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GENERAL CHAPTERS 

General Tests 
and Assays 

General Requirements 
for. Tests and. ~ssays 

(1) INJECTIONS 
Ev~ry care shou!d. be ~x.ercised in the preparation of all prod· 

ucts inte!]ded for mJ~tmn, to (lrevent contantination with nu
~roorgan!sms and foreign matenaJ. _Good P~l'IJ?aceutical prac
tice requires also thateach final contamer of lnJeCUon be subjected 
indivi~ually to ~ physical inspection, whenever the nature of the 
contamer pemuts, and that every container whose contents show 
~vidence of contamination with visible foreign material be re
Jected. 

Definitron.-i-In this Pharmacopeia, the sterile preparations for 
parenteral use are grouped into five distinct classes defined as 
follows: (1) medicaments or solutions or emulsions thereof suit• 
able for injection, bearing titles of the form __ Injection· (2) 
dry solids or liquid concentrate.5 containing' no buffers diluents 
or other added substances, and which, upon the addition of 5uit; 
able solvents, yield solutions conforming ia all respects to the 
requirements for Injections, and which are distinguished by titles 
of th~ form, Sterile _·_; (3) preparations the same as those 
d~cnbed under (2) except that tbey contain one or more buffers, 
ddu~nts, or other added substances, and which are distinguished 
by titles o~ the to.rm, --. for l'!jection; ( 4) solids which are 
suspended in a suitable fluid medium and which are not to be 
i~jected intrctvenously or into the spinal canal, distinguished by 
titl!'3 of the fonn, S[e_rile --. Suspe~ion,· and (5) dry solids . 
which, upan_the addition of suitable ve;hicles, yield l)teparations 
conformmg m all respects to the requucments for Sterile Sus
pen~ions, and which are distinguished by titles of tile form, Stenie 
-- for Suspension. 

1 Pharmacy hulk package is a container of a sterile prepa
ration for pa!CJ1teral use that contai,ns many single doses. The 
contents arc ~atended for use in a pharmacy admixture program 
and are restricted to the preparation of admixtures for infusion 
or, ~hrough a sterile transfer device, for the filling of empty sterile 
syringes. 

. The clo~ure shall ~e penetrated only one time after constitution 
with a swtable stenle transfer device or dispensing set which 
allows me.a.sured dispensing of the contents. The Pharmacy hulk 
package 1s to be used only in a suitable work area such as a 

1117() 

lam in~ fl~ hood (or an equivaJent clean air com,POunding area). 
D~ignation as .a Pharmacy hulk package is limited to prep

arati.ons from classes l, 2, ?I. 3 as defined above. Pharmacy bulk 
packages, although cc:intauung more than one single dose, are 
exempt from th.e mult1ple-0ose container volume limit of 30 mL 
and the requirement that they contain a ·substance or suitable 
mixture of suhsrances to prevent the growth of microorg;,.nisms. 

Where a container is offered as a Pharmacy hulk package the 
label.shall. (a) s_tat~.prominent;ty "Pharmacy Bulk PackagO-:Not 
for dtrect 10fus1on, (b} contain or refer to information on proper 
techniques t~ h~lp assure. safe use of the product, and (c) bear 
a statement limitmg the tune frame m which the container may 
be used once it has been entered, provided it is held under the 
labeled storage conditions. 

Where used in this Pbarmacopeia, the designation Large-vol
ume intravel1()US solution applies to a single-dose injection that 
is intended for _il!travenous use and is packaged in containers 
labeled as conta1rung more than l 00 mL. The designation Small
volume Injection applies to an Injection that is packaged in con
tainers labeled as containin$ 100 mL or Jess. 

The Pharmaoopeial defimtions for sterile preparations for par· 
enteral use generally do not apply in th.e case of the biologics, 
because of their special nature and licensing requirements (see 
Biologics (1041) ). 

Aqueous Vehicles-The vehicles for aqueous Injections mile! 
the requirements of the Pyrogen Test (ISO or the Bacterial 
Endotoxins Test (85), whi~hever is specified. Water for lnJe<'
lion generally is used as the vehicle, unless otherwise specified 
in the individual monograph. Sodium chloride may be added m 
am0!1JllS sufficient to render the resulting solution isotonic; and 
Sodium Chloride Injection, or Ringer's Injeclion, may be used 
in whole or in part instead of Waler for Injection unless otherwise 
specified i~ the individual monograph. For condition.~ applying 
to other adJuvants, see Added.~ubstances, in this chapter. 

Other Vehicles-Fixed oils used as vehicles for nonaqueous 
injections are of vegetable origin, are odorless or nearly so, and 
ha~c no odor or taste suggesting rancidity. They meet the ~ 
qmrements of thr. t.r.~t for Solid paraffin 11.nifor Mineral Oil, the 
cooling bath being maintained at l 0°, have a Saponification value 
of between 185 and 200 (see Fats and Fixed Oils (401}), have 
an iodine value of between 79 and 128 (see Fats and Fixed Oils 
{ 401} ), and meet the requirements of the following tests: 

Unsaponifiahle Matter-Reflux on a steam bath IO mL oft~ 
oil with l 5 rnL of sodium hydroxide solution (1 in 6) and 30 ml, 
of alcohol, with occasional shaking until the mixture becomes 
clear. Transfer the solution to a shallow dish, evaporate the 'u.'. 
coho! on a steam bath, and mix the residue with 100 mL of water· 
a clear solution results. 
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Free Fatty Acfd~'-The free fatty acids in 10 g of oil require 
for neutralization.not more than 2.0 mL of 0.020 N sodium hy-
droxide (see Fats and Fixed Oils {401)). · · 

Synthetic mono- or diglycerides of fatty acids may be used as 
vehicles, provided they are liquid and remain clear when cooled 
to 10° and have an Iodine value of not more than 140 (see Fats 
and Fixed Oits (401}). • 

These and other nonaqueous vehicles may be used, provided 
they are safe in the v?lume of i~jection administ~red, ~d also 
provided they do not interfere with the therapeutic efficacy of 
the.preparation or with its response to prescribed assays and tests. 

Added Substancu-Suitable substances may be added to in
crease stabiJity o~ uscfliln:ess, unless p~bed in the indivi<i~I 

· monograph, provtded they are harmless m the amounts admtn• 
istered and do not interfere with the therapeutic efficacy or with 
the responses to the specified assays and tests. ~o colon~ ~gent 
may be added, solely. for_ the purpose of co1onng th~ !tms~ed 
{>reparation, to a solution mtended for parenteral adnurustratton 
(see also Added Substances under General Notices, and Anti
microbial Preservarives-Effectiveness { 5 I)). 

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 
chlor~butanol, 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 preparations in
tended for injection that are packaged in multiplCHlose con
tainers regardless of the method of sterilization employed, unless 
otherwise directed in the individual mono~aph, or unless the 
active ingredients are themselves antimicrobial. Such substanc~ 
are used in contentratibns that will prevent the growth of or kill 
microorganisms in the preparations for injection (see also Anti· 
microbial Preservatives-Effectiveness ( 5 l} and Antimicrobial 
Agents-:-(:onient ( 341} ). Sierilizatio.a processes are employed 
even though such substances are used (sec also Parenteral and 
Topical Preparatwns in th~. section, Added ~ubstances, under 
General Notices and Stenilzation and Sterility Assurance of 
Compendia/ Articles {1211Y). The air in the container may be 
evacuated or be displaced by a chemically inert gas. . 

Containers ·ror Injections-Containers, inclu~ the cl05ures, 
for p.reparations for injection do not interact phys1cally or chem
ically wi~ the.preparations in aay_ rn.anne~ to alter the strength, 
quality, or punty 6eyond the official reqwrements under the or
dinary or customary con~itio~ of handling, shi_Pment, stora~e, 
sale, and. use. The container 1s made of .matenal that _pemuts 
inspection of the contents. The type of glass preferable for each 
parenteral preparation is usually stated in the individliaJ mono-

gra/!· definitions of sing{CHlose an<I multiple-dose containers, see 
Contai'ners under General Notices. Containers meet the require-
ments under 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 permi! the with
drawar of the contents without removal or destruction of the 
closure. The ciosure permits penetration by a need!~, and, upon 
withdrawal of the needle, at once recloses the container against 
contamination. · 
. Coatainers for Sterile Solids-Containers, including the clo

sures, for dry solids intend_ed for pareote~I ~ do not interact 
physically or chemically with the. preparahon m any. manne~ to 
alter the strength, quabty, or punty beyond the offic1al require
ments under the ordinary or customary conditions of handling, 
shipment, storage, sale,. and '!Se. . · : . . . : 

A container for a stenle solid permits the addition of a. suitable 
,iolvent and withdrawal of portions of the resulting solution or 
:ruspension in such manner that the sterility of the product is 
maintained. · · ·. · . 

Where the Assay in a monograph provides a procedure for 
4ssay preparation in which the total withdrawable contents are 
lo be withdrawn from a singJCHlose container with a hypodennic 
needle and syringe, the contents are to be withdrawn as com
pletely as possibl~ into a dry hypodermic syringe o_f a rated ca
pacity not exceeding three tunes the volume to be w1t,hdrawn and 

General Requirements / Injections (1) 1471 

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

Volume in Container-Each container of an Injection is filled 
with a volume in slight exc~s of the labeled "size' or that volu~e 
which is to be withdrawn. The excess volumes recommended in 
the accompanying table are usually sufficient to permit with-
drawal and administration of the labeled volumes. • 

DBTERMINATlQN OF VOLUME OF INJECTION IN CON• 
TAINERS-Select I or more containers if the volume is 10 mL 
or more 3 or more if the volume is more than 3 mL and fess 
than 1o'm.L, or 5 or more if the volume _is 3 mL or J~ss. Take 
up individually the contents of each container selected 111to a. dry 
hypodermic syringe of.a rated capacity not.exceeding three times 
the volume to be measured, and fitted with a 21-gauge needle 
not less than 2.5 cm (1 inch) in length. Expel any air bubbles 
from the syringe and needle? and then dis~harge the con!ents 
of the syringe, without emptymg the needle, into a standardized, 
dry cylinder (graduated to ~ntain rather than to deliver the 
designated volum~) of sue~ stze that the volume to be !lleasured 
occupies at lea.st 40% of its rated volume. Al4':rnattvely, 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 demity. The contents of two or three 
1-mL or 2-mL containers may be pooled for the measurement, 
provided that a separate. dry s:yringe a.ss_embly is used for each 
container. The content of conta10crs holding 10 mL or more may 
be detennined by mearis of opening them and emptying the con
tents directly into the graduated cylinder or tared beaker. 

Labeled Size 
0.5 mL 
l.0mL 
2.0 nu, 

· S.0mL 
10.0 mL 
20.0 mL 
30.0 mL 
50.0 mL 
or more 

Recommended Excess Volume 
For Mobile For Viscous 

Liquids Liquids 
0.10 ml 0.12 mL 
0.10 mL 0.15 mL 
iU 5 mL 0.ZS mL 
0.30 mL 0.50 m.L 
0.50 mL 0.70 mL 
0.60 rnL 0.90 mL 
0.80 mL · 1.20 mL 

2% 3% 

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

For Injections in multiple--dose containers .lalx::!ed to yield a 
specific number of doses of a stated volume, proceed as ~~cted 
in the foregoing, using the same number of separate syrmges as 
the number of doses specified. The volume is such that each 
syringe delivers not less thllcll the stated dose. . 

For lnj«:tions containing oil, warm the containers, if n~essary, 
and thorol!ghlr shake them immediately before removmg the 
contents. Coo to 25° before measuring the volume. 

PMrtblate Midter-AU large-volume lnjc;ctions ~or single-dose 
infusion and those small-volume Injections for which the mono
graphs ;pecify such requirements, are subject to th~ p~cu~ate 
matter limits set forth under Particulate Matter rn In1ect1ons 
(788). An article packaged as boJh a large-Yolume and a small
volume Injection meets the reqwrements set forth for Smaf / • 
volume Injedions where the container is labeled as conta4ting 
100 mL or less if the individuaJ monograph includes a test for 
Particulate matter; it meets the requirements set forth for IA,:ge
vo/ume Injections for Single-dose Infusion w~ere,the container 
io labeled as contau1ing more than 100 mL. lnJections packaged 
a!IP labeled for \!.SP. a1 ir:rigatmg sol•ltiml~ ll,:~ exempt from re
quirements for Particulate matter. 

Sterility Tests-Preparations for injection meet the require
ments under Szeri/ity Tests {71). 

LaJ,elm~[NOTE-See definitions of. "label" and "labeling" 
under Preservation, Packa{ing, Storage, and Labeling-Label-
ing in the General Notlcu.J · 

The label state.<. the name of the preparation; in the case of a 
liquid preparatton, the perc.entage content of drug or am_ounl of 
drug in a specified volume; in the case of a dry preparation, the 
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amount of active iog~dient; 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 ca_pable of yielding the complete manufacturing 
history of the specific package, including all manufacturing, fiJI. 
ing, sterilizing. and Jabeling operations. . 

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

The labeling includes the following information, if the complete 
formula is not specified in the individual monograph: (I) 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 statemc.nt 
of their effect; and (2) in the case of a dry preparation cir other 
preparation to which a diluent is intended to be. added before 
use, the amount of each ingr~ient, the composition of recom
mended diluent(s) [the name(s) alone, if the fonnula is specified 
in the individual monograph~, the amount to be used to attain a 
specific conc.entration of acuve 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 constltuted solution, and an expiratiim date limiting the 
period during which the constituted solution may be expected to 
have the required or labeled potency if it has. been stored as 
directed. · · . . ; 

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

Injections intended for veterinary use are labeled to that effect. 
The container is so. labeled that a sufficient area of the con

tainer rclll!lins uncovered for its full length or circumference to 
pennit inspection of the contents.· · · 

Pacbglng and Ston,.ge-Thc volume of Injection in single-dose 
containers provides the amount specified for parenteral admin
ist?ation at one 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 otherwise specified in the individual monograph, no 
muJti{'le-dose cont!l-iner CO?tains a volume of Injection more than 
sufficient to penmt the wtthdrawal of 30 mL. 

Injections packaged for use as irrigation solutions or for hemo• 
filtration or dialysi.s or for parenteral nutrition are exempt from 
the 1-liter re,striction of the foregoing rcquirements relating to 
pack.aging. Containers for Injections packaged for use as hemo
filtration orirrigation solutions may be designed to empty rapidly 
and may contain a volume of more than l liter. · · 

Injections labeled for veterinary use are exempt from pack• 
a$ing and storage requirements concerp.ing the limitation to sin
g)e-<lose containers and the limitation on the volume of multiple
dose containers. 

CONSTITUTED. SOLUTIONS• 
Sterile dosage for-ms from which·constituted solutions are pre

pared for injection bear titles of the fonn, Sterile __ or _· _ 
for Injection. · Since these dosage forms are constituted at the 
time of use by the health-care practitioner, tests and standards 
pertaining to the soiution as constituted for administration aie 
not Included in the individual monographs on sterile dry solids 
or liquid concentrates. However. in the interest of assuring the 
quality of injection prcparatiom as they are actually adminis• 
tcred, the following 11ondestructiYe tests are provided for deni
onstra:ting the suitability i,f constituted solutiom when they are 
prepared just prior to use. · · · 

Completeness and C1arity of Solutlon--.:.Constitute the soJution 
as directed in the labeling supplied by the manufacturer for the 
steril.c dry dosage form. . 

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

B: The constituted solution is not significantly less. clear 
than an equal volume of the diluent or of Purified Water con• 

· taincd in a similar vessel and examined similarly. 

Particulate Matter-Constitute the solution as directed in the 
Iabelmg supplied by the manufacturer for the sterile dry dosage 
form: the solution is essentially free from particles of foreign 
matter 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 detennined independently in thr~. or more laboratories. 
The USP Drug Research and Te..~ting Laboratory (see Preface) 
and the Food and Drug Administration laboratories participate 
in testing almost all new Stal)dards 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 provided solely for such use; 
suitability for other non-official application(s) rests with the pur
chase. Originally introduced for the biological assays of USP X. 
reference standards are now required for numerous other p~ 
cedures as well This reflects the extensive use of modem chro
matography and spectrophotometry, wb1.ch require measurements 
relaOve to a reference standard. to attain accurate and reprodu• 
cible results. . . . 

USP Reference Standards are substances selected for their 
high pu;ity, critical characteristics, and suitability for the in· 
tended purpose. ljeterogcneous substances, of natural origin, also 
.are designated "Reference Standards" where needed. Usually 
these arc the counterparts of internat.ional standards. 

Antibiotic reference standards distributed by the USPC have 
been designated by the U.~. Food and Drug Administration as 
identical to t-'1JA working standards under the }il)A certification 
procedures . . USPC distributes both U.S. Reference Standards 
and. USP ~ferenee Standards for antibiotic subs1ances. This 
difference in labeli~ the Standards isin effect only temporarily, 
and cveniually all vials will bear the same title. Where a USP 
Reference. Standard is called for, . the corresponding substance 
labeled as a "U.S. Reference Standard" may be used, and vice 

· versa.· · , . · 
Reference Standards currently labeled as ."NF Reference Stan

. dards" wilJ cventuallf al! be designated and labeled as "USP 
Reference Standards' pursuant to the oonsolidation of USJ> and 
NF within the USPC as of January 2, 1975. Meanwhile, where 
a USP Reference Standard is cal,led for, the. corresponding sub• 
stance la~led as an "NF Reference Standard" may be used. 

Other Ref ercnce Substances 
As a service, the USPC tests and distributes additional au· 

thenticated subs~nces not currently required as USP or NF Ref
erence Standards: These also are provided under the supervision 
of the USP Reference Standards Committee. These additional 
substances fall into three groups: (1) former USP and NF Ref· 
eretice Standards, not required in the ciment USP or NF but 
for which sufficient demand remains; (Z) FCC Reference Stan· 
dards, specified in the current •edition of the Food Chemic.als 
Codex; and (3) Authentic Substances (AS), which arc highly 
purified sampl~ of chemicals, including s~bstances of abu.se. th~t 
are collaboratively tested and made available as a service pn· 
marily to analytical, clinical, pharmaceutical, and research lab
oratories. 

The distribution of controlled substances is subject to lhe reg• 
ulations and licensing provisions of tile l>rug .ltnforcement Ad· 
ministration of the Department of Justice. 

As an additional service. the USPC distributes several D-OD
commercial reagents required in certain USP monographs. These 
reagents are specially prepared for their int.ended use and will '?C 
distributed by USPC only until they become commercially avail· 
able. 

A program to provide international biological standards and 
chemical reference substances is maintained by the World Health 
Organization, an agency of the United Nations. The WHO P~ 
gram is concerned with reference materials for antibiotics, hlo--

.. 
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logicals, and cbemotherapcu~c ~gents. As a · rule, an In~erna• 
tional Standard for a material of natural origin is discontinued 
once the substance responsible for its characteristic activity has 
been isolated, identified, and prepared in such form that it can 
be coin_J>)etely characterized by chemical and physical means. 
The USP Reference 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 
preparation of a reference standard. Since some USP Reference 
Standards are standardized in terms of the corresponding Inter· 
national Standards, the relevant USP Units and the International 
Units of potency are generally identical. 
. Proper Use of USP Reference Standards,-To serve its intended 
purpose, each USP Reference Standard must be properly stored, 
handled, and used. Generally, Reference Standards should be 
stored in .their original stoppered containers away froi:n h~t aqd 
protecte<:I from light. Avoid humid storage areas in part1cul~. 
Where special storage conditions are necessary, directions are 
given on the label. . . . . . 

Neitber Reference Standards nor Authentic Substances are 
.intended for use as drugs or as medical 4evices: . . . . .. · . 

.. Many Phimnacopeial tests and assays are based on comparison 
of a test .specimen with a · USP Reference Standard. In such 
c~, mcas~rements are made on .preparations of both the test 
specimen lltld the Reference Standard, Where it is qirected that 
a Standard solution or a Stan4ard preparatio11Jie prepared for 
a ql}antitative determinat.ion by stepwise dilution or otherwise, jt 
is intended that the Reference Standard substance shall .. be ac
.curately weighed (see We(ghts and.Balances (41) a~<i Volu
melfic A/f parazus ( 31 ) ). Due account should also. be taken of 
the relatively large errors associated with weighing small masses 
(see also Dilution under General Notices). 

Assay and test results are deternuncd 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 
aiven in the Reference standard(s) sections of the aoplicable 
monographs. Where specific label instruction differ from the text 
in the applicable Reference standard section(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
ereace 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 usual instructions (see Procedures under Tests and Assay.i' · 
in the General Notices). Where a USP Reference Standard is 
required to be dried before usi,ng, transfer an amount, .sufficient 
after drying, to a clean and dry vessel. Do'riot use the original 
container as the drying vessel, and do not dry a specimen ro
peatcdly at temperatures above 2S 0

• Where the tittimetrie de
termination of water is required at the time a Reference Standard 
is lo be used, proceed as directed for Method I under Water 
Determinalion (921). Instrumental or micf98nalytical me~s 
are acceptable for this purpose. When · using typical amounts, 
about 50 mg, of the Reference Standard as the test specimen, 
titrate with a fourfold dilutiol) of the Reagent. .. · . 

Unless a Reference Standard label states a specific potency or 
content; the Reference Standard is taken as being 100.0% pure 
for compendia!. purposes. The suitability of a USP Reference 
Stadard for noncompcndial application is left up to the. user. 

Current Lots 
It is the responsibility 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 
long-term storage should be avoided. · . .. . 

To ensure ready access to the latest information, the USPC 
publishes the Official Catalog of Reference Standards and Au• 
thentic Substances, and the Jot designations, bimonthly in Ph.ar
macopefal Forum.* This system offers more positive control arid 

• For nonsubscribers, the most recent Official Catalog is avail· 
able from: U.S. Pharamcopcial Convention, Inc., Reference 
Standards Order Department., 12601 Twinbrook Parkway, Rock
ville, MD 20852. Telephone 1-301-881-0666, FAX .l-301-881· 
5021. Toll-free telephone l-8(.)0-22HJSPC. · , · . 

flexibility iii responding to revisions in Retetence Standard usage 
than w.ould exf· iratfon dates. The Catalog . fn the most recent 
PhrirmClCOpeia Forum identifies: items that are official in the 
USP Reference Standard~ colJection at· the time. of publication. 

. Two columns appear in the Catalog to _identify the curr~nt 
official lots. One column identifies the official lot Cllfl"ently being 
ship~ed by USPC. In some cases, tlie previous. lot may still be 
considered official. If so, it is identifie<:I in the ~n~ column. 
Ordinarily the previous Jot is carried in official status for about 
one year after th.e current lot ent~red distribution. l!nle~. ?~use 
of a change in monograph requirements or stab1hty hm1tat1ons, 
the previous lot is foued fo be no longer suitable.; 

Appar~tus for Tests 
·and _A.ssays 

(16)·,·:'AUTOMATED METHODS 
OF ANALYSIS 

-: • Where a sufficiently large numbi::r of ~imilar units arc to be 
subjected routinely to the same type of examination; automated 
methods of analysis may be far more efficient and precise than 
manual methods. Such automated methods have been found es
pecially useful in testing the content .uniformity of tablets and 
capsules and in facilitating methods requiring precisely contro])ed 
experimental conditions. Many manufactunng establishments, 
as well as the laboratories of regulatory agencies, have found it 
convenient to utmze 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 are often computerized. 

Before 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 obtaine~ by the P!CS?ribed Pha.rmacopeiaJ 
method, bearing in mind t.lie further pnnc1ple stated m the Gen· 
era! Notices that "where a difference appears; or in the event or 
dispute, only the result ol>taine4 by the procedure given in this 
Phannacopeia is conclusive." , • • . 

lt•is necessary to monitor the ·perfonnan~ or the'automated 
analytical system c.ontinually, by assaying standard preparations 
of know~ composition. fre9.u~ntly interspersed . amo~ th.e test 
preparations. Where 1mm1SC1ble solvents are employed in the 
automated apparatus for rapid extractions, they are often sepa
rated (or analysis before cqmplele extraction is attained, and th~ 
chemical reactions utilized 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 
marotained that all standard and test preparations are exposed 
to identical physical and chemical manipulations for. identical 
time intervals. Excessive· variability in the· response of the stan
dard preparations ~dicates that the analytical syste11:1 is mal
functioning and that the test results are therefore mva4d. 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. 

· Many of the manual methods given in this Pharmacopcia can 
be adapted for use in automated equipment incorporating either 
discrete anal~rs or continuous flow:systems and operating under 
a variety of comlitions. On the other band, an analytical scheme 
devised for a particular automated system may not be readily 
transposable for use either in a manua) proc~ure or in other 
types of automated equipment. · . 

. The apparatus reqwred for manual methods is, in general, less 

. · complicated than the ,pparatus of automated systems, even ~h~ 
·systems used for the direct automated measurement of a single 
analyte (i.e., the substance being determined .or analY?-=~ for) in 
a binary mixture. However, because of thetr versatility, auto
mated systems designed for the rapid determination of a specified 
substance often can be readily modified by the addition of suit
able modules and accessories to permit the determination of one 
or niore additiona~ substances in a dosage form. Such extended 

,. 
I·: 
; 
I 
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systems have been utilized, for example, in the automated anal
ysis of articles containing both estrogens and progestogens. 

The accompanying ~rtinent diagrams. represent examp)\'S 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 dQSage 
fonns. It should be no.ted that the diagrams, with many minutiae, 
are an indi.spensable part of the dfrections for conducting the 
analysis. . . .. 

~tibiotics-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 . . 

Appara~Automatic analyzer consisting of()) a liquid sam
pler, (2) a proportioning pump, (3) suitable spectrophotometers 
equipped with matched flow cells and analysis capability at 480 
nm, (4) a means of recording spcx:trophotometric readings, and/. 
or computer for data retrieval and calculation, and (5) a manifold 
consisting of the components illustrated in the ac.companying per
tinent diagram. 

Reagents--
Hydroxy/amine hydrochloride solution-Dissolve 20 g of hy• 

droityl9..\]llne hydroch_loride in 5 mL of polyoxyethylene (2-3) lau
ryl ether solution (1 m 1000), and add water to make 1000 mL. 

Acetate buffer-Dissolve 173 g of sodium bydroitide and 20.6 
· g of sodium acetate in water to make 1000 mL. Dilute 15. mL 
of this solution with water to 500 mL. and mix. 

50° HEATING BATH 
40-ft, 2.4-mm oorcoi/ 

Glass Fitting, 

SMC' . ' , 

Glass T Fitting : 
\ .. 

Glass T Fitb'ng 
\ 
. ', 

' ' . 

~ 

40-ft, 2 .4-mm (ID) 
Time Oelo.y Coil . 

\ 

Ferric nitrate solution-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 l mL of polyoxyethylene (23) lauryl 
ether, dilute with water to 1000 mL, and mix. 

Refereace Standard-Use the USP Reference Standard as di-
rected in the individual monograph. · · 

Standard Preparation-Unless otherwise dircx:ted in the indi
vidual monograph, dissolve an accura~ly weighed quantity of the 
Reference Standard in water, and dilute quantitatively with water 
to obtain a solution having a known concentration of about I mg 
per mL. • . 

. A.May Preparatioa-Unless otherwise directed in the individ
ual monograph, using the specimen under test, prepare as directed 
under Standard Preparation. 

Procedure-With the sample line pumping water, the other 
lines pumping their respective reagents, and the srectrophotom
eter set at 480 nm, standardize the system unti a steady ab
sorbance baseline has been established. Transfer portions of the 
Standard Preporatwn aod 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 ratio of about 
2: I for sample and wash time. Calculate the potency by the 
fonnula given in the individual monograph, in. which C rs the 
conc.entration, in mg per mL, of USP Reference Standard in the 
-Standard Preparali()n, P is the potency, in µg per mg, of tho 
USP Reference Sta11dard, and Au and As arc the absorbances, 
corrected for the absorba:nc.es of the respective blanks, of the 
solutions from the Assay Preparation and the Standard Prepa• 
ration, respectively. · . . ·. , 

. . 

PumpilHJ Tubes 

AMPLER 
Rate.JO/hr 

0.()65 Air, with Carbon Dioxide Absorption Tube 

o.073 S!rontium Hydroxide Solution (1 in 100), 
with Corban Dioxide Absorption Tu be 

0;040 . Sain e Solution (Tube is o.cld-resist11nl) 

0,045 

PROPORTIONING 
PUMP 

(lower. Level) 

Water, o.s Sample Wnsh 

Proooine Hydrochloride Solution (3 in 1000) 

Dilute Hydrocllloric Acid ( 1 In 5 l 

N-1 • Naphthyle!hylen&diamine Dihydrochlcnde 
Solution 11 in 1000) 

Flow Cell Reiurn 

De-bubble; 
SPECTROPHOTOMETER 

5-mm Rectang1Jlor 
Flow Celli 545 nm. · 

.ABSORBANCE 
MONITOR 

• 14- turn, 2.4-mm (IOI Single Mixing Cail 

. Diagram for Aut~mated Assay for Nitroglycerin Tablets 

-
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Symbol Explonotion 

OR = Orug ~ lease ACJ • Glos, Attlno 
CU • Content Uniformity A I = Gloss Fit"no 
A • Acid Rn"slanl AJOa: Glass Riling 
T " TYQOO 00 • Glau Fltrlno 
S • AICGl!ol Resimlm DI " Glass Atting 
W • Waate C3 • Glass Alling or 

IS - turn" 

D a: Debubble:r 80 Eleclralyfe lrop 
Fl • Row Cell F2 = Flow Cell 

NOTE I: Bacause ot motions In the lot~I. 
dion.efer of the pump tubing, tt Is 
neoeuory to molceGdjust,,..nl$ totne 

. m of Plll'IP tubes in order to bolonce 
lhe $)'Siem Of lhe seYeral phase lrCnsfar 
points. 

NOTE 2:Pof,-tef fltoments moy be odded 01 pMee 
lransfat points to old 1epar11Jlon. 

" = 2.1 - nun lnfMIOI dlo:netsr 

15 - lum" 

w 

Wah 60 &ae/s.,,,pi. 60•ec 

28- tur n " 

Diagram for -Automated Drug Release and Co_ntent Uniformity Test for Propranofol HY4rochloride and Hydrochlorothia.zide 
Extended-release· Capsules · 

Tubing• 
10 Flow 

(inch_u) (mL /mlnJ 

0 ,110 (3.9) 

0.1 N Acttfc Acfdb 
0 .110 (3 .9) 

0.051 ( 1.0) 

0 .040 (0.6 ) 

Ai r 

0 .073· (2.07 · 
Dflut nt Solv. 

0 .0 20 (0.161 ----, VtO, 
Aet. ,_ • 375 nm 

Emfa. >- • 495 nm 
Cell • 2 nm □ 0 .073 (2.01 WHte - --- - ---{_}-....;;.;_:_..:-_:=.;;:...:.. _ _ __, 

'All IIJblng le Tygon except for !h1 0 .073- ln. tubl119, whioh is silicOfMI. 
•Far the Content Unifor,.lty test, ., .. Pho,phor/c acid-methanol •olull«>. 

Diagram for Automated Dissolution and Content Uniformity Test for Reserpine Tablets 

Sample : Wash 
1:4 

SampM rat• : 
IOperN. 
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).MAX 
530nm r---., 

2 11m CELL LJ 

COIITINUOUS 
FILTER 

l!'IDRAlAIINE VISIBLE . 
HYDROCHU)RIDE · Sl'ECTllOPHOTMTER :· 

1\MX □ 271n11 "' 
10m11 CELL 

HVDROCHLORO· 
THIAZIDE 

U. V .SPECTI\OPHOTOKETER . 

11 ACTIY. 365M 
;>.FLUOR. 495110 

2 1111 CEl.L □ 
RESERP INE: ._ _ _, 

SPECTROFLIJ0RMTER 

Tll8.E SIZE ( 1.0. INCHES) 

WASTE - ----
WASTE ·.--- ----< 

0.060" T .M.A.H. 

0 ,090" DILUENT 

0 .081• OfLUENT 

ltfR 

H202 

vzos. 

USPXXII 

. DlSSOlurtOH: 
100 NI. OF. SOLVENT 

• 
SAlfl'L( · RA TE: 
20 PER HOUR 

n i.rNG: 
HOi'()G.ENIZATION 
5 - ~3 

SAMPLING 
44 - 76 

• 
LEGEND: 

0 Pol ye t hyle~ . S<IIYaH eK Tubing 
Standard 

+ Gless Fi tting 
++ Oeoubbler 
# 2B··Tum, 2.411m(I.O.) 

Glass Co ll 
t 14 Tum, 2, 4111111(1.D.) 

Gl ass Coi 1 

Diagram for Aritomated Content Unifi,rmity Test fqr Reacrpinc, Hydraliizine Hydrochloride, and Hydrochlorothiazidc: Tablets 

Content Uniformity of Nitroglycerin Tablets 
This is not to be considered as the official method. It is detailed 

here for further illustration of descriptions of automated methods. 
Apparatus-Automatic analyur consisting of (I) a liquid sam

pler, (2) a proportionini pump, (3) a heating bath, (4) a suitable 
spectrophotometer eqwpped with a 5-mm flow cell and analysis 
capa_bihty at 545 nm, (SJ~ means of i;cording spcctrophotom_etric 
readings, and.(6) a manifold consisting of the components illus
trated in the accompanying pertinent· diagram. 
· Reagents-:- · · ·· _ · · 

1 P_ercent slro'f'lum hydroxide sol_ution-Dissolve 20.0 g of 
strontium hydroxide [St(OH)z.8H:z()] m 1800 mLof carbon dio.x
ido--free water, heating if nece,ssary. Cool to room temperature, 
dilute with carbon (ijoltide-free water to 2000 mL, and mix. Al
low to stand overnight, and filter. S1<>re the clear solution in 
tightly closed containers, protected from carbon dioxide. 

0.3 Percent procaine hydrochloride sol_litidn-Dissotv~ 3.0 g 
of procaine hydrochloride in water to make 1000 inL. · 

0.1 Percent N-1-naphthylethylenediamine dihydroch/oride so
lution-Dissolve 1.0 g of N-1-napbthylc:thylenedi.amine dihydro
cbloride in water to make 1000 rnL. P.repa,re fresh each week. 

Standard Preparatiort-Dissolve ~n accurately weighed portion 
of IO percent nitrogJycerin-betalactose absorbate, previously 
standarilized, in water, and dilute quantitatively · and stepwise 
with water to obtain a solution having a known concentration of 
about 30 µg per mL. 

Test Preparation -- Dissolve l Nitroglycerin Tablet in water to 
obtain a solution having a concentration of about 30 µ.g of nitro
glycerin per mL. 

Procedure-With the sample line pumping water, the other 
lines pumping their respective reagents, and the spectrophotom
eter set at 545 nm, standardize the system by pumping until a 

The numbers reprsunt 
the rtf<lgents as follows, ml/minute 

( 1 l Hydroxylamine ( 1) 0.42 
hydrochloride sowtion; Ai< 0 .60 

(21 Acetate buffer; 
(2) 0.32 

(31 3.3 N Sulfuric acid; 0.32 

(4) f'errlc nltratll solution. m 0 .32 

SPECTROPHOTOMETER (4) 0.60 

480nm 

SAMPLER 
(1 ) 0.42 Rate 40 
Air 0.60 per fl()Ur 

ABSOftBANCE (3) 0.32 
MONITOR 

0 . 32 

( 21 0.32 

(41 0.60 

480nm 

SPECTROPHOTOMETER 

Diagram for Automated Hydroxylaminc Assay for Antibiotics 

◄;""i 
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steady absorbance baseline bas been established. Transfer por
tions of the Standard Prepara1ion 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 : l for 
sample and wash time. First, run 2 standards, discarding the first 
value, then continue the run using I standard after each 5 sam-. 
pies, recording the absorbance values. Calculate the quantity, in 
mg, of C3H,N1O9 in the Tablet by the formula: 

(T/D)C(Au/As), 

in which Tis the labeled quantity, in mg, of nitroi;lycerin in the 
Tablet, D is the concentration, in µg per mL, of rutroglycerin in 
the solution from the Tablet, based on the l!!-beled quantity per 
Tablet and the extent of dilution, C is the concentration, in µg 
per ml, of nitroglycerin in the Standard Preparation, Au is the 
absorbance of the Test Preparation, and As 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 drag first mentioned, where the diagram is for 
a procedure for a specific article. Diagrams pertaining to general 
classes of articles, e.g., Diagram for Automated Hydroxy/amine 
Assay for Antibiotics, appear after that alphabetic-series. 

(21) THERMOMETERS 
Thermometers suitable for Pharmacopeial tests conform to 

specificati.ons of the American Society for Testing and Materials, 
ASTM Standards E 1, and are standardized in accordance with 
ASTM Method E 77. 

