined by concomitant visual
comparison (see Visual Comparison in the section Procedure
under Spectrophotometry and Light-scattering (851)) with a
control prepared from a Sfandard Lead Solution

Determine the amount of heavy metais by Method I, unless
otherwise specified in the individual monograph. Method 1 is
uscd for substances that yield clear, colorless preparations under
the specified test conditions. Method I7 is used for substances
that do not vield clear, colorless preparations under the test con-
ditinns specified for Method I. or for substances that. by virtue
of their complex nature, interfere with the m&mﬁnn of metals
by sulfide ion, or for fixed and volatile oils. Merhod 111, a wet-
digestion method, is used only in those cases where neither Method
I nor Method I can be utilized.

" Special Reagents

Lead Nitrate Stock Solution—Dissolve 159.8 mg of lead nitrate
in 100 mL of water to which has been added 1 mL of nitric acid,
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then dilute with water to 1000 mL. Prepare and store this solution
in glass containers {ree from soluble lead salts.

Standard Lead Solution—On the day of use, dilute 10.0 mL
of Lead Nitrate Stock Solution with water to 100.0 mL. Each
mL of Standard Lead Solution contains the equivalent of 10 nf
of lead. A comparison solution red on the basis of 100 g
of Standard Lead Solution per g of substance being tested con-
tains the equivalent of 1 part of lead per million parts of substance
being tested,

Method I

Stamdard Preparation—Into a 50-mL color-co ison tube
pipet 2 mL of Standard Lead Solution (20 ug of Pb), and dilute
with water to 25 mL. Adjust with 1 [V acetic acid or 6§ N am-
monium hydroxide to. a pH between 3.0 and 4.0, using short-
range pH indicator paper as external indicator, dilute with water
to 40 mL, and mix.

Test Preparation—Into a 50-mL color-comparison tube place
25 mL of the solution prepared for the test as directed in the
individual monograph; or, using the designated volume of acid
‘where specified 1n the individual monograph, dissolve and dilute
with water to 25 mL the quantity, in g, of the substance to be
tested, as calculated by the formula:

2.0/(1000L),

in which L is the Heavy metals [imit, in percentage. Adjust with
1 N acetic acid or 6 N ammonium hydroxide to 2 pH between
3.0 and 4.0, using short-range pH indicator paper as external
indicator, dilute with water to 40 mL, and mix.

Monitor Preparation—Into a third 50-mL color-comparison tube
place 25 mL of a solution prepared as directed for Test Prepa-
ration, end add 2.0 mL of Standard Lead Solution. Adjust with
1 A acetic acid or 6 ¥ ammonium hydroxide to a pH between
3.0 and 4.0, using short-range 4SH indicator paper as cxternal
indicator, dilute with water to 40 mL, and mix.

Procedure—To each of the three tubes containing the Stan-
dard Preparation, the Test Preparation, and the Monitor Prep-
aration, respectively, add 10 mL of freshly prepared hydrogen
sulfide TS, mix, allow to siand for S minutes, and view downward
over a# white surface: the color of the solution from the Test
Preparation is not darker than that of the solution from the Stan-
dard Preparation, end the intensity of the color of the Monitor
Preparation is_cqual to or greater than that of the Standard
Preparation. [NOTE—IS the color of the Monitor Preparation
is lighter than that of the Standard Preparation, use Method IT
instead of Method I for the substance being tested.]

Method II

Standard Preparation—Prepare as directed under Method I,
Test Preparation—Use a quantity, in g, of the substance to be
tested as calculated by the formula:

2.0/(1000L),

in which L is the Heavy metals limit, in percentage. Transfer
the weighed ?u.ant[ty of the substance to a suitable crucible, add
sufficient sulfuric acid to wet the substance, and carefully ignite
at a Jow ture until thoroughly charred. (The crucible
may be loosely covered with 2 suitable lid during the charring.)
Add to the carbonized mass 2 mL of nitric acid and 5 drops of
sulfuric acid, and heat cautiously until white fumes no longer are
evolved. Ignite, preferably in a muffle furnace, at 500° to 600°,
until the carbon is completely burned off. Cool, add 4 mL of 6
N hydrochloric acid, cover, digest on a steam bath for 15 minutes,
uncover, and slowly evaporate on a steam bath to dryness.
Moisten the residue with I drop of hydrochloric acid, add 10 mL
of hot waier, and digest for 2 minutes. Add & /¥ ammonium
hydroxide dropwise, until the solution is just alkaline to litmus
paper, dilute with water to 25 mL, and adjust with 1 ¥V acetic
acid to a pH between 3.0 and 4.0, using short-range pH indicator
paper as external indicator. Filter if necessary, rinse the crucible
nd the filter with 10 mL of water, combine the filtrate and
rinsing in a 50-mL color-comparison tube, dilute with water to
40 mL, and mix.
Procedure—To each of the tubes containing the Standard
Preparation and the Test Preparation, respectively, add 10 mL

USP Xx11

of freshly prepared hydrogen sulfide TS, mix, allow to stand for
5 minutes, and view downward over a white surface: the color
of the solution from the Test Preparation is not darker than that
of the solution from the Standard Preparation.

Method III

Standard Preparation—Transfer a mixture of 8 mL of sulfuric
acid and 10 mL of nitric acid to a clean, dry, 100-mL Kjeldahl
flask, and add a further volume of nitric acid equal to the in-
cremental volume of nitric acid added to the Test Preparation.
Heat the solution to the uction of dense, white fumes, cool,
cautiously add 10 mL of water and, if hydrogen peroxide was
used in treating the Test Preparation, add a volume of 30 percent
hydrogen J:croxide equal to that uscd for the substance being
tested, and boil gently to the production of dense, white fumes.
Again cool, cautiously add § mL of water, mix, and boil gently
to the production of dense, white fumes and to a volume of 2 to
3 mL. Cool, dilute cautiously with a few mL of water, add 2.0
mL of Standard Lead Solution (20 pg of Pb), and mix. Transfer
to a 50-mL color-comparison tube, rinse the flask with water,
adding the rinsing to the tube until the volume is 25 mL, and
X,

Test Preparation—

If the substance is a solid—Transfer the quantity of the test
substance specified in the individual monograph to a clean, dry,
100-mL Kjeldahl flask [NOTE—A 300-mL flask may be used if
the reaction foams excessively], cla::‘p the flagk at an angle of
45°, and add sufficient of a mixture of 8 mL of sulfuric acid and
10 mL of nitric acid 1o moisten the substance thoroughly. Warm
gently until the feaction commences, allow the reaction to sub-
side, and add additional portions of the same acid mixture, heat-
ing after each addition, until a total of 18 mL of the acid mixture
has been added. Increase the amount of heat, and boil pfent!y
until the solution darkens. Cool, add 2 mL of nitric acid, and
again heat until the solution darkens. Continue the heating, fol-
lowed by addition of nitric acid until no further darkening occurs,
then heat strongly to the production of dense, white fumes. Cool,
cautiously add 5 mL of water, boil gently to the production of
dense, white fumes, and continue h&atilag until the volume is
reduced to a few mL. Cool, cautiously add 5 mL of water, and
examine thefcgoé“d the sah:!tjon_ If the color i;gellow. cautiously
add 1 mL o rcent hydrogen Rfunnd e, & ain evaporate
to the pmduc!:imlﬁ:f dense, white fumes and a volume of 2 to 3
mL. If the solution is still yellow in color, repeat the addition of
5 mL of water and the peroxide treatment. Cool, dilute cautiously
with 2 few mL of water, and rinse into 2 50-mL color-comparison
tube, taking care that the combined valume docs not exceed 25
mL