The thermometers are of the mercury-in-glass. type, and the 
oolumn above the liquid is filled with nitrogen. Thermometers 

Thermometer Specifications 

ASTM No. 
El 

Temperature Gradu-
Range ations 

(
0 C) - c·c) 

Thermometers for General Use, Including 
· Melting Range Determinations 

Immer
sion 

(mm) 

lC -20 to 150 1 76 
2C -.s to 300 1 .. 76 
3C - 5 w 400 1 . 76 

Thernioineters for Boiling or Distilling Range 
or Temperature Determinations 

37C - 2 tD .Si 0.2 . JOO 
38C 24 to 78 0.2 100 
39C 48 to 102. 0.2 100 
40C 72 to 126 0.2 100 
41C 98 to 152 0.2 100 

10?.C 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 to 277 0.2 100 
107C 248 to 302 0.2 100 

Thermometers for Congea.ling Range 
or Temperature Determinations 

89C -20 tD 10 0.1 76 
90C ·o to 30 0.1 76 
9JC 20 to 50 0.1 76 
92C 40 to 70 0.1 16 
93C 60 Lu 90 0.1 76 
94C 80 to 110 0.1 76 
95C 100 to 130 0.1 76 
%C 120 to 150 0.1 76 

NOTE-The revised cenUgrade scale attributed to-Celsius dif
fers slightly from the so-called centigrade scale heretofore ac
cepted. However, the magnitude of the difference is negligible, 
and the two scales are considered equally suitable for Pharma
copeiaJ purposes. 
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may be standardized for total immersion or for partial immersion. 
.Insofar as practicable, ea.ch thermometer should be employed 
according to the condition of immersion under which it was stan
dardized. 

Standardization for total immersion involves immersion of the 
thermometer to the top of the mercury column, with the re
mamder of the stem and the upper ex(>ansion chamber exposed 
to ambient temperature. Standardimhon for partial immersion 
involves immersion of the thermometer to the indicated immer
sion line etched on the front of the thermometer, with the re
mainder of the stem exposed to ambient temperature. For use 
under other conditions of immersion, an emergent stem correction 
is necessary lo obtain correct temperature readings. 

In the selection of a thermometer, careful consideration of the 
conditions under which it is to be used is essential. The accx,m
panying table lists specifications for a number of thermometers 
suitable for ui,e in Pharmacopeial tests. The lower and upper 
limits of temperature range specified in tb.e table are to be re
garded 8ll inclusive. 

(31) VOLUMETRIC 
APPARATUS 

Most of the volumetric apparatus available in the United St.ates 
is calibrated at 20°, although the temperatures generally pre
vailing in laboratories more nearly approach 25°, which is the 
temperature specified generally for Pharmacopeial tests and as
says. This djsercpancy is inconsequential provided the room tem-
perature is reosonably constant. · · 

Use-To attain the degree of precision required in many Phar
macopeial assays involving volumetric measurements and direct
ing tha.t 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 IO mL of titrant is to be measured, a 
10-roJ. buret or a nricroburet 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 than five times 
I.he inside diameter, and the tips of burets and pipets should 
restrict the outflow rate to not more than 500 µ.L per second. 

Studards of Acaaracy- The capacity tolerances for volumet
ric flasks, tra.nsfer pipets, and burets are those accepted by the 
National Institute of Standards and Technology (Class A),• as 
indicated in the accompanying tables found at the top of the next 
page. 

The capacity tolerances for measuring (i.e., "graduated") pi
pets of up to and including 10-m.L capacity are somewhat larger 
than those for the corresponding sizes of transfer pipets, namely, 
10, 20, and 30 µL for the 2-, 5-, and 10-mL sizes, respectively. 

Transfer and measuring pipets calibrated .. to deliver" should 
be drained in a vertical position and then touched agaiost the 
wall of the receiving vessel to drain the tips. Volume 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 
burcts. Pipets calibrated "to contain" arc called for in special 
cases, generally for measuring viscous nuids like syrups; however, 
a volumetric flask may be substituted for 11. "to contain" pipet. 
ln such cases, the pipet or flask should be washed clean, after 
draining, and the washings added to the measured portion. 

(41) WEIGHTS AND 
BALANCES 

Phannacopcial tests and assays require the use of ha!A.nces that 
vary in canacity. sensitivity, and reproducibility. The accuracy 
needed for a weighing dictates the type of balance and the class 
of weights required for tbat weighing. Where substances are to 
be "accurately weighed." the weighing is to be performed so as 
to limit the error to not more than 0.1%. For example, a quantity 
of .S,O mg is to be weighed so that the error does not exceed 50 

* Sec "Testing of Glass Volumetric Apparatus," N.B.S. Circ. 
602, April I, 1959, and NTIS COM-73-10504, National Tech
nical Information Service. 
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Volumetric Flasks 
Designated volume, mL 10 25 50 JOO 250 500 1000 

Limit of error, mL 0.02 0.03 0.05 0.08 0.12 
Limit of error, % 0.20 0.12 0.10 0.08 0.05 

0.15 0.30 
0.03 0.03 

Transfer Pipets 
Designated volume, mL 1 2 5 10 25 50 100 

Limit of error, mL 0.006 0.006 0.01 0.02 0.03 
Limit of error, % 0.60 0.30 0.20 0.20 0.12 

0.05 0.08 
0.10 0.08 

Burets 
Designated volume, mL 10 ("micro" type) 25 50 

Subdivisions, mL 0.02 
Limit of error, mL 0.02 

µg. A balance should be chosen such that the value of three 
times the standard deviation of the reproducibility of the instru
ment. divided by the amollilt to be weighed, does not exceed 
0.001. 

A weight classification should be chosen so as to limit the error 
to 0.1%. This generally means that Class P weights can be used 
r or 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 Jess than 10 
~ may be weighed on -balances having appropriate reproduc
ibilities 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 .I.he accompanying table are for new 
or newly adjusted weight.s. For weights that have been in use, 
the· tolerances are somewhat larger, as follows: 
. Closs .M: lOO-, 200.., 300., and 500-mg denominations-10.5 

µg;.and 20.0 µg for the group. 
Clo.rs S: 100.mg and heavier denominations-Twice the values 

shown in the accompanying table (for individual and group). 
Class S-1: Same as shown in the accompanying table. 
Class P: For all weights-Twice the values shown in the ao-

companying table. .· :. 
Weights should be calibrated periodically, preferably against 

an absolute standard weight. 

Tolerances for New Weights In Sets 
Class M Class S 

Denomi- Class S-1 Class P . 
nation Jndivid- Group Individ- Group Individ- lndivid-

g ual µ.g µ.g · ual µ.g µg ual µg uaJ µg . 

100 SCIO 250 1000 2000. 
50 250 120 600 120-0 
30 . lSO ' 74 154 450 900 
20 100 74 . " 350 700 
10 50 .. 74 250 500 
s 34 65 54 105 180 360' 
3 34 .. 54 " 150 300 
2 - 34 .. 54 .. 130 260 
1 34 " 54 

., 
100 200. 

mg 

500 5.4 10.5 25 5S 80 160 
300 5.4 " 25 " 70 140 
200 5.4 " 25 .. 60 120 
100 5.4 " 25 

., so 100 

50 5.4 10.) 14 34 42 . 85 
30 5.4 .. ]4 .. 38 75 
20 5.4 " 14 35 70 
10 5.4 " 14 30 60 
5 5.4 10.5 14 34. 28 55 
3 5.4 

., 
14 .. 26 52 

2 5.4 14 25 50 
1 5.4 " ~4 " 25 50 

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

0.10 0.10 
0.03 0.05 

Microbiological Tests 

(51) ANTIMICROBIAL 
PRESERVATIVES-EFFECTIVE

NESS 
Anti.microbial preservatives are substarn:es added to dosage 

forms to pr:otect them from microbial 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 precess. Antimicrobial agents 
should not be used solely to reduce the viable microbial count as 
a substitute for good manufactunng practice. Situations may 
arise, however, where their use may be required to minimize 
proliferation of microorganisms. It should be recognized that the 
p~nce o~ dead mi~roorganisms Qr the metaboli~ by•J?roduct;s 
of living aucroorgat)Jsms may cause adverse reactions m seas1-
tized persons. • 

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

The following tests are lrovided to demonstrate, in multiple
dose parenteral, otic, nasa , and ophthalmic products made with 
a'lueous bases or vehicles, the effectiveness of any added anti• 
mtcro),ial rreservative(,), the presence of which is de_clared on 
the label o the product concerned; The tests and standards apply 
only to the product in the original, unopened container in which 
it was distributed by the producer.• . 

Tett Organislll&-Use cultures of the following microorgan
isms:2 Candida a/hicans (ATCC No. 10231), Aspergillus niger 
(ATCC No. 16404), Escherichia coli (ATCC No. 8739), Pseis
domonas aerisginos'a (ATCC No. 9027), and Staphylococcus au
reus (ATCC No. 6538). Other microorganisms, in addition to 
those listed, may be included in the test on an optional basis, 
especially if it appell!S likely that ,such microorganisms may rep
resent contaminants likely to be introduced during use of the 
article. · 

Media-For the initial cliltivatfon of the test organisms, select 
an agar medium that is favorable to vigorous growth of the re
spective stock culture, such as Soybean-Casein Digest Agar Me--
dium (see under Microbial Limit Terts (61}). · 

Preparation of lnoculum-Preparatory to the test, inoculate 
tbe surface of a suitable volume of solid agar medium from a 
recently grown stock culture of each of the sr=ified microor
ganisms. Incubate the bacterial cultures at 30 to 35° for 18 to 

• For products made with nonaqueous (anhydrous) bases or 
vehicles, a suitable test may be feasible only at a particular stage 
in manufacture. . · . 

l Available from American Type Cultare Collection, 12301 
Parklawn Drive, Rockville, MD 20852. 

7 
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24 hours, the culture of C. albicans at 20° to 25° for 48 hours, 
and the culture of A. niger at 20° to 25° for l week, 

To 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 JOO million microorganisms per mL. To.harvest the A. 
niger culture, use sterile saline TS containing 0.05%.of polysor
bate 80, and adjust the spore count to 11bout loP million per mL 
by adding·more sterile saline TS. . . . · 

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

Determine the number of colony-fanning units per mL in each 
suspension. This value serves to determine the size of inoculum 
to use in the test U the standardized suspensions are not used 
promptly, periodically monitor the sus~nsions by the plate-count 
method to determine any loss of viability. 

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

Procedur.-Where the product container can be entered asep
tically, such as with a needle and syringe through a rubber stop
per, conduct the test in five originaJ product containers. If the 
,roduct container is such that it cannot be entered aseptically, 
:ransfer 20.mL samples of the product to each of five sterile, 
:apped bacteriological tubes of suitable size. Inoculate each tube 
1r product container with one of the standatdizcd microbial sus
:iensions, using a ratio equivalent to 0.10 mL of inoculum to 20 
nL of product, and mix. A suitable concentration of test mi
:roorganisms should be added so that the concentration in the 
:est preparation immediately after inoculation is ~tween 100,000 
U1d 1,000,000 microorganisms per mL . . Determine the number 
1f viable microorganisms in each inoculum suspension. and cal
:ulate the initial concentration of microorganisms per mL oi prod-
1ct under test by tho plate-<:ount method. · 

Incubate the inoculated containers or tubes at 20° to 25°. 
~oe the containers or tubes at 7, 14, 21, and 28 days sub
equent to inoculation. Record any changes observed in appear• 
mce, and determine by the plate-count procedure· the number of 
1able microorganisms present at each of these time intervals. 
Jsing the theoretical concentrations of microorganisms present 
t the start of the test, calculate the percentage change in the 
-0ncentra~ion of each microorganism during the test. 

Interpretation-The preservative is effective in the product ex
mined if (a) the concentrations of viable bacteria are reduced 
o not more thaa 0. r % of the initial concentrations by the four
:enth day; (b) the concentrations of viable yeasts and molds 
emam at or below the initial concentrations during the first 14 
a)'.S; and (c) the concentration of esi.ch test microorganism re
wns at or below these designated levels during the remainder 
f the 28-day test period. 

:61) MICROBIAL LIMIT TESTS 
This chapter provides tests for the estimation of the number 
viable aerobic microorganisms present and for fr«:dom from 

signated microbial species in pharmaceutical articles of all kinds, 
.lm. raw materials to the finished forms. An.automated method 
ay be substituted for the tests presented here, provided it has 
en properly validated as giving equjvalent or better results. In 
epariog for and in applying the tests, observe aseptic precau
,n~ tn handling the specimens. Unless otherwise directed, where 
~ procedure SJ)'cifies snoply "incubate," hold the container in 
·., that i~ thermostatically oontrolled at :i temperature between 

and 35°, for a period of 24 to 48 hours. The term "growth'' 
used in a special sense herein, i.e., to designate the presence 
d presumttd proliferation of viable microorganisms. 

Preparatory Testing 
The validity of the results of the tests set forth in this chapter 
ts largely upon the adequacy of a demonstration that the test 
--Ctmcns to which they are applied do not, of themselves, inhibit 
1 multiplication, under the test conditions, of microorganisms 

that may be .present. Therefore, preparatory to conducting the 
tests on a regular basis and as circumstances require subsc>
quently, inoculate. di.luted specimens of the matenal to be tested 
with separate viable cu]tures of Staphylococcus aureus, Esch
erichia coli, Pseudomonas aeruginosa, and Salmonella. This can 
be done by adding l mL of not less. than 10-3 dilution of a 24-
hour broth culture of the microorganism to the first dilution (in 
pH 7.2 Phosphate l3uffer, Fluid Soybean-Casein Digest.Medium, 
or ·Fluid Lactose Medium) of the test material and following the 
test procedure. Failure of the organism(s) to grow in the relevant 
medium invalidates that portion of the examination and neces
sitates a modification of the procedure by (1) an increase iii the 
volume of diluent, the quantity of test material remaining the 
same, or by (2) the in.corporation 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 penrut growth 
of the inocula. 

The following are eJtamples 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 di'>' 
scribed in the preceding paragraph, using Fluid Casein Digest
Soy Leeithin-Polysorbate 20 Medium to demonstrate · neutral
ization ofpreservatives or other antimicrobial agents in the test 
material. Where inhibitory substances are contained in the: prod
uct and the latter is soluble, a suitable, validated adaptation of 
a procedure set forth in the Test Procedures Using Membrane 
Filtration, under Sterility Tests (71 ) , may be used. . . 

H in spite of the incorporation of suitable inactivatjng 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
ganism is attributable to the bactericidaJ activity of the product 
This information serves to indicate that the article is not likely 
to be contaminated wjth the given species of microorganism. 
Monitoring should be continued in onler to establish the spec4"11l}1 
of inhibition and bactericidal activity of the article. 

Buff er 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/or yield media comparable to those obtained from 
the formulas gJv:en herein. 
. 1n 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
dium hydroxide in quantities sufficient to yield the desired pH 
iJ) the medium when it is ready for use. Determine the pH at 
~±~ . 

Where agar is called for in a fonnula, use agar that has a 
mojsturc content of not more than l 5%. 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 Stock Solution with water in the ratio of 
l to 800, and steriJjze. · 

MEDIA 
Unless otberwi~ indicated. the media should he sterilized by 

heating in an autoclave (see Steam Sterilization under Steril
lzatipn ( 1211) ), the exposure time depending on the volume to 
be sterilized. · · 

I. Fluid Casein Digest-Soy Lecith~PoJysorbatc io 
· Medium · 

Pancreatic. Digest of Casein ...... . ............ . 
Soy Lecithin ... . .... . ......•..... . ... .. ........ 
Polysorbate 20 . . ...•.......... .. .. . ............ 
Water ........... . .... . .................... . .. ·. 

20 g 
Sg 

40mL 
960 mL 
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Dwolve 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 polySO'J'bate 20. Mix, 
and dispense as desired. · · · 

II. Soybean-Casein Digest Agar Medium 
Pancreatic Digest of Casein . . .. . . . . . . . . • . . . . . . . 15.0 g 
Papaic Digest of Soybean Meal"... . . . . . . . . . . . . . . · 5.0 g 
Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . •.. . . . . . 5.0 g 
Alar. ... .. .. ... .. . ... .............. ..... .... . .. 15.0 g 
Water . • . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . .. . 1000 mL 

pH after sterilization: 7.3 ± 0.2. 

Ill Fluid Soybean-Cas~in Digest Medium 
Prepare as directed for Soybean-Casein Digest Medium IJ!lder 

Sterillty Tuts (71). 

IV. Mannitol-Salt Agar Medium 
Pancreatic Digest of Cuc:in .... . ..... : . ..... . . 
Peptic Digest o.f Animal Tissue .... .. . ... . .... . 
Beef Extract : . ....... . ... .. ... . ... .. .. .. ... . . . 
o-Ma.nnitol .. . ............ ....... ... . ... · ..... .. 
Sodium Chloride .. . ...... . ............. . ... . . 
Agar . ' .. •...... ... , .... •. .. •.. . . . • ••. .• -. .. -. . . 

5.0 g 
5.0 g 
1.0 g 

IO.O g 
75.0 g 
15.0 g 

Phenol Red ...... ... . ... .... .. .. , ..... ... .. . . , 
Water .. . . : .. .. ....•. .... ..... . ...... .. ... .... 

0.025 g 
1000 . rnL 

Mix, then heat with frequent agitation, and boil for l minute 
to effect solution. 

pH after sterilization: 7.4 ± 0.2. . · 

V. Baird-Parker Agar Medium 
Pancreatic Digest of Casein ....... .. .. .. .. ... .. 
Beef Extract .. . .. .... ..... · . ... .. . ...... .... . . . . 
Y cast Extract . . . .. .. · . . . . : .. . ... .. . . . . . . ... ... . . 
Lithium Chloride . . ...... . . ... . ..... .... .. .... : 
Agar . ........ .. ......... . . . ........ ... ........ . 
Glyc:r.e .. . .. . . . ... . ... .. .. . .. . : . ... . . . ...... .. . 
Sodium Pyruvate .......... . . . . .. ..... . . ..... •. . 
Water .. ... . .. . . . ... . . ... .. . .. .... .. .. .. .. . .. . . . 

10.0 g 
5.0 g 
1.0g 
5.0 g 

20.0 g 
12.0g 
10.0 g 

950 mL 
Heat with frequent agitation, and boil for 1 minute. Sterilize, 

cool to between 45° and 50°, and add 10 mL of sterile potassium 
tellurite solution (I in 100) and SO mL of egg-yolk emulsion. Mix 
intimately but gently, aod pour into plates . . (Prepcm the egg
yolk emulsion bf disinfecting the surface of. whole shell eggs, 
aseptically cracking the eggs, and separating out intact yolks. into 
a sterile graduated cylinder .. Add sterile saline TS to obtain a 3 
to 7 ratio of egg yolk to saline. Add to a sterile blender cup, and 
mix at high speed ·for .S seconds.) 
· pH after sterilization: 6.8 :!: 0.2. 

VI. Vogel-Johnson Agar Medium 
Pancreatic Digest of Casein ....... . . . .. . .... , .. 
Yeast Extract ..... _ . .. .. .. .. ..... . . . ....... .. .. . 
Mannitol . ........ ........ . . .. . : . ...... ..... . . . . 
Diba.sic Potassium Phosphate . ....... . ......... . 
Lithium Chloride .. . ... . ; . . .. , .. .. . .' .. .... ... .. 
Glycine . ........ .... ...... . . .... .......... ... . .. 
,\gar . .... .... . ... .... . .. ..... . . .. ... .. ... . .. . .. 
Phenol Red .. .. ........ .. ......... .. . .... . ... .. 
Water . ... : . .........•............... . . . ........ 

10.0g 
5.0 g 

10.0 g 
5.0 g 
5.0 g 

10.9 g 
16.0 .g 
25.0 Dig 

1000 mL 

Boil the solution of solids for 1 minute. StermZ.C: cool to be
tween 45° and so•, and add 20 mL of sterile potassium tellurite 
solution (I in 100). 

pH after sterilization: 7.2 ± 0.2. 

VII. Cetrimide Agar Medium 
Pancreatic Digest of Gelatin .. .. ....... : ....... . 
Magnesium Chloride .. .. ......... . .. ... ...... .. 
Potassium Sulfate ................ . .. . . . ....... . 
Agar ............. . .... .... ......... . .. . ... .. .. . 

c<t~=d!~~~.~~~~~ .~~~~ .. : ......... . 
Glycerin . .. . .... .. .. . .. .. . ... .... .. . ... ....... . 
Water ...... . . ..... ..... .. .......... . . . ....... . 

20.0 g 
1.-. t 

10.0 g 
13.6 g 

0.3 g 
10.0 mL 

1000 mL 
Dissolve all solid component& in the water, and add the glycerin. 

Heat, with frequent agitation, and boil for 1 minute to effect 

solution. 
pH after sterilization: 7.2 ± 0.2. 

VIII. Pseudomonas Agar Medium for Detection of 
Ruorescin 

Pancreatic Digest of Casein : ......... ... . ..... . 
Peptic Digest ·of' Animal Tissue .... .. .... .. .... . 
Anhydrous ·oibasic Potassium Phosphate ... . ... . 
Magnesium Sulfate (MgS04 . 7H20) ... . . .. : . .. . 
Glycerin . . . ....... . ...... . .. .. .. .. . . .. .. . ... .. . 

~~i·::::::::·::::: ::::: :::: ::::::::::: ::: :::: :: 

10.0 g 
10.0 g 
1.5 g 
1.5 g 

10.0 mL 
. 15.0 g 

1000 mL 
Dissolve the solid components in the water before adding the 

glY.cerin. Heat, with frequent agjtation, and boil for l minute to 
effect solution. 

pH .after sterilization: 7.2 ± 0.2. 

IX. Pseudomonas Agar Medium for Detection of 
. Pyocyanin 

Pancreatic Digest of Gelatin . . . . . . . . . . . . . . . . . . . . . 20.0 g 
Anhydrous Magnesium Chloride . . . . . . . . . . . . . . . . 1.4 g 
Anhydrous Potassium Sulfate . . . . . . . . . . . . . . . . . . . 10.0 g 

Afyii:cri!i·: :: : :: ::: ::::: :: : : : :: : : ::::: ::~: ::::: :: 1i:g ~ 
Water ..... .... ... ... .. . ...... ; ....... .. ,. . . . . . . . 1000 mL 

Dissolve the solid components in the water befqre adding the 
glycerin. Heat, with frequent agitation, and boil for 1 ininutc to 
effect solution. · 

pH after sterilization: 7 .2 ± 0.2. . . 
X. Fluid Lactose Medium 

Beef Extract · ... : ... ... .. . . . . . . . : .... . ...... ... . 
Pancreatic Dig_cst of Gelatin .. ..... . . . . •. ... .. . . 
Lactose .... :· . ...... . , ..... . .... ...... . . .. .... .. . 
Water ... ....... ... . .... : ... . ...... . .. . , ... . .. . 

Cool ca quickly u possible after sterilization. 
pH after stcrihzation: · 6'.9 ± 0.2. 

XI. Fluid Selenite-Cystine Medium 
Pancreatic Digest 'of Casein .... . .... . ........ .. · 
Lactme ... . .... ... ···· · •·: · · ···· ··••.•·· .. . .... . 
Sodium Phosphate .... : . ....... . ...... .... .. . . . 
SodiWll Acid Selenite ....... ..... . ........ . .. . . 
L-Cystine· ... ....... ... ... . .. ........ ....... . .. · . . 
Watc~ .· . ...... . . .. . ............ . ..... .... ....... . 

· 3.0 g 
.s.o g 
5.0 g 

1000 mL 

5.0 g 
4.0 g 

10.0g 
4.0 g 

10.0 mg 
1000 mL 

Final pH: 7.0 ± 0.2. • 
Mix, and heat to effect solution. Heat in flowing steam for IS 

minutes. Do not sten·lize. 

' XII. Fluid Tetrathionate Medium 
Pancreatic Digest of Casein ... . •... . : . ...•. . · .. . 
Peptic Digest of Animal Tusue . . ..... . . . . .. . .. . 
Bile Salts . .... · . . ............. . .... . ......... .. . 
Calcium Carbonate ....... . ........ .. . ; ........ . 
Sodium Thiosulfate . ..... ..... : . . .. . . .. .. ... . . . 
Water .... . .... . .. ... ...... . . .. . . .......... . .. . 

2.5 g 
2.5 8 
l.O g 

10.0 g 
30.0 g 

1000 mL 
Heat the solution of solids to boiling. On the day of use, ·add 

a solution prepared by dissolving S g of/otassium iodide and 6 
g of iodine in 20 ml of water. Then ad 10 mL of a solution of 
brilliant green (1 in 1000), and mix. Do not heat the medium 
after adding the brilliant green solution. 

XIlI. Brilliant GreeJJ Agar Medium 
Yeast Extract .. . . ....... .. .......... : . . . ... . . . . . 3.0 g 
Peptic Digest of Animal Tissue .. . . .. .. .. • .. .. . . 5.0 g 
Pancreatic Digest of Casein . . . . . . . . . . . . . . . . . . . . S.O g 
uctose . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . J 0.0 g 
Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . · 5.0 g 
Sucrose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.0 g 
Phenol Red .. . . ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 mg 
Agar ... . .. ..... . . .. .. .... . . ... .. . ..... .. . .. . .. 20.0 g 
Brilliant Green ...... ....... . ...... . .. . . . .. .. ... 12.51::f, 
Water ...... .. ............. ... , . .. ....... . :.... 1000 m 

Boil the solution of solids for l minute. Sterilize just 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 Medium 
Xylose ....... , . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 3.5 g 
L•Lysine . . ..... . ..... . .... . ; . . . . . . . . . . . . . . . . . . . 5.0 g 
Lactose .. . , . ... .. . . ...•... .. . . ...... . . , . . . . . . . . 7 .5 g 
Sucrose . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 7.5 g 
Sodium Chloride . ... . ..... . .. : . . . . . . . . .. . . . . . . . 5.0 g 
Yeast Extract ......... . . .. .... .. .... , . . . . . . . . . 3.0 g 
Phenol Red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 mg 
Agar ... . . . .. ...... ..... . .. . . . ... .. .. .. . , ... . ... . 13.5 g 
Sodium De&>xycbolate . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 g 
Sodium Thiosulfate . . . . . . . . . . . . . . . . . .. . . . . . . . . . 6.8 g 
Ferric Ammonium 'Citrate . . . . . .. . . . .. . . . .. . . .. . 800 mg 
Water .... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 1000 mL 

Final pH: 7.4 ± 0.2. · 
Heat the mixture of solids and water, with swirling, just to the 

boiling point. Do not o\/erheat or sterilize. Transfer at once to 
a water bath maintained at about 50°, and pour into plates as 
soon as the medium bas cooled. · 

XV. Bismuth ·Sulfite Agar. Medium 
Beef Extract ... , .. .. . . .. . . .. ... . . . . . . .... .. . .. . 
.Pancreatic Digest of Casein .. . . . .. . . .. . . .. . . .. . · 
Peptic Digest of Animal Tissue ... . .. ... ...... . . 
Dextr0.9e .. ... ... ... ... . · ... .... ....... .. ... . ... . 
Sodium Phosphate ..... . .... . ... . ....... . .. . . . . 
Ferrous Sulfate ... .. .. . . . ..... ... .. .. . · . .. . . ... . 
Bismuth Sulfite Indicator .... . . . .. . ......... .. .. 
Agar . . .... .. .... . ..... .. . .. . . ... .. .. .. .. .... . .. 
Brilliant Oreen .... ...... . ... .. . · ..... . ..... .... . 
Water .. . . .. ........• .. .... · ....... , . .. : .. . .. . . . 

5.0 g · 
5.0 g 
5.0 g 
5.0 g 
4.0 g 

300 mg 
,· 8.0 g 

20.0 8 
25 • mg 

1000 mL 
. Final pH: 7.6 ± 0.2. 

Heat tbe mixture of solids and water, witb swirling, j ust to the 
boiling point. I)() not •overheat or sterilize. Transfer at once to 
11 water bath maintained at al:w,1\t ,o", and pour into plates as 
soon as the medium has cooled. · 

. . . 
XVI. Triple Sugar-Iron-Agar Medium 

Pancreatic Digest of Casein .. .. .. . .. .. ... ..... . 
.Pancreatic Digest o"f Animal Tissue .. .. . .. . . . . . . 
Lactose · ... . .... : : .. ... .. ....... . .... . . . : . . .... : 
Sucrose . .. . . · ......... .. .... ... ... .. . . . .. . . . .. . . 
Dextrose . ... ..... . .... . .... . .. . . .. . . .. ....... . . 
Ferrous Ammonium Sulfate . .... ... .... . .... .. . . 
Sodiu.m Chloride ... . . ... ... . .. . ... . ......... · .... . 
Sodium Thiosulfate ... . ... : ....... . .. . ... . . . .. . 
Agar .. . '. . .... • .. · . . . .. ... ... ... ...... . ....... . .. 
Phenol Red .. . . .. . .. ........ · •.. . .. .. ... .. : . .. . . 
Water .~ ... • ... .... .... . ... .. .......... .. .. . .-.. • 

pH ~ft~r sterilization: 7.3 ± 0.2. 

XVII. MacConkey Agar Medium 
Pancreatic Digest of Gelatin ..... , .. , . : . . .. ... .. 
Pancreatic Digest of Casein . .. .... . ... ... .. ; •.. 
Peptic Digest of Animal Tissu_e ... .. ........... . 
Lactose . ... .. .. . .. . · . . . . . . . ........... . . ... ... . 
Bile Salts Mixture .............. . .. ....... . .... . .. 
Sodium Chloride ... ... : .... ... . . . .. ... ..... , .. . 
Agar . . . . . .. .. . . . . . .. .. .. ... .. .... .... . ... . . . .. . 
Neutral Red . ... . .. .... .. .. .. ... . .... . . . . . ... . . 
Crystal Violet . ... .. ....... .... . . . .. . . : . .. . . .. . . 
Water . .. : . .. ; .. ....... . . . . ...... . .... . . . ... . . •. 

10.0 g 
10.0 g 
·10.0g 
10.0 g 
1.0 g· 

200 mg 
5.0 g 

200 mg 
13.0 g 

· 25 mg 
1000 mL 

17.0 g 
1.5 g 
1.5 g 

lQ.O g 
1.5 g 
5:0 g 

13.5 g 
30 mg 

1.0mg 
1000 mL 

Boil the mixture of solids and water for l minute to effect 
solution. . 

.pH afte-r·sterilization: 7.1 ± C.2. . 

XVIII. Levine &sin-Methylene Blue Agal' Medium 
Pancreatic Digest of Gelatin ..... . . . .. . .... , . . . . .. 10.0 g 
Di basic Potassium. Phosphate . . . . . . . . . . . . . . . . . . . 2.0 g 
Agar............ . ... . ... .. ... . .. .. . ... ..... . . . . 15.0 g 
Lactose . . . ... . . .. ·... . .. . .. ... . . ... . .. . . .. ...... 10.0 g 
Eosin Y . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 400 mg 
Methylene Blue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 mg 
Water .. . ... . .. . ... . .. : . . . . . . . ... . . . .. .. . . .. . . . 1000 .mL 

Dissolve the pancreatic digest of gelatin, the dibasic potassium 
phosphate, and the agar in the water, with warming, and allow 

to cool Just prior to use, liquefy the ~elled agar solution, add 
the remaining ingredients, as solutions, in the folio~ amounts, 
and mix: for each l 00 mL of the liquefied a$ar solution- 5 m.L 
of lactose solution (I in 5), 2 mL of the eos111 Y solution (1 in 
50), and 2 mL of methylene blue solution (l in 300). The finished 
medium may not be cJear. 

pH after steri lization: 7 .1 ± 0.2. 

XO(. Sabouraud Dextrose Agar Medium 
Dextrose .. ... . ...... .. .... . ..... . . ... . .. _. . . . ... . 40 g 
Mixture of equal parts of Peptic Digest of Animal 

Tis.sue and Pancreatic Digest of C;ascin . . . . . . . 10 g 

~~;·:::::::::::::::::::::.:::::::::::::::::::: 1~k 
Mix, and boil to effect solution . 

. pH after sterilization: 5.6 ± .0.2. 

XX. Potato Dextrose Agar Medium 
Cook 300 g of peeled and diced pota~ in 500 mL of water 

prepared by distillat ion, filter through cheesecloth, add water 
prepared by distillation to make 1000 mL, and add the followin~!= 
Agar ...... .. ..... . · .. ..... . . . ... . .... . ..... ,. . . . . ISg 
GTucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 g 

Dissolve by heating, and sterilize . 
pH after sterilization: S.6 ± 0.2. 
For use, just prior to pouring the plates, adjust the melted and 

cooled to 45~ medium with sterile tartaric actd solution (I in IO) 
to a pH of 3.5 ± 0.1. Do not reh~t the pH 3.5 medium. 

Sampling 
Provide separate 10-mLor 10-g specimens for each of the tests 

called for in the individual.monograp.h . 

Procedure 
Prepare the specimen to. be tested, by treatment that is ap

propriate to 1ts/bysicai characteristics and that doe:; ::i.ct alter 
the number an kind of microorganisms originally pre3Cnt, in 
order to obtain a solution or suspension of all or part of it in a 
form suitable for the test procedure(s) to be carried out. 

For a sqlid that dissolves to an appreciable extent but not 
completely, reduce the subst.ance to a moderately fine powder, 
suspend it in the vehicle specified, and proceed as directed under 
Total Aerobic Microbial Count, and under Test for Staphylo
coccus aureus and Pseudorno111Js euruginosa and Tut f or Sal
monella Species and Eschtrtch/a coll. 

For a fluid specimen that consists of a true solution, or a sus
pension in water or a hydroalcoholic vehicle containing less than 
30 percent of alcohol, and for a solid that dis110lvc1 readilJ. and 
pt'8ctically completely in 90 mL of pH 7.2 Phosphate Buffer or 
the media specified, proceed as directed under Total Aerobic 
Microbial Count, and under Tut for Staphylococcus aurtus and 
Pseudomonas aerugfno.sa and Test for Salmonella Species and 
Escherichia coli. 

For water-immiscible flui<b, ointments. creams, and waxes; pre-
pare a suspension with the aid of a minimal quantity of a suitable, 
sterile emulsifying agent (such as one or the polysorbates), using 
a mechanical blender and. wanning to a temperature not exceed
ing 45°, if necessary, and proceed with the suspension as directed 
under Total Aerobic Microbial COUIII, and under Tut for S taph
ylococcus aureu.s and P.reudomo111JS aeruginosa and Test for Sal
moMlla Species and Escherlchfa cell. 

For a fluid specimen in aerosol form, chill the container in an 
alcohol-<lry ice mixture fc,r approximately l hour, cut open the 
container, allow it to reach room temperature, permit tbe pro
pellant to escape, or warm to drive off the propellant if feasible, 
snd transfer tb.e quantity of test material required for the pro
cedures specified in one of the two preceding paragraphs, a11 
appropriate. Where 10.0 g or 10.0 mL of the specimen, whichever 
is applicable, canrtot ~c obtained from 10 co~tainers in. ael'OISol 
form, transfer the entire contents from 10 ch1Ued ·conta1ncrs to 
the culture medium, permit the propellant to escape, and proceed 
with the test on the residues. If the results of the test ere in
conclusive or doubtful, repeat the test with a specunen from 20 
more containers. 

Total Aerobic Microbial Count-For specimens that arc suf
ficiently soluble or translucent to permit wie of the Plate M~thod, 
use that method; otherwise, use the Multfple-tuhe Method. With 
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~it~e! meth?d, first dissolve or suspend 10.0 g (!f the spec!tllen 
if 1t 1s a sohd, or 10 nil,; accurately measured, 1f the specunen 
is a liquid, in pH 7.2 Phosphate Bulfer, Fluid Soybean-Casein 
Digest Medium, or Fluid Casein Dig_est-Soy Lecithin-Polysor
bate 20 Medium to make lOO mL. For viscous specimens that 
cannot be pipeted at this initial I : IO dilution, dilute the specimen 
until a suspension is obtained, i.e., l : 50 or 1 : 100, etc., that can 
be pipcted. Perform -the test for absence of inhibitory ( anti mi• 
crobial) properties as described under Preparatory Testing before 
the determination of Total Aerobic Microbial C.Ount. Add the 
specimen to the medium not more than I hour after preparing 
the appropriate dilutiOJJS for inoculation. 

PLATE METHO~Dilute further, if necessary, the fluid so that 
l mL will be expected to yield between 30 and 300 colonies. 
Pipet l 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 dish.es, mix the 
sample witli the agar by tilting or rotating the dishes, and allow 
the contents to solidify at room temperature. Invert the petri 
dishes,. and incubate for 48 to 72 hours. Following incubation, 
examine the plates for growth, count the number of colonies, and 
express the average for the two plates in terms of the number of 
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 Multiple-tube 
Method. 