If the substance is a liguid—Transfer the quantity of the test
substance specified in the individual monograph to a clean, d
100-mL Kjeldahl flask [NOTE—A 300-mL. flask may be uiod 1
the reaction foams excessively], clamp the flask at an angle of
45°, and cautiously add a few mL of a mixture of 8 mL of sulfuric
acid and 10 mL of nitric acid. Warm gently until the reaction
commences, allow the reaction to subside, and as directed
under If the substance is a solid, beginning with “add gdditional
portions of the same acid mixture.”

Procedure—Treat the Test Preparation and the Standard
Preparation as follows: Adjust the solution to a pH between 3.0

4.0, using short-range pH indicator paper as external indi-
cator, with ammonium hydroxide (a dilute ammonia solution may
be used, if desired, as the specifted range is approached), dilute
with water to 40 mL, and mix.

To cach tube add 10 mL of freshly prepared hydrogen sulfide
TS, mix, allow to stand for 5 minutes, and view downward over
a white surface: the color of the Test Preparation is not darker
than that of the Standard Preparation.

(241) IRON

This limit test is provided to demonstrate that the content of
irom, in either the ferric or the ferrous form, does not exceed the
limit for iro:u:seciﬂod in the individual monograph. The deter-
mination is made by concomitant visual comparison with a control
prepared from 2 standard iron solution.
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Special Reagents—

STANDARD IRON SOLUTION—Dissolve 863.4 mg of ferric am-
monium sulfate [FeNH4(S04)5. 12H,0] in water, add 10 mL of
2 N sulfuric acid, and dilute with water to 100.,0 mL. Pipet 10
mL of this solution into a 1000-mL volumetric flask, add 10 mL
of 2 NV sulfuric acid, dilute with water to volume, and mix. This
solution contains the equivalent of 0.01 mg (10 ug) of iron per
ml..

AMMONIUM THIOCYANATE SOLUTION—Dissolve 30 g of am-
monium thiocyanate in water to make 100 mL.

Standard Preparation—Into a 50-mL color-comparison tube
pipet 1 mL of Standard Iron Solutior (10 ug of Fe), dilute with
water to 45 mL, add 2 mL of hydrochloric acid, and mix.

Test Preparation—Into 2 50-mL color comparison tube place
the solution prepared for the test as directed in the individual
monograph and if necessary dilute with water to 45 mL; or, dis-
golve in water, and dilute with water to 45 mL the quantity, in
g, of the substance to be tested, as calculated by the formula:

1.0/(1000L),

in which L is the fron limit in percentage. Add 2 mL of hydro-
chloric acid, and mix.

Procedure—-To each of the tubes containing the Standard
Preparation and the Test Preparation add 50 mg of ammonium
peroxydisulfate crystals and 3 mL of Ammonium Thiocyanate
Solution, and mix: the color of the solution from the Test Prep-
aration is not darker than that of the solution from the Standard
Preparation.

(251) LEAD

The imposition of stringent limits on the amounts of lead that
may be present in pharmaceutical products has resulted in the
use of two methods, of which the one set forth following depends
upon extraction ¢f lead by solutions of dithizone. For determi-
nation of the content of heavy metals gencrally, expressed as a
lead equivalent, see Heavy Metals (231).

Select all reagents for this test to have as low a content of lead
as practicable, and store all reagent solutions in containers of
borosilicate glass. Rinse th y all glassware with warm di-
lute nitric acid (1 in 2), followed by water. -

Special Reagents— ; ;

AMMONIA-CYANIDE SOLUTION—Dissolve 2 g of potassium
cyanide in 15 mL of ammonium hydroxide, and dilute with water
to 100 mL, :

AMMONIUM CITRATE SGLUTION—Dissolve 40 g of citric acid
in 90 mL of water. Add 2 or 3-drops of phenol red TS, then
cautiously add ammonium hydroxide until the solution acquires
a reddish color. Rcmove any lead that may be present by ex-

tracting the solution with 20-mL portions of Dithizone Extraction
Solution (sce below), until the dithizone solution retaing its or-
ange-green color.

DILUTED STANDARD LEAD SOLUTION—Dilute an accuratel
measured volume of Standard Lead Solution (see Heavy Metals
{231}) [containing 10 pg of lead per mL}, with 9 volumes of
dilute nitric acid (1 in Ig()) to obtain a solution that contains 1
ug of lead per mL.

DITHIZONE EXTRACTION SOLUTION—Dissolve 30 mg of di-
thizone in 1000 mL of chloroform, and add 5 mL of alcohol,
Store the solution in a refrigerator. )

Before use, shake a suitable volume of the dithizone extraction
solution with about half its volume of dilute nitric acid (1 in 100),
discarding the nitric acid.

HYDROXYLAMINE HYDROCHLORIDE SOLUTION—Dissolve
20 g of hydroxylamine hydrochioride in sufficient water to make
aﬁpmximatel 65 mL. Transfer to a separator, add 5 drops off
thymeol blue TS, then add ammonium hydroxide until the solution
assumes a yellow color. Add 10 mL of sodium dicthyldithiocar-
bamate solution (1 in 25), mix, and allow to stand for 5 minutes.
Extract this solution with successive 10- to 15-mL portions of
chloroform until a 5-mL portion of the chloroform extract does
not assume a yellow color when shaken with cupric sulfate TS.
Add 3 IV hydrochloric acid until the solation is pink (if necessary,
add 1 or 2 drops more of thymol blue TS), and then diluie with
water to 100 mL. :

Chemical Tests [ Lead {(251) 1525

POTASSIUM CYANIDE SOLUTION—Dissolve 50 g of potassium
cyanide in sufficient water to make 100 mL. Remove the lead
from this solution by extraction with successive portions of Di-
thizone Extraction Solution, as described under Ammonium Ci-
fraie Solution above, then extract any dithizone ining in the
cyanide solution by shaking with chloroform. Finally dilute the
cyanide solution with sufficient water so that each 100 mL con-
tains 10 g of potassium cyanide. _

STANDARD DITHIZONE SOLUTION—Dissolve 10 mg of dithi-
zone in 1000 mL of chloroform, Keep the solution in a glass-
stoppered, lead-free bottle, suitably wrapped to protect it from
tight, and store in a refrigerator.

NOTE—The following special reagents are called for in the test
for Lead under Ferrous Sulfate.