Observed Combinations of Numbers 
of Tubes Showing Growth 

in Each Set 
No. of mg (or mL) of Specimen 
. per Tube 

" 100 10 1 
(lOOµL) (10 µL) (l µL) 

·3 3 3 
3 3 2 
3 3 1 
3 3 0 

3 2 - 3 
3 2 2 
3 . 2 l 
3 2 0 

3 I 3 
3 l 2 
3 1 1 
3 1 0 

.3 0 3 
3 0 2 
3 0 .1 
3 0 0 

Most Probable 
Number of Micro-

organisms per g 
or per mL 
>1100 

llOO 
500 
200 
290 
210 
150 
90 

160 
120 
70 
40 
95 
60 

. 40 
23 

I : 10 dilution of the specimen, express the results llli "less than 
10 microorganisms per g or per mL of specimen." 

MULTIPLE-TUBB METIIOD-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 sets of three 
tubes each. Put aside one set of three tubes to serve as the 
controls. Into each of thr(X} tubes of one set ("100") and into a 
fourth tube (A) pipet 1 mL of the solution or suspension of the 
specimen, and mix. From tube A, pipet I mL of its contents into 
the one remaining tube (B) not included in a set, and mix. These 
two tubes contain lOO mg (or 100 ,uL) and 10 mg (or 10 µL) of 
the specimen, respectively. Into each of the second set ("10") 
of three tubes pipet l mL from tube A, and into each tube of 
the third set ("l") pipet l mL from tube B. Discard the unused 
contents of tubes A and B. Close well, and incubate all of the 
tubes. Following the incubation period, examine the tubes for 
fll'OWth: the three control tubes remain clear and the observations 
m the tubes containing the specimen, when interpreted by ref
erence to Tab]e l, indicate the most probable number .of micro
organisms per g or per mL of specimen. 

Test for StapllylocOCCIIS aJtrt!IR and Pse,ulomonas aerugi• 
no.ra- To the specimen add Fluid Soybean-Casein Digest Me
dium to make 100 mL, mi:t, and incubate. Examine the medium 
for growth, and if growth is present, use an inoculating loop to 
streak a portion of the medium on the surface of Vogel-Johnson 
Agar Medium (or Baird-Parker Agar Medium, or Mannitol-Salt 
Agar Medium) and of Cetrimide ~ar Medium, each plated on 
petri dishes. Cover and invert the dishes, and incubate. If, upon 
examination, none of the plates contains colonies having the cnar
acteristics listed in Tables 2 and 3 for the media used, the test 
specimen meets the requirements for freedom from Staphyl<>-
coccus aureus and Pseudomonas aeruginosa. . 

COAOULASE TEST (FOR Staphylococcus aureus)--With the 
aid of an inoculating loop, transfer representative suspect colonies 
from the agar surfaces of the Vogel-Johnson Agar Medium {or 
Baird-Parker Agar Medium, or Mannitol-Salt Agar Medium) to 
individual tubes, each containing 0.!i mL of mammalian, eref
erably rabbit or horse, plasma with or without suitable additives. 
Incubate in a water bath at 37°, examining the tubes at 3 hours 
and subsequently at suitable intervals up to 24 hours. Test positive 
and negative controls simultaneously with the unknown speci• 
mens. If no coagulation in any. degree is observed, the specimen 
meet$ the requirements of the test for absence of Staphylococcus 
aureu.r. 

OXIDASE AND J>IOMENT TESTS (FOR Pseudomonas aerupi
nosa}-'---With the aid of an inoculating loop, streak representauve 
suspect colonies from the agar surface of Cetrimide Agar Me,. 
dium on the agar surfaces of Pseudomonas Agar Medium for 
Detection of Ftuorescin and Pseudomonas Agar Medium for De• 
tection of Pyocyanin contained in petri dishes. If numerous col• 
onies are to be transferred, divide the surface of each plate into 
quadrants, each of which may be inoculated from a separate 
colony. Cover and invert the inoculated media, and incubate at 
35 ± 2° for not less than three days. Examine the streaked 
surfaces under ultraviolet light. Examine the plates to determine 

Table 2. Morphologic Characteristics of Staphyloco«us aureus on SelecCbe Agar Media. 
Selective Medium 
Characteristic Colonial 

Morphology 
Gram Stain 

Voge}sJohnson Agar Medium Mannitol-Salt Agar Medium Baird-Parker Agar Medium 
Black surrounded Yellow colonies Black, shiny, surrounded 

by yellow zone with yellow zones by clear zones 2 to S mm 
Positive cocci (in clusters) Positive cocci (in clusters} Positive cocci (in clusters) 

Table 3 •. -Morphologic Characteristics of Pseudomonas aer11ginosa on Selecti,e and Diagnostic Agar Media. 

Medium 
Characteristic Colo

nial Morphology . 
Fluorescence in 

Ultraviolet Light 
Oxidase Test 
Gram Stain 

Cetrimide Agar 
Medium 

Generally sreenish 

Greenish 

Positive 
Negative rods 

Pseudomonas Agar Pseudomonas Agar 
Medium for De- . Medium for De-
tection of Fluorescin tection of Pyocyanin 

Generally colorless Generally greenish 
to yellowish 

Yellowish Blue 

Po.,itive Positive 

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

Me<lium Description of Colony 
Brilliant Green SmaJJ, transparent, colorless or pink 

Agar Medium to white opaque (frequently 
surrounded by pink to red zone) 

Xylose-Lysine
Desoxycholate 
Agar Medium 

Bismuth Sulfite 
Agar Medium 

Red, with or without black centers 

Black or green 

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

Characteristic 
Colonial 
Morphology 

Gram Stain 

Brick-red; may have surrounding 
. zone of precipitated bile 

Negative rods (cocco-bacilli) 

wbethef colonies having the characteristics listed in Table 3 are 
present. 

Confirm any suspect colonial growth on one or more of the 
media as Pseudom1Jnas aeruginosa by means of the oxidase test. 
lJpon the colonial growth place or transfer colonies to strips or 
disks of filter paper !hat previously has been impregnated with 
N .N-dimethyl-p-phenylenediamine dihydrochloridc: if there is no 
development of a pink color, changing to purple, tlie specimen 
meets the requirements of the test for the absence of Pseudo
monas aerugi110Sa. The presence of · Pseudomonas aeruginosa 
may be coni1rmed by other suitable cultural and biochemical 
ta;ts, if necessary. 

Te.st for SalmDnelJa Sped.,s an.I Ssch.ericbia tori-To the 
specimen, contained in a suitable vessel, add a volume of Fluid 
Lactose Medium to make l00 mL, and incubate. Examine the 
medium for growth, and if growth is present, mu by gently shak
ing. Pipet 1-mL portions into vessels containing, respectively, 10 
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-cysline and tetra
thionate media on the surface of Brilliant Green Agar Medium. 
Xylose-Lysine-Desc,Jt.rcholate 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 to the description given in Table 4, the specimen meets 
the requir:ements of the test for absence of the genus Salmonella. 

If colonies of Gram-negative rods matching tl;te description in 
Table 4 are found, proceed with further identification by trans
ferring representative suspect colonies individually, by means of 
an inoculating wire, to a butt-slant tube of Triple Sugar-Iron
Agar Medium by first streaking the surface of the i1Jant and then 
stabbing the wire weU beneath the surface. Incubate. If ex
amination discloses no evidence of tubes having alkaline (red) 
slants and acid (yellow) 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, a:id incubate. Upon examination, if none of the colonies 
confor~ to the description ~iven in Table 5 for this medium. 
the spectmen meets .the requirements of the test for absence of 
Escherichia coli. 

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

• Additional, confirmatory evidence may be obtained by use 
of procedures set forth in OJfzcial Methods of Analysis of the 
AOAC, 12th ed. (1975), secttons 46.013-46.026. 
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dishes. If numerous colonies are to be ·transferred, divide the 
surface of each plate into quadrants, each of which may bc seeded 
from a separate e-0lony. Cover and invert the plates, and incubate. 
Upon examination, if none of the colonies cllhibits both a char• 
acteristic metallic sheen under reflected light and a blue-black 
appearance under transmitted light, the specimen meets the re
qwrements of lhe 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 Total Aerobic Microbial Count, except for 
using the same amount of Sabouraud Dextro.,e Agar Medium or 
Pola to 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 2S 0

• · · 

Retest-For the purpose of confirming a doubtful 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 procedures arc applicable for determining whether · 

a Pharmacopeial article purportmg 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 CcmpendialArticles (1211).) 
Jo view of the possibility that positive results ma.Y be due to faulty 
aseptic techlliques or environmental contami natlon in testing, pro
visions are included under lnlerpretation of S terility Test Results 
for two stages of testing. · 

Alternative procedures may be employed to demonstrate that 
an article is sterile, provided the results obtained are at least of 
equivalent reliability. (See Procedures under Tests and Assays 
in the General Notices.) Where a difference appears, or iri the 
event of a dispute, when evidence of microbial contamination is 
obtained by the procedure given in this Pharmacopcia, the result 
so obtained is conclusive of failure of the article to meet the 
requirements of the test. Similarly, failure to demonstrate mi
crobial contamination by the procedure given in this Pharma
copeia is evidence that lhe article meets the requirements of the 
test. For additional interpretive information, see Sterilization 
and Sterility Assurance of Compendia/ Articles (1211). 

Media 
Media for the tests may be _prepared as described below, or 

dehydrated mixtures yiel~ slDlilar formulations may be used 
provided that, when reconstttuted as directed by the manufac• 
turer or distributor, they have growth-promoting properties equal 
or superior to those obtained from the formulas given herein. · 

L Fluid Thioglyoollate Medium . . 
L-Cystine ... ; .. ;...... . ..... ...... . . ............ 0.5 g 
Sodium Chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5 g 
Dextrose (¼H1206,H20).. . ... . ............ . ... S.S g 
Agar, granulated (moisture content not in excess 

of 15%).. . ........ . ............ .. . .. .... . .. 0.75 g 
Yeast Extract (water~oluble)... . .... . ........ . .. S.O g 
Pan~reatic pi~est of Casein... . . . ............... 15.0 g 
Sodium Th1oglycollate ........ ;. . . . . . . . . . . . . . . . . . 0.5 g 
. or Thioglycollic Acid................. .. ...... 0.3 mL 

Resazurin Sodium Solution (I in 1000), freshly 

watf:~::: ::: ::: : : : :: : : : : : : : : : : : : : : : : : : : : : 1005·0 
· ·~ 

pH after sterilization: 7.1 ± 0.2. 
Mix, and heat until solution is effected. Adjust the solution 

with 1 N sodium hydroxide so that, after sterilization, it will have 
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 J>C!iod. 
Sterilize in an autoclave. If more than the upper on~third has 
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acquired a pink color, the medium may be restored once by heat
ing on a steam bath or in free-flowing steam until the pink C-Olor 
disappears. When ready for use, not more than the upper one
tenth of ~e medium should have a pink color. 

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

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

L-Cystine. . .... . . .. ............................. 0.5 g 
Sodium Chloride ........... . ............ . . ... .. : · 2.5 g 
Dextrose (C6"J2O6 .H2O)...... .. ............... 5.5 
Yeast Extract \water-soluble)................ . ... 5.0 
Pancreatic Digest of Casein . . . . . . . . . . . . . . . . . . . . . 15.0 
Sodium Thioglycollate........... .. ............. 0.5 g 

or Thioglycollic Acid . . . . . . . . . . . . . • . . . . . . . . . . . 0.3 mL 
Water . .... , ................. . ................ . . 1000 mL 

pH after sterilization: 7. l ± 0.2. 
Heat the ingredients in a suitable container until solution is 

effected. Mix, and, if necessary, adjust the solution with I 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 to cool just prior to use. Do not reheat. 

Use Alternative Tbio~lycollate Medium in a manner that will 
assure anaerobic conditions for the duration of the incubation 
period. . 

· III. Soybean-Casein Digest Medium 

Pancreatic Digest of Casein .............. . ..... . 
Papaic Digest of Soybean Meal ........... . ... .. 
Sodium Chloride .. . .... .... .. . ................. . 
Dibasic Potassium Phoophate .......... . ........ . 
Dextrose (C6'11206.H20) ............. .. . . .... . . 
Water ......... . ............... . .. .. ........... . 

pH after sterilization: 7.3 ± 0.1. . · 

i7.0g 
3.0g 
5.0g 
2.5 g 
2.5g 

1000 mL 

Dissolve the solids in the water, wanning slightly to effect 
solution. Cool the solution to room temperature, and adjust with 
l N sodium hydroxide, if necessary, to obtain a pH of 7.3 ± 0.2 
after sterilization. Filter, if necessary, and dispense into suitable 
vessels. Ste.rili:ze by steam. 

Use Soybean-Casein Digest Medium by incubating it under 
aerobic conditions. 

Diluting and Rinsing Fluids 
FLUID A-Dissolve I g of peptic digest of animal tic,.~ue (see 

Reagent Specifications in the section, Reagents, Indicators, and 
Solutions) in water to make l liter, filter or centrifuge to clarify, 
adjust to a pH of 7.1 ± 0.2, dispense into containers in 100-mL 
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 
quantity of sterile penicillinase to the Fluid A to be used to rinse 
the membranc(s) sufficient to inactivate any residual antibiotic 
activity on the membranc(s) after the solution of the specimen 
has been filtered. 

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

FLUID K--
Pcptic Digest of Animal Tissue (see Reagent 

Specifications in the section, ReagenJs, Indi-
cators, and Solutions) ... . ......... . .. . ...... . 

Beef Extract. . . . . . ... . .. .. ... ........ . ......... . 
Polysorbate 80 . .... . ................. . .... . ... . . 
Water .... . ........................... . ... . .... . 

pH after sterilization: 6.9 ± 0.2. 
Sterilize by steam. 

. 5.0g 
3.0g 

IO.O g 
1000 mL 

NOTE- A sterile flujd 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 

representative containers, at the temperature and for the length 
of time specified in the test. 

Test each autoclaved load of each lot of medium for its growtl}. 
promoting qualities by separately inoculating duplicate test co~ 
tainers of each medium with 10 to 100 viable microorganisms of 
each of the strains listed in the accomJ>llllying table, and incu• 
bating according to the conditions specified. 

The test media are satisfactory if clear evidence of growth 
appears in all inocul.ated media containers within 7 days. The 
tests may be conducted simultaneously with the use of the test 
media for sterility test purposes. The sterility test is considered 
invalid if the test medium shows inadequate ~rowth response. 

If freshly prepared media are not used Wlthin 2 days, store 
them in the dark, preferably at 2° to 25°. 

Finished media, if stored in unsealed containen, may he 11.-wt 
for not more than one month, provided that they are tested withln 
one week of the time of use and if the color indicator requirements 
are met. If stored in suitable sealed containers, the media may 
be used for not more than one year, provided they are tested for 
growth promotion every three months and if the color indicator 
requirements arc met. · · 

Bacteriostasis and Fuogjstasis 
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 microor~anisms cited under 
Growth Promotion Tesl. Inoculate the stenlity test media with 
10 to 100 viable microorganisms, employing volumes of medium 
listed in the table of Quantities for liquid Articles under Selec
lion of Test Specimen..r 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 co~ 
tainers at the appropriate temperatures and under the conditions 
listed in the table for not les.~ than 7 days. • 

If growth of the test organisms in the article-medium mixture 
is visually comparable to that in the control vessels, use the amounts 

Incubation 
,Medium Test Microorganisms• Ttmtperature ( 0

) Conditions 
Fluid Thioglycollate 1) Bacillus subtilis (ATCC No. 6633)t 30 to 35 

2 Candida fl!bicans (ATCC No. 10231) 30 to 35 
3 Bacteroides vu! atus · ATCC No. 8482 t 30 to 35 

Aerobic 

Alternative Thi2$1ycollate (l} Bacteroides vulgatus (ATCC No. 8482}t 30 lo 35 Anaerobic 
Soybean-Casein Digest (1) Bacillus subtills (ATCC No. 6633)t · 20 to 25 . 

*.Available from the American Type Culture Collection, 12301 Parklawn Drive, Rockville, MD 20852. 
NOTE--5eed lot culture maintenan<:<: techniques should be employed so that the .-iable microorganisms used for inoculation are 

(2) Candida a/bicans (ATCC No. 10231) 20 to 25 . Aerobic 

not more than 5 passages removed from the ATCC cultures. . . . 
t If a spore-form}ng organism is not desired, use Micrococcus luteus (ATCC No. 9341) at the incubation temperatures indicated 

in the table. . 
f If a spore,-forming organism is desired, use Clostridium :sporogenes (ATCC No. 11437) at the incubatio.n temperature indicated 

in the table. 
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Quantities for Liquid Articles 
Minimum Volume of Each Medium 

Minimum volume 
taken from each 

container for 
ench medium 

Used for direct Used for membrane or half 

Container 
content (mL) 

transfer of volume membrane representing total 
taken from each volume from the appropriate 

No. of 
containers 

per medium container (mL) number of containers (mL) 
Less than 10 I mL, or entire con

tents ff Jess than 
1 mL 

15 100 20 (40 if each 
docs not con
tain sufficient 
volume for 
both media) 

IO to less than SO 
SO to less than l 00 
50 to less than 100, 

intended for in
travenous admin
istration 

)00 to 500 
Over 500 

SmL 40 
10 mL 80 
Entire contents 

Entire contents 
500 mL 

of article and medium regularly specified 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 a~ent is determined as in the 
test described below. If a neutralizing agent is not available, 
establish, as described below, suitable amounts of article and 
medium to be used. 

Repeat the tests set forth above, using the specified amount 
1>f article and larger volume: of t.1\e me,:!il)m to determine the 
ratio of article to medium in which growth of the test organisms 
is not adversely affected. 

H the specified amoont of article is bacteriootatic or fu.ngistatic 
in 250 mL of the medium, decrease the amount of the art'icle 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 l mL, increase the 
quantity of medium so that the 1 mL is sufficiently diluted to 
prevent inhibition of growth. For solids that arc not readily sol
uble or dispersible, if the amount is less-than SO mg, increase the 
quantity of medium so that the SO mg of the article is sufficiently 
diluted to f revent inhibition of growth. In either case, use the 
amounts o the article and medium established in this ratio for 
sterility testing. 

Where membrane rtltration is used, ma.ke 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 diluting 
and rinsing fluid. Inoculate the stated quantities of viable mi
croorganisms into each final portion of diluting and rinsing fluid 
used to filter the article under test and to filter the diluting and 
rinsing fluid only. The growth of the test organism in each case 
from the membrane(s) used to filter the article under test foJlowed 
by the inoculated finaJ diluting and rinsing fluid is visually com
parable to that from the membranc(s) used to filter only the 
1.11oculated diluting and rinsing fluid. 

General Procedure 
The test procedures include (1) direct transfer to test media 

and (2) membrane filtration techniques. Sterility te.,ting of Phar
macopeial articles 1111ing membrane filtration of the t.e&t speci• 
mens, where feasible, is the method of choice. The procedure is 
particularly u.seful for liquids and soluble powders possessin~ bac
teriostatic or fungistatic properties, so as to permit separation of 
possible contaminating microorganisms from such growth inhib
itors. The procedure is to be validated for such use. For similar 
reasons. it is very useful where the article is an oil, an ointment, 
or a cream that can be put into solution with non-bacteriostatic 
or non-fuagistatic diluting fluids- Its use is also entirely appro
priate and preferable in the sterility testing or non-bacteriostatic 
or oon-fungistatil: liquids or soluble powders. Certain devices also 

100 20 

100 20 
100 10 

100 
100 10 

may be appropriately tested for sterility of surfaces or the critical 
pathways by the membrane filtration technique. 

Because of diversity in the nature of articles to be tested and 
other factors affecting the copduct of the sterility test, it is im
portant to observe the following considerations in perfonning ste
rility tests. 

OPENING CONTAINERS 
Cleanse the exterior surfaces of 1UJ1puls and clooures of vials 

and bottles with a suitable decontaminating agent, and gain ac
~ tG the contents in an Ml'\pt.fo .manner. If the vial contents 
&1e packaged under vacuum, admit sterile air by means of a 
suitable sterile device, such as a needle attached to a syringe 
containing sterilizing grade filter material. 

For purifjed 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, use not less than the volumes of article and 
medium for each unit 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 quantity, they mar. 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 
otber than li<Juids, test 20 units of the article with each medium. 
For such articles in which only the lumen must be sterile, flu.sh 
the lumen with a suitable quantity of appro"riatemedium to yield 
JJ recovery of not less than I 5 mL of mcdrum. 

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

Test Procedures for Dire.ct Transfer to 
Test Media 

LIQUIDS 
Remove liquids from test containers with a sterile pipet or with 

a sterile syringe and needle. Aseptically transfer the 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 m the specified media aa directed 
under General Procedure, for not less than 14 days. Examine 
the media visually for growth at Jeast as often as on the third or 
fourth or fifth day, on the seventh or eighth day, and on the last 
day of the test period. 
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Where the material being tested renders the medium turbid, 
so that the presence or absence of microbial 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 t.he 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 OILS INSOLUBLE IN 
ISOPROPYL MYRISTATE 

Select 20 representative containers, assign them to 2 groups 
of 10 containers, and treat each group as follows. Aseptically 
transfer l00 mg from each of the 10 containers to a flask con
taining 100 mL of a sterile, aqueous vehicle capable of dispersing 
the test material homogeneously throughout the fluid mixture. 
[Norn- The choice of dispersing agent incorporated 'in the 
aqueous vehicle may differ according to t)le nature 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 bas. no significant antimicrobial effects during the 
time interval for all transfers employing test procedures set forth 
under Bacteriostasis ar,d Fungistam.J Mix an aliquot of 10 mL 
of the fluid mixture so obtained with 80 mL of each medium, 
and proceed as di.rccied under Liquids, beginning with "Incubate 
in the specified media." 

SOLIDS 
Take a quantity of the product in the form of a d.ry 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 solids. Trans
fer it to not less than 40 mL of Fluid Tbioilycollate Medium and 
to not less than 40 mL of Soybeao-Casem Digest Medium, re
spectively, and mix, the number .:,f containers and the conditions 
of incubation being the same as for liq_uids. Proceed as directed 
under Liquids, beginning with "Examine the media visually." 

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

From each pack.age of cotton, rolled gauze, or p.uze bandage 
being tested, remove aseptically two or more portiOlls of 100 mg 
to 500 mg each from the innermost part of the sample. From 
individually packaged singlo-use materials such as gauze pads, 
remove aseptically a single portion of 250 mg to $00 mg or the 
entire article in the case of smalJ, i.e., 25- X 75-mm or smaller, 
adhesive absorbent bandages, or sutores. 

Aseptically transfer these portions of the article to the specified 
number of containers of appropriate media and incubate as di
rected under Ger,eral Procedure. Proceed as directed under Liq
uids, beginning with "Examine the media visually." 

STERILIZED DEVICES 
The following considerations apply io sterilized devices man

ufactured in lots, each consisting of a number of units. Special 
considerations apply to sterile devices manufac~ in small lots 
or in individual units where the self-<feiitructive nature of the 
Sterility Ten renders the conventional Sterility Test impractic
able. For these articles, appropriate and acceptable modifications 
to the Sterility Test must be made. · · 

For articles of such size and shape as to permit complete im
mersion in not more than 1000 mL of culture medium; test the 
intact articte, using the appropriate media, and incubate as di
rected under General Procedure. Proceed as directed under liq
uids, beginning with "Examine the media visuaUy." 

For devices having hollow tubes, ruch as uansfusion or infusion 
assemblies, or where the sire of an item makes immersion im
practicable and where only the fluid pathway must be sterile, 
flush the lumen of each of 20 units with a sufficient quantity of 
Fluid Thioglycollate 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 J 5 mL of each medium, and 
incubate 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 Tbioglycollate Medium will not pass 

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 io 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 
remove 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 Liquids, beginning 
with "Examine the media visually." 

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

STERILE EMPTY OR PREFILLED SYRINGES 
Sterility testing of prefiUed syringes is performed by employing 

the same techniques used in testing sterile products in vials or 
ampuls. The direct transfer technique may be emeloyed if the 
Bacteriostasis and Fungistasis determination bas indicated no 
adverse activity under the test conditions. Where appropriate, 
the membrane filtration procedure may be employed. For pre
filled syringes containing a sterile needle, flush the contained 
product through the lumen. For syringes packaged with a sep
arate needle, aseptically attach the needle, and expel the product 
into the appropriate media. Pay special attention toward dem
onstrating that .the outside of the attached needle (that portion 
which will enter the e:a,tient's tissues) is sterile. For empty sterile 
syringes, take up stenle medium or diluent into the barrel through 
the needle if attached, or if not attached, through a sterile needle 
attached for the purpose of the test, and express the .contents into 
the appropriate media. 

Test Procedures Using Membrane Filtration 
Where the membrane filtration technique is used for liquid 

articles that may be tested by direct transfer to test media, test 
not Jess than the volumes and numbers specified under Selection 
Qf Test Specimens and lncubaticn. · 

Apparatus-A suitable membrane filter unit consists of an as
sembly that facilitates the aseptic handling of the test articlc:11 
and that allows the processed membrane to be removed asepti
cally for inoculation of appropriate media or an assembly where 
sterile media can tie added to the sealed filter and the membrane 
incubated in situ. A membrane generaUy suitable for sterility 
testing has a nominal porosity of 0.45 µm, a diameter of approx
imately 47 mm, and a flow rate of SS to 75 mL of water per 
minute at a pressure of 70 cm of mercury. The entire unit may 
be assembled and sterilized with the mcmbranc(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 assures the sterility of the filter and the assembly. 

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

LIQUIDS MISCIBLE WITH AQUEOUS VEHICLES 
Aseptically transfer the volumes required for both media, as 

indicated in the table of Qµantities for Liquid Articles under 
Selection of Test Specimens and Incubation, either directly into 
one or two separate membrane filter funnels or to sepiu:ate sterile 
pool~ vcssel(s) prior to transfer. [n the case of liquid articles 
in containers in wrucb 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 [ess than 
20 containers are thus represented by one membrane, or mem
brane half, transferred to each medium. If the volume of liquid 
in the article is 50 mL toles..~ than 100 mL eer container and iii 
intended for intravenous administration, or 1s 100 mL or more 
up to 500 mL, aseptically transfer the entire contents of not less 
than 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 as.,embly is used. Immedi
ately pass each specimen through the filter with the aid of vacuum 
or pressure. 

In some cases, where the Liquid is highly viscous and not readily 
filterable through one or two membranes, more than two filter 
assemblies may be needed. In such cases, half the number of 
membranes used are incubated in each medinm, provided that 
the volumes and requirements for numbers of containers per me
dium are complied with. If the product is bacteriostatic or fun
gistatic, rinse the membrane(s) with three 100-mL portions of 
Fluid A. · · 

Aseptically remove the membraoe(s) from the holder(s), cut 
the membrane in half (if only one is used), immerse the mem
brane, or one-half of the membrane, in 100 mL of Soybean-Casein 
Digest Medium, and incubate at 20° to 25° for not less than 7 
days. Similarly, immerse the other membrane, or other half of 
the membrane, in 100 mL of Fluid Thiogjycollate Medium, and 
incubate at 30° to 35° for not less than 7 days. 
· NOTE-Where the product under test has inherent bacteria

static properties, use hydrophobic membrane ftlter 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 uaing 
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 D1ge.1t Medium. 

LIQUIDS IMMISCIBLE WITH AQUEOUS 
VBHICLFS (LESS THAN 100 mL 

PER CONTAINER) 
Using the contents of not less than 20 containers ( 40 containers, 

if each oilc docs not contain sufficient volume for both media), 
aseptieally transfer the volumes required for both media, as in
dicated in the table of Quantities for Liquid Articles Wlder Se
lection of '/'est Specimens (111Q lncuho.tion, i:itu1;1 directly into 
ODE? or two separate membrane filter funnels or to separate sterile 
pooling ve&cls prior to transfer. The required volumes from not 
less than 20 containers arc thus represented by the membrane, 
or membrane half to be transferred to each medium. Immedi
ately pass each specimen through the filter with the aid of vacuum 
or pressure. 

H 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 bas inherent bacteriostatic or fuo
gistatic properties or contains a preservative, wash the futer with 
from one to three 100-mL portions of Fluid A. If the substance 
under test contains lecithin or oil, substitute Fluid D for Fluid 
A. 

Upon completion of the filtration, and rinsing, treat the mem
brane(s) as directed under Li9uids Miscible with Aqueous Ve
hicles, beginning with "Aseptically remove tbe 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 by 
adding sterile diluent to the 1JDD1ediate container(s), com:spond
in~ to 6 g of solid), or not Jes., than 300 mg from each container 
bemg 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 
same as specified for liquids Miscible with Aqueous ·vehicles. 
Transfer the specimen aseptically to a vessel containing 200 ml 
of Fluid A, and swirl to djssolve. If the specimen does not dissolve 
completely, u.::e 400 mL of Fluid A, or divide the specimen asep
tically into two portions and test each using 200 mL 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 wider 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 Uquids Miscible with 
Aqueous Vehicles, beginning with "Aseptically remove the mem
brane(s)." 
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OINTMENTS AND OILS SOLUBLE IN ISOPROPYL 
MYRISTATE 

Dissolve not less than I 00 mg 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 extract not less than 6.5 (see under 
Reagen/ Specf/l.caJions in the section, Reagents, Indicators, and 
Solutions) which previ01isly has been rendered sterile by filtration 
through a 0.22-µ.m membrane filter. (NOTE-Wann the steri
lized solvent, and if necessary the test materiaJ, to not more than 
44° just prior to use.] Swirl the flask to dissolve the ointment 
or oil, taking care to expose a large surface of the material to 
the solvent. Filter the dissolved ointment promptly following dis
solution. Aseptically transfer the mixture into ooe or two mem
brane filter funnels. Immediately pass each specimen through 
the filter with the aid of vacuum or pressure.. Keep filter mem
branc(s) covered with liquid throughout the filtration for maxi
mum efficiency of the filter. 

Following filtration of the specimen. was.h the membrane(s) 
with two 200-mL portions of Fluid D, then wash with JOO mL 
of Fluid A. Treat the test membtane(s) as directed under liquid.s 
Miscible with Aqueous Vehicles, beginning with "Aseptically re
move the membrane(s)," e11cept to provide that the sterility test 
medium to be used contaim 1 g of polysorbate 80 per liter. 

If the substance under test contains petrolatum, use Fluid K. 
Moisten the membrane(s) with approximately 200 µL 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 threc.100-mL portions of the rinse medium. Treat the test 
membrane(s) u directed above. 

NOTE-For ointments and oils that arc insoluble in isopropyl 
myristate, proceed as direcied for Ointments and Oils Insoluble 
in lsop,opy/ Myristate under Test Procedures for Direct Tran.s
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 directed for Solids under 
Test Procedures for Direct Transfer to Te.rt Media. 

DEVICE'S 
Devices that are purported to contain sterile pathways may be 

tested for sterility by the membrane filtration technique as fol
lows. 

Aseptically pass a sufficient volume of Fluid D through ea.ch 
or not less than 20 devices so that not less than 100 mL is n>
covered from each device. Collect the fluids in aseptic containers, 
and filter the entire volume collected through membrane ft.lter 
funnel(s) as directed under Liquids 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 numbc:r of units as described for similar cases in the 
section, Ste111ized Devices, under Test Procedures for Direct 
Transfer (o Test Media. 

Interpretation of Sterility Test Results 
FrRST 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 articie 
tested meets the requirements of the test for sterility. 

If microbial growth is found, but a review in the sterility testing 
facility of the monitoring, materials used, testing procedure, aD<i 
negative controls indicates that inadequate or faulty aseptic tech
nique was U3erl in the test itself, the First Stage is declared invalid 
and may be repeated. 

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 mirumum oumber of specimens selected is double the num

ber tested in the First Stage. The minimum volumes tested from 
each specimen and the media and incubation periods are the same 
as those indicated for tbe First Stage. If oo microbial growth is 
found, the article tested meets the requirements of the test for 
sterility. If growth is fouod, the result so obtained is conclusive 
that the article tested fails to meet the requirements of the teat 
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 
repeated. 

NOTE-Where sterility testing is used as part of an assessment 
of a production lot or batch or as one of the quality control criteria 
for release of such lot or batch, see Sterilization and Sterility 
Assura,rce of C-Ompendial Articles {1211). 

Biological Tests and Assays 

(81) ANTIBIOTICS
MICROBIAL ASSAYS 

The activity (potency) of antibiotics may be demonstrated un
der suitable conditions by their inhibitory effect on microorga
nisms. A reduction in antimicrobial activity aJso will reveal subtle 
changes not demonstrable by chemical methods. Accordingly, 
mi~bial or biological assays remain generally the stan<Jard for 
resolving doubt ;with respect to possible loss of !l~ti"'.ity. This 
chapter summanzes these procedures for the anub1otics recog
nized in this Pharmacopeia for which microbiological assay re
m?.m,. thi, definitive methoo. 

Two genera) methods are employed, the cylinder-plate or "plate,. 
assay and the tu.rbidimetric or "tube" assay. The first depends 
upon diffusion of the antibiotic from a verucal 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 "1.0ne" 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 medium that is favorable to its rapid 
growth in the absence of the antibiotic. 

Apparatus 
NJ equipmcot is to be th?roughly cleaned. before and ~ter 

each use. Glassware for holding and transfemng test orgarusms 
is sterilized by dry heat, or by steam. · 

TEMPERATURE CONTROL 
Therm06tatic 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 a tube 
assay, and may be achievC\l in either circulated air or water, the 
greater heat capacity of water lending it .some advantage over 
circulating ~r. · 

SPECTROPHOTOMETER 
Measuring transmittance within a fairly narrow frequency bnnd 

requires a suitable s~troi;,hotometer in which the wavclensrh 
or the light source can be varied or restricted by the use of a 
580-nm ttltet for preparing inocula of the required density, or 
with a 530-nm filter for reading the absorbance in a tube assay. 
For the latter purpose, the instrument may be arranged to accept 
the tube in which incubation takes place, to accept a modified 
cell fitted with a dra~n that facilitates rapid change. of content, 
or preferably, foi:ed with a now-through cell for ll continuous flow
through analysis; set the instrument at zero absorbance with clear, 
uninoculated broth prepared as specified for the particular anti-

biotic, including the same amount of test solution and formal
dehyde as found in each sample. 

Norn- Either absorbance or transmittance measurement may 
be used for preparing inocula. 

CYLINDER-PLATE ASSAY RECEPTACLES 
For assay plates, use glass or plastic petri dishes (appro,cimately 

20 X 100 mm) having covers of suitable material. For assay 
cylinders, use stainless steel or porcelain cylinders with the fol
lowing dimensions, each wmension having a tolerance of ±0.1 
mm: outside diameter 8 mm; inside diameter 6 mm; and length 
IO mm. CarefuUy clean cylinders to remove all residues. An 
occasional acid bath, e.g., with about 2 N nitric acid or with 
chromic acid (see Cleaning Glass Apparatus ( l 051)) is needed. 

TIJRBIDIMETRIC ASSAY RECEPTACLES 
For assay tubes, use g]ass or plastic test tubes, e.~., 16 X 125 

mm or 18 X 150 mm that are relatively uniform m length, di
ameter, and thickness and substantially free from surface blem
ishes and scratches. Tubes that are to be placed in the 5pcctrtr 
photometer are matched and are without scratches or blemishes. 
Cleanse 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 
arc made from the ingredients listed herein. Minor modifications 
of the individual ingredients, or reconstituted dehydrated media, 
may be substituted, prQvided the resulting media possess equal 
or better growth-promoting properties aod give a similar standard 
curve response. 

Dissolve the ingredients in water to make 1 liter, and adjust 
tl11; solutions wiru either i N sodium hydroxide or i N hydro
chloric acid as required, so that after steam sterili2.ation the pH 
is as specified. 

Medium 1 
Peptone .... . .......................... · ...... . 
Pancreatic Digest of Casein ..... . .......... . 
Yeast Extract ............................... . 
Beef Extract ................................. . 
Dextrose •.... •............................... 

~~r·:::::::::::::::::::::::::::::::::::::::: 
pH after sterilization: 6.6 ± 0. l. 

Mcdium2 
Pcptone ..................................... . 
Yeast Extract ......•................. . .... . .. 
Beef Extract ............. . .... . .............. .. 
Agar .............. . .. : ...................... . 
Water ........ . .................... . ........ . . 

pH after sterilization: 6.6 ± 0.1. 

Medium 3 
Pcptone .......................... ............ . 
Yeast Extract .......... . .... .. ........ . ..... . 
Beef Extract .. . .... . ........................ . . 
Sodium Chloride ........ . ................... . 
Dextrose .................. . ....... . .... . ... .. 
Dipotassium Phosphate . . .. .................. . 
Potassium Dihydrogen Phosphate ............. . 
Water .......................... . ... . ........ . 

pH after sterilization: 7.0 ± 0.05. 

Medium 5 

6.0 g 
4.0 g 
3.0 g 
1.5 g 
l.O g. 

15.0 g . 
1000 mL 

6.0 g 
3.0g 
LS g 

15.0 g 
1000 mL 

5.0 g 
1.5 g 
1.5 g 
3.5 g 
1.0 g 
3.68 g 
l.32 g 

1000 mL 

Same as Medium 2, except that the final pH after sterilization 
is 7.9 ± 0.1. 

Medium 8 
Same as Medium 2, except that the final pH after sterilization 

is 5.9 ± 0.1. · 
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Medium 9 
Pancreatic Digest of Casein .................. . 
Papaic Digcs~ of Soybean .... ... ... : ..... .... . 
SO!lium Chloride ............................ . 
Dipotassium Phosphate ...... ..... ....... .... . 
Dextrose .................................... . 

~:r·:::::::::::::::::::::::::::::::::::::::: 
pH after steri1ization: 7 .2 ± 0. I. 

Medium 10 

17.0 g 
3.0 g 
5.0 g 
2.5 g 
2.5 g 

20.0 g 
1000 mL 

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

pH after sterilization: 7.2 ± 0.1. 

Medium 11 
Same as Medium I , except that the final pH after sterili:zatioo 

is 8.3 ± 0.1. 

Medium 13 
Dextrose ............ .. ..................... . . 
Peptone ..................................... . 
Water ....•................... ................. 

pH after sterilization: 5.6 ± 0.1. 

Medium 19 
Pept9J1e .................................... .. 
yeast Extract ....... .. ' ..... . ............... . 
Beef Extract ................................. . 
Sodium Chloride ........................... . . 
Dextrose .......... : ................ ...... , .. . 
Agar ... ....... . ........ ....... .............. . 
Water ..... ............ ..................... .. 

pH after steiilization: 6.1 ± 0.1. 

Medium 32 • 

20.0 g 
10.0 g 

1000 mL 

9.4 g 
4.7 g 
2.4 g 

10.0 g 
10.0 g 
23.5 g 

1000 mL 

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

Medium 34 
Gly~l ..................................... . 
Peptone ..................................... . 
Beef Extract ...............•.................. 
Sodium Chloride ........ ... ......... .... .... . 
Water ....................................... . 

pH after sterilization: 7 .0 ± O. 1. 

Medium 35 

10.0 g 
10.0 g 
10.0 g 
3.0 g 

1000 mL 

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

Medium 36. 
Pancreatic Digest of Casein ......... , ...... .. . 
Papaic Digest of Soybean .................... . 
Sodium Chloride ........................... .. 
Agar ..... ... : ...... .. ....... ....... ........ . . 
Water ..............................•......... 

pH after sterilization: 7.3 ± 0.1. 

Medium 37 
Pancreatic Digest of Casein ................. . . 
Soybean Peptone ............................ . 
Dextrose ........... . . .. . ... .... . .... .. ...... . 
Sodium Chloride ........................... . . 
Dipotassilim Phosphate ............. ...... ... . 
Water ....................................... . 

pH after sterilization: 7.3 ± 0.1. 

Medium 38 . 
Peptone ..................................... . 
Papafo Digest of Soybean Meal .............. . 
Sodium Chloride •............................ 
Sodium Sulfite . : ............................ . 
L-Cystine ..... , , .... ........................ .. 

15.0 g 
5.0 g 
5.0 g 

15.0 g 
1000 mL 

17.0g 
3.0 g 
2.5 g 
5.0 g 
:z.:, g 

1000 mL-

15.0 g 
5.0 g 
4.0 g 
0.2 g 
0.7 g 

Dextrose .................................. . 5.S g 
15.0 g 

1000 mL 
Agar ...................................... . 
Water ....................................... . 

pH after sterilization: 7 .0 :t 0.1. 

PHOSPHATE BUFFERS AND OTHER SOLUTIONS 
Prepare as follows or by other suitable means the potassium 

phosphate buffers required for the antibiotic under assar., The 
buffers are sterilized after preparation, and the pH specified in 
each case is that after sterilization. 

Bad'f'cr No. 1, l percent, pH 6.0-Dissolve 2.0 g of dibasic 
p<>tauium phosphate and 8.0 g of monobasic potassium phosphate 
m 1000 mL of water. Adjust the pH with 18 N 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 dibasic 
potassium phosphate and 0.523 g of monobasic potassium phos
phate in 1000 m.L of water. Adjust the pH with 18 N phosphoric 
acid or to N potassium hydroxide to 8.0 ± 0.1 , 

Baffer No. 4, 0.1 M, pH 4.5- Dissolve 13.61 g of monobasic 
-potawum phosphate in 1000 mL of water. Adjust the pH with 
18 N phosphonc acid or 10 N potassium hydroxide to 4.S ± 
0.05. 

Buffer No. 6, 10 percent, pH 6.0-Dissolve 20.0 g of dibasic 
potassium phosi>bate and 80.0 g of monobasic potassium phos
phate in 1000 m.L of water. Adjust the pH with 18 N 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 N potassium hydroxide to 10.5 ± 0.1. 

Buffet" No. 16, 0.1 M, pH 7.0-Dissolve 13.6 g of dibasic 
potassium phosphate and 4.0 g of monobasic potassium phalphate 
in 1000 mL of water. Adjust with 18 N phosphoric acid or 10 
N potassium hydroxide to a pH of 7.0 ± 0.2. · 

Otlier solllliom-Use the substance.$ specified under .Reagents, 
lndicaJors, and Sobdions. For water, use Puri/led Water. For 
saline, use Sodium Chloride Injection. Dilute formaldehyde is 
Formaldehyde Solution diluted 1 : 3 with water. · 

· Units and Reference Standards 
The potency of antibiotics is desi~ted in either "Units" or 

"µ!!" of activity. In each case the • Unit" or "µg" of antibiotic 
activity is established and defined by the designated federal mas• 
ter ,tandard for that antibiotic. The corresponding USP Refer
ence Standard is calibrated m terms of the master standard. USP 
Reference Standards for antibiotic substances are held and dis
tributed by the U.S. Pharmacopeial Convention, Jnc. 

The concept of "µg" of activity originated from the situation 
where the antibiotic preparat_ion selected as the reference stan• 
dard was thought to consist entirely of a single chemical entity 

Table 1. Units of Potency of Reference Stuulards 
A,allable in 1988. - ---------------·- ---

Antibiotic 
&citracin Zinc 
Nystatin 
PcniciUin G 

Sodium 
Penicillin V 
Polymyxin '.a 
Sulfate 

Weight of Material (in 
1-1g) containing the 

Unit as defined by the 
master standard (and 

corresponding number 
of Units per mg) 

13.51 i74) 
0.2817 3550) 
0.600 1667) 

tb9u 
0.1274 

(1695) 
(7849) 

Number of USP 
Units 

per mg of the USP 
Reference Standard 

(1988) 
58.5(Lot L) 

6044 (Lot L) 
1590 (Lot G) 

1520 (Lot F} 
8300 (Lot I) 

Nora-Each mg of penicillin G benzathinc contains 121 l USP 
Penicillin G Units, and each mg of penicillin G procaine contains 
I 009 USP Penicillin G Units. 

For any of the antibiotic.1 listed. when stocks of a batch of USP 
Reference Standard are depleted, the replacement is calibrated 
to maintain continuity of the USP Unit. The number of USP 
Units per mg of the USP Reference Standard may therefore 
differ from that shown above. 
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Table Z. Preparation of Stock Sor.&ns and Test Dilutions or Reference Standards. 
Stock Solution Test Dilution 

Initial Solvent (and initial Median Dose 
Antibiotic and Type of Assay oonoentratioo where Final Stock (µg of activity 

[Cylinder-plate (CP} or Prior !(lecified)· [Further Concentration Use Fioal or 
.. Turbidimetric. (T)J Drying . Diluent, if different] per mL Within Diluent Units per mL) 

Anukacin (T) No Water l mg 14 days Water 10 µg 
Amphoteticin B (CP) Yes Dimethyl suJfoxidc I mg Same day B. JO 1.0 µg 
Ampicillin (CP) No Water 100 µg 7 days B. 3 0.1 ~g 
Bacitracin Zinc (CP) Yes 0.01 N hydrochloric acid 100 U Same day B. l 1.0 U 
Bleomycin (CP) Ycs · B. 16 · 2 U 14 days B. 16 0.04 U 
Candicidin ('0 Yes Dimethyl sulfoxide 1 mg Same day Water 0.06 µg 
Capreom>:cin {TI Yes Water l mg 7 days Water 100 µg 
Carbenic1llin (CP) No B. 1 I mg 14 days B. r 20 µg 
Cephalexfu (CP) No B. 1 l mg 7 days B. l 20 µg 
Cepbalothin (Ci>) Yes B. 1 1 mg 5 days B. I 1.0 µg 
Cephapirin (CP} No B. I 1 mg 3 days B. 1 1.0 µg 
Cephradine (CP) No B. l I mg 5 days B. 1 10 µg 
Chloramphenicol (T) No Alcobol (10 ma/mL); [Water) 1 mg 30 days Water 2.5 µg 
Chlortetracycline (T) No 0.01 N hydroclilorie acid 1 mg 4 days Water 0.06 µg 
Clindamycin· (CP) No Water l mg 30 days B. 3 1.0 µg 
C!oxacillin (CP) . No B. I l mg 7 days B. 1 5.0 µg 
Colistimethate Sodium (CP) Yes Water (10 mgJ.mL); (B· 6) l mg Same day B. 6 1.0 µg 
Colistio {CP) . Yes Water (10 mglmL); B. 6 1 mg 14 days B. 6 1.0 µg 
Cyc!osenne (T) Yes Water 1 mg 30 days Water 50 µg 
Dactinomycin (CP) Yes Methanol (10 mg/mL); fB. 3J 1 mg 90 days B. 3 1.0 µg 
Demeclocycline (T) Yes 0. 1 N hydrochloc1c acid l mg ,4 days Water 0.1 µg 
Diclollacillin (CP) No B. l 1 mg 1 days B. 1 S.0 µg 
Dihydrostreptomycin (CP) Yes B. 3 I mg 30 days B. 3 J.O µg 
Dihydrostreptomycin {T) Yes Water 1 mg 30 days Water 30 µg 
Doxycy<:line ra. No . 0.1 N hydrochloric acid l mg 5 days Water 0.1 µg 
Erythromycin CP) Yes Methanol(IOmg/mL); [B. 3) l mg 14 days B. 3 1.0 µg 
Gentamic1ni) · Ye.9 B. 3 · 1 mg 30 days B. 3 O.l µg 
Gramicidin . Yes Alcohol 95% 1 mg 30 days Alcohol 95% 0.04 µg 
Kanamycio No Water 1 mg 30 days Water 10 µg 
Lincomycln { No Water 1 mg 30 days Water 0.5 µg 
Methacycl.ioe ) Yes Water I mg 7 days Water 0.06 µg 
M~hicillin (C ) No B. l I mg 4 days B. 1 10 1'8 
Minocycline (T) No 0.1 N hydrochloric acid 1 mg 2 days Water 0.085 µg 
Mitom1cin ~P) No e. ! ! mg 14 days B. ! ?.O · ;:g 
NafciUin {CP} No B. I I mg 2 days B. I 2.0 µg 
Natamycin (CP) No Dimethyl sulfoxide 1 mg Same day B. lO 5.00 µg 
Neomycin (CP) Yes B. 3 · l mg . 14 days B. 3 LO µg 
Netilmicin (C:P) No B. 3 1 mg 7 days B. 3 0.1 µg 
Novobiocin {CP) Yes Alcohol (10 mg/mL); [B. 3) 1 mg 5 days B. 6 0.5 µg 
Nystatin (CP) Yes Dimethyliormamide 1,000 U Same day B. 6 20 U 
Oxacillin {CP) No B. I 1 mg 3 days B. l 5.0 µg 
Oxytet,acycline (T) No 0.1 N hydrochloric acid I mg 4 days Water 0.24 µg 
Paroinoinycin (Cl>) . Yes B. 3 . 1 1_1!8 21 days B. 3 l.0 µg 
Penicinin G (CP) . No. B. l 1,000 U 4 days B. I 1.0 U 
Plicamycin (CP) Yes Water 100 .µg 1 day B. t LO p.g 
Polymyxin B (CP) , Yes Water; [B. 6] 10,000 U 14 days B. 6 10 U 
Rif~in (CP) No Methanol . 1 mg I day B. l 5.0 µg · 
Rolitetracycline (T) ·Yes Water 1 mg I day Water 0.24 µg 
Sisomicin (CP) No B. 3 1 mg 14 days B. 3 OJ µg 
SpectinomycinfT) No Water 1 mg 30 days Water 30 µg 
Streptomycin {l) Yes Water 1 mg 30 days Water 30 µg 
Tetracr.cline Cf) No · · 0.1 N hydrochloric acid I mg I day Water 0.24 µg 
Ticatci.llin (Cl>) No B. l . · I mg l day B. l S.0 · µg 
Tobramycin (T) No Water l mg 14 days Water 2.S µg 
Troleaitdomycin (T) Yes Isopropyl alcohol-water (4:1) l mg Same day Water 2S µg 
Vancomycln (CP) · No Wat« l mg 7 days B. 4 10 µg 
Viomycm (T) . Yes Water l mg 7 days Water 100 µg 

"B" denotes "buffer," and the number following refers to the potassium phosphate buffen defined in this chapter. 
For Amphotericin 8, Colistimethate Sodium, and Nystatin, prepare the referen<:e standard solutions and the sample test solution simul- · 

taneously. . 
For Ampicillin, prepare the t~ dilutions of the reference standard and the sample simultaneously. . 
For Amphotericui B, furcher dilute the stock solution with dimethyl sulfoxide to ,sive concentrations of 12.8, 16, 20, 25, and 31.2 µg p,er 

mL prior to making the test dilutions. The Test Dilution of the sample prepared from the Assay Prepararton should contain the same 
amount of dimethyl suJfoxide as the test dilutions of the Standard. · 

For Bacitracin Zinc, each of the Standard test dilutions should contain the same amount of hydrocl!Joric acid as the Test Dilution of the 

s~~cNatamycin, further dilute the stock solution with dimethyl sulfoxide to give concentrations of 64.0, 80.01 100; 125, and 156 µg per 
mL prior to makjng th~ t_es! dilutions. Pr.:pare the standard respoJ1Se line solutions simultaneously with dilutions of the sp~imen to be 
tested. Use ·red low-acnruc gla$sware. The Test Dilution of the sample prepared from the Assay Preparation should contain the same 
amount ot dimethyl sulfox.idc as the test dilutions oi the Standard. · 

For Nystatin. further dilute the stock solution with dimethyJfonnamide to give concentrations of 2561• 320, 400, 500, and 624 Units per 
.mL prior to making the test dilutions. Prepare the standard ~ponse line solutiom simultaneously with oilutions of the sample to be tested. 
'I)le 'fest Dilution of. the sample prepared !??m the Assay Preparation should contain the same amount of dimethylfonnamide as the test 
dilutiOns of the Standard. Use red low-actinic jlassware. 

When making the stock solution of Polymyxm B, add 2 mL of water for each 5 mg of weighed reference standard material. 
For Sterile Penicillin G Procaine with Aluminum Stearatc Sus~n cylinder-plate assay only, use Penicillin G Reference Standard. 
Where indicated, about 100 mg of the Reference Staodard is dned before use in a vacuum oven at a pressure of 5 mm or less of mercury 

at a temperature of 60° f9r 3 hours, except in the case. of Bleom~cin and Plicamycin (dry at 25° for 4 hours) Capreomycin, Dihydrostrcp
tomycin, and No11obiocin (~ at 100° for 4 hours), Gcntamicin dry at 110° for 3 bouts), Candicidin (dry at 40° for 3 hours), and Nystatm 
(dry at 40° for 2 hours). The Sisomicin Reference Standard an tlie Netilmicin Reference Standard are not dried; the weight is calculated 
on the dried basis from the Loss on drying value of a separate portion taken concomitantly. 
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and was therefore assigned a potency of 1000 "µ,g" per mg. In 
11everal such instances, as a result of the development of manu
facturing and purification methods for :earticular antibiotics, 
r,reparations became available that contatned more than 1000 
'µ.g" of activity per mg. It was the.n understood that such prep
arations had an activity equivalent to a given number of "1,1g" of 
the 9riginal reference standard. In most instances, however, the 
"µ.g" of activity is exactly equivalent numerically to the µg ( weight) 
oJ the pure substance. Complications arise in some situations, 

Table 3. Test Organisms for Antibiotics Assayed by the 
Procedure hdicated in Table 2. 

Antibiotic 
Amikacin 
Amphotericin B 
Ampicillin 
Bacitracin 
Blcomycin 
Candic:idin 
Capreomr.cin 
CarbeniCJllin 
CephaJexin 
Ccphalothin 
Cepbapirin 
Cephradine 
Chlorampheniool 
Chlortctracycline 
Clindamycin 
Cloxacillin 
Colistimethate 

Sodium 
Colistin 
Cycloserine 
Dactinomycin 
Dcmeclocycline 
Dicloxacillin 
Dihydrostrepto-

mycin (CP) 
Dihydros_tree!_~ 

mycm (T) 
Doxycycline 
Erytliromycin 
Gentamicm 
Gramicidin 
Kanamycin 
Lincomycin 
Metbacycline 
Methicillin 
Minocycline 
Mitomycin 
Nafcillin 
Natamycin 
Neomycin 
Netilmicin 
Novobiocin 
Nystatin 
~acillin 
Oxytetracycline 
Paromomycin 
Penicillin G 
I>licamycin 
Polymyxin B 
Rifampin 
Rolitetracycline 
Sisomicin 
Spectinomycin 
Strept~mycin 

Test Organism 
Staphylococcus aureus 
Saccharomyces cerevistae 
Mlcrococcus luteu.s 
Micrococcus luteu.s 
Mycobacterium smegmatis 
Saccharomyces cerevisiae 
Klelniella pneumoniae 
Pseudomonas aerugiM.Sa 
Staphylococcus aureus 
Staphylococcus aureus 
Stqphylococcus aureus 
Staphylococcus aureus 
EscJierichia colt 
Staphylococcus aureus 
Micrococcus /uteu.r 
Staphylococcus aurevs 
Bordete/la bronchfseptica 

Qordete/la bronchiseptica 
Staphylococcus aureus 
Bactllu.r subtilis 
Staphyiococcus aureus 
Staphylococcus aureus 
Bacillus subtilis 

K/ebsiella p,u:umoniae 

Staphylococcus aureus 
Mic:rococcus luteu.r 
Staphylococcus eptdermidis 
Streptococcus f aecium 
Staphy{OCQCcUS aureus 
Staphy/OC(JCCUS aureus 
Staphyloroccus aureus 
Staphylococcus aureus 
Staphylococcus aureus 
BacHlus subtiUs 
Staphylococcus aureus 
Sacdrarornyces cerevisiae 
Staphylococcus epidermidis 
Staphylococcus epidermidis 
Staphylococcus P.pidermldis 
Saccharomyces cer~isiae 
Staphylococcus aweus 
Staphylococcus aureus 
Staphylococcus epidermfdis 
Sttiphylococcw oureus 
Staphylococcus oweus 
Bordetella bronchijeptfca 
Bacillus subttlis 
Staphylococcus aureus 
Staphyl~us epidermidis 
Esclwichia coli 
Klebsie//a pneumonrae 

ATcc• 
Nwnbcr 
29737 
9763 
9341 

10240 
607 

9763 
10031 
25619 
29737 
29737 
29737 
29737 
10536 
29737 
9341 

29737 
. 4617 

4617 
29737 

6633 
29737 
29737 

6633 

10031 

29737 
9341 

12228 
10541 
29737 
29737 
29737 
29737 
29737 
6633 

29737 
9763 

12228 
12228 
12228 
2601 

29737 
29737 
12228 
29737 
29737 
4617 
6633 

29737 
12228 
10536 
'10031 

(T) 
Tetracr.cline Staphylococcus aureus 29737 
Ticarctllin . Pseudomonas aeruginosa 29336 
Tobramycin Staphy/(IC()Ccus aureus 29731 
Trolcandomycin K{ebsiella pneumoniae 10031 
Vancomycin Bacill!JS subtilis 6633 
Viomycin Klebsfe/la pn~moniae 10031 

• Amer-ican Type Culture Collection, 21301 Parklawn Drive, 
Rockville, MD 20852. 

e.g., where an !IJltibiotic exists as the free base and in salt form, 
and the "µg" 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 antibiotics 
are expres.sed in terms of a reference standard consisting of a 
single member which, however, might itself be heterogeneous. 
In such cases the "µ.g" of activity defined in tenns of a "Master 
Standard" is tantamount to a "UniL" The "µ.g" of activity should 
therefore not be assumed necessarily to correspond to the µg 
(weight) of the antibiotic substance. 

Preparation of the Standard 
To prepare a stock solution, dissolve a quantity of the Reference 

Standard of a given antibiotic, accurately weighed, and previously 
dried where so indicated in Table 2, or the entire contents of a 
via! 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 refrigerator, Blld 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 l : 1.25 for 
a cylinder-r.Iate assay or smaller for a turbidimetric assay. Use 
the final dJluent specified and a sequence such that the middle 
or median has the concentration designated. 

Prep~ation of the Sample 
From the information available for the preparation to be as

sayed (the "Unknown"), assign to it an assumco potency per unit 
weight or volume, and on this assum,P.tion prepare on the day of 
the assay a stock solution and test dilution as specified for each 
antibiotic but with the same final diluent as used for the Ref
erence Standard. The a~y with 5 level.s of the Standard requires 
only one level of the Unknown at a concentration assumed equal 
to the median level oJ 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 !¥Pe Cul
ture Collection. Tue method of assay is given for each m 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. pneumoniae use a no.n-<:apsulatcd culture. 

PREPARATION OF INOCULUM 
Preparatory to an asaay, inoculate, from a recently grown slant 

or culture of the organism, the surface of 250 mL of the agar 
medium specified for that organism in Table 4 and contained in 
a Roux bottle except in the case of StreptOCiXXUS f aecium, which 
is grown in a liquid medium. 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 SO mL of sterile 
salme, except for Bleomycin (use 50 01L 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 spectrophotometer Adjust the pre> 
portion in such a way that the Jnoculurn wilJ have a tmnsmittance 
of 25% against ~Ji_ne as the blank. For the. turb!dimctric assay, 
vary the comf001t1on of the stock suspension, if necessary, to 
obtain the optimum dose-response relationship. 

For the cylinder-plate a~say, dete~ by trial the proportions 
of stock suspenslO!'l l? be m~rporated in the lnoculum, starting 
with the volumes mdicated m Table 4, that resull in satisfactory 
demarcation of the wnes of inhibition of about 14 to 16 mm in 
diameter and giving a reproducible dose relationship. Prepare 
the inoculum by adding a 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 SWipension. 
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Table 4. Preparation of lnoculum.· 

USPXXII 

Test Organism 
& (ATCCNo.) 

Bacillus subtilis 
(6633) 

Bordetefla bronc.hiseptica 
(4617) 

Escherichia coli 
(10536) 

Klebsiel/a pneumo~ 
(10031) 

Micrococcus luteus 
(9341) 

Mlcrococcus luteus 
(10240) 

Mycobacterium smegmatis 
(607) 

Pseudomnnas aerugiltbsa 
(25619) . 

Pseudomimas aeruginosa 
. (29336) 

Saccharomyces cerevfslae 
(9763) 

Saccharo,;,yces. cerevisiae 
(2601) 

Sta_nhjlococcus aureus 
(.t9737) 

Staphylococcus epidennidis 
(12228) 

Streptococcu.s f aecium 
(10541) . 

Incubation Conditions 

Medi· Temp. 
um (0

) Time 
32 32 to 35 5 days 

32 to 35 24 hr. 

32 to 35 24 hr. 

36 to 37.5 24 hr. 

1 32 to 35 24 hr. 

32 to 35 24 hr. 

36 36 to 37.5 48 hr. 

.1 36 to 37.5 24 hr. 

36 36 to 37.5 24 hr. 

19 29 to 31 48 hr. 

19 .29 to 31 48 hr. 

1?. tn 35 24 "-" 

32 to 35 24 hr. 

3 36 to 31.5 16 to 
18 hr. 

Dilution of 
Stock 

Suspension 
to obtain 25% 
Transmittance 

I :20 

l :20 

1:25 

1:40 

l :35 

As determined 

1 :25 

1 :SO 

As determined 

l :30 

l :20 

I :14 

1:25 
As determined 

· Suggested Inoculu.m 
Composition 

Amount 
ldedi- (mL per 

um 100ml) 
5 

8 
8 

10 

3 

3 

11 
11 

I 

35 

10 

38 

13 
19 
19 
19 

l 
I 

As 
required 

0.5 
As 

required 
0.1 

0.7 
0.1 
0.05 
0.1 

0.5 
1.S 
0.3 

1.0 

0.5 

L.S 

0.2 
1.0 
0.8 
1.0 

0 .05 
0.1 

0.3 

1 1.0 
3 0.1 

3 0.2 
3 0.4 
3 0.15 
8 0.1 

11 0.25 
l 4.0 · 

11 0.03 
11 0.4 
11 2.0 
3 LO · 

Antibiotics Assayed 
Dactinomycin, Dihydrostrep-

tomycin, IUfampin 
Mitomycin 
Vancomycin 

Colistimethate Sodium; 
Colistin, Polymyxin B 

Chlorampheniool 
Spcctinomycio 
Caprcomycin 
Streptomycin, · 

Troleandomycin, 
Viomycin, 
Dihydrostreptomycin 

Ampicill.i.n, Cfindamycin, 
Erythromycin 

Bacitracin 

Bleomycin 

Carbenicill.i.n 

Ticarcillin 

Candfoidin 
Ampbotericin B 
Natamycin 
Nystatm 

Cepbale:xin, Cepbradi~ 
Ccpbalothin, Cephapirin, 

Cloxacillin, D1clol(llcillin 
Nafcillin, Oxacillin, 

MetbicilJin 
Penicillin G 
Amib.cin, Chlortetracyclioe, 

Demcclocycline, Doxycy~ 
cline, Lincomycin, 

· Methacycline. 
Oxytetracycline, 

· Ro!itctracycline, 
Tetracycline 

.Kan.amycin, MinocycJine 
Cycl~rine · · 
Tobramycin 
Plicamycin 
Netilmicin 
Novobiocin 
Gentamicin, Sisomicin 
Neomycin 
Paromomycin 
Gramicidm 

The i.n'.cubated test organism P.reudomonas aeruginosa (ATCC 29336) for the assay of Ticarcillin is suspended in Medium 37, 
instead of saline, for the determination of light transmittance. . · . . 

For Pseudomonas aerugirio.ra (ATCC 25619) in the assay of Carbenict1lin, use the dilution yielding 25% light transmission, rather 
than the stock suspension, for preparing the inoculum suspension. . , . · . 

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

• NCYrn- The dilution of the Stock Suspension to obtain 25% transmittance is for checking the. q_uaJity 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 ni:tdiluted 
stock suspension in the Medim11 indicated by uutiloer, for preparing I.he itiwulum oi suggested starting composition. · 

Procedure 
ASSAY DESIGNS 

Mtcrobial assays gain markedly in precision by the segregation 
of relatively large sources of potential error and bias through 
suitable experimental designs. In a cylinder-plate assay, the es
sential comparisons arc restricted to relationships between zone 

diameter measurements within plates, ex.elusive of the variation 
between plates in their preparation and subsequent bandlinA, To 
conduct a turbidimetric assay so that the differences in observed 
turbidity will reflect the differences in the antibiotic con<:entra
tion requires both greater uniformity in the environment created 
for the tubes through closer thermostatic control of the incubator 
and the avoidance of systematic bias by use of a random place-

--
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ment of replicate tubes in separa.te tube racks, each rack con
taining one complete set of treatments. The essential comparisoas 
are then restricted to relationships between the observed turbid
ities within racks. 

NoT~- For some purposes, the practice is to design the assay 
so 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 
I-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 corresponding to the reference concentration 
(S3), of the Standard and a solution of a single median test Jevel 
of the Unknown as described under PreparaJion of Standard and 
Preparation of the Sample. Consider an 88SaY 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 Unlcnown. In such a case, adjust its assumed 
potency accordingly and repeat the assay. 

Microbial determinations of potency are subject to inter-assay 
as well as intra-assay variables, so that two or more independent 
assays (Ire required for a reliable estimate of the potency of a 
given assay preparation or Unknown. Starting with separately 
prepared 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, indeJ?Cndent assays spread 
over a number of days is a more reliable estimate of potency than 
that from a single large assay with the same total · number of 
plates or tubes. 

CYLINDER-PLATE METHOD 
To prepare assay plates using petri dishes, place 21 mL of 

Medium 2 in each of the required number of plates, and allow 
it iu harden into a smooth b&:ie layer cf uniform depth, ~,:"',pl 
for Amphotcricin B, Natamycin, and Nystatin, where no separate 
base layer is used. For Ampicillin, Clindamycin, Erythromycin, 
Gentamicin, Lincomycin, Neomycin B, Paromomrcin, and Sis
omicin, use Medium 11. For Bleomycin, use 10 mL of Medium 
35. For Dihy~trcptomycin use Medium S. For Dactinomycin, 
USC 10 mL of Medium 5. For Plicamycin, Mitomrcin, and Van
comycin, use 10 mL of Medium 8. For Carbemc:illin, Coli.sti
methate Sodium, Colistin, and Polymyxin B; use Medium 9. For 
Netilmicin, use 20 mL of Medium 11. Add 4.0 mL of seed layer 
inoculum (see Preparation of lnoculurn and Table 4), prepared 
as directed for the given antibiotic, except for Bleomycm (use 6 
mJ.), for Netilmicin (use 5 mL), and for Natamycin, Nystatin 
and Amphotericin 8 (use 8 mL), tilting the plate back and forth 
to spread the inoculum evenly over the surface, and allow it to 
harden. Drop 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 l'late 
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 3 l O for Amphotericin B, Natamycin, Nystatin, and 
Rifampin. locubate at 34° to 36° for Novobiocin. Incubate at 
36° to 37.5° for Carbenicillin, Clindamycin, Colistimethate So
dium, Coli.stin, Dactinomycin, Dihydrostreptomycin, Gentami
cin, Mitomycin, Neomycin, Netilmicin, Paromomycin, Poly
myxin 8, Sisomicin, Ticarcillin, and Vancomycin. 

For the 1-level assay with a standard curve, prepare dilutions 
representing 5 test levels of the Standard (S1 to S,) and a single 
test level of the Unknown U3 corresponding to S3 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 
(S 3) of the Standard and eacb. of the remaining 9 cylinders with 
one of the other four dilutions of the Standard. Repeat the pro
cess for the three dilutions 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 (U3) of the Unknown. 

TURBIDIMETRIC METiiOD 
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 IIJlder Prepararlon of the Standard and Preparation of the 
SQltlple. Add I mL of each dose to each of 3 prepared test tubes, 
and place the 3 replicate tubes in a position selected at raridom, 
in a tube rack. Include similarly in each rack 1 or 2 control tubes 
containing I mL of the test diluent (see 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 
sulfoiride stock solution), add 9.0 mL of inoculum to each tube 
in the rack in turn, and place the comeleted rack imm.ediately 
in an incubator or a water bath maintamed at 36° to 37.5° for 
2 to 4 hours, except for Candicidin (incubate at 27° to 29° for 
16 to 18 bows). 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 filter. 

For the I-level assay with a standard curve, prepare dilutions 
representing S test levels of the Standard (S1 to S5) and a single 
test level (U3) of each of up to 20 Unknowns corresponding to 
S3 of the Standard. Prepare also an extra S3 as a test of growth. 
Add l mL of each test ailution, except for Gramicidin (use 0.1 
mL) to 3 tubes and l mL of antibiotic-free 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 directed above. Determine the exact du
ration of incubation by observation of growth in the reference 
concentration (median dose) of the dilutions of the standard (S3) . 

Calculation 
To calculate the potency from the data obtained either by the 

cylinder-plate or by the turbidimctric method, proceed in each 
case as directed under Potencies Interpolated from a Standard 
Curve (see Design and Analysis of Bwlogtcal Assays ( 11 I)), 
using a log transformation, straight-line method with a least sou ares 
fitting procedure, and a test for linearity. Where II numocr of 
assays·of the same material are made with the same standard 
curve, calculate the coefficient of variation of results of all of the 
assays of the material. Where more than one assay is made of 
the same material with different standard curves, average the 
two or more values of the potency. 

(85) BACTERIAL 
ENDOTOXINS TEST 

This charter provides a test for estimating the concentration 
of bacteria cndotoxins that may be pre.sent in or on the sample 
of the article{s) to which the test is applied using Limulus Amc
bocyte Lysatc (LAL) which has bt'.en obtained from aquooos 
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-dot fonnation. 

Where the test is conducted as a limit teat, the specimen is 
determined to be positive or negative to the test judged against 
the endotoxin concentration specified in the individual mono
graph. Where the test is conducted as an assay of the conceo
tration of endotoxin, wit]! calculation of confidence limits of the 
result obtained, the specimen is judged to comply with the re
~uirements if the result does not exceed (a) the concentration 
limit specified in the individual monograph, and (b) the specified 
confidence limits for the a~y. In either case the determination 
of the reaction end-point is made with dilutions from the material 
11J1der test in direct comparison with parallel dilutions of a ref
erence endotoxin, and quantities of endotoxin are expressed in 
defined F.ndotoxin Units. 
• Since LAL reagents have also been formulated to be uSt:O for 
turbidinletric (includin~ kinetic assays) or colorimetric readings, 
such te8ts may be used 1f shown to comply with the re~uirements 
for alternative methods. These tests require the establishment of 
a standard regression curve and the endotoxin content of the test 
material is determined bf interpolation from the curve. The pro
cedures include incubat10n for a prMelected time of reacting 
endotoxin and control solutions with LAL Reagent and reading 
of the spectrophotometric light absorbance at suitable wave-
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!engths. _In the _case of the turbidimetric procedure the reading 
is ma~e 1;1Dmed1ately at the end of the incubation period. or in 
the k_inetic ~says, the absorbance .is measured throughout the 
reaction penod and rate values are determined from those read
ings. In the colo.rimetric procedure the reaction is arrested at 
the end of the pre-selected time by the addition of 8Jl appropriate 
amount of acetic acid solution, prior to the readings. A possible 
advantage in the mathematical treatment of results, if the test 
be other~is~ validated and the assay_ s~itabJy designed, could be 
the application of tests of assay validity and the calculation of 
th~ confidence interval ~nd limits of potency from the internal 
evidence of each assay itself (see Design and Analysts of Bio
logical Assays (111} ). 

Reference Standard and Control Standard 
Endotoxins 

The reference standard endotoxin (RSE) is the USP Endotoi:in 
Reference Standard which has a defined potency of 10 000 USP 
Endotoxin Units (EU) per vial Constitute the entire contents of 
1 yial of the RSE wiµi 5 mL of LAL, Reagent Water, 1 vortex 
for not l~ss thaJ_t 20 .~utes, and use this concentrate for making 
appropnate senal dilutions. Preserve the ooncentrate in a refrig
erator, for making subsequent dilutions, for not more than 14 
days. ~ll~w it to reach room temperature, if applicable, and 
vortex 1t vigorously for not less than 5 minutes before use. Vortex 
each dilution for not less than l minute before proceeding to 
make the next dilution. Do not ~ stored dilutions. A control 
standard endotoJcin (CSE) is an endotoxin preparation other than 
the RSE that has been standardized against the RSE. If a CSE 
is a preparation not already adeq_uately characterized, its eval• 
uat!,on sho!Jld include characterizing parameters both for endo
toxm quality and performance (such as reaction in the rabbit), 
and for suitability of the material to serve as a reference (such 
as wtiformi~ an~ stability). Detailed proc_edures for its weighing 
and/or constitution and use to assure consu;tency in performance 
should also be inch1ded. Standardization of a CSE against the 
RSil using a LAL Reagent for the gcl-<:lot procedure may be 
effe<:ted by assa_ying a minimum of .4 vials of the CSE or 4 
corresponding aliquots, where applicable, of the bullc CSE and 
1 vial _of the RS~. as directed under Test Procedure, but using 
4 replteate reaction tubes at each level of the dilution series for 
th.e RSE and 4 replicate reaction tubes similarly for each vial or 
aliquot of the CSE. If all of the dilutions for th.c 4 vials or aliquots 
of the CSE cannot be accommodated with the dilutions for the 
l vial of the RSE. on the same rack for incubation, additional 
r~c~ may be used for accommodating some of the replicate 
d1lutJons for the CSE, but all of the racks containing the dilutions 
of the RSE and the CSE are incubated as a block. However in 
such cases, the replicate dilution series from the l vial of the 
~E ar~ a~omm?dated together on a single rack and the rep
licate dilution sen~s. from any one of the 4 vials_ or aliquots of 
the CSE are not divided. between racks. The antllog of the dif
ference between the mean logJ0 end-point of the RSE and the 
mean Jog10 ~nd-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 lot 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 similar char
acteristics need only checking of the potency ratio. The inclusion 
of one or more 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 COJ?,fidence limits. A la~ge Jot of a CSE may, however, be 
charactenzed by a collaborative assay of a suitable design to 
orovide a representative relative potency and the within-labora
tory and between-laboratory variance. 
~ suitable CSE has a potency of not less thao 2 EndotoJcin 

~mts per ng and not more than 50 Endotoxin Units per ng, where 
m buJ~ form, under. adopted uniform drying con.ditions, e.i:, to 
a particular low moisture content and other specified conditions 

1 LAL Reagent Water~terile Water for Injection or other 
wa~er t.hll:t shows no reaction with the specific LAL Reagent with 
which 1t IS to be used, at the limit of sensitivity of such reagent. 