CITRATE-CYANIDE WASH SOLUTION—To 50 mL of water add
50 mL of Ammonium Citrate Solution and 4 mL of Potassium
Cyanide Solution, mix, and adjust the pH, if necessary, with
ammonium hydroxide to 9.0.

pH 2.5 BUFFER SOLUTION—To0 25.0 mL of 0.2 M potassium
biphthalate add 37.0 mL of 0.1 N hydrochloric acid, and dilute
with water to 100.0 mL. _

DITHIZONE-CARBON TETRACHLORIDE SOLUTION—Dissolve
10 mg of dithizone in 1-liter of carbon tetrachloride. Prepare
this solution on the day of use. :

H 2.5 WASH SOLUTION—To 500 mL of dilute nitric acid (1

-in 100) add 6 ¥ ammonium hydroxide until the pH of the mixture

is 2.5, then add 10 mL of pH 2.5 Buffer Solution, and mix.

AMMONIA-CYANIDE WASH SOLUTION—To 33 mL of pH 25
W:mh Solution add 4 mL of Ammonia-Cyanide Solution, and
mix. i

“Test Preparation—[NOTE—If, in the following preparation,
the substance under test reacts too rapidly and begins charring
with 5 mL of sulfuric acid before heating, use instead 10 mL of
cooled dilute sulfuric acid (1 in 2), and add a few drops of the
hydrogen peroxide before heating]. Where the monograph daocs
not gﬁwﬂ’y preparation of a solution, prepare a Test Preparation
as follows:

Caution—Exercise safety precautions in this procedure, as
some substances may react with explosive violence when digested
with hydrogen peroxide. Transfer 1.0 g of the substance under
test to a suitable flask, add 5 mL of sulfuric acid and a few glass
beads, and digest on a hot plate in a hood until charring begins.
Other suitable means of heating may be substituted. (%'ui ad-
ditional sulfuric acid, if necessary, fo wet the substance com-
pletely, but do not add more than a total of 10 mL.) Add, drop-
wise and with caution, 30 percent hydrogen peroxide, allowing
the reaction to subside and again heating between drops. Ad
the first few drops very slowly, mix carefully to prevent a rapid
reaction, and discontinue heating if foaming becomes excessive.
Swirl the solution in the flask to fﬂ:niwm unreacted substance
from caking on the walls of the . [Nore—Add peroxide
whenever the mixture turns brown or darkens)] Continue the
digestion until the substance is completely dest , copious
fumes of sulfur trioxide are evolved, and the solution is colorless.
Caool, cautiously add 10 mL of water, evaporate until sulfur tricx-
ide again is evolved, and cool. Repeat this procedure with another
10 m% of water to remove any traces of hydrogen peroxide. Cau-
tiously dilute with 10 mL of water, and cool.

Procedure—Transfer the Test Preparation, rinsing with 10 mL
of water, or the volume of the prepared sample specified in the
monograph to a separator,.and, unless otherwise directed in the
monograph, add 6 mL of Ammonium Citrate Solution and 2 mL
of Hydroxylamine Hydrochloride Solution. (For the determi-
nation of lead in iron salts use 10 mL of Ammonium Citraie
Solution.) Add 2 drops of phenol red TS, and make the solution
Just ine {redi in color) by the addition of ammonium hy-
droxide. Cool the solution if necessary, and add 2 mL of Potas-
sium Cyanide Sofution. Immediately extract the solution with
5-mL portions of Dithizone Extraction Solution, draining off
each extract into another scparator, until the dithizons solution
retains its green color. Shake the combined dithizone solutions
for 30 seconds with 20 mL of dilute nitric acid (1 in 100), and
discard the chloroform layer. Add to the acid solution 5.0 mL
of Standard Dithizone Solution and 4 mL of Ammonia-Cyanide
Solution, and shake for 30 seconds: the color of the chloroform

FRESENIUS EXHIBIT 1068
Page 60 of 158



1526  (261) Mercury / Chemical Tests

layer is of no deeper shade of violet than that of a control made
with a volume of Diluted Standard Lead Solution equivalent to
the amount of lead permitted in the sample under examination,
and the same quantities of the same reagents and in the same
manner as in the test with the sample.

{(261) MERCURY

Method 1

[NoTE~-Mercuric dithizonate is light-sensitive. Perform this
test in subdued light.]

Reagents— )

Dithizone Stock Solution—Dissolve 40 mg of dithizone in 1000
mlL. of chloroform.

Dithizone Titrant—Dilute 30.0 ml of Dithizone Stock So-
fution with chloroform to 100.0 mL. This sofution contains ap-
proximately 12 mg of dithizone per liter.

Mercury Stock Solution—Transfer 135.4 mg of mercuric chlo-
ride to a 100-mL volumetric flask, and dilute with 1 N sulfuric
acid to volume. This solution contains the equivalent of 100 mg
of Hg in 100 mL.

Mereury Solution for Standardizing Dithizone Titrant—
Transfer 2.0 mL of Mercury Stock Solution to a 100-mL volu-
metric flask, and dilute with 1 NV sulfuric acid to volume. Each
mL of this solution contains the equivalent of 20 ug of Hg.

The following solutions are called for in the limit test for mer-
cury that is specificd in the monographs on Ferrous Fumarate,
Ferrous Sulfate, and Dried Ferrous Sulfate.

HYDROXYLAMINE HYDROCHLORIDE SOLUTION—Prepare as
directed in the test for Lead {251).

STANDARD MERCURY SOLUTION—On the day of use, quan-
titatively dilute 1.0 mL of Mercury Stock Solution with 1 N
sulfuric acid to 1000 mL. Bach mL of the resulting solution
contains the equivalent of 1 ug of mercury.

DITHIZONE EXTRACTION SOLUTIQN—Prepare as directed in
the test for Lead {251). _ _

. DILUTED DITHIZONE EXTRACTION SOLUTION—Just prior to
use, difute 5 mL of Dithizone Extraction Solution with 25 mL
of chloroform.

Standardization of Dithizone Titrant—Transfer 1.0 mL of
Mercury So!u:ior:lfok Standardizing Dithizone Titrant to a 250-
mL separator, and add 100 mL of 1 N sulfuric acid, 90 mL of
water, 1 mL of glacial acetic acid, and 10 mL of hydroxylamine
hydrachloride solution (1 in 5). Titrate the solution with Dithi-
zone Titrant from 2 10-mL microburet, shaking the mixture 20
times after each addition and allowing the chloroform layer to
scparate, then discarding the chloroform layer. Centinue until a
final addition of Dithizone Titrent is green 1n color after shaking.
Calculate the quantity, in ug, of Hg equivalent to each mL of
Dithizone Titrant by the formula:

200V,

in ‘which ¥ is the volume, in mL, of Dithizone Titrant added.

Test Preparation—Transfer about 2 g of the substance under
test, accurately 'Fhed, to a glssa-s;rﬁpercd, 250-mL conical
flask, add 20 mL of a mixture of equal volumes of nitric acid
and sulfuric acid, attach a suitable condenser, reflux the mixture
for 1 hour, cool, cautionsly dilute with water, and beil until fumes
of nitrous acid no Jonger are noticeable. Cool the solution, cau-
tiously dilute with water, transfer to a 200-mL volumetric flask,
dilute with water to volume. mix, and filter. .