?f u~, and a potency within a corresponding range where fiJled 
in Vials of a homogeneous Jot. 

Preparatory Testing 
Use a 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 utensils employed so as to 
destroy ex~ran~~ surface endotoxins that may be present, such 
as by hea~~g in an oven at 250° or ab_ove for sufficient time.2 

The vaJ1d1ty of test remits for bactenal cndotoxms requires an 
adequate demonstration that specimens of the article, or of so
lutions, washings, or e~racts thereof to which the test is to be 
applied do not of themselves inhibit or enhance the reaction or 
otbe.rwise interfere with the test. Validation is accomplished by 
testing untreated specimens or appropriate dilutions thereof coi>
comitantly with and without known and demonstrable idded 
amounts of RSE or a CSE, and comparing the results obtained. 
Appropriate negative co.ntrols arc included. Validation must be 
repeated if the LAL Reagent source or the method of manufac
ture or fonnulation of the article is changed. 

Test for Cbnftrmation of labeled LAL Reagent sensltivity
~irm the labeled sensitivity of the particular LAL reagent 
mth ~~e RSE (or CSE) '!5ing not Jess than 4 repli':3te vials, under 
conditions shown to achieve an acceptable vanabdity of the test 
v_i2:.,. th~ an~ilO$. of the geometric mean }og10 lysate gel-clot sen: 
~1tivity JS ~1thin _0.5.>. to 2.0.>., where .>. IS the labeled sensitivity 
m Endotoxm Uruts per mL. The RSE (or CSE) concentrations 
selected in confirming the LAL reagent label potency should 
bracket the stated sensitivity of the LAL reagent. Confirm the 
[abeled sensitivity of each new lot of LAL reagent prior to use 
m the test. 

Inhibition ?" Enhancement Test-Conduct assays with stan
dard endotoxrn, of untreated specimens in which there is no en• 
dogeneous endotoxin detectable, and of the same specimens to 
which e11dotoxin has been added, as directed under Test I'ro
cedure, but using not less than 4.replicate reaction tubes at each 
level of the dilution series for each untreated specimen and for 
each s{>Ccimen to which endotoxin has been added. Record the 
end-pOlllts (E, in Units per mL) observed in the replicates. Take 
the logarithms (e) of the end-points, and compute the geometric 
meaos of the log end-points for the RSE (or CSE), for the u~ 
treated specimens and for specimens containing endotoxin by the 

. formula antilog; · · 
Ie/f, 

io which Xe is the sum of the log end-points of lhe dilution series 
used and f is the number of replicate end-points in each case. 
Compute the amount of endotoxin in !.he 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
teJ'!latively, if t~e ~t bas been al!propriately set up, the test is 
vaM for the article 1f the geometnc mean end-point dilution for 
the specimen to which endotoJcin bas 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 rendered 
suitable by diluting specimens appropriately. 

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

-.: xix 
(su Maximum Valid Dilution, below). Use the least dilution 
sufficient to overcome the inhibition or enhancement of the known 
~ded endoto.xin, for subsequent assays of endotoxin in test spec-
unens. 
. If endogeneous end?t_oxin 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, sec "Dry•hcat Sterilization" under Sterilization and Ste-
rility Assurance of Compendia/ Articles (1211}. Use a LAL 
Reagent having a sensitivity of n<>t less than 0.15 Endotoxin Unit 
per mL. 
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for the Inhibition or EnhancemenJ Test, or, it may be rendered 
suitable by removing the endotoxin 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 spccjmens 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 Rtr 
agent Water in volumes appropriate to their use and, where ap
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 I 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 less than that 
suitable for use in the Pyrogen Test (151} under Transfusion 
and Inf us ion 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 quantitatively to determine response end
points for gel-<;lot readings. Usually graded strengths of the S_PCC
imen and standard endotoxin are made by multifold dilutions. 
Select dilutions so that they correspond to a geometric series in 
which each step is greater than the 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 and positive controls are incorporated in the test. 

Use not less than 2 replicate reaction tubes al each level of 
the dilution series for each specimen under test. Whether the 
test is employed as a lim:it test or as a quantitative assay, a 
standard endotoxin dilution series involving not less than 2 rep
licate reaction tuhes is conduL-teu in paratiet A sei oi Kta.udaru 
endotoxin dilution series is included for each block of tubes, which 
may consist of a number of racks for incubation together, pto
vided the environmental conditions within blocks arc uniform. 

Preparation-Since the form 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 
m 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, endotoxfa-free sodium hydroxide or hydrochloric 
acid or suitable buffers to the specimen prior to testing. 

Maximum Valid Dilution (MVD)-Tlie Maximum Valid Di
lution is appro{'riate to Injections or to solutions for parenteral 
administration m the form constituted or diluted for administra
tion, or where applicable, to the amount of drug by weight if the 
volume of the dosaie form for administration could be varied. 
Where the endotoxm limit concentration is specified in the in
dividual monograph in terms of volume (in EU per mL), divide 
the limit by "· which is the labeled sensitivity (in EU per mL) 
of the lysate employed in the assay, to obtain the MVD factor. 
Where the endotolWl limit concentration is specified in the in
dividual monograph in terms of weight or of Units of active drug 
(in EU per mt1 or in EU per Urut), 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;\, to obtain the MVD factor. 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 
oi specimens, endotoxin standard, negative controis, and a posi
tive product control consisting of the article, or of solutions, waslJ. 
ings or extracts thereof to whic.h the RSB (or a standardized 
CSE) .has been added at a concentration of endotoxin of 2h for 
that LAL reagent (see under Test for conjirmation of labeled 
LAL Reagent sensitivity). Swirl each 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 r_eaction 

is characterized by the formation of a finn gel that remains when 
inverted through 180°. Record such a result as positive ( + ). A 
negative result is characterized by the absence of such a ;el 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 end-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 
Calculation--Calculate the concentration of endotoxin (in Units 

per mL or in Units per g or mg) in or on the article under test 
by the formula: 

pSfU, 

in which S is the antilog of the geometric mean log10 of the end
points, expressed in Endotoxin Units (EU) per mL for the Stan
dard Endotoxin, U is the antiJog of '&If, where e is the log10 of 
the end-point dilution factors, expressed in decimal fractions, f 
is the number of replicate reaction tubes read at the end-point 
level for the specimen under test, and p 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 replicate assay the concentration of endotoxin in 
or on the article under test from the antilog of the geometric 
mean log end-point ratios. Calculate the mean and the confidence 
limits from the replicate logarithmic values of all the obtained 
assay results by a suitable statistical method (see Calculmion of 
Potency from a Single Assay ( 111) ). . . 

Interpretation-The article meets the requirements of the test 
if the concentration of endctoxin does not exceed that specified 
in the individual monograph, and where so specified in the in
dividual monograph or in th.is chapter, the confidence limits of 
the assay do no1 exceed those specified. 

(87} BIOLOGICAL 
REACTIVITY TESTS, 

IN-VITRO 
The following tests are designed to determine the biological 

reactivity of mammalian cell cultures followin~ contact with the 
elastomcric _plastics and other polymeric matenals with dire<:t or 
indirect patient contact or of specific extracts prepared from the 
materials under test. It is essential to make available the specific 
surface area 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 mL of extraction fluid. Also 
Lt is essential to exercise care in the preparation of th<: materials 
to prevent oontamination with microorganisms and other foreign 
matter. 

Three tests are described; i.e., the Agar Diffusion Test, the 
Direct Coll/act Test, and the Elution Test.• The decision as to 
which· type of t~t or the number of tests to be performed to 
assess the potential biological response of a specific sample or 
extract depends upon the material, the final product, and its 
intended use. Other factors that n.iay also affect the suitability 
of sample for a specific uso aro the polymeric composition; pro
cessing and cleaning procedures; contacting media; inks; adhe
sives; absorption, adsorption, and permeability of preserv11tives; 
and condition.s of storage. Evaluation of such fac~ors should w 

* Further details are given in the following publications of the 
American Society for Testing and Materials, 1916 Race St., Phil
adelphia.. PA 19103: "Stalldard Test Method 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. 

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

Cell Culture Preparation-Prepare multiple cultures of L-929 
(ATCC cell line CCL 1, NCTC clone 929) mammalian fibroblast 
cells in serum-supplemented minimum essential medium having 
a seeding density of about 1 os cells per ml. Incubate the cultures 
at 37 ± I O for not less than 24 hours in a 5 ± l % carbon dioxide 
atmosphere. until a monolayer, with greater than 80% confluence, 
is obtained. Examine the prepared cultures under a microscope 
to ensute unifonn, near-confluent monolayers. [Norn- The re
producibility of the In-vitro Biological Reactivity Tests depends 
upon obtaining uniform cell culture density.] 

Extraction Solvents---Sodium Chloride Injection (see mono
graph-use Sodium Chloride Injection containing 0.9 percent of 
NaCl); Alternatively, serum-free mammalian cell culture media 
or serum-supplemented mammalian cell culture media may be 
used. Scrum supplementation is used when extraction is done at 
31° for 24 hours. 

Apparatu-
Autoclave-Emrloy an autoclave capable of maintaining a 

temperature of 12 ± 2°, equipped with a thermometer, a pres
sure gauge, a vent cock, a rack adequate to aec:ommodate the 
test containers above the water level, and a water cooling sistem 
that will allow for cooling of the test containers to about 20 , but 
not below 20°, immediately following the beating cycle. 

Ove~Use an oven, preferably a mechanical convection model, 
that will maintain operating temperatures in the range of 50° to 
70° within :t 2°. · 

Incubator-Use an incubator capable of maintaining a tem
perature of 37 ± 1 ° and an atmosphere of 5 ± 1% carbon dioxide 
in air. {Norn-If capped culture tubes are used. it is unnec
essary to maintains carbon dioxide atmosphere in the lr.cubator. J 

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

Preparation of Apparatus-Cleanse all glassware thoroughly 
with chromic acid cleansing n:iixture and, if necessary, with hot 
nitric acid followed by prolonged rinsing :with Sterile Water for 
Injection. Make containers and devices used for extraction, trans
fer, er administration of test material sterile and dry by a suitable 
process. If ethylene oxide is used as the sterilizing agent. allow 
not lc:,ss than 48 hours for complete degassing. 

Proced~-. 
Preparation of Sample for extracts-Follow the procedure in 

chapter (88) Biological Reactivity Tests, In-Vivo. 
Preparation of Extracts-Prepare 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 culture media as Extraction Solvents. 
[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 P,rotect the cells from 
mechanical damage while allowin~ the diffusion of teachable 
chemicals from the/olymeric specimens. Extracts of materials 
that are to be teste are applied to a piece of filter paper. 

Sample Preparation-Use extracts, prepared as directed or 
use portions of the test specimens having Oat surfaces not less 
than 100 mm2 in surface area. · 

Procedure-'Prepare the monolayers in 60-mm diameter plates 
usin~ 7 mL of Cell Culture Preparation. Aspirate the culture 
medium from the monolayers, and replace it with serum-supple-

mentcd 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 3 7 ± 1 °, preferably in a humidified 
incubator containing 5 ± 1% of carbon dioxide. Examine each 
culture around each Sample, Negative Control, and Positive Con
trol, under a mic~cope, using cylochemical stains, if desired. 

Interpretation of Results-The biological reactivity (cellular 
degeneration and malformation) is described and rated on a scale 
of O to 4 (see Table l). Measure the responses obtained from 
the Negative Control anc:l the Positive Control. The test system 
is suitable if the observed response corresponds to the labeled 
biological reactivity grade of the relevant Reference Standard. 
Measure the response obtained from lhe Sample Preparation. 
The Sample 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 ch~icals from the specimen with a serum-supplemented 
medium. The procedure is not appropriate for very low- or high
density materials that could cause mechanical damage to the 
cells. 

Sample Preparation-Use portions of the test specimen having 
flat surfaces not less than 100 mm2 in surface area. 

Procedure-Prepare the monolayers in 35-mm diameter plates 
using 2 ml of cell suspension. Aspirate 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 Pcsitive Bioreaction 
Solid RS (to provide a Positive Control) in each of duplicate 
cultures. Incubate atl cultures for not less than 24 hours at 37 
± l O in a humidified incubator preferably containing 5 ± l % 

Tablt J. ReactMty Grades for Agar Diffusion Test. 
Grade Reaetiviti Description of Rcactivitr Zone 

0 None No detectable zone around 
or under specimen 

Slight Zone limited to area under 
specimen 

2 Mild Zone extends fess than 0.5 

3 Moderate 
~m beyond specimen 

Zone extends 0.5 to 1.0 cm 
beyond specimen 

4 Severe Zone eJCtends greater than LO 
cm beyond specimen but 
does not involve entire dish 

Table l. Reacdvlty Grades for Direct Contact Test 
and for Elution Test. 

Grade 
0 

1 

2 

4 

Reactivity Conditions of all Cultures • 
None Discrete intracytoplasmic granules; 

no cell Jysis 
Slight More than 20% of the cells are round, 

loosely attached, and without in
tracytoplasmic granules; occa
sional !ysc:u cells afe prcseut 

Mild More than 50% of the cells are round 
and devoid of intracytop)asmic 
granules; extensive cel1 Jysis and 
empty areas between cells 

Modr.rate Greater than 70% of the cell la.yers; 
contain rounded cells and/or are 
lysed . 

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 ConJrol, under a microscope, us
ing cytocbemical stains, if desired. 

Interpretation of Results- Proceed as directed for Interpre
tation of Results under Agar Diffusion Test using Table 2. The 
Sample meets the requirements of the test if none of the cul~~ 
.treated with the Sample shows greater than a mtld react1v1ty 
(Grade 2). Repeat the test if the suitability of the system is not 
confirmed. 

Elution Test 
This test is designed for tbe evaluation of extracts of polymeric 

materials. The procedure allows for extraction of the specimens 
at physiological or non-physiological temperatures for varying 
time. mtervals. It is appropriate for high-density materials and 
for dose-response evaluations. 

Sample Preparation-Prepare as directed in Preparation of 
Extracts, using ether Sodium Chloride Injection (0.9 percent 
NaCl) or serum-free mammalian cell culture media as Extraction 
Solvents. If the size of the Sample cannot be r~ily measured, 
a mass of not less than 0.1 g of elastomeric material or 0.2 g .of 
plastic or polymeric material per mL of extraction medium may 
be used. Alternatively, use serum-supplemented ma.mmalian cell 
culture media as the extractillg medium to simulate more closely 
physiological conditions. Prepare the extracts by heating for 24 
ho.ors i.t1 an incubator preferably containit1g S ± 1 % of carbon 
(lioxide. Maintain the extraction iemperature at 37 ± 1 °, be
cause higher temperatures may cause denaturation of scrum pro-
tc~ . 

· Procedure-Prepare the monolayers in 35-mm diameter plates 
using 2 mL of Cell Culture Preparation. Aseir.ate thc·culture 
medium from the monolayers, and replace it with either extracts 
of the Sample, USP Negative Control Plastic RS (to provide a 
Negative Control), or USP Positive Bioreaction Extract RS (to 
provide a Positive Control). The serum-supplemented and scrum
free cell culture media extracts are tested in duplicate .without 
dilution (100%). The Sodiwn Chloride Injection elltract is di· 
tuted with serum-supplemented cell culture medium and tested 
in duplicate at 25% extract concentration. Incubate all cultures 
for 48 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 .Re.sult.r- Proceed as directed for Interpre
tation of Results 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 cultures 
Jreated with the Samples show not greater than a mild reactivity 
(Grade 2). If the cultures treated with the Sample show a sig-

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 to determine 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. It is 
cs.sential to make available the specific surface area for extrac
tion. When the surface area of the specimen cannot be deter
mined, use 0.J g of elastomer or 0.2 g of plastic or other material 
for every mL of extraction fluid: Also it is essential to exercise 
care in the preparation of the materials to be injected or instill!:(l 
to prevent contamination with microorganisms and other foreign 
matter. 

Four tests are described. The Systemic Injection Test and the 
lntracutaneous Test are used for clastomeric materials, especially 
to elastomeric plastics for which the appropriate Biologic(ll Reac
tivity Tests, Jn-viiro (87) have indicated significant biological, 
reactivity. These two tests are used for plastics artd other poly
mers in addition to a third test, the Implantation Test, to test 

, the suitabiJity of these materials intended for use in fabricating 
containers and accessories thereto, for. use in parenteral prepa
rations, and for use i.n medical devices, implants, and other sys
tems. 

The fourth test that is used for plastics and other polymeric 
material for containers and medical devices for ophthalmics is 
the Eye l1ritation Te.rt. 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 control blank 
extracts. 

For the tnJrpose of this chapter, these definitions apply: The 
Sample fa th~ specimen under wi.c or iln extract prepared from 
such a specimen. A Blank consists of the same quantity of the 
same extracting medium that is used for the extraction of the 
specimen under test, treated in the same manner as the exqacting 
medium 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 respon&e to the biological test procedures (see 
Systemic Injection Test, Intracutaneous Test, Implantation Test), 
six general classes of plastics are defined in Table l. This class-

. • USP Negative Control Plastic RS. 

Table l. Oassiircation of Plastics . . 
Plastic Classes• Tes1s To Be Conducted 

I I[ III IV V VI Test Materiai Animal. Dose ~ureb 
X X X X X X Extract of Sample in Sodium Mouse 50 mL/kg A (iv) 
X X X X X X Chloride Injection Rabbit 0.2 mL/aniroal B 

at each of 
10 sites 

X X X X X · Extract of Sample in I ,in 20 Mouse 50 mL/kg A (iv) 
X X X X X Solution of Alcohol in Rabbit 0.2 mL/animal B 

Sodi~m Chloride Injection at each of 
10 sites 

X X lt 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 ~ites 

K li: X j{ Extract of Sampie in Mouse 50mL/kg A {ip) 
X X X Vegetable Oil Rabbit 0.2 mL/animal B 

al each of 
10 sites 

X X Implant strips of Sample Rabbit 4 strips/animal C 
• Tests required for each class are indicated by "x" in appropriate columns. 
b Legend: A (ip)-Systemic Injection Test (intraperitoneal); A (iv)-Systemic Injection Tes~ (intravenous); B-lntracutaneous Test 

lntracutaneous); 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 fonnulation. Extracts of elastomers to 
be tested are in Sodium Chloride Injection and in vegetable oils. 

Factors such as ~aterial C!JID.(JOSition, pr~ssing and ~leaning 
procedures, contacting · media, mks, 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. Evaluation of such factors should be made by appropriate 
additional specific tests to determine the suitability of a material 
for i ts intended use. 

With the exception of the Implantation Test, the procedures 
are based on .the use of extracts . which, depending on tl:ie heat 
resistance of the material, are preeared at one of three standard 
temperatures: 50°, 70°, and 121 . Therefore, the class desig
nation of a plastic must be accompanied by an indication of the 
temperature of extraction; e.g., IV-121 °, which represents a class 

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

The Systemic Injection Test and the lntracutaneous 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 itself into animal tissue. The proper preparation 
and placement of the specimens under aseptic conditions are 
important in the conduct of the Imp/antatlon Test. 

These tests are designed for application 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 proc·ess prior to 
its end-use, then the tests are to be conducted on a Sample pre,
p;tred from a specimen pre-conditioned by the same processing. 

Extracting Media-
SODIUM CHLORIDE INJECTION (see monograph}. Use So-

dium Chloriue Injcclion containing 0.9 percent of NaCi. . 
1 in 20 SOLUTION OF ALCOHOL IN Scdium Chloride Injection. 
POLYETHYLENE GLYCOL 400 (see monograph).· 
VEG,!ITABLB OIL-Use freshly refined Sesame Oil (see mono-

graph) or C-Ottonseed Oil (see monograph) or other suitable veg-
etable oils. • . · . . 

DRUG PRODUCT VEHICLE (where applicable). 
WATER FOR JNJBCTION (see monograph). 
[NOTB-The Sesame Oil or Cottonseed Oil or other suitable 

vegetable oil meets the following additional requirements: Ob
tain, if possible, freshly refined oil. Use three properlyfrepared 
animals and inject the oil intracutaneously in a dooe o 0.2 mL 
into each of 10 sites per animal, and observe the animals at 24, 
48, and 72 hours following injection. Rate the observations at 
each site on the numerical scale indicated in Table 5. For the 3 
rabbits (30 inje<:tion sites), at any observation time, the average 
response for erythcma is not greater than 0.5 and for edema is 
not .greater than 1.0, and no site shows a tissue reaction larger 

than IO mm in overall diameter. The !C.$idue 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. 
Al)TOCLA VB-Use an autoclave capable of maintaining a tem

perature of 121 ± 2.0°, equipped with a thermometer, a pressure 
gauge, a vent cock, a rack adequate to accomlTl<ldate the test 
containers above the water level, and a water cooling system that 
will allow for cooling of the test containers to about, but not below, 
20° immediately fo11owiog the heating cycle. . 

OVEN-Use an oven, preferably a forced-circulation model, 
that will maintain operating temperatures of 50° or 70° within 
±2•. . . . . 

EXTRACTION CONTAINERS-Use only containers, such as am
puJs or screw-cap culture test tubes, of Type I glass. 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 lo 0.075 
mm in thickness. A suitable disk may be fabricated from a 
polytetrafluoroethylene (polytef) resin. 

Preparation oi Appanitus~Cleanse all glassware 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 appropriate method (e.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. 

Render containers and equipment used for extraction, and in 
transfer and administration of test material, sterile and dry by a 
suitable process. [NOTB- If ethylene oxide is used as the ster• 
ilizing agent, allow adequate time for complete degassing.] 

Pcocedu.ro---
Preparation of Samp/e-'Both the Systemic Injection Test and 

th:, !ntract:t::Mc:JS· Test may he performed using the sam~ 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 Sample or Negative Con
trol as follows: Place the Sample into a clean, g}asHtoppered, 
IOo-mL graduated cylinder of Type I glass, and add about 70 
mL of Water for lnJe<:tion. Agitate for about 30 seconds,. and 

. drain off the water, repeat this step, and dry those pieces prepared 
for the extraction with Vegetable Oil in an oven at a temperature 
not exceeding 50°. [Nore-Do not .clean the Sample [with a 
dry or wet cloth or by rinsing or washing with an organic solvent, 
surfactant, etc.] 

Preparation of Extracts-Place a properly prepared Sample 
to be tested in an extraction container, and add 20 mL of the 
appropriate extracting medium. Repeat these directions for each 
extracting medium required for testing. Also prepare one 20-mL 
blank of each medium for parallel injectioru and comparisons. 

Table .2. Surface Area of Specimen To Be Used.1 

Form of Material 

Film or sheet 

Tubing 

Slabs, tubing, and 
moldr.d items 

Thickness 

<0.S mm 

0.5 to l mm 

<0.:5 mm (wall) 

0.5 to l mm (wall) 

>lmm 

Amount of Sample for Each 20 mL of 
Extracting Medium 

Equivalent of 120 cm2 total surface area 
(both sides combined) 

Equivalent of 60 cm2 total surface area (both 
sides combined) 

J.ength (in cm) = 120 cm2/(sum of ID and OD 
circumferences) 

Length (in cm) ... 60 cm1/(sum of m and OD 
circumferences) 

Equivalent of 60 cm2 total surface area (all 
exposed surfaces combined) 

Subdivided. Into 
Strips of about 

5 X 0.3 cm 

Sections of about 
5 X 0.3 cm 

Pieces up to about 
5 X 0.3 cm 

Blastomers > 1 mm Equivalent of 25 cm2 total surface Do not sub-
area (aJl exposed surfaces combined) divide? 

1 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 or 
other polymers for every t 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 phy~cal chan~es such as fusfon or mel_ting of the Sample 
pieces, which re.suit JJl a decrease m the available surface area. 
A slight adherence of the pieces can be tolerated. Always add 
the cleaned pieces individually to the extractin~ medium. If cul
ture tubes are used for autoclave extractions with Yegetable Oil, 
seal screw caps adequately with pressure-sensitive tape.J 

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

Systemic Injection Test 
This tc:i;t is designed to evaluate systemic rc&ponses to the ex

tracts of materials under test followmg injection into mice. 
Test AaimaJ-Use healthy, 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 laboratory animals and of known composition, ad libitum. 

Procedure-~0'.11!-Agitate each extract vigorously prior to 
withdrawal of mjection doses to eosure 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 Sample or the Blank as outlined in Table 3, except 
to dilute each g of the eitract of the Sample prepared with 
Polyethyleru! Glycol 400, and the corresponding bl~, with ~. l 
volumes of Sodium Chloride ln/ecti"oh to obtain a solution havmg 
a cooccnttation of about 200 mg of polyethylene glycoi per mL. 

Observe the animals immediately after injection, a.gain 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 significantly greater biological reao
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 
repeat test. all 1O animals treated with the Sample show no sig
nificant biological reactivity above the Blank animals during the 
observation period. · 

Intracutaneous Test 
This test is designed to eval~te l!)Cal l'Cllponses t~ !he ~tr~cts 

of materials under test following mtracutaneous tnJCCtion toto 
rabbits. 

Test Animal-Select healthy, thin-skinned albino rabbits whose 
fur can be clipped closely and whose skin is free from mechanical 

Table 3. Injection Procedure-Systemic lnjecdon Test. 
Injection 

Rate, 
Dose µL per 

Extract or Blank per kg Route• second 

Sodium Chloride Injection S0mL IV 100 
!. in 20 ~lution of so roL IV 100 

Alcohol in Sodium 
Chloride Injection 

Polyethylene Glycol 400 10 g IP 
Drug product vehicle SOmL IV 100 

(where applicable) 50mL IP 
Vegetable Oil SOmL IP 

• IV - intravenous (aqueous sample and blank); IP = intra
peritoneal (oleagmous sample and blank). 

Table 4. lntracutaneous Test. 

Extract 
o-r Blank 

Sample 
Blank 

Number of Sites 
(per animal) 

5 
5 

Dose, 
.µL per site 

200 
200 

Table 5. EraJuation of Skin Reactions. 
Erythema and Eschar Formation 

No erythema 
Very slight erythema (barely perceptible) 
Well~efined erythema 
Moderate to severe erythema 
Severe erythema (beet-redness) to slight 

eschar formation (injuries in depth) 

Edema Formation 
No edema 
Very slight edema (barely perceptible) 
Slight edema (edges of area well defined by 

definite raising) 
Moderate edema (raised approximately l mm) 
Severe edema (raised more than l mm 

and ·extending beyond the area of cxpoourc) 

Value 
0 
1 
2 
3 

4 

Vaine 
0 
1 

2 
3 

4 

irritation or trauma. Io handling the animals, avoid touchini the 
injection sites during observation periods, except to discrimmate 
between edema and an oil residue. [NOTE-Rabbits prevlou&ly 
used in unrelated test&, such as the Pyrogen Test (151), and that 
have received the prescribed rest perioii, ~ay be ~ed for this 
test provided that they have clean, unbleJUJshed skin.] 

Procedare-[NOTl!-Agitate each extract vigorousiy prior to 
withdrawal of injection doses to ensure even distribution of the 
extracted matter.] On the ~ay of the test1 closely clip the fur on 
the animal's back on both sides of the spinal column over a suf
ficiently large test area. Avoid mecharucal irritation and trauma. 
Remove loose hair by means of vacuum. If nece~. swab the 
skin lightly with diluted alcohol, and ~ry the s~ prior to injec
tion. More than one extract from a given matenal can be used 
per rabbit; if you have determined that the test results will not 
be 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. (N.OTB
Dilute each g of the extract of Oie Sample prepared with Poly
ethylene Glycol 400, and the corresponding !]lank, wi_th 7.4 \'.Ol
umes of Sodium Chloride Injection to obtain a solution having 
a concentration of about 120 m~ of polyethyle_rie glycol P,Cr mL.] 

Examine injection sites for evidence of any tissue rcactton such 
as erythema, edema, and necrosis . . Swab th~ skin !ightlr, if !)CC
essary, with diluted alcohol to facilitate reading o~ ~Jec_tion s1tes. 
Observe all animals at 24, 48, and 72 hours after mJect1on. Rate 
the observations on a numerical scale for the extract of the Sam
ple and for the Blank, usin; Table 5. Reclip tbe fur as necessary 
du.ring the observation penod. 

I( each animal at any observation period shows an average 
·reaction to the Sample that is not significantly greater than to 
tho Blank, the Sample meets the requirem~ots of this test. If ~t 
any observation period the average react1C!n to the Sample JS 
questionably gr':llter than U,~ ~verage re~ction to the Blank, re
peat the test USUlg three additional 1:3bb1ts. On the repea~ ~t, 
the average reaction to the Sample m any of the three arumil.ls 
is not significantly greater than the Blank. 

lmplantadon Test 
The implantation test is d~igned f~r th~ ev~luation of plas?-c 

materials and other polymeric materials m direct contact with 
living tissue. Of imp(!rtance a~ the pro(>er preparation. of the 
implant strips and th_eu- prope~ llllplao~tion under aseptic con
ditions. Prepare for implantation 8 stnps of the Sample and 4 
strips of USP Negative Control Plastic RS. Each strip should 
measure not less than l O X I mm. The edges of the strips should 
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be as smooth as possible to avoid additional mechanical trauma 
upon implantation. Strips of the specified minimum size are im
planted by me~ns 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 needle, tbe cannula and 
hub of which are protected with an appropriate cover, and then 
subjected to the appropriate sterilization procedure. [NoTB
A!low for proper degassing if agents such as ethylene oxide are 
used.) 

Test Animal-Select healthy, adult rabbits weighing not less 
than 2.5 kg, and whose paravertebral muscles are sufficiently 
large in size to allow for implantation of the test strips. Do not 
use any muscular tissue other tbao the paravertebral site. The 
animals may be anesthetized with a commonly used anesthetic 
agent to a degree deep enough 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 vac!1um·. Swa~ ~he .skin lightly with diluted alcohol and dry 
the skin pnor to tnJect1on. · 

Implant four strips of the Sample into the para vertebral muscle 
on one side of the spine of ·each of 2 rabbits, 2.5 to 5 cin from 
the midline and parallel 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. 

K~~p the animals for a period of not less than 72 hours, and 
sa~nf1ce them at the end of the. observation period by adminis
tenng an ov~rdose_ of an anesthetic agent ?I' other suitable agents. 
Allow sufficient time to elapse for the tissue to be cut without 
bleeding. Examine macroscopically the area of the tissue sur
r?u~ding th~ cente.:- portion ::~ es~~ impla.nt strip. U:ie o mag
nifymg lens .1f necessary. Th~ tissue 1~ediatcly surrounding the 
{!SP Negative Control Plastic RS stnps appears normal and en
tirelyfree from hemorrhage, film, or encapsulation. The reqwre
merits 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 und~r testing in the eye of a rabbit. 
Extracting ~edia..:...Use (1) Sodium Chloride Injection and (2) 

Vegetable Oil. 
Test Animal--Select healthy, albino rabbits having no visible 

eye irritation and not previously used for an eye irritation test. 
The animal facilities 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 
befo~e _t~ing, and use only those animals without eye defects or 
eye 1rntat1on. 

Procedure-Use three albino rabbits for each extract to be 
tested. Restrain the animals firmly but gently until quiet. Gently 
pull and lower lid away from the eyeball to fonn a cup, and instill. 
about 200 "L of the Blank prepared as directed under Systemic 
Injection Test. Hold the lid together for about 30 seconds. Instill 
into the other eye 200 µL 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 
?f _the_ test are met if the Sample e~tract shows no significant 
tmtati?n over.the Blank extract durmg the observation period. 
H significant lffltatlon 1s observed In tne eye treated wtti:l the 
Blank extract, repeat the test using three additional rabbits. On 
tbe repeat test, all rabbits meet the test requirement. 

SAFETY TESTS-GENERAL 
The general safety test set forth here is intended to detect in 

an. ~icl~ any ~nexl'C?ted, unacceptable, biological reactivity. 
Thts In;-V1vo _test 1s provtded for the si:ifet)'. assessment of biologics 
(see B10/og,cs (1041.)) and any article m Transfusion and In-

fusion Assemblies (161), Elaslomeric Closures for Injections 
(381), and Containers (661 ). . 

Safety Test 
Select five healthy mice not preyfousJy used for testing, weigh

ing between 17 and 23 g, unless otherwise directed in the indi
vidual monograph or elsewhere fo this chapter, and maintained 
?nan a~e9~te balan~ diet. Prepare a test s_ol4tfon as directed 
in .the indmduaJ monograph. Unless otherwise directed in the 
individual monograph or elsewhere in this chap~r. inject intra
venously a dose of 0.5 mL of the test solution into each of the 
mice, using a 26-gauge needle of suitable lerigth,.or of the.length 
specified below as applicable. Observe the aoimals over. the 48 
hours following the injection. Ir, at the end of 48 hOUI$, all of 
the animals survive .and not inore than one of the animals shows 
outward sy~titoms o( a reaction l}Ot normally CJ\pected of the 
level of tox1c1ty related to the article, the requirements of this 
test are met. If one or more animals die or if more than one of 
the animals shows signs of abnormal or untoward toxicity of the 
article under test, repeat the test using at least another 1 O mice 
similar to those used in the initial test, but weighing :20 ± 1 g. 
In either case, if all of the animals survive for 48 hours and show 
PO symptoms of a reaction indicative of an abnormal or undue 
level of toxicity of the article,· the requirements of the test are 
.met. • . . . . 

For. biol~cs, perform the t~t ~ccording to the proced.ures 
prescnbed m the Federal Regulations (see Biologics (1041) 
Section 610.11, using not less than 2 mice similar.to those de: 
scribed ab<>ve but weighing less than 22 g and not less than 2 
healthy guinea pigs weighing Jess than 400 g. Ualess otherwise 
directed. in the mdividual monograph, for a liquid product or a 
freeze-iiried product that has been constituted as directed in the 
labeling, inject a volume of O.S mL 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 
constitution is not indicated i.n the label, orfor nonli~uid products 
ot~er than freeze.dried products, perform the test using the route 
of administration, test d~, and diluent approved by the Center 
For Biologics Evaluation and Research {FDA), on the basis of 
substantial evidence demonstrating that'tbe test variation · will 
assure sensitivity equal to or greater than that of the test described 
above .. Observe the anima)s for a mi}limuJµ observation period 
of 7 days, If all of the anunals S111".VlVe the test period, do not 

· exhibit any response that is not specific for or expected from the 
product an~ that may indicate a difference in such product qual
ity, and weigh no less 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 tbe 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 requiremelits ofthe test were 
not met in the combined initial and first retests have survived, a 
seoond retest may be performed. Use twice ~e number of ani
mals of the relevant species used in the initial test. If ·the animals 
fulfill the criteria specified for the initial test, the requirements 
of the test are met 

(91} CALCIUM 
PANTOTHENATE ASSAY 

Ketereace stuclard-USP · Calcium Pantothi111Jte Reference 
Standard---Dry at l05° for 3 hours before using. · 

Standard Sto<:k Solution of Calcium Pantotlienate-:-Dissolve 
50 mg of USP Calcium Pantothenate RS, previously dried and 
stored in the dark over phosphorus pentoxide and accurately 
weighed while protected from absorption of moisture during the 
weighing, in about 500 mL of water in a 1000-mL volumetric 
flask. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium 
a~etate solution ( I in 60), then dilute with water to volume. Each 
mL represents SO µg of USP Calcium Pantothenate RS. Store 
under toluene in a refrigerator. · 
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Studard Preparation--On the day of the assay, dilute a mea
sured volume of Standard Stock Solution of Calcium Pant~ 
thenate with sufficient water so that it contains, in each mL, 
between 0.01 µg and 0.04 µg of calcium pantothenate, the exact 

. concentration being such that the responses 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 
response curve. 

AHIY Preparation-Proceed as directed in the individual 
monograph.for preparing a solution expected to contain approx
imately the equivalent of the calcium pantothenate concentration 
in the Standard Preparation. 

Bual Medium Stock Solution-

Acid-hydrolyzed Casein Solution ............... . 
Cystine-Tryptophane Solution .................. . 

. Polysorbate 80 Solution ............... ... ...... . 
Dextrose, Anhydrous .................... . ... .. . 
Sodium Ae¢tate, Anhydrous . .................. . 
Adenino-Ouanine-Uracil Solution .............. . 

25 ml 
25 mL 
0.25 mL 

10 g 
5 g 
5 mL 

Riboflavin-Thiamine Hydrochloride-Biotin 
Solution .... , . ..........................••... 5 mL 

Para-aminobenzoic Acid-Niaci.n-Pyridoxinc 
Hydrochloride Solution .... ... , ... ..... . .... . . 

Salt Solution A ... ........................... , . 
5 mL 
5 mL 

Salt Solution B ........................ .. ...... . 5 mL 

Dissolve the anhydrous dextrose and sodium acetate in the 
solutions previously mixed, and adjust with l N sodium hydroxide 
to a pH of 6.8. F'trutlly, dilute with water to 250 mL, and mix. 

Acid-.,drolyud Casein Sohltioo-Mbc 100 g of vitamin-free 
casein with 500 ml of 6 N hydrochloric acid, and reflux the 
mixture for 8 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 sodium hydroxide to a pH of 3.S ± 0.1 , and 
add water to make 1000 mL. Add 20 g or activated charcoal, 
stir for l hour, am1 filter. Repeat the treatment witil activated 
charcoal. Store under toluene in a refrigerator at a temperature 
not below 10°. Filter the solution if a precipitate forms during 
storage. 

Cystiae-Trypto,hane Solation--Suspend 4.0 g of L--<:ystine and 
1.0 g ·of L-tryptophane (or 2.0 g of o,L-tryptophane) 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°. 
· Adaline-Guanine-Uracil Solutio.- Dissolve 200 mg each of 

adenin.e sulfate, guarune hydrochloride, and uracil, with the aid 
of heat, in 10 mL of 4 N hydrochloric acid, cool, and add water 
to make 200 mL. Store under toluene in a refrigerator. 

Polysorbate 80 Solution-Dissolve 25 g of polysorbate 80 in 
alcohol to make 250 mL. 

Riboflario-'IbJuline Hydroclloride-Biotin Solutio--Preparc 
a solution containing, in each mL, 20 µg of riboflavin, 10 µg of 
thiamine hydrochloride, and 0.04 µg of biotin, by dissolving ri
boflavin, thiamine hydrochloride, and biotin in 0.02 N acetic acid. 
Store, protected from fight, under toluene in a refrigerator. 

Pan-aminobenzoic Acld-Niacill-Pyrldox.lne Hydroclilorlde 
SoJution-Prepare a solution in neutral 25 p~rcent alcohol to 
contain 10 µg of para-aminobenzoic acid, 50 µg of niacin, and 
40 µg of pyridoxine hydrochloride in each mL. Store in a re
frigerator. 

Salt Solmo■ A-Dissolve 25 g of monobasic potassium phos
phate and 25 g of diba.,ic pota~ium phosphate in water to make 
500 mL. Add 5 drops of hydrochloric acid, and store under 
toluene. 
· . Salt Solutio■ 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 Lactobaclllu phuttan.lat-Di!ISOlve 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 stirrill8, on a steam 
bath, Ulltil the agar dissolves . . Add approximately 10-mL portions 

of the hot solution to test tubes, ,uitably 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 planrarum,* incubating for 16 to 24 
hours at any selected temperature between 30° and 37° but he[d 
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 inoculwn if the culture is more than l week old. 
C■lnire 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 µ~ of calcium pantothcnate. Plug the tubes with 
cotton, sterilize m an autoclave at 121°, and cool. · 

Inoculum-Make a transfer of cells from the stock culture of 
Lactobaclllus plantarwn to a sterile tube containing 10 mL of 
culture medium. Incubate this culture for 16 to 24 hours at any 
selected temrerature between 30° and 37° but held constant to 
within ± 0.5 . The cell suspension so obtained is the inoculum. 

Procedllre-To similar test tubes add, in duplicate, 1.0 and/ 
or 1.5, 2.0, 3.0, 4_.0, and 5.0 mL, ~poctively, of the Standard 
Preparation. To each tube and to 4 similar tubes containing no 
Standard Preparation add 5.0 mL of Basal Medium Stock So
lution and sufficient water to make l O mL. 

To similar test tube.~ add, in duplicate, volumes of the A.Jsay 
Preparation corresponding to 3 or more of the levels listed above 
for the Standard Preparation. including the levels of 2.0, 3.0, 
and 4.0 mL. To each tube add 5.0 mL or 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 or section of a rack, 
preferably in random order. 

Cover the tubes of both series suitably to prevent contamina
tion, and beat in an autoclave at 121° for 5 minutes. Cool, add 
1 drop of inoculum to each tube, except 2 of the 4 tu bes containing 
no Standard Preparation (to serve as the uninoculated blanks), 
and mix. Incubate the tubes at a temr.crature between 30° and 
37°; held constant to within ±0.5° until, following 16 to 24 hours 
of incubation. there h11s been no substantial increase in turbidity 
in the tubes containing the highest level uf 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 if oecewiry. Place the container in a spectrophotom
eter that has been set at a specific wavelell8th between 540 nm 
and 660 nm, and ?'Md 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 
seconds or more. Allow approximately the same time interval 
for the reading on each tube. 

With the transmittance set at 1.00 for the urunoculated blank, 
read the transmittance of the inoculated blank. With the trans
mittance set at 1.00 for the inoculated blank, read the trammit
tance for each of the remaining tubes. U there is evidence of 
wntamination with a foreign microorganism, disregard the result 
of the aS&ay. 

Cak:alatio--Preperc a standaid concentration-respome curve 
as follows: For each level of the standard, calculate the response 
from the sum of the duplicate values of the transmittance as the 
difference, y = 2.00 - l: (of transmittance). Plot this response 
on the ordinate of cross-section paper against the logarithm of 
the mL of Standard Preparation per tube on the abscis.1a, using 
for the ordinate either an arithmetic or a logarithmic scale, which
ever gives the better approximation to a straight Hoe. Draw the 
straight line or smooth curve that best fits the plotted points. · 

Calculate the rcspome, y, adding together the two transmit
tances for each level of the A.Jsay Preparatl<>n. Read from the 
standard cnrve the logarithm of the volume of the Standard 
Preparation corresponding to each of those values of y that fall 
within the range of the lowest and Li~htst r,oiuts elotted fo~' the 
st1111dard. Subtract from each loganthrn 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 d01Sage levels to obtain x = M', the 
log-relative potency of the Assay Preparatfon. Determine the 
quantity, in mg, of USP Calcium Pantothenate RS corresponding 

• American Type Culture Collection No. 8014 is suitable. This 
stram formerly was known as Lactobacillus arablnosus 17-5. 
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to the calcium pantothcnate 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 tablet) of 
the material taken for assay. 

Replication-Repeat the entire determination at least once, 
using separately prepared Assay Preparations. If the difference 
betwee.n.the two Log-potencies Mis not greater than 0.08; their 
mean, M, is the assayed log-potency of the test material (see The 
Q)njidence Interval and Limits of Potency ( ll 1) ). If the two 
determinations differ by more than 0.08, conduct one or more 
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 

Refe~e Standard-USP Histamine Dih)'drochloride Ref
erence Standard.....:.Keep container tightly closed and protected 
from light. Dry over silica gel for 2 hours before using. 
· Standard Sohdioo of Hlstaml~DissoJve a suitable quantity 

of USP Histamine Dihydrochloride RS, accurately weighed, in 
water, and dilute with water lo obtain a solution having a known 
concentration of the equivalent of I .0 µg of histamine base per 
mL. 

The Animal-Weigh and anesthetize a healthy, and if female, 
nonpregnantadult cat by intra peritoneal injection of an anesthetic 
substance, such as sodium phenobarbital, that is favorable to 
maintenance of uniform blood pressure. Immobilize the animal, 
and make provisions to prevent excess Joss of body heat. If pref
erable, ini;ert a tracheal cannula. Expose a carotid or other suit• 
able artery, separate it from surrounding tissues, and arrange for 
continuous blood-pressure recording with a manometer or other 
apparatus of at least equivalent sensitivity. Then expose a fem
oral vein to facilitate intravenous injection. 

Determine the sensitivity of the animal to histamine by in
jec.ting, at uniform time intervals of not less than 5 minutes, doses 
of the Standard Solution of Histamine corresponding to 0.05, 
0.1, and 0.15 J£8 of histamine base per kg of body weight of the 
animal. Repeat these injections, and disregard 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 µg per 
kg. Use the animal for the test only if the responses to the graded 
dooes are clearly different and the responses to several injections 
of the dose of 0.1 µg per kg are approximately the same and 
correspond to a decrease in pressure of not Jess than 20 mm of 
mercury. If in this test the doses of the Slandard Solution of 
Histamine and of the solution under test are to be given through 
a single common cannula, each injection in the preliminary test 
and in the succeeding test is to be followed immediately by an 
injection of about 2.0 mL of Sodium Chloride Injection to flush 
in any residual activity. 

Proceclure-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 established 
during lhe injection of the Standard Solution of Histamine. In
ject a series of three doses, of which two doses of 0.1 µ.g of 
histamine 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 injection.-:. The depre.'IS<lr response to the solution 
under test is not greater than one-half the mean depressor re
sponse to the two associated doses representing 0.1 µg of hista
mine base per kg. If this requirement is not met, continue the 
series of injections similarly until it coosists of five doses, of which 
three doses of 0.1 µg of histamine base per leg are alternated with 
two doses of the solution under test in the dosage specified in the 
individual monograph. Measure the change in 6lood pressure 
following each of the additional injections. The depressor re
sponse to each dose of tbe solution under test is not greater than 
the mean of the respective depressor responses to the associated 
doses, representing 0.1 1,tg of histamine base per kg. 

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 µg of histamine base per kg, 
the test may be continued in the same animal, or in another animal 
similarly prepared and tei.ied for responses to the Standard So
lution of Histamine. If the test is continued in the same animal, 
after the last dose of the Standard Solution 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 µg of histamine base per kg, alternateJy in sequence. If the 
test is continued in another animal, prepare a fresh solution of 
the substance under test from an independent container or con
tainers of test substance, and inject a series of five doses com
prising the StQndard Solution of Histamine and the solution 
under test in accordance with the initial injection sequence. Mea
sure the change in blood pressure foJJowing each of the additional 
injections. C.Ompute the difference between each response to the 
dose of the solution under test and the mean of tbe associated 
doses representing 0. i µg of histamine base per leg 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 µg of histamine base 
per kg, and if not mo.re than onc-haJf of the depressor responses 
to the solution under test are greater than the mean of the re
spective dc~ressor re.sponses to the associated dooes, representing 
0.1 µg of histamine base per kg. 

{111) DESIGN AND 
ANALYSIS OF BIOLOGICAL 

.ASSAYS 

Gen~al 
The potency of several Pbarmaeopeial 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 response 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 to a USP Rererence Standard or other suitable stan
dard. Fo.r convenience, each such preparation will be called the 
"Standard" and each prc~ration under assay, or Sample, the 
"Unknown," and these will be designated respectively by the 
szmbols S and U. (The Sample is sometimes referred to as the 
• test preparation.") 

After eJimi119.tion 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 
nevertheless be measured. The error variance is required in cal• 
culating the confidence interval of the assayed potency. The 
oonfidence intervaJ, known also as the fiducial interval, is so com
puted that its upper and lower limits are expected to enclose the 
true potency ofibe Unknown in 19 out of 20 assays. Many assay 
procedures fix the acceptable. width of the confidence inter:val, 
and two or more 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 present a concise account of 
biometricaJ prpcedures for .the USP bioassays. Its varions sec
tions are interrelated. Although the procedures are planned pri
marily for the assay of a single Unknown, equations for the joint 
assav of several Unknowns are given in context thron1thout the 
chapter and are summarized in the last section. Proof that an 
assayed potency meets its requ.tred confidence iimits may be basetl 
also upon other recognized biometric methods that have a pre
cision equivalent to that of the methods outlined herein. 

A glossary of the terms used in the equations is provided at 
the end of thix chapter. 

· Steps Preceding the Calculation of Potency 
Des.lgns for Min1ml.ziug tle ~rror Vl!-riance-Varia1io~ in. re

sponse is reduced as much as JS practicable by the lim1tattons 

l 
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imposed on body weight, age, previous handling, environment, 
and similar factors. In a nwnber of assays, the test animals or 
their equivalent arc then assigned 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 selll in advance of treatment. The differences bo
twecn sets are later segregated, so that they do not affect ad
versely either the computed potency or its confidence interval. 
One unit within each set, picked at random, receives each treat
ment. Examples of randomized sets a.re the cleared areas on a 
single plate in the plate assay of an antibiotic, and four successive 
paired readings in the same rat in the Vasopressin Injection assay. 
Sets of two occur where each test animal 1s used twice, as in the 
assays of Tubocurarinc Chloride Injection and Insulin Injection. 
In these cases, neither the average differences between mdivid
uaJs nor the order of treatment can bias the potency or precision. 
In the microbial assays for vitamin B12 activity and for calcium 
pantothenate, replicate tubes arc assigned to two or more sepa
rate, complete sets, preferably with the tub~ arranged at random 
within each set. This restricts the variation due to position or 
order within a set to the -differences within each complete rep
licate. 

Rejectioa or Oudying or Abemuit Obsenation&-A response 
that is questionable because of failure to comply with the pro
cedure during the course of an assay is rejected. Other aberrant 
values may be discovered only after the responses have been 
tabulated, but can then be traced to essay irregularities, which 
justify their omission. The arbitrary rejection or retentiOD of an 
apparently abcrra.nt response can be a serious 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 

this is unavoidable, each suspected aberrant response or outlier 
may be tested against one oi two criteria:. 

I. The first criterion is based upon the variation within a 
single group of supposedly equivalent responses. On the average, 
it will reject a valid observation once in 25 or once in SO trials, 
provided that relatively few, if any, responses within the group 
are identical. Beginning with the supp06edly erratic value or 
outlier, designate the responses in order of magnitude from y1 to 
YN, where N is the number of observations in the group. Compute 
the relative gap G1 = <.Y2 - Y1 )/(yN - Y1) when N = 3 to 7, 
G2 = U'J - Y1)/V1N-1 - Y1) witen N - 8 to 13, or G3 = (y3 
- Y1)/'-fN-2 - Yi) when N = 14 to 24. If Gi, G2, or G3 exceeds 
the critical value m Table 1 for the observed 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 sets. Subtract each transmittance in the first set 
from its paired value in the second set. and record each difference 
with its sign, either plus or minus. Begi.nning with the most di
vergent difference, designa_tc the N differences in order of mag
nitude from y1 to YN and compute the relative gap 0 1, G2, or G3• 

If this exceeds its critical value in Table 1, one of the two trans
mittances giving the aberrant difference is suspect and may be 
identified on insJ?Cction or by comparison with its ex~tation 
(see next column). Repeat the process with the remauung dif
ferences if an outlier is suspected in a &eeOlld pair. 

2. The second criterion compares the ranges from a series of 
k = 2 or more grouys. Different groups may receive different 
treatment.&, but all/ response., within each group represent the 
same treatment. Compute the range f~m each group by sub
tracting the smallest response from the largest within each of the 
k groups. Divide the largest of the k ranges by the sum of all 
the ranges in the series. Refer this ratio R;. to Table 2. If k is 
not larger than I 0, use the tabular values m the upper part of 
Table 2; if k is larger than IO, multiply R• by (k + 2) and 
interpolate, if necessary, between the tabular values in the lower 

Table 1 
Test for outliers. In samples fro.lit a normal population, gaps equal to or larger than tne following vaiues of Gi, G2, a.nu \,3 occUJ 

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 4 5 6 7 
G1 .976 .846 .729 .644 .586 
N 8 9 10 l 1 12 13 
G2 .780 .725 .678 .638 .605 .578 
N 14 15 16 17 18 19 20 21 22 23 24 
G3 .602 .579 .559 .542 .527 .514 .502 .491 .481 .472 .464 

Table 2 
Test for groups containing outliers. Compute the range from the/ observations in each of le groups, where all groofs in the series 
arc equal in siT.e. The observed ratio R• of the largest range to the sum of the k ranges will equal or exceed the fo lowing critical 

values at a probability of P = 0.05. 

No. of Critical R. for Ranges Each from/ Observations 
lunges 

k 2 3 . 4 5 6 7 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 Q.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 .211 .203 .197 .192 .188 

10 .339 .253 .220 .204 .193 .185 .179 .174 .172 

No. nf Critical (k + 2)R. for Ranges &ch from jO~rvations 
Ranges 

k 2 3 4 s 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 2.42 2.29 2.20 2.13 2.07 2.04 
15 4.06 3.02 2.62 2.41 2.28 2.18 2.12 2.06 2.02 
20 4.13 3.03 2.62 2.41 2.28 2.18 2.11 2.05 2.01 
50 4.26 3.11 2.67 2.44 2.29 2.19 2.11 2.06 2.01 

FRESENIUS EXHIBIT 1068 
Page 38 of 158 



1504 (111) Design and Analysis of Biological Assays / Biological Tests USP XXII 

part of Table 2. If R• exceeds the tabulu 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 
second group. 

Replacement of ~ing 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 each 
preparation requires the same number of observations in each 
total When observations are lost or additionaJ responses have 
been obtained with the Standard, the balance may be restored 
by one of the following procedures, S<> that the usual equations 
~~ . 

I. Reduce the number of observations in the larger groups , 
W1til the number of responses is the same for each treatment. If 
animals have been assigned at random to each 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 sets. 

2. Alternatively, an occasional 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. Estimate 
a replacement for each missing value by either inethod a or inethod 
b. One degree of freedom (n) is Jo.,t from the error variance s2 
for each replacement by either method, except in a microbial 
assay where each 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 group 
to their total. Iii a microbial assay, when one of two traosmit· 
tances is missing for a given treatment, add the mean difference 
between sets, computed from all complete pairs, to the remaining 
trensmittanoo to obtaio th~ replacement. 

(b) If the assay consists of randomized sets, replace the miss
ing value by 

y' ,._ /T( + kTr' - T 
(f - l )(k- 1) , 

(1) 

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 

, _ k(n'T,' + T/ + T,') - 2T 
y - (k - l)(n'k - 2) ' (la) 

where n' is the number of Latin squares with k rows irt common, 
k is the number of treatments or closes, 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 ~ore than one value is missing, substitute the treatment 
mean temporarily in all but one of the empty place.,, and compute 
y' for the other by Equation l. Replace each of the initial sub
stitutions in turn by Equation 1, and repeat the process in suc
cessive approximations untiJ a stable y' is obtained for each miss
ing observation. 

Calculation of Potency from a Single Assay 
Directions for calculating potency from the data of a single 

assay are IP.ven in th.e individual monographs. In those assays 
which spec1fy graphical interpolation from dosag<>-rcsponse curve.\ 
but which meet the conditions for assay validity set forth herein, 
poteJ?CY may be computed alternatively by the appropriate method 
10 thJS section. 

Planning the assay involves assigning to the Unknown an as
sumed potency, to pennit administering it in dosages equivalent 
to_t~ose of the St.!ndard. The closer the agreement between this 
ong1nal assumption and the result of the assay, the more precise 
is the calculated potency. The ratio of a given dose of the Stan
dard, in µg or in USP Units, to the corresponding dose of the 
Unknown, measured as specified in the monograph, is designated 

uniformly by R. The log-relative potency in quantities assumed 
initially to equal th~e of the Standard is designated as M'. 
Ideally, ?J' should not djffer significantly from zero. The log
potency 1s 

M=M'+logR (2) 

or 

Potency = P * ""' antilog M = (aatilog M')R. 

Assay from Direct Determinations of the Threshold Dose
Tubocurarin.e Chloride Injection and Metocurarine Iodide are 
assayed from the threshold dose that just produces a character
istic biological response. The ratio or 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-<l~s is determined for each animal, and potency is calculated 
from the average of these differences. 

In the Bacterial Endowxtns Test (8S}, the geometric mean 
dilution end-point for the Unknown corresponding to the ge<r 
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 threshold dose. 

Indirect Assays &om the Relation,ship between Che Log-dose 
and Che Response-Generally, the thr:eshold dose canoot be mea
sured directly; therefore, potency is determined indirectly by 
comparing the responsesfollowiog known doses of the Standard 
with the res.J)Onses following one or more similar doses of the 
Unknown. Witbin a.restricted dosage range, a suitable measure 
of the response usually can be plotted as a straight line against 
the log-<lose, a conditio'n that simplifies the calculation of potency 
and its confidence interval. Both the sl0J.>C and position of the 
log-dose response relationship ar.: d~crmUKd ir. each 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 whieh clotting occurs and that which produces no clotting is 
so small that the dosage-response curve is not determined ex
plicitly. Moving averages are used instead to interpolate the log
dose correspondi~ 50% clotting for both the Standard and 
the Unknown, lea • to the log-potency (see Calculation under 
Heparin Sodium). T e 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-oose over an adequate range of 
doses. Where a preliminary test is required or the assay depends 
upon interpolation from a multi~ Standard curve, plot on 
coordinate paper the mean response of the Standard at each 
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 traruifonnation is to logarithms; another, in mi
crobial tube assays. where y "" (100 - % transmittance) does 
not plot linearly against the log-d~e x, is to probits. In this case, 
if absorbance cannot be read directly, the % transmittance for 
each tube or t~t soluti.on is first converted to absorbance, A ~ 
2 - log(% transmittance). Each absorbanoe value, in tum, is 
converted to % reduction in bacterial growth as 

.: . 

% reduction - IOO(Ac - A)/~. 

where A,, is the mean uensity for the control tubes (without anti
biotic or with excess of vitamin) in the same eet !>! 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 .(l<?rtion of the dosagtrresponse relationship 
is non-linear in the onginaJ units of percent transmittance, pro
vided that the incubation period does not extend beyond the log
arithmic phase of growth of the control tubes. 

The LDso in the Safety test for Iron Dextran Injection is cal• 
culated with log-doses and probits. The four doses of lhe Injection 
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Table 3 

1505 

Probits (normal deviates + 5) corresponding to percentages in the margins. 

0 2 3 4 s 6 7 8 9 

0 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66 
10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12 
20 4.16 4.19 .4.23 . 4.26 4.29 4.33 4.36 4.39 4.42 4.45 
30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72 
40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97 
50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23 
60 5.25 5.28 5.31 5.33 5.36 S.39 5.41 5.44 5.47 5.50 
70 5.52 S.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81 
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23 
90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 7.33 

0.0 0.1 . 0.2 0.3 . 0.4 0.5 0.6 0.7 0.8 0.9 

99 7.33 7.37 7.41 7.46 · 7.51 7.58 7.65 7.75 7.88 8.09 

Table 4 
Coefficients x. for computing the re,pomcs YL aod YB predicted by least squares at the lowest and highest of k log-doses when 

. these are spaced at equal intervals. 

Coefficient x • for Mean Response Yr at Log-Dose 
No. of Predicted 
Doses End Y ''. 1 2 

3 YL 5 2 
YH - 1 ' 2 

4 YL 7 4 
YH -2 1 

.5 yl 3 2 
Ya ...: 1 0 

6 YL .· JI 8 
Ye -4 -1 

in Ill! of iron per kg of body weight are transformed fo x 1 =-
2.574, x2 - 2.699, x3 = 2.875, and x. =- 3.000. The probits 
corresponding to the number of deaths observed in each group 
of 10 mice arc designated Yt, )'2, y3, and y4, respectively, and are 

-given in Table 3 for mortahues from 10 to 90 percent. For ob
served deaths of0 and 10 adjacent to doses giving an intermediate 
mortality, use the approximate probits 3.02 and 6.98, rcspec• 
tively; omit the end· value (at x 1 or .x4) if not adjacent to an 
intermediate mortality. Since the information in a probit varies 
with its expectation, assign each probit an approximate relative 
weight w (or computing the LD,o of the Injection, as shown in 
the accompanying table. 

No. of Deaths 0 or 10 l or 9 . 2 or 8 3 or 7 ,4 to 6 

Weight, w 0.3 0.7 

Calculate the weighted means 

x =- '1X.,wx)/2,'w 

and 
y .,. 2:(wy)/~w 

1.0 1.2 1.3 

(2a) 

from the sum of the weithts, 1:w, of the four (or three) acceptable 
responses and the corresponding weighted sums of the log-doses, 
'1X..wx), and of the probits, l:(wy). From the SWllll of the weighted 
products, 2:(wxy), and of the weighted squares, 2:(wx2), compute 
the slope b of the Jog-doso-probit line as · 

b = ::E(wxy) - ll(Mry) 
2:(wx2) - n:(wx) · (2b) 

The LDso for this safety test, in mg of iron per kg of body w~ght, 
is calculated as 

LDso ~ antilog(x + (5 - Y)/b) . (le) 

Io quanta! assays not included in this Phannacopeia, such as the 
mouse assay for insulin, the calculation with pro bits involves other 
adjustments that arc omitted here. 

3 .t 

- 1 
5 
1 - 2 
4 7 
I 0 
1 .? 
5 2 
2 5 

s 

- 1 
3 

- 1 
8. 

6 

-4 
11 

Divisor 

6 
6 

10 
10 
5 
5 

21 
21 

When the mean response y, for each dose of Standard plots 
linearly against tJie log•d~ and the 'k doses are spaced at equal 
intervals on the logarithmic scale, the predicted responses (YL 
and YH) at the extreme ends of the line of best fit can be computed 
directly with the coefficients x. in Table 4, which correspond to 
·the ~ successive log-doses, as · 

YL .,. l:(xJ',)/divisor 

and 
Yll = ~x.}1,)/divisor, 

(3) 

where i; stands uniformJy for "the sum or• the values that follow 
i l When YL and Y8 arc plotted against the low and high log
doscs, XL and XH, respectively, they may be connected by a 
straight line w:ith the slope 

b =- (YH - Yr) / (XH - Xi). (4) 

. At any selected log-dose x of Stmtdard, the predicted response 
is . 

Y = y + b(x - ~), (5) 

where x - 'h/ k, and y - (YL + Y8 )/ 2, or, for predictions 
within a set, y is the mean response for the Stmulard within the 
set. . 

When the log-dose response relationship is linear, but the k 
doses (expressed in mL) are spaced substantially in an arithmetic 
sequence as iJl Table S (which refers to the Dilcrobial assays set 
forth under AnJibfotics-Mll:robial A1says {81)), the slope b of 
the straight line of best fit may be computed with the terms in 
Table 5 and the mean ·response at each dose ji,, or T, = Jy, where 
the number of y's(/) is constant at each dose, as 

b - T,(x'iY,J/e/i = Z(:x,T,)/fe{i. (6) 

The coefficients x1 are convenient multiples of the differences 
(x - i) about the mean log-dose i , and et'i is the correaponding 
multiple of :E(x - i)l. The predicted teSPQMe Y- at a given log
dose x may be computed by substitution of the assay slope b in 
Equation 5 and of the mean y either of all the rcsponsc.s on the 
Standard in the entire assay or of those for each set separately. 

.. 
I 

I 
I 
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Table S 

USPXXII 

Coefficients x 1 for computing the slope b of a log-dose response curve when the doses are spaced on an arithmetic scale as shown. 

Coefficients x 1 for Computing b from the Responses y at Doses, in ml, of Mean 
Divisor Lo~ose No. of 

1 1.5 2 Doses 
4 -29 - 12 
5 -34 -9 
s -20 -11 
6 -15 -8 _;J 

POTENCIES INTERPOLATED FROM A STANDARD CURVE
Where the Ioi-dose response curve of the Standard in a given 
assay is curvilmear and ts fitted graphically to the plotted points, 
the amount of Standard that would be expected to produce each 
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 Szandard can be plotted linearly 
against the log-dose, it is fitted numerically by a straight line, as 
described in the preceding section. For assays in randomiz.ed sets, 
a standard curve is computed with b for the assay and y for each 
set and the response Yu in each tube of a given Unknown in that 

·set is converted to an estimated log-relative potency, 

X - <Yu - Ys)/b. (1) 

where Ys is the response predictod by the standard curve at the 
assumed log-dose x of the Unknown. The average of the separate 
estimates from each of f sets, M' = "I,X/f, is the 1Wayed log-
relative potency of the Unknown. · 

Factorial Assays from the Response to Each Treatment-When 
some function of the response can be plotted Unearly against the 
log-dose, the assayed potency io comJ>uted from th;;; total response 
for each treatment, and its precision is measured in terms of 
confidence intervals. Tl!is requires that (1) in suitable units the 
response (y) depends linearly upon the log-dose within the dosage 
range of the assay, and (2) the number(/) 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• 
rerent combinations, these totals, T,, lead directly to .the log~ 
relative po!ency and to tests of assay validity. The factorial coef
ficients in Tables 6, 7, and 8 detennine how they are combined. 
In a given row, each T, is multiplied by the corresponding cocf• 

3 4 5 eb'i X 

12 29 14.4663 0.38908 
5 15 23 24.7827 0.41584 
2 11 18 13.3249 0.45105 
4 9 13 14.1017 0.37588 

ficient and the products summed to obtain 71. The T/s in the 
successive rows carry the same meaning in all assays. 

T11 in the first row measures the difference io the average 
response to the Standard and to the Unknown. r,, in the seoond 
row leads directly to the combined slope of the dosage-response 
curves for both Standard and Unknown. The third to the fifth 
rows (ab, 'I• and aq) provide tests for the validity of an assay, as 
described m a later section. From the totals T0 and T1,, compute 
the log-relative potency of the Unknown, before adjustment for 
its assumed potency, as 

M' = ciT ,/T1,, (8) 

where i is the interval in logarithms between successive log-doses 
of both the Standard and the Unknown, and the constant c is 
given separately at the bottom of each table. EacJi M' is corrected 
to its log-potency M by Equation 2. 

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

In a fully balanced assay, such as the assay for corticotropin, 
compute M' with the coefficients in Table 6. If one preparation 
has one less dose than the other but the successive log-<loses of 
both Standard and Unknown cliffer by a constant interval i, use 
the factorial coefficients in Table 7, correcting for the actual 
difference between the observed mean log-doses, is and iu, by 
computing 

(9) 

lo assays where the successive doses are not spaced at equal log
intervals, the log-relative potency of a single Unknown may be 
computed by Equation 8 with the factorial coefficients and cl in 
Table 8. ·· · · 

In an assay of two or more Unknowns against a common Stan· 
dare!. all with dosage-response lines that are parallel within the 

Table 6 
Factorial coefficients x1 for analyzing a balanced bioa.ssay, in which successive log-doses of Standard (S;) and of Unknown (U,) are 
· · · spaced equally, each with the same number (j) of responses totaling T,. 

Design 

2,2 

3,3 

4,4 

Row 

a 
b 
ab 

a 
b 
ab 
q 
aq 

a 
b 

q 
aq 

For 
Computing 

M' 
L 

S1 
-1 
-l 

l 

-1 
-1 

l 
I 

-1 

-1 
-3 ., ., 

l 
-1 

S2 

-1 
l 

-1 

-1 
0 
0 

-2 
2 

-1 
-:- l 

l 
-1 

l 

hquation 
No. 

8, 10 
26, 29 

Factorial Coefficients x1 for Each Dose 

S1 S4 u. U1 

l l 
-I J 
-1 I 

-1 1 l 
1 -I 0 

-1 -1 0 
I 1 -2 

- 1 l -2 
-1 -1 l I 

l 3 -3 -1 
-1 -3 -3 - I 
-l l 1 -1 

1 -1 1 -1 

.. ..-.----··-
Constant 

C 

t! 

Vi u. e, T, 

4 Ta 
4 T1, 
4 Tab 

l 6 T,, 
1 4 1'1, 
1 4 T,,~ 
1 12 T 
1 12 r!I/ 
1 I 8 Ta 
i 3 40 1',, 

3 40 
,... 
•al> 

-1 l 8 T11 
-1 l 8 Taq 

Value of C'..oost.ant for Design 

2,2 3,3 4,4 

l 4/3 s 
1 8/3 s 
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Table 7 

1507 

Factorial coefficients x 1 for analyzing a partially balanced assay, in which successive log-doses of Standard (S1) and of Unlcnown 
(UJ are spaced equally, each with the same number (/) of responses totaling T1• If the number of successive dosa of the Un-
. known exceeds by one the number on the Standard, interchange s, and U1 in the heading and reverse all signs in 

rows a, ab, and oq. 

De11ign 

2,1 

3,2 

4,3 

For 
. Computing 

M' 
L 

Row 

a 
b 

a 
b 
ab 
q 

a 
b 
ab 
q 
aq 

-1 
-1 

-2 
-2 

1 
l 

-3 
-3 

3 
3 

-1 

Equation 
No. 

8, 10 
26, 29 

Factorial Coefficients x 1 for Each Dcse 

-1 2 
1 0 

-2 -2 3 
0 2 -t 
0 -1 -2 

-2 1 0 

-3 -3 -3 4 
-1 1 3 -2 

l -1 -3 -5 
-3 -3 3 2 

1 J -I 1 

Constant 

C 

~ 

Table 8 

2,1 

1/2 
3/4 

3 
1 
2 
0 
4 
0 
0 

-4 
-2 

4 
2 
5 
2 
1 

6 
2 

30 
10 
lO 
6 

84 
28 
70 
60 
10 

Value of Constant for Design 
3,2 4,3 

5/6 
25/12 

7/6 
49/12 

T, 

T. 
Ti, 
Tllb 
Tq 

. Factorial coefficients Xt for analyzing assays with a 3- or 4-~ sequence of 1.5, io. 3.0, 1rnd 4.0, each dose haviug the same 
number (/) of respomes. · 

Dose of Standard Dose of Unknown 

Design Row LS 2.0 3.0 4.0 I.S 2.0 3.0 4.0 el 1'1 
4,4 a -I -1 -1 -1 1 1 1 1 8 r. 

b -29 -12 12 29 -29 -12 12 29 3940 Ti, 
ab 29 12 -12 - 29 -29 -12 12 29 3940 Tu 
q l -1 -I 1 1 - 1 -1 I 8 r, 
Q(J -1 I 1 -1 1 -t . ·-1 l 8 T,,,, 

3,3 a -1 -I -1 l l 1 6 . r. 
b -25 -3 28 -25 -3 28 2836 T1, 
ab 25 3 -28 - 25 -3 28 2836 T.~ 
q 31 -53 22 31 -53 22 8508 r, 
aq -31 S3 -22 31 -53 22 8508 Toq 

3,3 a -1 -1 -1 1 1 1 6 To 
b -28 3 25 -28 3 25 2836 Th 
ab 28 -3 - 25 -28 3 25 2836 To1, 
q 22 -;-53 31 22 -53 31 8508 
aq -22 53 -31 22 -53 31 8508 ~ 

"' 

For Equation 
Computing No. 

M' 8, 10 
L 26, 29 

experimental error, each log-relative potency may be computed 
with the same assay slope as follows: For each preparation, de
termine the slope factor Tb' - ~x1 T,) or }J(x1y), where the values 
of x 1 are the factorial coefficients ror the Standard in the ap
P!OPriate f!)W b of Table 6 or 8. The log-relative potency of each 
Uni:nown IS · . 

M'"" cih'Tr/llTb', (10) 

where h' IS the number of values of T/ summed in the denom
inator. 

MSa)'S ffOIII Differeaces in Respome-When dmes 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 as.say corresponds to the first design in Table 

Value of Constant for Design 
·-- ----Constant 4,4 '3,3 

ci 7.2332 5.3695 
<fi2 0.10623 0.06100 

6, and requires four equal groups of rabbits each injected twice 
(see Insulin .Assay ( 121) ). Th,e difference (y) in the blood sugar 
response of each rabbit to the two treatments leads to the log
relative potency M' (see the fmt two paragraphs of the section, 
CIJlculatiQfl of Potency from a Sfn~le Assay). The Vasopressin 
Injection assay follows a similar design, substitutina two or more 
randonuzec1 sets of Jour successive paus of injections. into rats 
for the four treatment groups of rabbits in the in.suliri: assay. . 

Oxytocin Jrtjection is assayed from blood pressure changes in 
a single test animal following alternating injections of a single 
dose of Stitndard 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 adjacent responses to the 
Standard is equivalegt to the first desi8n in Table 7 with S and 
U reversed, where ; is the log-interval between the two dosage 
levels of the Unlcnowri. 

--
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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 biofogical indicators, not to 
a mistake in procedure or to an outlier that needs replacement. 
It 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 inrerval. 

Error 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 z's by/. and the total of the z's for each 
.preparation by T, with subscripts S and U for Standard and 
Unknown, respectively. Compute the error variance of z as 

s2 = (l:z2 - Ts2/fs - TclUu]/n, (11) 

with n = fs + fu - 2 degrees of freedom. In the assay of 
Tubocuranne 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 individual diffe1"nc:c 
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 T1, and for those injected with the Standard on the 
second. day as T2• Compute the error varian<:.e of x with n - N 
- 2 degrees of freedom as 

s2 = {Xx2 - (T12 + Ti)lf}/n, (12) 

where N is the total number of rabbits that complete the aMay, 
excluding any teplacement for a missing value to equalize the 
size of the two groups. . . . . . .. 