Procedure—Transfer 50.0 mL of Test Preparation to a 250-
mL separztor, and extract with successive small portions of chlo-
roform until the last chloroform extract remains colorless. Dis-
card the chloroform cxtract, and add to the extracted Test Prep-
aration 50 mL of 1 N sulfuric acid, 90 mL of water, I mL of
glacial acetic acid, and 10'mL of hydroxylamine hydrochloride
solution (1 in 5). Proceed as directed under Standardization o
Dithizone Titranmt, beginning with “Titrate the solution.” Cal-
culate the amount of mercury.

USP XXIT

Method Ila and Methed IIb

Mercury Detection Instrument—Use any suitable atomic ab-
sorption spectrophotometer cqnip{ed with a fast-responsc re-
corder and capable of measuring the radiation absorbed by mer-
cury vapors at the mercury resonance line of 253.6 nm. [NOTE—
Wash all glassware associated with the test with nifric acid, and
rinse thoroughly with water before use.]

Aeration Apparatus—The apparatus (see accompanying dia-
gram) consists of a flowmeter capable of measuring flow rates
from 500 to 1000 mL minute, connected via a three-way
stopcock fitted with a Ipo ytef plug to an aeration vessel (250-mL
gas washing battle), followed by a trap, a drying tube packed
with magnesium perchlorate, a 10-cm X 25.-mm flow-through
ﬁsl&.with quartz windows, and terminating with a vent to a fume

THREE-WAY
STOPCOCK
Palytef Plug

BY-PASS

AR OR

NITROGEN
DRYING TUBE
FLOWMETER ﬁmﬂgﬁ}""m
Flow 500 to 1000 2

ml per Minute VENT TO

HOOD

AERATION VESSEL

(Gas Washing Bottls) Losem ChL,

QUARTZ WINDOWS

Connections are glass or palyvinyl chioride
Mercury Acration Apparatus

Reagents— )
Potassium Permanganate Solution—Dissolve 5 g of potassium
permanganate in 100 mL of water.

Hydroxylamine Hydrochloride Solution—Dissclve 10 g of hy-
droxylaminc hydrochloride in 100 mL of watér.

Stannous Chloride Sofution—Dissolve 10 g of SoCl,.2H,0
in 20 mL of warm hydrochloric acid, and add 80 mL of water.
Prepare fresh each week. }

Standard Mercury Sofution—Prepare from Mercury Siock
Solution as directed under Method 7. Each mL of the Standard
Mercury Solution contains the equivalent of 1 ug of mercury.

Test Preparation—Unless otherwise directed in the individual
monograph, usc the quantity, in g, of the test substance calculated
by the formula:

2.0/L,
in which L is the mercury limit, in ppm.

Method Ha

Standard aration—Pipet 2.0 mL of Stendard Mercury
Solution into a 100-mL beaker, and add 35 mL of water, 3 mL
of sulfuric acid, and 1 mL of potassium permanganate solution.
Eo?]’.er the beaker with a watch glass, boil for a few seconds, and

Test Preparation—Transfer the calculated amount of the fest
gubstance to a 100-mL beaker, and add 35 mL of water. Stir,
and warm to assist solution, if necessary.. Add 2 drops of phe-
nolphthalein TS, and, as necessary, slowly neuiralize with con-
stant stirring, using ! /7 sodium hydroxide or ! N sulfuric acid.
Add 3 mL of sulfuric acid and 1 mL of Potassiunt Permanganate
Solution. Cover the beaker with a watch glass, boil for a few
seconds, and cool.

Procedure—Assemble the deration apparatus as shown in the
accompanying diagram, with the aeration vessel and the trap
empty, and the stopcock in the bypass position. Connect the
apparatus to the absor}m'on cell, and adjust the air or aitrogen
flow rate so that, in the ollowiﬁ procedure, maximum absorption
and reproducibility are obtained without excessive foaming in the
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test sclution. Obtain a smooth baseline reading at 253.6 nm,
following ihe manufacturer’s instructions for operating the in-
strument.

Treat the Standard Preparation and the Test Preparation sim-
ilarly, as follows: Destroy the excess permanganale by adding
Hydroxylamine Hydrochloride Solution, dropwise, until the sc-
lution is colorlcss. Immediately wash the solution into the aer-
ation vessel with water, and dilute with water 1o 100 mL. Add
2 mL of Stannous Chioride Solution, and immediately reconnect
the acration vessel to the aeration apparatus. Turn the stopcock
from the bypass position to the aerating position, and continue
the aeration until the absorption ﬁiﬂk has been passed and the
recorder pen returns to the bascline. Disconnect the aeration
vessel from the apparatus, and wash with water after each use.
After correcting for any reagent blank, any absorbance produced
gy the Test Preparation does not exceed that produccd by the

1andard Preparation.

Method Iib

[Caution—Some substances may react with explosive violence
when digested with hydrogen peroxide. Exercise safety precqu-
tions at all times.]

Standard Preparation—Pi 2.0 mL of Standard Mercury
Solution into a 125-mL conical flask, add 3 mL each of nitric
acid and sulfuric acid, mix, and add an amount of 30 percent
hydrogen peroxide equal to the total amount used in preparing
the Test Preparation. Attach a suitable water-cooled condenser
with a standard-taper joint to fit the flask, and reflux the mixture
in a fume hood for 1 hour, Turn off the water circulating throu
the condenser, and heat until white fumes appear in the flas:
Cool, and cautiously add 10 mL of water through the condenser,
while swirling the flask. Again heat until white fumes appear,
cool, and add an additional 15 mL of water, Remove the con-
denser, and rinse the sides of the flask to obtain a volume of 35
mL. Add I mL of Potassium Permanganare Solution, boil for
a few seconds, and cool. } )

Test Preparation —Transfer the calculated amount of the test
substance to a 125-mL conical flask. Add 5 mL each of nitric
acid and sulfuric acid and a few plass beads. Attach a suitable
water-cooled condenser with a standard-taper joint to fit the flask,
.and digest in a fume hood, preferably on a hot plate, and at a
temperature not exceeding 120°, until charring begins. (If ad-
ditional sulfuric acid is necessary to wet the specimen completely,
add it carefully through the condenser, but do not allow the total
volume added to exceed 10 mL.) After the test substance has
been decomposed by the acid, cautiously add, dropwise through
the condenser, 30 percent hydrogen peroxide, allowing the re-
action to subside and again heating between drops (add the first
few drops very slowly with sufficient mixing, in order to prevent
a rapid reaction; discontinue heating if foaming becomes exces-
sivcf When the reaction has abated, heat cautiously, rotating
the flask occasionally to prevent the specimen from caking on
glass exposed to the heating unit. Maintain oxidizing conditions
at all times during the digestion by adding small quantities of
the hydrogen peroxide solution whenever the mixture turns brown
or darkens. Continue the digestion until the organic matter is
destroyed, and then reflux the mixture for 1 hour. [urn off the
water circulating through the condenser, and heat until fumes of
sulfur trioxide are copicusly evolved and the solution becomes
colorless or retains only a light straw color. Cool, and cautiously
add 10 mL of water through the condenser, while swirling the
flask. Again heat until white fumes appear. Cool, and cautiously
add 15 mL of water. Remaove the condenser, and rinsc the sides
of the flask with a few mL of water to obtain a2 volume of 35
mL. Add 1 mL of Potassium Permanganate Solution, boil for
a few seconds, and cool. )

Procedure—Proceed as directed for Procedure under Method

Ia.