Error Variance of u lndiridual Respo~ln the Pharmaco
peial assays, differences in dose that modify the mean response 
arc assumed nvt tc affect the variability in the response. The 
calculation of the error variance depends upon the design of the 
assay and the form of the adjustment for any missing Yalues. 
Each response is first converted to the unit J'. used in computing 
the potency. Determine a single error varuince from the com
bined deviations of the y's around their respective means for each 
dosage level, summed.ov.er all levels. Doubtful values of y may 
be tested as described under &Jectton of Outlying or Aberrant 
Observations, and proved outliers may be replaced as missing 
values (see Replaument of Missing Values). 

In the simplest design, the units of rupon.se 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 
y's at any given dosage level to their total, the degrees of freedom 
(n) in the error variance are reduced by one for each replacement 
out DO other change is needed in the c:alculation. Assuming that 
/ is then the same for all doses or groups, compute the error 
variance from the variation .w~thin drues of all the y's as 

s1 = ftyl - .!,T,2U}/n, (13) 

where T, is . the total at each· dooe of the/ values of y, there are 
k totals T, and the degrees of freedom n = "2./ - k, with "2,f 
diminished by· J for each replacemenL 

If variations in l are adjusted by subtracting a group mean 
from its group totaf, compute the error variance from the observed 
y's and the unadjusted totals T1 as · · · 

s1 - {Zr - "i',,(T,2//)}/n, .. (14) 

where n = '2f - k. . 
In the calculation of the result of an assay using the coefficients 

of Table 6 or 8, i" may be computed from the response y for 
r,;,ch <,f the Ji' preparations, including the h Unknow~ 11nd the 
corresponding dosage levels of the Standard.· • For each prepa
ration, compute T = l:y and the slope factor Tb' = '};(x1y} where 
the values of x1 are the factorial coefficients for the Standard in 
the app~riate row b of Table 6 or 8. the error variance tor 
the assay is 

il = ("i',,r - !-1"2/k - 2(2:'l:{)2/h'ebflfn, · (15) 

where the degrees of freedom n ;,,, h'(k - 1) - 1, and e1, is the· 
e; from the same table and row as the coefficients x 1• • 

The Error Varia11Ce in Restricted Designs-In some assays, the 
individual responses occur in randomized sets of three or more. 
Bxamples of sets are litter mates in the assay of vitamin D, the 

. c:learcii areas witlrin each plate in an antibiotic assay, and the 
· responses following four successive pairs of injections in the va
sopressin assay. Arrange the individual y'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. Lo~es may be 
replaced as described_ unde.r . RepJacemenl of Missing Values. 
The k column totals are the T, s required tor the analym of 
balanced designs. The / 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 anii of the marginal 
totals as 

s2 ... {J;y2 - XT,2/k - 'ZT,2/f + 'J'l/N}/n, (16) 

where T = "lrT, ""' J;T,, and the n = (k - l)(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 potential source 
of variation, its effect can be corrected by the dose regimen for 
a series of n' Latin squares with k rows in common, such as that 
for the two Latin squares in the dose regimens I to 4 and 5 to 
8 in the assay of Glucagon for Injection. List the observed re
sponses y of each test animal in a separate column in the order 
of dosing. The responses to each of the k doses then occur equally 
often in each of the k rows and of the rtk columns, where n' is 
the number of Latin squaR:S. Total the responses y in each row 
(T,) in each column (T,), and, in a separate listing, for each dose 
or treatment (T,). An occasional lost reading may be replaced 
by Equation· la as described under Replacement oJMissing Val
ues. Compute the error variance from the squares of the indi· 
vidual y's and of the marginal and treatment totals as 

s2 = {"Er - l',,T,2/n'k - ITc2/k -
. "2.Tl/rtk + 2T1-/N}/n, (16a) 

where T = 2:y = ';1;T, = XT~ = :ZT,, N."" n'k2, and the n == 
(k - l}(n'k - 2) degrees of freedom must be diminished by one 
for. any gap in the original table that has been filled by cornpu
tat10n. 

In assays where the reactioll.<I occur in pairs, the differences 
between test animals or paired. reactions are segregated auto
matically by calculating tbe assay with the difference within a 
pair as the response. With insulin, the response is the difference 
y in the blood sugar of a single rabbit following two injectio~ 
(see Insulin Assay {121} ). After adjustment for rabbits lost dar
ing the. assay, compute the error .vanance of y from the responses 
in all four groups and from the group totals T1 = T1 to T4 as 

s2 - {:tr - "ET//1}/n, (17) 

where the number of rabbits f is the same in each group and the 
dewees of freedom, n = 4(f- 1), are reduced by one for each 
replacement of a rabbit' lost during the assay. In the Oxytocin 
Injection assay, each y represents the difference between the 
blood pressure response to a dose of the Unknown and the average 
for the two adjacent doses of Standard. . Compute the error 
variance of y as 

· s2 == {.Er - (T12 + Ti)/1}/n (18) 

with n = 2(f - I) degrees of freedom, where T1 is the total of 
the y's for tiie low d0$C of the Unknown and T2 that for the high 
dose · · •· . · 

In· a microbial assay cal~ulated 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; With each 
difference X as the unit, a composite s2 is computed from the 
variation in the f values of X for each Unknown, totaled over the 
h Unkoowns in the assay, as 

(19} 

where Tx = .EX for a single Unknown and the degrees of freedom 
n = 'ZJ- h. 

Tests of Assay. Validity-:°ln addition to the specific requife
ments in each monograph and a combined log-dose response curve 
with a sig~·mcant slope (see the statistic C in the next section), 

7 
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two conditions detennine the validity of an individual factorial 
assay: (1) the Jog-dose response curve for the Unknown must 
J,>Srallel that for the Standard within the experimental error, and 
{2) neither curve may depart significantly from a straight line • 

. ,When the assay has been completely randomized or consists of 
randomized sets, the necessary tests are computed with the fac
torial coefficients for ab, q, and aq from Tables 6 to 8 and the 
treatment totals T,, Sum the products of the coefficients in each 
row by the corresponding T,'s to obtain the product total T1, where 
the subscript i stands in turn for ab, q, and fU/, respectively, Each 
of the three ratios, T?-/etf, is computed with the corresponding 
value of e; from the table and with/ equaJ 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 
aq of separate curvatures in Of posite directions, If any ratio in 
a 3- or 4--dose assay exceeds s as much as three-fold, compute 

F3 = 'T,(Ti2f e1/)/3s2 (20) 

For a 2-<lose assay, compute instead 

Fi = T01,2/em,Js2, 

and for a 3,2 assay (Table 7) determine 

F2 ""' lX._T?-/e;/)/2s2, 

(21) 

(22) 

For a valid assay, Fi, F2, or F3 does not exceed the value given 
in Table 9 (at odds of 1 in 20) for the degrees of freedom n in 

2 . s. 
An assay may fail the test for validity and sti11 provide a con

tributory estimate of potency that can be combined profitably 
with the result of a second assay of the same Unknown. as de
scribed in a later section. An end dosage level for either the 
Stan~rd or the Unknown, or both, may fall outside the linear 
zone, With three or more dosage levels and relatively large values 
cf T.,, T ,;1,, and T..,. tJ1.P. t.ot.:-t.l. response :r, 11.t R.l\ end dose or one 
preparation may approach an upper or lower limit and be re
sponsible for the large values of Tab and T "'I' This T, may be 
omitted and the assay recomputed with the ape._ropriate design 
in Table 7. If the assay then meets the test in Equation 20, or 
22, the resulting potency, M, may J:,e combined with that of a 
second assay in computing the log-potency of the Unknown (see 
under Combinalion of Independent Assays). If T0 is not signif
icant but T$ shows significant combined curvature, the largest 
(or smallestJ dose of both preparations may be too large (or too 
small), Their omission may lead to a valid assay with the factorial 
coefficients for the next smaller design in Table 6 or 8. A sta
tistically significant Tq or 't,Tq' may be neglected and ·an dosage 
levels retained without biasing the computed log-potency M' and 

its confidence interval by more than 5% when the following in
equality is true: 

or 
(23) 

where each T1,' and T' is computed with the T,'s (or y's) for a 
single preparation muJfiplied by the coefficients for the St_andard 
in rows b and q, respectively, If both T0 and T,.,, are significant 
in a 2-close 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 values of T, and the first 
design in TabJe 7. In assays of insulin and of other drugs in which 
the responses are paired, the test for parallelism is so insensitive 
that it is omitted. If the tubes in each set are arranged system
atically instead of at random in a microbial assay, 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 l in 20 (P = 
0.05) that the true potency either exceeds the upper limit of the 
confidence interval or is less· lhan its lower limit. Since this in
terval is determined by a number of factors that may influence 
the estimate of potency, the required precision for most bioassays 
is given in the monograph in terms of the confidence interval, 
related either to the potency directly or to its logarithm, 

Gaeral Cakulatioa--Despit.e their many forms, bioassays fall 
into two general categories: (I) 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 lOA-potencv of an assay is computed as the mean 
of several estimated log-potencies that are approximately equal 
in precision, the log-oonfidence interval is . 

L - 2st\fa, (24) 

where s is the standard deviation of a single estimated log-po
tency, t is read from Table 9 with the n degrees of freedom in 
s, and k is the number of estimate5 that have been averaged. 
The same equation holds where the !og-potericy is computed as 
the mean i of k differences x, with s 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 

~-M+~~M-~M~=M±~ ~ 

Table 9 
Values oft, t2, F I and :x2 for different degrees of freedom n that will be exceeded with a proDatiiilty J' = 0,05 (or 0.95 for 

· confidence intervals).t 

n I t2 ... F1 F2 F1 xi n t2 = F1 F2 F3 x2 
l 12.706 161.45 3,84 19 2,093 

. . 
. 4,381 3.52 3.13 30.1 

2 4,303 18.51 19.00 19.16 5,99 20 2,086 4,_35l 3.49 3.10 31.4 
3 3,182 10.128 9:ss 9,28 7,82 21 2.080 4.325 3.47 3.07 32,7 
4 2.776 7,709 6.94 6.59 . 9.49 22 2.074 4.301 3.44 3,05 33.9 
5 2.571 6,608 5.79 S.41 11.07 23 2,069 4.279 3.42 3.03 35.2 
6 2.447 5.987 5,14 4,76 12.59 24 2,064 4.260 3.40 3.01 36,4 

7 2.365 5,591 4,74 4,35 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 2.056 4,2iS 3.37 2.98 38.9 
9 2.262 5,117 4.26 3.86 16,92 27 2,052 4,210 3,35 2,96 40.l 

10 2.228 4.965 4,10 3,71 18.31 28 2.048 4,196 3.34 2-95 41.3 
11 2.201 4.844 3-98 3.59 19.68 29 2,045 4.183 3.33. 2.93 42,6 
12 :.i.rn, 4,747 J.89 3.49 21.03 30 2:042 4.t71 ?,32 2,92 4-3.e 

l3 2.160 4.667 3,lSl 3.41 22.36 40 2.021 4,085 3,23 2,84 55,8 
14 2.145 4,600 3,74 3.34 " 23.68 60 2,000 4.001 3.15 2,76 79,l 
lS 2.131 4,543 3.68 3.29 25,-00 120 1.980 3,920 3,07 2,68 146,6 
16 2J20 4.494 3.63 3,24 26,30 00 L960 '.U41 3,00 2.60 
17 2,110 4.4Sl 3.59 3,20 27,59 
18 2.101 4.414 3,55 3.16 28,87 

t Adapted from portions of Tables III to V of "Statistical Tables for Biological, Agricultural and Medical Research," by R. A, 
Fisher and F. Yates, published l?Y Oliver and Boyd, Ltd., Edinburgh, 
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The upper and lower limits arc converted to their antilogarithms 
to obtain the limits as explicit potencies. 

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

L - 2V(C - l)(CM'2 + c'(2), (26) 

where M' is the log-relative potency as defined (see Calculation 
of Potency from a Single Assay), i is the log-interval between 
successive doses, and c' is a constant characteristic of the assay 
procedure. The remaining term C depends upon the precision 
with which the slope of the dosage-response curve has been de
termined. (Th.is is sometimes expressed in terms of g = ( C -
1)/C.) In factorial assays, it is computed as 

C ~ Ti,2/(T/ - ebfs2t2), (27) 

where s2 is the error variance of a single observation, t2 is read 
from Table 9 with the degrees of freedom in s2.f is the number 
of responses in each T, used in calculating Tb, and T1, and e1, are 
computed with the factorial coefficients for row b in Tables 6 to 
8 .. The s2 in Equation 26 depends upon the design of the assay, 
as indicated for each drug in the next section. In a valid assay, 
C is a po~itive number. 

In an assay of two or more Unknowns against a common Stan
dard, all with dosage-response curves that are parallel within the 
ex!)CrimentaJ error, C may be computed with the error variance 
s2 for the as.5ay and with the assay slope as 

C ... (T,T,/)2'/{(T.T/)2 - ebf1,'s2t2/2}. (28) 

The slope factor Tb' = ~x1 T,) or l',{xJY) for each of the h' 
preparations, including the Standard, is computed with the fac
torial coefficients x1 for the Standard in the appropriate row b 
of Table 6 or 8. If a treatment total T, includes one or more 
replacements for a missing response, reolace e1,Iin Equation 27, 
or ebfh' /2 in Equation 28, by /2Tl..xi1/f'), wliere each x1 is a 
factoriaf coefficient in row b of Tables 6 to 8, in this chapter, 
and/' is the number of responses in the corresponding T, before 
adding the replacement. With this C, compute the confidence 
interval as 

L = 2V(C - l)(CM'2 + c'i2h'/2). (29) 

In assays computed from a ratio, the most probable log-potency 
Mis not in the exact center of the confidence interval. The upper 
and lower confideooe limits in logarithms are · 

XM = log R + CM' + ½l and log R + CM' - ½L. (30) 

C is often very little larger than unity, and the; more precise the 
assay, the more nearly C approaches 1 exactly. R .,. zsfzu 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. 

C.Oafidence lntenals for Indhhtual Assays-Since the confi
dence interval may vary in rletail from the above ieneral patterns, 
compute it for each usay by the special direci.tons 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 may 
be computed with Equations 19 and 24. For log-potencies cal
culated with Equation 8 or 10, s2 may be computed with Equation 
15, C with Equation 27 or 28, and the confidence interval L with 
Equation 26 or 29. 

Cortlcotropin Injection-Compute the log confidence interval 
by Equations 26 and 27, with the coefficients and constants in 
Table 6 for a 3-dose assay, and s2 as determined by Equation 13 
or 14. 

Digitalis-Compute the confidence interval as 

L =- 2y'(C - l){Ws/Zu)2 + /ulfsJ, (31) 

where Ju and Is are the number of observations on the Unknown 
and on the Standard, and 

(32) 

is determined with s2 from Equation 11. The confidence limits 
for tbe potency in USP Units are then 

Xp. = R{C(zsfzu) ± ½L}. (33} 

in which R is as defined in the Glossary of Symbols. 
Glucagon for lnjection-C.ompute the error variance s2 by 

Equation lSa, C by Equation 27 with ebf = 16n', and the log 
confidence interval L by Equation 26 with c',.,,_ ""' 0.09062. 

Chorionic Gonadorroptn-Proceed as directed under Conf-
cotropin lnjectjon, · 

Heparin Sodium-If two independent determinations of the 
Jog-potency M differ by more than O.OS, carry out additional 
assays and compute the error variance among the N values of M 
as 

s2 = fEM2 - ('t,M)'-/N)/n (34) 

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

lnsulln Injection-Compute the error variance (s2) of y by 
Equation 16 and C as 

C = T1,2/(Th2 - s2t2N), (35) 

where t2 from Table 9 depends upon n = 4(/ - 1) degrees of 
freedom in s2 and N = 4f is the total number of differences in 
the four groups. By Equation 26, compute the confidence interval 
L in logarithms, where c',.,,_ = 0.09062. The upper and lower 
confidence limits in USP Units of insulin are given by the an
tilogarithms of XM from Equati.on 30. 

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

C = (T2 - T1)2/{(T2 - T1)2 - 4(/ + I )42t2/3}, (36) 

where;;? io defined by Equation 18, a,;:! 

c' - (4[ - 1)/8(/ + 1). (37) 

Tubocurarine Chloride b!Jeclfon-Compute the error variance 
by Equation 12, and the confidence interval by Equation 24. 

Yasopressin Injection-Compute the error variance s2 by 
Equation 16, C by Equation 35, and the log confidence interval 
by Equation 26, where c' = l and i is the log-interval separating 
the two dosage levels. 

Vitamin 812 Activity-Proceed as directed under Calcium 
Pantothenate. 

Combination or Independent Assays 
When the method permits, additional animals can be added to 

an insufficiently precise assay until the combined results reduce 
the confidence interval withm the limits specified in the mono
grap_h. Where two or more independent assays arc required. each 
leading to a log-potency M, the M's are combined in determining 
the weighted mean potency of the Unknown. Except in the He_p• 
arin Sodium assay, where the log-potencies are weighted equally, 
the relative precisions of the two or more independent M's de
termine the weight assigned to each 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 
do. not overlap or where the overlap is small, compute an ap
proximate xf/. ASllign each of the n individual assays a weight 
}'/, defined ns 

w = 4t2/L2, (38) 

where the length of the confidence interval L is computed with 
the appropriate equation from the preceding section. and t2 is 
read from Table 9 for the degrees of freedom n in the error 
variance of the assay. Sum the individual weights to obtain iw. 
Then an approximate x2 with h :.... l degrees of freedom is de
tennined as 

Approx. XJ/ - ~(wM2) - {~(wM)j2/:tw. (39) 

l 
' 
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For two as.says with log-potencies Mt and M2 and weights Wt and 
w2, Equation 35 reduces to 

A 
•. 1 _ w1wz(M1 - M2)2 

pprox. JU£ - , 
W1 + W2 

(40) 

with one degree of freedom. If the approximate xAl- is well under 
the critical value for x2 in Table 9, use the weights win computing 
the mean log-potency M and its confidence interval, L. If x!? 
ap{'l'oaches or exceeds this critical value, use irmead the semi
weights w' (Equation 47) when com.ru!ting M. 

Compute the mean log-potency M of two or more mutuaJJy 
consistent assays as 

(41) 

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

Li = ~ {1 + _£_}; wO,w - w)} (42) 
.tw ~ n' ' 

where each n' = n - 4(h - 2)/(h - l) and tL2 is interpolated 
from Table 9 with the degrees of freedom 

"L -= ·:i,2w/'2,(w2/n). 

For two ~ays (h = 2) with log-poten.cies Mt and M2 and weights 
Wt and w2, respectively, the above equation may be rewritten as 

L,' ~ ~ { I + •;: [ :, + ! ]} • (43) 

where :iw ..; w1 + w2• Where Le, the confidence interval for a 
combined estimate, does not exceed the requirement in a mono
gra/ib, upper and lower confidence limits are taken ½4 above 
:.::- be!cw M, ta obtai.'\ approximat~ly a 95% oonfid<!\n~ m.t.<!\tv:i.l 

Where the variation m the assayed potency between the h 
independent determinations, as tested by XJ/, approaches or ex
ceeds P =- 0.05, the several estimates are assign.ed semi-weights 
w'. From the weight w, compute the variance of each M as 

V = 1/w = L2/4t2. (44) 

Calculate the variance of the heterogeneity between assays as 

- ~M2 - ("t;Mf/h - .tV (45) 
v - h-1 h ' 

or if h = 2, 

(46) 

Where V varies so markedly that II calculated as above is a neg
ative number, compute instead an approximate v by omitting the 
term following the minus sign in Equations 45 and 46. A semi
weight is defined as 

w' - 1/(V + v). (47) 

Substitute w' and ~ _(or w and Xw in Equation 41 to obtain the 
semi-weighted mean M. This falls near the middle of a confi-
dence interval of approximate length Le', where · 

L(Z = 4t2~ (48) 

and t2 from Table 9 bas :Ell degrees of freedom. 
Where x.Al- in ~uation 39, from h = 4 or more estimates of 

M, exceeds the critical level in Table 9 by more than 50%, and 
the weights w differ by less than 30%, the h estimatee of M may 
m r.nr.d,•ed for ll suspected outlier with. Table 1. Wru;,re s~nif
icant, the outlying M may be omitted in computing M with w'. 

Where the potency of a drug is determined repeatedly in a 
given laboratory by the same bioassay method, successive deter• 
minations of both the slope band the error variance s2 may scatter 
randomly within the sampling error about a common value for 
each parameter. Plotting estimat~ from successive assays on a 
quality control chart for each statistic and computing the mid
value and control limits defining the allowable random variation 
make it possible to check continuously the consistency of an assay 
technique. Where estimates of band s2 from a single assay fall 

within the control limits, they may 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 
lo its validity. 

Joint Assay of Several Preparations 
Each monograph describes the assay of a single Unknown against 

the Standard. Although not provided explicitly, several different 
Unknowns are often included in the same assay and each is com
pared separately with the same responses to the Standard. This 
fact 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 do.sage 
level of the Standard may be increased advantageously, if h is 
large, to/,fh.. This rule can be applied 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~ose resr,_>nsc curves 
with the same slope b and the same error variance s about these 
lines, these two statistics may be considered as characteristic of 
the assay. Combining all of the evidence from the. same assay 
into a single value of the assay slope resuJts in a more stable and 
reliable estimate of b than if each Unknown were anaJYZCd in
dependently. The degr~ of freedom and. reliability of the error 
variance i1 can be increased similarly. Confidence intervals com
puted with these composite values for b and il are smaller on 
the average than if based upon only part of the relevant data. 
'for the calculation or application of such assay estimates, see 
Equations IO, 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• 
puted from the combined slope for the entire assay. Since it is 
ba3ed 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 line relating response (y) to log-dose (x) 

{Equations 2b, 4, 5, 6). 
c constant for computing M' with Equations 8 and 10. 
e' constant for computing L witb Equations 26 and 29. 
ci constant for computing M' when doses are spaced as in 

Table 8. 
e'P. constant for computing L when doses are spaced as in 

Table 8. 
C term measuring precision of the slope in a confidence in

terval [Equations 27, 28, 35, 36]. 
x2 . statistical constant for testing significance of a discrepancy 

[Table 9]. 
XAl x2 testing the disaB.reement between different estimates 

of log-potency LEquations 39, 40]. 
eb e1 from row b in Tables 6 to 8. 
eb'i multiple of li(x - i)2 [Table 5; Equation 6]. 
e1 sum of squares of the factorial coefficients in each row of 

Tables 6 to 8. 

l
e e1 from row q in Tables 6 to 8. 

number of respomes at each dosage level of a preparation; 
number of replicates or sets. 

I§ number of observations on the Standard. 
Ju number of observations on the Unknown. 
F1 to F3 observed variance {atiO with 1 to 3 degrees of freedom 

{n numerator [Table 9]. 
G1, G2, and G3 relative gap in test for outlier [Table l]. 
I: number of Unknowns in ,i multiple 3-~'llly, 
h' number of preparations in a multiple assay, including the 

Standard and h Unknowns; i.e., h' = h + 1. 
; interval in logarithms between successive log-doses, the same 

for both Standard and Unknown. 
k number of estimated log-potencies in an average [Equation 

24); number of treatments or doses [Table 4; Equa
tions I, 13, 15, 16); number of ranges or groups in a 
series (Table 2]; number of rows, columns, and dose,g 
in a single Latin square (~uations la, 16a). 

L length of the confidence interval m logarithms (Equations 
24, 26, 29, 381, or in tenns of a proportion of the 
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relative potency of the dilutions compared [Equations 
31, 33]. · 

Le length of a combined confidence interval [Equations 42, 
43]. 

L/ length of confidence interval for a semi-weighted mean M 
rE<tuation 48). . 

LD50 lethal 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 Jog-potency. 
n degrees of freedom in an estimated variance s2 or in the 

statistic t or x2• 
n' number of Latin squares with rows in common [Equations 

la, 16aj. 
N number; e.g., of observations in a gap test [Table IJ, or of 

responses y in an as.say [Equation 16). 
P probability of observing a given result, or of tbe tabular value 

of a statistic, usually P = 0.05 or 0.95 for confidence 
intervals [Tables l, 2, 9]. 

P* potency, P11 =- antilog Mor computed directly. 
R 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 
2]. . 

s · - -/s1 standard deviation of a response unit, also of a single 
estimated log-potency in a direct assay {Equation 24]. 

error variance of a response unit. 
a log-dose of Standard [Tables 6, 7]. 
"the sum of." 

Student's t for n de8fCCs of freedom and probability P = 
0.05 [Table 9J. 

T total of the responses yin an iway [Equation 16J. 
T incomplete total for an assay in randomized sets with one 

rom-~me observation [Equation l l 
T1 .?(y) for the animals injected with the ~tandard on the first 

day (Equations 18, 36J. 
T2 :E(y) for the animals injected with the Standard on the 

second day (Equations 18, 36]. 
T,. T1 for the difference in the responses to the Standard and 

to the Unknown [Tables 6 to 8]. 
T ob 1i for testing the difference in slope between Standard 

and Unknown (Tables 6 to 8]. ·· 
T,,9 T, for testing opposed curvature in the curves for Standard 

and Unknown [Tables 6 to 8). 
T6 T1 for the combined slope of the dosage-response curves for 

Standard and Unknown (Tables 6 to 8]. 
T6' i(x1T,) or l:(x1y) for computing the slope of the log-dose 

response curve [Equations 10, 23, 28J. 
T1 sum of products of T, multiplied by the corresponding fac-

torial coefficients in each row of Tables 6 to 8. 
T9 T1 for testing similar curvature in the curves for Standard 

and Unknown [Tables 6 to 8). 
T, row or set total in an assay in randomized sets [Equation 

16]. 
Tr' incomplete total for the randomized set with a missing 

observation in Equation l. 
T, total of f responses ~for a given dose of a preparation 

{Tables 6 to 8; uations 6, 13, 14, 16). 
Tr' incomplete total for t e treatment with a missing obser• 

vation in Equation l. 
U1 a log-dose of Unknown [Tables 6 to 8). 
v variance for heterogeneity between assays [Equation 45]. 
V = 1/w variance of an individual M [Equations 44 to 47). 
w weight assigned to the M for an individual assay [Equation 

38), or to a p,obit for computing an LD50 [Equations 
2a, 2b] . 

w' semi-weight of each Min a series of assays (Equations 47, 
48]. 

x a 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 Yz: and YH in a log-dose response curve [Ta• 
ble 4; Equation 3). 

x1 a factorial coefficient that is a multiple of (x - x) for 

computing the slope of a straight line [Table 5; Equa
tion 6]. 

x mean log-dose [Equation 5). 
is mean log-dose for Standard [Equation 9]. 
xu mean log-dose for Unknown [Equation 9). 
X Jog-potency from a unit response, as interpolated from a 

standard curve· [Equations 7a, 7b, 19]. . 
XM confidence limits for ao estimated log-potency M (Equa-

tions 25, 30]. 
Xp• confidence limits for a directly estimated potency P * (see 

Digitalis assay) {Equation 33) . 
y an observed individual response to a dose of drug in the units 

used in computing potency and the error variance 
[Equations 13 to 16]; a unit difference between paired 
responses in 2-dose assays {Equations 17, 18]. 

y1 •• • YN observed responses listed in order of magnitude, for 
computing Gi, G2, or ~ in Table 1. 

y' reple.eeme.nt for a missing value [Equation 1]. 
X mean response in a set or assay (Equation 5]. 
y, mean response to a given treatment [Equations 3, 6). 
Y a response predicted from a dosage-response relationship, 

often with qualifying subscripts [Equations 3 to SJ. 
z threshold dose determined directly by titration (sec Digitalis 

assay) [Equation 11]. 
z mean threshold dose in a set (see Digitalis assay) [Equations 

31, 3l, 33]. 

(115) DEXPANTHENOL ASSAY 
The following procedure is provided for the determination of 

dexpantbcnol as an ingredient of multiple-vitamin preparations. 
It is applicable also to the determination of the dextrorotatory 
component of racemie pantheno] and of other mixtures containing 
4extrorotatory panthenol. 

Media may be prepared as described hereinafter, or dehy
drated mixtures yielding similar formulations may be used pro
video that, wilen reconstituted as directeo by the manufacturer 
or distributor, they have growth-promoting properties equal to or 
superior to those obtained from the fonnulas given herein. 

Reference Standard-USP Dexpanthenol Reference Standard. 
Standard Stock Solutioa of Dexputhenol-Dissolve an accu

rately weighed quantity of USP Dexpanthenol RS in water, dilute 
with water to obtain a solution having a known concentration of 
about 800 1,1g per mL, and mix. Store in a refrigerator, protected 
from light, and use within 30 days. 

Standard Preparadon--On the day of the assay, prepare a 
water dilution of the Standard Stock Solution of Dexpanthenol 
to contain 1.2 µg of dexpanthenol per mL. 

Assay Preparatio1t-Proceed as directed in the individual 
monograph for preparing a solution expected to contain approx
imately the equjvalent of the dexpanthenol concentration in tbc 
Standard Preparation. · · 

Modified Pimtothenate Medium-
Acid-hydrolyud Casein Solution ............ . 
Cystinc-Tryptophane Solution .... . ........ . . . 
Polysorbate 80 Solution . . ... . ... . ........... . 
Dextrose, Anhydrous .... . .... . ... . . . . ... .. .. . 
Sodium Acetate, Anhydrous ........... . .... . . 
Adenine-Guanine-Uracil Solution ....... . .... . 
Riboflavin-Thiamine Hydrochlorid~Biotin 

Solution ................ . .................. . 
Para-aminobenzoic Acid- Niacin-Pyridoxine 

Hydrochloride Solution . ' .... . .... .... . . . . . . 
Salt Solution A ....•.................•... . ... 
Salt Solution B ......................... . ... . 
Pyridoxal-Cafoiinu Pantothenate Solution .... . 
Polysorbate 40-0leic Acid Solution . .. .. . •. .. · 

25 mL 
25 mL 
0.25 mL 

JO g 
5 g 
5 mL 

5 mL 

5 mL 
5 mL 
5 mL 
5 mL 
5 mL 

Dissolve the anhydrous dextr~ and sodium acetate in the 
solutions previously mixed, and adjust with 1 N sodium hydroxide 
to a pH of 6.8. Fmally; dilute with water to 250 mL, and mix. 

Double-strength Modified Pantodienate Medi~Prepare as 
directed under Modified Pantothenate Medium, but make the 
final dilution to 125 mL itistead of 250 mL. Prepare fresh. 

Acid-hydrolyzed Casein Solution-Mix 100 g of vitamin-free 
casein with 500 mL of 6 N 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 uolil a thick 
paste remains. Redissolve the resulting paste in about 500 mL 
of water, adjust the s.olution wit.b 1 N sodium hydroxide to a pH 
of 3.5 ± 0.1, and add water to make ·1000 mL. Add 20 g of 
ac.tivatcd charcoal, stir for 1 hour, and tilter. Repeat the treat
ment with activated charcoal. Store under toluene. in a refrig
c,;ator at a temperature not below 10°. Filter the solution if a 
precipitate fonns during storage. · 

Cysfine... Tryptopbane Solution-Suspend 4.0 g of ~stine and 
1.0 g of L-tryptophane (or 2.0 g of D,L-tryptophane) in 700 mL 
to 800 mL of water, heal to 75 ± 5°, and add dilute hydrochloric 
acid (1 in 2) dropwise, with stirring, until the solids are dissolved. 
Cool, add water to make l 000 mL, and mix. Store under toluene 
in a refrigerator Ma temperature not below 10°. 

Adenine-Gaanine-Uracil Solutio~Dissolve 200 mg each, of 
adenine sulfate, guanine hydrochloride, and uracil, with the aid 
of heal, in 10 mL of 4 N hydrochloric acid, cool, add water to 
m;ike 200 mL, and mix. Store under toluene in a refrigerator. 

Polysorbate 80 Solution-Dissolve 25 g of polysorbate 80 in 
alcohol to make 250 mL, and mix. 

Riboflavin-Thia.mine Hydrochloride-Blotin Soludon-Prepare 
a solution containing, in each mL, 20 µ.g of riboflavin, JO µg of 
thiamine hydrochloride, and 0.04 µg of biotin, by dissolving ri
boflavin. thiamine hydrochloride, and biotin in 0.02 N acetic acid. 
Store, protected from light, uoder toluene in a refrigerator. 

Para-aminobtJUOic Acid-Nlacin-Pyridoxine Hydrocldoride 
Solutron-Prepare a solution in neutral 25 percent alcohol to · 
contain 10 µg of para-aminobenzoic acid, 50 µg of niacin, and· 
40 µg of pyridoxinc hydrochloride in each mL. Store in· a re- · 
frigerator. · 

Salt Solution A-Dissolve 25 g of monobasic potassium phos
phate and 25 g of dibasic potassium phosphate in water to make 
500 mL. Add 5 drops of hydrochloric acid, ~. and store under 
toluene. · 

Salt Solution B-Dissolve 10 g of magnesium sulfate, O.S g of 
soc;lium chloride, 0.5 g of ferrous sulfate, and 0.5 g of manganese 
sulfate in water to make 500 mL. Add S drops of hydrochloric 
acid, mix; and store under toluene. · 

Pyridonl-Cakium Pantothenate Solotl.o~Dissolve 40 mg of 
pyridoxal hydrochloride and 375 µ.g of calcium pantothenate in 
IO percent alcohol to make 2000 mL, and mix. Store in a ro-
frigerator, aod use within 30 days. · 

Polysorbate 40-0leic Acid Solu.tion----Dissolve . 25 g of poly
sorbate 40 and 0.25 g of oleic acid in 20 percent alcohol to make 
500 mL, and mix. Store in a refrigerator, and use within 30 days. 

Stock Culture of Pediococc11s tuidilactici-Dissolve in about 
SOO 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 N sodium hydroxide or 0.1 N hydrochloric .acid to a pH 
betwei:n 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. Maint,ain the stock culture by monthly transfer onto 
fresh slants. 

Inocui:~Inoculate th~ 250-mL portions of Modified Pan
tothenate Medium from a stock culture slant, and incubate at 
35° for 20 to 24 hours. Centrifuge the suspension from the com
bined portions, ~d wash the C(:J]s with Modified Pantothenate 
Medium. Resuspend the cells in sufficient Modified Pantothen
ate Medium so th@t a I :50 dilution, when.. test~rl in a 13-mm. 
diameter test tube, giv~ 80% light traosmission at 530 run. 
Transfer l .l-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 ~ reach room temperature, mix 
the contents, and dilute 1 mL of thawed culture with sterile saline 
TS to 150 mL. (NoTB- This dilution may be altered, when 
necessary, to obtam the desired test response.] 

Procedur~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. 
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a set: 5.0 mL, 4.5 mL, 4.0 mL, 3.5 mL, 3.0 mL, 2.0 mL, 1.0 
mL, and 0.0 mL. To these same tubes, and in the same order, 
add O.Q mL, 0.5 mL, LO mL, 1.5 mL, 2.0 mL, 3.0 mL, 4.0 mL, 
and 5.0 mL of the Standard Preparation. 

Prepare in duplicate a series of five culture tubes by adding 
the followiog quantities of water to the tubes within a set: 4.0 
mL, 3.5 mL, 3.0 mL, kO 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 Modified Pantothenale Me
dium to each tube, and mix. Cover the tubes with metal caps, 
and sterilize in ao 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 lnoiufum. Allow to incubate at 37° for 16 hours. 
Teiminat(:'growth by heating to a 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. 

CalculatlOll--Draw a dose-response curve on arithmetic graph 
paper by plotting the average response, in percent transmittance, 
for each set of tubes of the standard curve against the standard 
level concentrations. The curve is drawn by connecting each 
adjacent pair of points with a straight line. From this standard 
curvt, 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 responses. Cal
culate the mean response by averaging the individual responses· 
that vary from their mean by not more than 15%, using not less 
than half the totisJ number of tubes. Calculate the potency of 
the portion of the material taken for assay, in terms of dexpan
thenol, by multiplying the mean response by the appropriate di-
lution factor. · 

( 1 Zl) INSULIN ASSAY 
The most prominent manifestation of insuJin activity, ao abrupt 

decrease in blood glucose, was the basis for biologic assay from 
the time of the first clinical use of iosulin. 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 conditio.os to specific 
antibodies, the amounts of which are rendered measurable by 
means of radioactive isotopes, is the basis for a procedure that 
makes possible the rapid measurement of minute amounts of 
insulin. 

: Rabbit Blood-sugar Method 
Reference Standard-USP Insulin Reference Standard- Pre

Stn'.e in a refrigerator, and after opening the ampul, store io a 
tight container. 