(271) READILY
CARBONIZABLE SUBSTANCES
TEST

In tests for readily carborizable substances, unless otherwise
dirccted, add the specified quantity of the substance, finely pow-

Chemical Tests [ Selenium (291) 1527

dered if in solid form, in small portions to the comparison con-
tainer, which is made of colorless glass resistant to the action of
sulfuric acid and contains the specified volume of sulfuric acid
TS (see under Tes! Solutions).

Stir the mixture with a glass rod until solution is complete,
allow the solution to stand for 15 minutes, unless otherwise di-
rected, and compare the color of the solution with that of the
specificd matching fluid in a comparison container which also is
of colorless glass and has the same internal and cross-scction
dimensions, viewing the fluids transversely against a background
of white porcelain or white glass.

When heat is directed in order to effect solution of the sub-
stance in the sulfuric acid TS, mix the sample and the acid in a
test tube, heat as directed, and transfer the solution to the com-

rison container for matching with the designated Matching

luid (see Color and Achromicity {631)).

Special attention is directed to the importance of the concen-
tration of sulfuric acid used in this test. The reagent of the
required strength, i.e., 95.0 + 0.5 percent of H,S0y, is designated
as a “Test Solution.”

(281) RESIDUE ON IGNITION

Weigh accurately I to 2 g of the substance, or the amount
specified in the individual mono h, in a suttable crucible that
previously has becn ignited, cooled, and weighed. Heat, gently
at first, ontil the substance is r_horuugh]y charred, cool, then,
unless otherwise directed in the individual monograph, moisten
the residue with 1 mL of sulfuric acid, heat gently until white
fumes no longer are evolved, and ignite at 800 + 25° until the
carbon is consumed. | in a desiceator, weigh, and calculate
the percentage of residue. If the amount of the residue so ob-
tained exceeds the limit specified in the individual monograph,
again moisten the residue with 1 mL of sulfuric acid, heat and
ignite as before, and again calculate the percentage of residve.

tinue the ignition until constant wsight it attained, unless
otherwise specified.

Conduct the ignition in a well-ventilated hood, but protected
from air currents, and at as low a temperature as is ible to
effect the complete combustion of the carbon. A muffle furnace
may be used, if desired, and its use is recommended for the final
ignition at 800 + 25°.

Calibration of the muffle furnace may be carried out using an
appropriate dlﬁ'lal temperature meter and a working thermocou-
ple probe calibrated against a standard thermocouple traceable
to }‘Nlatttilam] Bureau IpfmStandards. i ling

Verify the accuracy of the measuring and controlling circuitry
of the muffle furnace by checking the positions in the furnace
at the control set point temperature of intended use. Select po-
sitions that reflect the eventual method of use with respect to
location of the specimen under test. The tolerance is +25° at
each position measured.

(291) SELENIUM

Stock Solution—Dissolve 40.0 mg of metallic selenium in 100
mL of dilute nitric acid (1 in 2} in 2 1000-mL volumetric flask,
warming gently on a steam bath if necessary to effect solution,
add water to volume, and mix. Pipet 5 mL of this solution into
a 200-mL volumetric flask, add waier to volume, and mix. Each
mL of the resulting solution contains the equivalent of 1 pg of
selenizm (Se). )

Diaminonaphthalene Solation—Dissolve 100 mg of 2,3-diami-
nonaphthalene and 500 mg of hydroxylamine hydrochloride in
0.1 N hydrochloric acid tc make 100 mL. Prepare this solution
fresh on the day of use. :

Standard Solution—Pipet 6 mL of Stock Solution into a 150
mL beaker, and add 25 mL of dilute nitric acid (1 in 30) and
25 mL of water.

Test Solution —Clean combustion of the test material is an
important factor in conducting the test. For compounds that burn
poorly and produce soot, the addition of magnesinm oxide usually
results in more thorough combustion and reduces soot formation.
Where the need 1o add magnesium oxide has been identified, it
is specified in the individuaf monograph. Using a 1000-mL com-
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bustion flask and using 25 mL of dilute nitric acid (1 in 30) as
the absorbing liquid, proceed as directed under Oxygen Flask
Combustion (471). completion of the combustion, place
a few mL of water in the cup, loosen the stopper, and rinse the
stopper, the specimen holder, and the sides of tie flask with about
10 mL of water. Transfer the solution with the aid of about 20
mL of water to 2 150-mL beaker, and heat gently to the boilin,
temperature. Boil for 10 minutes, and allow the solution to ooo%
to room temperature,

Procedure—Treat the Standard Sofution, the Test Solution,
and the reagent blank consisting of 25 mL of dilute nitric acid
El in 30) and 25 mL of water, concomitantly and in parallel, as
ollows: Add ammonium hydroxide solution (1 in 2) to adjust to
a pH of 2.0 = 0.2. Dilate with water to 60.0 mL, and transfer
to a low-actinic separator with the aid of 10.0 mL of water, adding
the 10.0 mL of rinsings to the separator. Add 200 mg of hy-
droxylamine hydrochloride, swirl to dissolve, immediately add 5.0
-mL of Diaminonaphthalene Solution, insert the stopper, and swirl
to mix. Allow the solution to stand at room temperature for 100
minutes. Add 5.0 mL of cyclohexane, shake vigorously for 2
minutes, and allow the layers to separate. Discard the agueous
layer, and centrifuge the cyclohexane extract to remove any dis-
persed water. Determine the absorbances of the cyclohexane
extracts of the Test Solution and the Standard Solution in a 1-
cm c¢ll at the wavelength of maximum. absorbance at about 380
nm, with a suitable spectrophotometer, using the cyclohexane
extract of the reagent blank as the blank, compare the ab-
sorbances: the sbsorbance of the Test Solution is not greater
than that of the Standard Selution where a 200-mg test specimen
has been taken, or is not greater than one-half that of the Stan-
dard Solution where a 100-mg test specimen has been taken,

OTHER TESTS AND ASSAYS

(301) ACID-NEUTRALIZING
CAPACITY

gom—All tests shall be conducted ail a temperature of 37
o2

Standardization of pH Meter—Standardize a pH meter using
the 0.05 m potassium biphthalate and 0.05 mr potassium tetraoxa-
late standardizing buffers as described under pH (791}.

Magnetic Stirrér—Transfer 100 mL of water to a 250-mL
beaker containing a 40- X 10-mm magnetic stirring bar that is
coated with solid perfluorocarbon and has a spin ring at its center.
Adjust the power setting of the magnetic stirrer to produce a
stirring rate of 300 + 30 rpm when the stirring bar is centered
in the beaker, as delermined by a suitable optical tachometer.

Test Preparation—

Powders—Transfer the accurately weighed portion of the sub-
stance specified in the individual monograph to a 250-mL beaker,
add 70 mL of water, and mix on the Magnetic Stirrer for 1
minate. - .

Effervescent Solids—Transfer an accurately weighed quantity,

2quivalent to the minimum labeled dosage, to a 250-mL beaker,

d 10 mL of water, and swirl the beaker gently while allowing

- the reaction to subside. Add another 10 mL of water, and swirl
gently. Wash the walls of the beaker with 50 mL of water, and
mix on the Magnetic Stirrer for 1 minute.

Suspensions and Other Liquids—Shake the container until the
contents are uniform, and determine the density. Transfer an
accurately weighed quantity of the wniform mixture, equivalent
to the minimum labeled dosage, to a 250-mL beaker, add water
to make a total volume of about 70 mL, and mix on the Magretic
Stirrer for 1 minute.

Non-chewable Tablets--Weigh not less than 20 tablets, and
determine the average tablet weight. Grind the tablets to a fine
powder, mix 1o obtain a uniform mixture, and transfer an ac-
curatnéy weighed quantity of it, equivalent to the minimum la-
beled dosage, to a 250-mL beaker. If wetting is desired, add not
more than 5 mL of alcohol (neutralized to an apparent pH of
3.5), and mix to wet the specimen thoroughly. Add 70 mL of

USP XXIr

water, and mix on the Magnetic Siirrer for 1 minute.

Chewaoble Tableis—Prepare as direcied for Non-chewable
Tablets. ) . )

Tablets That Are Required To Be Chewed—Transfer 1 Tablet
to 2 250-mL beaker, add 50 mL of water, and mix on the Mag-
netic Stirrer for 1 minute,

Capsules—Weigh accurately not less than 20 capsules. Re-
move the capsule contents comp!ctclﬁa. with the aid of a cotton
swab if necessary. Accurately weigh the empty capsules, and
determine the avem‘%e weight of the contents Eper capsule. Mix
the combined capsule contents to obtain a uniform mixture, and
Pmceed as dirccted for Non-chewable Tablets, beginning with

‘transfer an accurately weighed guantity of it.”

Procedure for Powders, Effervescent Solids, Suspensions and
Other Liguids, Non-chewable Tablets, Chewable Tablets, and
Capsules—Pipet 30.0 mL of 1.0 /¥ hydrochloric acid VS into the
Test Preparation while continuing to stir with the Magnetic Stir-
rer. [NOTE—Where the acid-neutralizing capacity of the spec-
imen under test is ter than 25 mEq, use 60.0 mL of 1.0 &
L:l{dmnh.lqric acid VS.] Stir for 15 minutes, accurately timed,

ter the addition of the acid, begin to titrate immediately, and
in a period not to exceed an additional 5 minutes, titrate the
excess hydrochloric acid with 0.5 N sodium hydroxide VS to
attain a stable (for 10 to 15 seconds) pH of 3.5. Calculate the
number of mEg of acid consumed, and express the result in terms
of mEq of acid consumed per g of the substance tested. Bach
mL of 1.0 & hydrochloric acid is equal to 1 mEq of acid con-
sumed. .

Procedure for Tabiets That Are Reguired To Be Chewed—Pipet
30.0 mL of 1.0 ¥ hydrochloric acide‘?s into the Tesz Preparation
while continuing to stir with the Magnetic Stirrer for 10 minutes,
accurately timed, after the addition of the acid. Disconlinue
stirring briefly, and without delay remove any gum base from
the beaker using a long needle. I;’rompt!y rinse the needle with
20 mL of water, collecting the waghing in the beaker, and resume
stirring for 5 minutes, accurately timed, then begin v iiimie
immediately, and in a period not 1o cxceed an additional 5 min-
utes, titrate the excess hydrochloric acid with 0.5 ¥V sodium hy-
droxide VS to attain a stable (for 10 to 15 seconds) pH of 3.5.
Caleulate the number of mEq of acid consumed by the Tablet
tested. Each mL of 1.0 N hydrochloric acid is equal to 1 mEq
of acid consumed.

(311) ALGINATES ASSAY

Apparatus—The apparatus required 'is shown in the accom-
panying diagram. It consists essentially of a soda lime column,
A, a mercury valve, B, connected through a side arm to a reaction
flask, D, by means of a rubber connection, C. Flask D is a 100-
mL round-bottom, long-neck boiling flask, resting in 2 suitable
heating mantle, E.

The reaction flask is provided with a reflux condenser, F, to
which is fitted a delivery tube, G, of 40-mL capacity, having a
stopcock, H. The reflux condenser terminates in a trap, 7, con-
taining 25 g of 20-mesh zinc or tin, which can be connected with
an al 1on- tower, J.

The absorption tower consists of a 45-cm tube fitied with a
medium-porasity, sintered-glass disk sealed to the inner part above
the side arm and having a delivery tube sealed to it extendi
down to the end of the tubs. A trap, comsisting of a bulb of
approzimatély 100-mL capacity, is blown above the sintered-glass
disk, and the outer portion of a ground spherical joint is sealed
on 2bove the bulb. A 250-mL conical flask, X, is connected to
the hottom of the absorption tower. The top of the tower is
connected to a soda lime tower, £, which is connected 1o a snitable
pump to provide vacuum and air su;;ily, the sclection of which

made by a three-way stopcock, M. The volume of air or vacuum
is controlled by a cagi]]nry—tube regulator or needle valve, V.

All joints are size 3,5 , ground spherical type.

Procedure—Unless otherwise directed, transfer a specimen of
about 250 mg, previously dried in vacuum for 4 hours at 60° and
accurately weighed, into the reaction flask, D, add 25 mL of
dilute hydrochloric acid (1 in -120), insert several boiling c}up:s.
and connect the flask to the reflux condenser, F, using phosphoric
acid as a Isbricant. [NOTE—Stopcock grease may be used for
the other connecticns.] Check the system for air leaks by forcing
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Apparatus for Alginates Assay

Mmercury up imto the inner rube of the mercury vaive, B, o a
height of about 5 cm. Turn off the ure using the stopcock,
M. If the mercury level does not fall appreciably after 1 to 2
minutes, the apparatus may be considered to be free from leaks.
Draw carbon dioxide—frec air through the apparatus at a rate of
3000 to 6000 mL per hour. Raise the heating mantle, E, to the
flask, heat the specimen to bailing, and beil gently for 2 minutes.
Turn off and lower the mantle, and allow the specimen to cool
for 15 minutes. Charge the delivery tube, G, with 23 mL of
hydrochloric acid. Disconnect the absorption tower, J, rapidly
transfer 25.0 mL of 0.25 N sodium hydroxide VS to the tower,
add 5 drops of butyl alcohol, and again connect the absorption
tower. Draw carbon dioxide-free air through the apparatus at
the rate of about 2000 mL per hour, add the hydrochloric acid
to the reaction flask through the delivery tube, raise the heating
mantle, and heat the reaction mixture to bmlnisg After 2 hours,
discontinue the current of air and heating, Force the sodium
hydroxide solution down into the flask, X, vsing gentle air pres-
sure, and then rinse down the absorption tower with three 15-mL
portions of water, forcing each washing into the flask with air
pressure. Remove the flask, and add io it 10 mL of barium
chloride solution (1 in 10). Insert the stopper in the flask, shake
gently for about 2 minutes, add phenolphthalein TS, and titrate
with 0.1 N hydrochloric acid VS. Perform a blank determination
(scc Residual Titrations under Titrimetry (541)). Each mL of
0.25 N sodium lgdmxide consumed is equivalent to 5.5 mg of
carbon dioxide (CO,).

(321) ALKALOIDAL DRUG
ASSAYS; PROXIMATE ASSAYS

Most alkaloids are slightly or very slightly soluble in water,
but soluble in certain organic solvents immiscible with water, such
as chloroform, ether, amyl alcohol, and benzene, or mixtures of
these, Salts of alkaloids, however, are usually soluble in water,
but in most cases very slightly soluble or practically inseluble in
nearly all of the organic solvents, The process of assay by im-
miscible solvents, generally kmown as the “‘shaking out” process,
is based on thesc partitioning properties of alkaloids. It is carried
out by treating the drug, or a concentrated liquid extract of it,

Chemical Tests / Alkaloidal Drug Assays; Proximate Assays (321)

1529

with a solvent immiscible with water, in the presence of an excess
of alkali which liberates the alkaloid. The free alkaloid is dis-
solved by the immiscible solvent from which it is subsequently
removady by means of an excess of dilute aqueous acid. The acid
solutions are then extracted with an immiscible solvent in the
presence of an cxcess of alkali, and the immiscible solvent is
evaporated to obtain the alkaloid which is either weighed or de-
termined volumetrically.

Preparation of Drug for Assay—Grind the drug to be extracted
to a powder of the finencss designated (sec Powder Fineness
{811)). Care should be taken to avoid the loss of water during
the powdering of the drug. If it is impossible to avoid this loss,
dry the drug at a low temperature before powdering, note the
loss of water, and make & correction in the final calculations.

Weighing for Assay—In weighing bulky, crude drugs for the
assay, an accuracy to within 10 mg for quantities of 5 g and over
is sufficient. Portions of pilular extracts or cintments may be

i on a tared piece of waxed or parchmentized , the
surplus paper cut away, and the paper with the specimen dropped
into the vessel containing the solvent. In transferring wcifgz'd
portions to a separator, thoroughly rinse the vessel in which the
material to be assayed was weighed, and add the rinsings to the
separator.

Extraction of Drugs—The alkaloidal content of alkaloid-bear-
ing drugs is usually extracted by one of the following methods:

A. Maceration—Treat an accurately weighed portion of the
ground drug with the specified solvent or mixture of solvents,
made alkaline with ammonia TS, and thoroughly mixed. Allow
to macerate for 12 to 24 hours with occasional agitation or for a
sharter period with continuous agitation. At the cnd of this pe-
riod, allow the drug to sctile, decant an aliquot of the solvent,
and treat as directed for Purification of Alkaloids.

B. Percolation—Placc an acourately weighed '%uantity of the
ground drug in a suitable container, saturate it with the specified
solvent or mixture of solvents, and allow to stand for 5§ minutes.
Add a ?mmity of ammonia TS sufficient to make the mixture
distinctly alkaline, and mix thoroughly with the drug. Transfer
the mixture to a cylindricatfpmufatnr. previously prepared by
packinlg the outlet with purified coiton. Use a smaﬁ amount of
the solvent to rinse the container, and add the rinsing to the
percolator. Allow the drug to macerate for a suitable period of
time (from 1 to 12 hours or overnight, d ing upon the dm*
to be assayed). Then pack the drug firmly, place a pledget o
purified cotton above it, and percolate slowly with the solvent
until the drug is completely exhausted of its alkaloid content,
Determine the completeness of extraction of the alkaloid by evap-
orating about 4 mL of the last percolate to dryness, dissolving
the residue in 500 pL of g&)mximate]y 0.5 A acid, and adding
a drop of mercuric iodide TS (Valser’s Reagent): not more than
a slight turbidity is produced. Treat the percolate as directed
for Purification of Alkaloids.

C. Continuous Extraction—Place an accurately weighed por-
tion of the ground drug in an extraction thimble, and insert the
thimble into a suitable extractor (a Soxhlet extractor of appro-
priate size is satisfactory). Moisten the drug with the specified
solvent, mix by means of a stirring rod, and allow to stand for
about 5 minutes. Render the mixture alkaline with the specified
guantity of ammonia TS, and mix. Rinse the stirring rod with
a small punionafthesolvent,mdallowthedwgtnmaoemw
for 6 to 12 hours or overnight. Then pack the dru? in the thimble,
cover it witha dpledgct of purified cotton, add a sufficient quantity
of solvent, and extract the drug for a specified period of time or
until extraction is complete.

Purification of Alkaloids"The alkaloidal solution obtained by
any of the extraction methods is usually contaminated with other
extractives that interfere with the quantitative determinations of
the alkaloids. To effect their purification remove the alkaioids
from the immiscible solvent by shaking out itk an acid, then
render the acid solution alkaline, usually with an alkali hydroxide,
and extract with an immiscible solvent.

The volume and strength of the acid to be used are usually
left to the discretion of the operator. It is best, however, to keep
the total volume as small as possible. For the first extraction,
use not less than 10 mL of iﬁpmﬂmnﬁ 1 N acid or sufficient
1o render the mixture distinctly acid. en the drug contains a
large amount of fat, usc a smaller volume of more concentrated
acid to prevent the formation of emulsions in the first extraction.
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For succceding extractions, use a dilution of 5 mL of the acid
with 5 mL of water. In all assays, continue the extraction until
500 uL of the last acid washing shows not more than a slight
turbidity on the addition of a drop of mercuric iodide TS. The
acid extracts, before proceeding with the next step, should be
clear or practically so. If not clear, filter or treat as follows:
Shake the combined acid extracts with one or more 10-mL por-
tions of the appropriate immiscible solvent until the acid solution
is clear or practically so. Then wash the immiscible solvent ex-
tracts with one or more 5-mL portions of water acidified with
hyldrochloric or suifuric acid, and add thesc washings to the acid
solution.

Render the acid solution alkaline, in most cases with ammonia
TS, and extract it with several successive portions of the appro-
priate immiscible solvent. Usc a volume of the latter in each
operation not less than half that of the water solution, and repeat
the operation as long as any alkaloid is extracted by the immis-
cible solvent. To determine the completeness of extraction, evap-
orate 1 mL of the last exiraction, and dissolve the tesidue in 0.5
mL of approximately 0.5 ¥ hydrochloric acid: the resulting so-
lution shows not more than a slight turbidity on the addition of
a drop of mercuric iodide TS. The number of extractions required
depends largely on the partitioning character of the alkaloid.
With most alkaloids, extract several times before testing.

Washing—Carcfully wash the stems of separators and funnels
and the tips of flasks, secgurators, and graduates from which sol-
vents containing alkaloids have been drawn or poured with some
of the solvent to prevent loss and to remove any of the alkaloids
left by evaporation, Add these washings 1o the other extractions
coniaining the alkaloids.

Determination of Alkaloids—Evaporate the solution of the pu-
rified alkaloids in the immiscible solvent on a stcam bath or with
a current of air to dryness. When the alkaloidal residue is to be
determined volumetrically, soften it by the addition of about 1
mL of neutralized alcohol or ether, add an accurately measured
volume of siandard acid, equivalent to about one and one-half to
two times thic volume estimated for the quantity of alkaloid pres-
ent, and warm the mixture gently to ensure the complete solution
of the alkaloid. If preferred, dissolve the alkaloidal residue in
chloroform, add the standard acid, and remove the chloroform
completely by evaporation. Then add water to make the volume
of the mixture measure not less than 25 mL, and titrate the excess
of acid with standard alkali, using the appropriate indicator.

If the slkaloidal residue is io be weighed, dry it at 105° to
constant weight. If the final solvent has been ¢hloroform, remove
the last traces of that solvent by the addition of a few mL of
neutralized ether or alcohol, followed by evaporation, Avoid loss
by decrepitation, especially when evaporating chloroform solu-
tions of alkaloids, by the addition of a little alcohol after the
solution has been reduced to a volume of 1 or 2 mL, and evaporate
at a low temperature, rotating the container during the evapo-
ration.

Indicators—Unless otherwise directed in the individual mono-
graph, use methyl red TS as the indicator in volumetric deter-
minations and for standardizing volumetric solutions.

Aliquots—When using aliguots, measure the solvent and the
aliquot at the same temperature. When handling volatile liquids,
a lower temperature and a more quickly conducted operation
reduce the loss by evaporation.

Adsorbants—In assaying fluidextracts, tinctures, and other
preparations of alkaloid-bearing drugs, it is often necessary to
gvaporate these to dryness and, to avoid loss and to aid in the
gvaplgi:tiom they are usually added to wmedads?m material.

‘or this purpese use paper pulp, previously acid- an i-washed,
then made neutral by washing with water, and dried before nse.

Emulsions—Shake or rotate a water solution with an immis-
cibie solvent in a separater for about | minute. Avoid iong or
violent agitation sz emulsions are likely to form, especially in
alkaline solutions. Belladonna Icaves sometimes contain saponins
that capse troublesome emulsions. If emulsions prove persistent,
draw off the emuisified portion, and add an cxcess of either sol-
vent. This usually breaks the emulsion and permits a complete
separation, A separated emulsion may sometimes be broken b
the addition of & small amount of anhydrous sodium sulfate.
this is done, wash the residuc with additional solvent to remove
the alkaloid completely.

Emulsification may sometimes be prevented by increasing the
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volume of the water or of the immiscible solvent. Chloroform
and ether solutions of drugs that contain large proportions of fat
may form troublesome emulsions, In such cases, add sufficient
sulfuric acid to acidify, and evaporate the volatile solvent, while
stirring with a glass rod. When the resinous and fatty matter has
been agglutinated, cool the acid solution, and filter through a
smail, wetted filter into a separator. Redissolve the residue in
15 mL of ether, add 5 to 10 mL of 0.1 & acid, evaporate the
ether as before, with continued stirring, and pour the acid solution
through the filter into the separator. Repeat the extraction of
the fatty residue with dilute acid two or three times, and finally
wash the filter free from alkaloids.

(331) AMPHETAMINE ASSAY

Reference Standard—USP Dexiroamphetamine Sulfate Ref-
erence Standard—Keeg container tightly closed and protected
from light. Dry at 105° for 2 hours before using.

Standard Preparation—Dissolve a suitzable quantity of USP
Dextroamphetamine Sulfate RS, accurately weighed, in 2 N sul-
furic acid (saturated with chloroform), dilute quantitatively
with the same salvent to obtain a solution having a known con-
ceﬁtrau'on of about 0.5 mg of dextroamphetamine sulfate per
mL.

Assay Preparation—Preparc as directed in the individual
monograph. )

Preparation of Chromatographic Column (see Chromatogra-
phy (621))—Pack a pledget of fine glass wool in the base of a
25- X 300-mm chroma:l)fraphic tube. Place 2 g of purified
siliccous earth in a 100-mL beaker, add 1 mL of 0.1 N hydro-
chloric acid, and mix until a fluffy mixture is obtained. Transfer
the mixture to the column, and tamp moderately to compress the
material into a uniform mass. Transfer the Assay Preparation
ta the column, dry-rinse the beaker with 1 p of purified siliceous
earth, and transfer to the column. Tamp a pledget of fine glass
wool into place at the top of the column. ‘

Procedure—Wash the column with 100 mL of chloroform pre-
viously saturated with water, and discard the washings. Place
under the column, as a receiver, a 125-mL scparator containing
10.0 mL of 2 N sulfuric acid previously saturated with chloro-
form. Pass through the column 35 mL of ammoniacal chioro-
form, prepared by equilibrating 2 mL of ammoninm hydrexide
and 100 mL of chloroform, and complete the elution with 70 mL
of chloroform previously saturated with water. Remove the sep-
arator, shake vigorously for 1 minute, allow the layers to separate,
discard the chloroform layer, and use the 10.0-mL acid solution
of the sulfate salt of the amphetamine as the Assay Solution.
Concomitantly determine the absorbance of the solution from the
Standard Preparation and that of the Assay Solution in l-cm
cells at 280 nm and at the wavelength of maximom absorbance
at about 257 nm, with a suitable spectrophotometer, using 2
sulfuric acid E;:viously saturatcd with chloroform as the blank.
Record the absorbance of the solution from the Standard Prep-
aration a5 Ag and that of the Assay Solution as Ay, and calculate
as directed in the individual monograph.

(341) ANTIMICROBIAL
AGENTS—CONTENT

An essential component of Injections preserved in multiple-
dose containers is the agent or agents present to reduce the hazard
of having introduced, in the course of removing some of the
contents, accidental microbial contamination of the contents re-
maining. Tt is a Pharmacopeiai requirement that the presence
and amount added of such agent(s) be declared on the label of
the container. The methods provided herein are to be used to
demonstrate that the declared agent is present but does not ex-
ceed the labeled amount.

The concentration of an antimicrobial preservative added to a
muitiple-dose and singie-dose parenteral, otic, nasal, and oph-
thalmic preparation may diminish during the shelf-life of the
product. The quantitative label statement of the preservative
content is not intended to mean that the labeled quantity is re-
tained during the sheli-life of the product; rather, it is a statement
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