Stu.dard Solution-Dissolve a suitable quantity of USP Insulin 
RS, accurately weighed, in sufficient water, containing 0.1 % to 
0.25% (w/v) of either phenol or cresol, 1.4% to. J.8% (w/v) of 
glycerin, and sufficient hydrochloric acid to make a Standard 
Solution 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. Store in a cold place, protected from freezing, 
and use within 6 months. 

Standard Dilutions-Dilute portions of the Standard Solutwn 
to make two solutions, one to contain 1.0 USP Insulin Unit per 
mL (Standard dilution /), and the other to contain 2.0 USP 
fowlin Unit.5 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% (w/v) ot g'.!ycerin, and sufficient .o.ydrochlonc acid 
to produce a pH between 2.5 and 3.5, unless otherwise directed 
in the individual monograph. 

Assay Dilu.tions-Employing the same diluent used in prepar
ing the Standard Dilutions, make two dilutions of the preparation 
to be assayed, one of whlch may be expected, on the basis of the 
assumed potency, to contain LO USP Insulin Unit per mL (Assay 
dilution /), and the other to contain 2.0 USP Insulin Uruts 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-Se]cct on the basis of 
trial or experience the dose of the dilutions to be injected, the 
volume of which usually will be between 0.30 mL and 0.50 mL. 
For each animal the volume of the Standard dilution shall be 
the same as that of the Assay dilutio11.. · 

TIie Anlmal~elect 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 assar., maintaining .them on 
an adequate uniform diet, with water available at all times except 
during the assay, 

Procedure-Divide the rabbits into tour equal groups of pref
erably not less. than six rabbits each. On the preceding day, 
approximately 20 hours before the assay, provide each 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 all food and water until after the finaJ blood specimen 
is taken. Handle the rabbits with care in order to avoid undue 
excitement, and inject subcutaneously the doses indicated in the 
foJlowing design, the Second Injeciion being made on the day 
after the First Injection or not more than l week later. · . 

At I hour and 2½ 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 suitable procedure, preferably one that depends upon 
the reduction of ferricyanide and is adapted to automatic han
dling. The following method may be used, all steps being carried 
out in a pre-determined sequence accurately reproduced for each 
blood specimen and for prepared solutions of de:urose of .known 
concentration. . 

Pipet into separate, suitable vessels 0.8 mL of each blood spec
imen and 0.8 mL each of standard solutions containing, respec
tively, the foJlowing 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 tbe diluted blood to dialysis across a semiperme
able membrane for & sufficient time fo~ & definite proportion cf 
the dextrose to pass through the membrane into a solution, in 
saline TS, of potassium ferricyanide (I in 1670) and sodium car
bonate (1 in SO). Add a measured portion of potassium cyanide 
solution (1 in 200). Heat at a temperature of 95° for 5 minutes, 
cool to 40°, and determine the absorbance, at 420 nm, in a re
cording colorimeter. In a similar manner, determine the absorlr 
ances of solutions obtained from one or more standard solutions 
of dextrose of known concentration in the range 9f 25. mg to 125 
mg per 100 mL. 

Cak:lllation-Calculate the response of each rabbit to each 
injection from the sum of the two blood-sugar values, and subtract 
its response to Dilution 1 from that to Dilution 2, disregarding 
the chronological order in which the responses were observed, to 
obtain the individual differences, y, shown in the accompanying 
table. 

Group 
1 
2 
3 
4 

Group 

1 
2 
3 
4 

First Injection 
Standard dilution 2 
Standard dilution 1 
Assay dilution 2 
Assay dilution 1 

Second Injection 
Assay dilution I 
Assay dilution 2 
Standard dilution 1 
Standard dilution .2 

fndividual · Total 
Differences Re-sponse Response . 

(y) (1j 
Standard 2 - Assay l Yt Ti 
A~ay 2 - Standard l Yz T2 
Assay 2 - Standard I Y3 T3 
Standard 2 - Assay 1. Y• Tt 

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 <Ill)). 

When the number of rabbits, f, carried through the assay is 
the ~ame in each group, total the )l's in each group and compute 
Ta - -T, + T1. + T3 - T4 and Tb= Ti+ T2 + T1 + T1,, 
The logarithm of the relative potency of the test dilutions is M' 
... 0.301 T0 /h The potency of the Injection in USP Units per 
mL equals the antilog (log R + M'), where R = vsfvu, in which 
vs is the number of USP Units per mL of the Standard dilution 

and Vu is the number of mL of Injection per mL of the Assay 
dilution. 

Determine the confidence interval of the log-relative potency 
M' (see Confidence Intervals for Independent Assays { I 11) ), If 
the confidence interval is more than 0.082, which corresponds at 
P = 0.95 to confidence limits of about ± JO% of the computed 
potency, repeat the assay until the combined data of the two or 
more a~ays, re-determined as described under Combination of 
Independent Assays { 111), meet this acceptable limit. 

(1 41) PROTEIN- BIOLOGICAL 
ADEQUACY TEST 

This test is intended for the evaluation of the biological ader 
quacy, as an indeit to the completeness of the mixture of amino 
acids contained, of Protein Hydrolysate Injection. 

Depletion Diet-

Dextrin ... . ........ . ........... . ........ . ... ... . 
Com Oil· .. .. . . . . ... .. ...... · . . ................•.. 
Salt Miitture ........ . ... . ... . .. .. .... . ...•...••. 
Agar ·•··•·••••····· · ··•············ · .. ·• ·· · ···· Cod Liver Oil . . .. .................... . .... . .... . 
Choline Chloride ........ . . ... . .. .. ... . ......... . 
Inositol .................. . ... . ... . ... .. ... . .... . 
Calcium Pantothenate ..•. . ............ . ......... 
Niacinamide ...... . .. . ... ..... ... . ............. . 
Riboflavin ................... . .... . ... .. ... . ... . 
Pyridoitine . .. . .................... . .... . ....... . 
thiamine . ............ . ... .. .. . ... . .... . .... . .. . 
p•Aminobenzoic Acid ......... . ... . .... .. .. .. .. . 
Folic .'\cld ... . ... .. . .. . ........................ . 
Menadione ...•...... . .. •.. .• .. .. .. . · . ..... : ..... . 
Biotin ........ : ... ....................... . ... ... . 

Parts by 
Weight 

83.9 
9.0 
4.0 
2.0 
1.0 
0.15 
0.10 
0.002 
0.0015 
0.0003 
0.00025 
0.0002 
0.0002 
0.0002 
0.0002 
0.00002 

Salt Mixture-Prepare the salt mixture specified in the De
pletion Diet as follows: 
Sodium Chloride ........ •. .. •.. .• ... . ..........• 
Potassium Biphosphate ............... . .... .. ... . . 
Magnesium Sulfate, Anhydrous ........... . ..... . 
Calcipm Carbonate . ·: ... . . ... . ... . ........... . . . 
Ferrous Sulfate .. .. ...........•...... .. .... .. .. · .• 
Manganese Sulfate ... . ......................... . 
Potassium Iodide . ...... . ... .... . . .. ............ . 
Zinc Sulfate ....... . .. .. ....... : .. . . . .. . .... . ... . 
Cupric Sulfate . : ... . ... • . ..........•...•.......... 
CobaJtous Chlonde .. : .. .... . .................. ; .. 

139.3 g 
389.0 g 
57.3 g 

381.4 g 
27.0 g 
4.01 g 
0.79 g 
0.548g 
0.477g 
0.023g 

Place a portion of the weigh~ quantity of sodium cbloride in 
a suitable mortar and add, with grinding, the potassium. iodide. 
Set aside the mixture, and mix in a similar manner all the other 
salts with the remainder of the sodium chloride, addi~ finally 
the previously mixed sodium chloride and potassium iodide. Re
duce the enure mixture to a fine powder (see Powder Fineness 
{811 )). 

Control Nitroeen Snpplement 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 Nitrogen De
termination-Method I or Method 11 (461). Store in a refrig
erator. Mix before removing portions for analysis or use. 

Depletion w1d Cviiti:vl Peiiods-Select a group of not less than 
six male rats .'.l to 4 months !!f 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 
Nitro~en Supplement Mixture in a quantity equivalent to 0.12 · 
g of rutrogen per rat per day, diluted with water to 20 mL, and 
offered at the same ttme each morning either in a dish suitable 
for preventing spillage or in a reservoir fitted with a drinking 
tube. Remove all drinking water from the cages of the depleted 

.... 
i 
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rats during each fec;ding, and return it after the sup.Plement has 
been consumed or is removed. On the third day, weigh each rat. 
Discard any rats that have not consumed all of the Control Ni
trogen Supplement Mixture. 

For the next 3 days, replace the Control Nitrogen Supplement 
Mlxiure with water ad libitum, and continue the rats on the 
Depletion Diet. Weigh the rats, aod discard any that have not 
l~t weight since the previous weighing. 

Procedure-Assemble not 1~ than six rats that have com• 
pleted the depletion and control periods. For 5 days maintain 
the assembled rats on the Depletion Diet with a daily supplement 
of 20 mL, accurately measured, of a solution containing the Pro
tein Hydrolysate lnJection in an amount equivalent to 0.12 g of 
nitrogen offered each morning in the same way as the Control 
Nitrogen Supplement Mixture was offered previous]y. Withhold 
water for at least 2 hours prior to offering the supplement and 
for, 4 hours afterward. Then if the supplement bas been con
sumed, offer water ad libitum. 

On the afternoon of the fifth day, weigh each rat, and compare 
the respective final and starting weighls. Not fewer than 80% 
of the group of rats used gain weight or maintain their weight 
during the test. 

{151} PYROGEN TEST 
The fyrogen test is designed to limit to an acceptable level the 

risks o 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 in
jection of a test solution and is design.ed 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 dircct1om given in the individual monograph or, in lhe 
r.:,..se of antibiotics or biologi(;l,, the additional directions giveu iii 
the federal regulations (see Biologics (1041)). · 

Apparatus and Diluents-Render the syrin§es, needles, and 
glassware free fiom pyrogens 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 parenteraJ 
injection assemblies in a manner that will assure that they are 
sterile and pyrogen-free. Periodically perform control J.>yrogen 
tests on representative portions of th.e diluents and solutions for 
washing or rinsing of the apparatus. Where Sodium Chlo.ride 
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.S cm, and, after a period of time not less than that 
previously determined as sufficient, record the rabbit's body tem
perature, 

Test Animals-Use health¥,, mature rabbits. House the rabbits 
individuaUy in an area of umform temperature between 20° and 
23° and free from disturbances likely to excite them. The tem
perature 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 except 
injection. Do not use a rabbit for pyrogen testing more frequently 
than once every 48 hours, nor pnor to 2 weeks following a max
itnwn rise of its temperature of 0.6° or more while being sub-, 
jected to the pyrogen test, or following its having beeo gjven !I 

test specimen that was adjudged pyrogenic. 
Procedure--Perfonn the test in a separate area designated solely 

for pyrogen testin$ and under environmental conditions similar 
to those under which the animals are housed and free from dis
turbances Jikely 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 
tempe.rature•measuring probes remain inserted throughout the 
testl.ng period, restrain the rabbits with light-fitting neck stocks 
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that allow lhe rabbits to assume a natural resting posture. Not 
more than 30 minutes prior to the injection of the test dose, 
determine the "control 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 individual 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 iO 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 tbe individual mo~ 
gra(lh and injected in the dose specified therein. For pyrogen 
testing of devices or injection assem blics, use washings or rmsings 
of the surfaces that come in contact with the parenteral!y ad
ministered material or with the injection site or internal tissues 
of the patienl Assure lhat all test solutions are protected from 
contamination. Perform the injection after warming the test so
lution to a temperature of 37 :t 2°. Record the temperature at 
1, 2, and 3 hours subsequent to the injection. 

Test Interpretation and Contiauation-Consider any temper
ature decreases as zero rise. If no rabbit shows an individual rise 
in temperature of 0.6° or more above its respective control tem
perature, and if the sum of the three individual maximum tem
perature rises 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 L4°, con
tinue the test using five other rabbits. If not more than three of 
the eight rabbits show individual rises in temperature of 0.6° or 
more, and if the sum of the eiP,t individual maximum temper
ature rises does not exceed 3.7 , the material under examination 
meets. the requirements for the absence of pyrogens. 

RADIOACTIVE rIIARMACEUTICAI.S 

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 iiCi per mL, and inject 
a dose of 3 mL per kg of body weight into each rabbit. 

OTHER PRODUCTS 

Where Physical Ha.If-life of Radionuclide ls Greater Tbaa 1 
Day~alculatc the maximum volume of the product that might 
be injected into a human subject. This calculation takes into 
acwunt the · maximum recommended radioactive dose of the 
product, in µCi, and the radioactive assay, in µCi per mL, of the 
product at its expiration date or time. Using this information, 
caJculate the maximum volume dose per kg to a 70-kg human 
subject. 

For the rabbit pyrogen test, iitject a minimum of 10 times this 
dose tier kg of body weight into each rabbit. If necessary, dilute 
with Sodium Chloride Injection. The total injected volume per 
rabbit is not less tban 1 mL and not more than JO mL of solution. 

Where Pllysical Half-life of Radionuclide is Less Thu 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 test, but such t~&t shall be initiated at not ruoc~ 
than 36 holll"S after release, 

Test Dose for Pharmaceutical Ccmstituents 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 nonradioacti.ve 
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reagent will be injected into a 70-~ human subject, or that ½o 
of the total contents per kg will be mjected. If tbe contents are 
dry, constitute with a measured volume of Sodium Chloride In
jection. 

For the rabbit pyrogen test, inject ½ of the vial contents per 
kg of body weight mto each rabbit. The maicimum dose per rabbit 
is the entire contents of a single vial. The total iajected volume 
per rabbit is not less than I 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 cardi~ 
vascular system or other soft body tissues. This includes, but is 
not limited to, solution administration sets; extension sets, transfer 
sets, blood administration sets, intravenous catheters, implants 
extracorporeal oxygenator tubings 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. 

Steri6ty-Proceed as directed for Sterilized Devices under Ste
rility Tests (71). · 

Bacterial Endotoxlns (see Bacterial Endotoxins Test (85}}-
Transfurion and Infusion Assemblies and Similar Devices-

Through the tubing 01 each of IO assemblies, pass a separate 40-
mL portion of Limufus Amoebocyte Lysate (LAL)-negative Ste,.. 
ile Water for Injection at a temperature between 37° and 40°, 
at a flow rate of approximately IO mL per minute. The pooled 
effluent meets the requirements of the Bacterial Endotoxins Test 
(85} with an cndotoxin limit not to exceed 0.5 USP Endotoxin 
Unit per mL. 

lmplanta-:-For implants ..a wen as other medical devices tbat 
are intended to be sterile internally as well as externally, select 
not less than 3 implants and not more than 1 O 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 IO-minute intervals. The 
supernatant liquid meets the requirements of the Bacterial End<>
toxtns Test (85} with an endotoxin limit not to exceed 0.5 USP 
Endotoxin Unit per mL. · · 

Other Medical lkvices-Pass equal portions of 400 mL of 
LAL-negative Sterile Water for Injection at a temperature 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 Bacteria/ Endotoxins Test (85} 
with an endotoxin limit not to exceed 0.5 USP Endotoxin Unit 
per mL. 

Medical DeviCJts in Contact with Cerebrospina/ Fluid-Pro
ceed as directed under Transfusion and Infusion Assemblies, 
Other Medical Devices, or Implants, whichever is applicable. 
The 400 ml pooled effluent meets the requirements of the Bac
terial Endotoxfns Test (85} with an endotoxin limit of not more 
than 0.06 USP Endotoxin Unit per mL. 

A Bacterial Endotoxins Test failure can be retested once by 
another Bacterial Endotoxins Test. U 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. 

Pyroge.-For samples that meet the requirements of the Bac
terial Endotoxins Test retest and for samples that cannot be 
tested by the Bacterial Endotoxlns Test because of nonremovable 
inhibition or enhancement of th~ tP.11t, the .l!yrogen Test (151) ~~ 
applied. A pooled effluent is obtained by passing a separate 40-
mL portion of sterile pyrogen-free saline TS at a flow rate of 
approximately 10 ml per minute through the tubing of each of 
IO Transfusion and Infusion Assemblies, or through 3 to 10 Med
ica! Devices, or by soaking the cut or separated pieces of Implants 
in 400 oiL of the Saline TS, 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-General in chapter (88}, Biological Reactivity 

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 Elastomerlc Closures for Injection (381}. 

(171) VITAMIN B12 ACTIVITY 
ASSAY 

Reference Standard-USP Cyanocobalamin R.ef erence 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 solution pre_pared just prior to use to contain, 
in each J 00 mL, J .29 g of disodium phosphate, 1.1 g of anhydrous 
citric acid, and LO g of sodium metabisulfite. Autoclave the 
mixture at 121 ° for l O minutes. Allow any undissolved 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 conlaios vitamin B12 activity approximately equiv
alent to that of the Standard Cyanacobalamin Solution which 
is added to the assay tubes. 

Standard Cyanocobalamin Stock Solutioi.-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 l.O µg of cyanocobalamin per mL. Store in a 
refrigerator. 

Standard Cyaoocohalamin Solution-Dilute a suitable volume 
of Standard Cyanocobalamin Stock Solution with water . to a 
measured volume such that after the incubation period as de
..:ribed under Procedure, the difference in transmittance between 
the inoculated blank and the 5.0,mL level of the Standard Cyano
cobalamin Solution is not less than that which corresponds to a 
difference of l.25 mg in dried cell weight. This conccntratiop 
usually falls between 0.01 ng and 0.04 ng per mL of Standard 
Cyanocobalamin Solution. Prepare a fresh standard solution for 
each assay. 

Basal Medium Stock Solution--:Prcpare the medium according 
to the following formula and directions. A dehydrated mixture 
containing the same ingredients may be used provided that, when 
constituted as directed in the labeling; it yields 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 adding 
the µext eight solutions in the resulting solution. Add 100 mL 
of water, mix, and dissolve the dextrose, sodium acetate, and 
ascorbic acid. Filter, if nece:ssary, add the pofysorbate 80 solu
tion, adjust the solution to a pH between 5.5 and 6.0 with 1 N 
sodium hydroxide, and add purified water to make 250 mL. 
L-Cystine . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 0.1 g 
L-Tryptophane . . . . .. . . . . • • • . . .. . . . . . . . . . . . . . . . . 0.05 gmL 
l N Hydrochloric Acid . . .. . ................ : . . . 10 
Adenine-Guanine-Uracil Solution . , . . . . . . • . • . . . . 5 mL 
Xanthine Solution . . . . . . .. .. . . . . . . . . . . . . . . . .. . . . 5 mL 
Vitamin Solution I .. .. . . .. .. . . . • . . ... .. ... . . . . . 10 mL 
Vitamin Solution II ............ : . . .. .. . . .. . . . . . 10 mL 
Salt Solution A . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 5 mL 
Salt Solution B ............ :. .. .. .. . . . . . . . . . . . . 5 mL 
As~ragine Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 mL 
Acid-hydrolyzed Casein Solution . . . . . . . . . . . . . . . . 25 mL 
Dextrose, Anhydrotlll . . . . . . . . . . . .. . . . . . . . . . .. . . . 10 g 
Sodium Aceta.te, Anhydrous ......... • ........... ~ ~ g 
Ascorbic Acid ....................... • . • . • • • . • • • l gmL 
Polysorbate 80 Solution .. . . . . . . . . . . . . . . .. . .. . . . 5 

Acid-Hydrolyzed Casein Solution-Prepare as directed under 
Calcium Pantotlumate Assay (91). 

Asparagine So/utiim-Dissolve 2.0 of 1-asparagine in water to 
make 200 mL. Store under toluene in a refrigerator. 

Adenine-Guanine-Uracil Solution-Prepare as directed under 
Calcium Pantothenate Assay (91}. · 

I 
I 
I 
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Xanthine Solution-Suspend 0.20 g of xanthine in 30 mL to 
40 mL ofwatcr,hcat to about 70°,add 6.0mL 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
phate and 10 g of dibasic potassium phosphate in water to make 
200 mL. Add 2 drops of hydrochloric acid, and store under 
toluene. 

Salt Solution a-Dissolve ◄.O g of magnesium sulfate, 0.20 g 
of sodium chloride, 0.20 g of fem,118 sulfate, and 0.20 g of man
ganese sulfate in water to make 200 mL. Add 2 drops of hy
drochloric acid, and store under toluene. 

Polysorbare 80 Solution-Dissolve 20 g of polysorbate 80 in 
.alcohol to make 200 mL. Store in a refrigerator. · 

Vitamin Solution /-Dissolve 10 mg of riboflavin, IO ·mg of 
thiamine hydrochloride, 100 µg 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 a refrigerator. 

Vitamin Solution JI- Dissolve 20 mg of para-aminobenzoic 
acid, 10 mg of calcium pantothcnate, 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 (I in 4) to make 400 mL. Store, protected from light, 
in a refrigerator. 

Tomato Juice Preparation-Centrifuge commercialJy canned 
tomato juice so that most of the pulp is removed. Suspend about 
5 g per liter of analytical rtlter-aid m 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 . . Store under toluene in a refrigerator. 

CUiture Medi.1UD-(NoTE-A dehydrated mixture containing 
the same ingredients may be used provided that, when constituted 
as directed in the labeling, it yields a medium equivalent to that 
obtained from the formula given herein.] Dissol.ve0.7S g ofwater
soluble yeast extract, 0.75 g of dried pepto.ne, 1.0 g of anhydrous 
dextrose, and 0.20 g of potassium biphos(>hate in 60 mL to 70 
mL of water. Add 10 mL of Tomato Juice /'reparation an<i 1 
mL of Polysorbate 80 Solution. Adjust the solution with 1 N 
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. Sterili7.e the tubes and contents in a.n autoclave at 
I 21 ° for 15 minutes. Cool as rapidly as possible to avoid color 
formation resulting from overheating the medium. 

Suspension Medium-Dilute a measured volume of Basal Me-
dium Stock Solution with an C":9ual volume of water. Place lQ
mL portions of the_ diluted medium in test tubes. Sterilize, and 
cool as directed above for the Culture Medium. 

Stock Culture of L"to/Jaci/1,u leiciuluul1Jii- To 100 mi. of 
Culture M.edium add 1.0 g to 1.5 g of agar, and beat the mixture, 
with stirring, on a steam bath, until · the agar dissolves. Place 
approximately 10-mL porti9ns of the hot solution in test tubes, 
cover the tubes suitably, sterilize at 121 ° for 15 minutes in an 
autoclave (exhaust line temperatllie), and allow the tubes to cool 
in an upright position. Inoculate three or more of the tubes, by 
stab transfer of a pure culture of l.actobacillu.s /dchmannit. • 
(Before first using a fresh culture in this assay, malt;e· not fewer 
than 10 successive transfers of the culture in a 2-week period.) 
Incubate 16 to 24 hours at any selected temperature 6etween 
30° and 40° but held constant to within ±0.5°, and finally store 
in a refrigerator. 

Prepare fresh stab cult"ures at least three times each week, and 
do not use them for preparing the inoculum if more than 4 days 
old. The activity of the microorganism can be increased by daily 
or twicc,daily transfer of the stab culture, to the point where 
definite turbidity in the liquid iooculum cari be observed 2 to 4 
hours after inoculation. A slow-growing culture seldom gives a 
swtable response curve, and may lead tu erratic results. 

UJoc:IIJu:m-(NoTE-A frozen suspension of Lactobac{l{us 
Jeichrnannli may be used as the stock culture, provided it yields 
an inocuJum comparable to a frC$h culture.) Make a transfer of 
cells from the Stock Culture of lActobactllus leichmannii to 2 
sterile tubes containing 10 mt of the Culture Medium each. 
Incubate these cultures for 16 to 24 hours at any selected tem-

• Pure cultures of lActohacillus leichmannii may be obtained 
as No. 7830 from the American Type Culture Collection, l2301 
Parklawn Drive, Rockville, MD 20852. 

perature between 30° and 40° but held constant to within :t 0.S 0
• 

Under aseptic conditions, centrifuge the cultures, and decant the 
supernatant liquid. Suspend 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 I 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 LO-mm cell, and read against saline TS set at 
100% transmittAncc. Prepare a 1 in 400 dilution of the adjusted 
suspension using Basal Medium Stock Solur/011, aod use it for 
the test inoculu.m. (This dilution may be alter~. when neccssary, 
to -Obtain the desired test respolllie.) · 

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 I 00% transmittance, using 
water and with the wavelength set at S30 nm. 

Procedure-Cleanse 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 ncx:cssacy glassware 
because of the high sensitivity of the test organism to minute 
amounts of vitamin B12 activity and to traces of many cleansing 
agents. 

To test tubes add, in duplicate, LO m.L, l.S mL, 2.0 mL, 3.0 
mL, 4.0 mL, and 5.0 mL, respectively, of the Standard C,ano
cobalamin Solution. To each of these tubes and to four sunilar 
~mpty tubes add 5.0 mL of Basal Medium Stock Solution and 
water to mue 10 mL. 

To similar test tubes add, in duplieatc, respectively, 1.0 mL, 
l.S 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 ooc tube rack and the duplicate set in a 
scoond rack or section of a rack, preferably in random order. 

Cover the tubes suitably to pretcnt 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 
iO minute~ by preheating th, autoclave, if n~c.ry. Coo! ae 
rapidly as practicable to avoid color formation resulting from 
overheating the medium. Take precautions to maintain unifor
mity of sterilizing and cooling oonditions throughout the ~say, 
since packing tubes too closely in the autoclave, or overloading 
it, may cause variation in the beating rate. . 

Aseptically add 0.5 mL of Inocufum to ea.ch tube so prepared, 
except two of the four containing no Standard Cyanocobafam{n 
Solution.(the uninocu.lated blanb). Incubate the tubes at a tem
perature between 30° and 40° held constant to within :1:0.5°, 
for 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 run, and read the transmittance 
when a steady state ~ reached. This steady state is observed a 
few seconds after agitation when the reading remaim constant 
for 30 seconds or more. · Allow approximately 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 ocmtamination with 
a foreign microorganism, disregard the results of the assay. . 

With the transmittance set at I 00% for the uninoculatcd blank, 
read the transmittance of each of the remaining tubes. Disregard 
the results of the assay if the slope of the standard curve indicates 
a problem with sensitivity. 

Calautioa--Preparc a standard concentration-response curve 
by the following {>roccdurc. Test for and replace any aberrant 
individual transmittances. For each level of the standard, cal
culak the response from the sum of the duplicate values of the 
transmittances (.2:) as the-difference, y ~ 2.00 - 2:. Plot this 
response on the ordinate of cross.section paper against the log
arithm of the mL of Standard CyafKJCobalamin Solution per tube 
on th~ abscissa, using for the ordinate either an arithmetic or a 
logarithmic scale, whichever gives the better approximation to a 
straight 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 each level of the Assay Preparation: Read from the 
standard curve the logarithm of the volume of the Starukird 
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Preparation corresponding to each of those values of y that falls 
within the range of the lowest and highest points _{)lotted 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 x = M', the 
log-relative potency of the Assay Preparation. Determine the 
quantity, in ,ig, of USP Cyanocobalamin RS corresponding to 
the cyanocobalamin in the portion of material taken for assay by 
the equation antilog M - antilog (M' + log R), in which R is 
the number of µ.g of cyanocobalamin that was assumed to be 
present in each mg (or capsule or tablet) of the material taken 
for assay. 

Replication-Repeat the. entire determination at least once, 
using separately prepared Assay Preparations. If the difference 
between the two log potencies M is not greater than 0.08, their 
mean, Il, is the assayed log-potency .of the test material (see 
Vitamin 0 12 Activity Assay under Design and Analysis of Bio-

. logical Assays < 111) ). If the two determinations differ by more 
than 0.08, conduct one or more 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. 

Cheinical Tests and Assays 
IDENTIFICATION TESTS 

(181) IDENTIFICATION- , 
ORGANIC NITROGENOUS 

BASES 
This test is for the identification of tertiary amine compounds. 
Dissolve 50 mg of the substance under test, if i.n bulk, in 2S 

mL of 0.01 N hydrochloric acid, or shake a quantity of powdered 
tablets or the contents of capsules equivalent 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 sewnd separator dis.9olve 50 mg of the corresponding 
USP Reference Standard in 25 mL of 0.01 NhydrocbJoric acid. 
Treai 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 the filtrate in a small flask provided 
with a glass stopper. 

Determine the absorption spectra of the filtered solutions of 
both standard and sample without delay, in l•mm cells between 
7 µm and 15 µm, with a suitable infrared spectrophotometer, 
using carbon disulfide in a matched cell as the blank. The spec
trum of the solution prepared from the sample shows all of the 
s~ificant absorption bands present in ~he spectrum of the so
lution prepared from the Reference Standard. 

(191) IDENTIFICATION 
TEST&--GENERAL 

Under this beading are placed tests that are frequently referred 
to in the Pharmaevpcia for the identification of official articles. 

Norn-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 odor, 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 N am• 
monium hydroxide a gelatinous, white precipitate that is iMolublc 

in an excess of 6 N ammonium hydroxide. l N sodium hydroxide 
or sodium sulfide TS produces the same precipitate, which dis
solves in an excess of either of these reagents. 

Ammoal~Ammonium salts are decomposed by the addition 
of an excess of 1 N sodium hydroxide, with the evolution of 
ammonia, recognizable by its odor and by its alkaline effect upon 
moistened red litmus paper exposed to tb.e vapor. Warming the 
solution accelerates the i:lecomposition. 

Antimonf-Solutions of antimony (Ill) compounds, strongly 
acidified with hydrochloric acid, yield with hydrogen sulfide an 
orange precipitate of antimony sulfide which is insoluble in 6 N 
ammoruum hydroxide, but is soluble in ammonium sulfide TS. 

Barium---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 a yellowish green 
color to a noalumiaous flame, which appears blue when viewed 
through green glass. 

Benzoate-ln neutral solutions, benzoates yield a salmon-col
ored precipitate with ferric chloride TS. ln moderately concen• 
tratcd solutions, ben?.Oates yield a precipitate of benzoic acid 
upon acidification with 2 N sulfuric acid. This precipitate is 
readily soluble in ether. 

Bicarbonate-See Carbonate. 
Bismuth-When dissolved in a slight excess of nitric or hy

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 mixture 
of equal parts of nitric acid and water. 

Bisulfite--See Sulfite. · 
Borate-To 1 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 polyvinyl alcohol solution (l in 50): 
an intense blue color is produced. When a borate is treated with 
sulfuric acid, methanol is added, and the mixture is ignited, it 
burns with a green-bordered flame. · 

BromidP.--Solutions of bromides, upon the addition of chlorine 
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 insoluble in nitric acid and is slightly 
soluble in 6 N ammonium hydroxide. · 

Calciwn-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 N 
ammonium hydroxide. Add 3 N hydrochloric acid, dro~wise, 
until the solution is acid to the indicator. Upon the addition of 
ammonium oxalate TS, a white precipitate is formed. This pre
cipitate is insoluble in 6 N acetic acid but dis.9olves in hydro
chloric acid. Calcium salts moistened with hydrochloric acid 
iinpart a transient yellowish red color to a nonluminous flame. 
. Carl>ona~Carbonatcs and bicarbonates efferves<:e with acids, 
evoMl18 a colorless gas, which when passed into calcium hy
droxide TS pr9(luces a whlte predpitate immediately. A cold 
.solution of a soluble carbonate IS cofored red by phenolphthalein 
TS, while a similar solution of a bicarbonate remains unchanged 
or is only slightly colored. 

Chlorate-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 aci<I, but is 
soluble in 6 N ammonium hydroxide, Upon ignition, chlorates 
yield chlorides, recognizable by appropriate tests: When sulfuric 
acid is added to a dry chlorate, decrepitation occurs and a green
ish yellow gas is evolved. [ Caution-Use only a small amount 
of chlorate for this test and exercise extreme caution in per
forming. it.] 

Clllorhle--.aSolutions of chlorides yield with silver nitrate TS a 
white, curdy precipitate, which ils insoluble in nitric acid, but is 
soluble in a slight excess of 6 N ammonium hydroxide. W~en 
testing alkaloidal hydrochlorides, add 6 N ammonium hydroiude, 
filter, acidify the filtrate with nitric acid, and proceed as directed 
above. Dry chlorides, when mixed with an equal weight of man
ganese dioxide, moistened with sulfuric acid, and gently heated, 
evolve chlorine which is reco~zable by the production of a blue 
color with moistened starch Lodide paper. 

Citrat~ To 15 mL of pyridine 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. 

Cobalt-Solutions of cobalt salts (1 in 20) in 3 N hydrochloric 
acid yield a red precipitate when heated on a steam bath with 
an eqQal volume of a hot, freshly prepared solution of l-nitro.,o-
2-oaphthol (1 in 10) in 9 N acetic acid. Solutions of cobalt salts, 
when saturated with potassium chloride and treated with potas
sium nitrite and acetic acid, yield a yellow precipitate. . 

Copper-Solutions of cupric compounds, acidified with hydro
chlonc acid, deposit a !'ed film of metallic copper upon a bright, 
untarnished surface of metallic iron. An excc.u of 6 N ammonium 
hydro.lide, added to a solution of a cupric salt, produces first a 
bluish precipitate and then a deep blue-colored solution. With 
potassium ferrocyanide TS, solutioos of cupric salts yield a red
dish brown precipitate, inooluble in diluted acids. 

Hypophospmte-When strongly heated, hypopbosphitcs evolve 
spontaneously flammable phosphine. Hypophosphites in solution 
yield a white precipitate with mercuric chloride TS. This pre
cipitate becomes gray when an excess of h~phosphite is present. 
SolutiODS of hypophoophltcs, acidified with sulfuric acid, and 
warmed with cupnc sulfate TS yield a red precipitate. 
' lodi~lutiona of iodides, upon ·the addition of chlorine TS, 
dropwisc, liberate iodine, which colOl'S 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 a yellow, 
curdy precipitate, which is insoluble in nitric acid and in 6 N 
ammonium hydroxide. 

Iron-Ferrous and ferric compounds in solution peld a his.ck 
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 ferric salts yidd a dark blue 
precipitate with potassium ferrocyanide TS. With an excess of 
l N sooium hydroxide, ~. reddish brow:n precipitate is formed. 
Solutioas of ferric salts froduce with ammonium thiocyanate TS 
a deep red color which ts not destroyed by dilute mineral acids. 

FERROUS SALTS-Solutions of ferrous saits yield a darlc blue 
precipitate with potassium ferricpnide TS. This precipitate is 
msoluble in 3 N hydrochloric acid. but is decoml)OSCd by l N 
sodium hydroxide. Solutions of ferrous salts yield with 1 N so
dium hydroxide a greenish white precipitate, the color rapidly 
changing to green and then to brown when shaken. 

Lactate-When solutions of lactates are acidified with sulfuric 
acid, potassium permanganate TS is added, and the mixture is 
heated, acctaldehyde, recognizable by its distinctive odor, is 
evolved. 

Lead-Solutions of lead salts yield with 2 N sulfuric acid a 
white precipitate which is insoluble in 3 N hydrochloric or 2 N 
nitric acid. but is soluble in w11Im 1 N sodium hydro.lide and in 
ammonium acetate TS. With potassium chromate TS, solutiom 
of lead salts, free or nearly free from mineral acids,' yield a yellow 
precipitate which is insoluble in 6 N acetic acid, but is soluble 
1n 1 N sodium hydroxide. . · 

lithlum-Mod~rately concentrated solutions of lithium salts; 
made alkaline with sodium hydroxide, yield with sodium carbon
ate TS a white precipitate on boiling. The precipitate is soluble 
in ammonium chloride TS. Lithium salts moistened with hydro
chloric• acid impart an inteme crimson color to a nonluminous 
flame. Solutions of lithium salts are not precipitated by 2 N 
sulfuric acid or soluble sulfates (distinction from strontium). 

Magnesium-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, (.;rystalline precipitate, which 
fa insoluble in £ 1'l ammonium hydroxide, !11 fanned . 

Manpnae---Solutions of mangaoous salts yield with ammo
mum sulfide TS a salmo~olorcd precipitate, which dissolves in 
acetic acid. 

Mercury-Solution, nf mercury salts, free fro~ an excess of 
nitric acid, when applied to bright copper foil, yield a deposit, 
which, upon rubbing, becomes bright and silvery in 1tppearance. 
With hydrogen sulfide, solutions of mercury compounds yield a 
black precipitate, which is insoluble in ammonium sulfide TS and 
in boiling 2 N nitric acid. 

MERCURIC SAL Ts-Solutions of mercuric salts yield a yellow 
precipitate with 1 N sodium hydroxide. They yield also, in neutral 
solutions with potassium iodide 1S, a scarlet precipitate, which 
is very soluble in an excess of the reagent. . 
. MJ!RCUROUS SALTS-Merc11rous compounds are dec.omposed 
by 1 N sodium hydroxide, producing a black color. Solutions of 
mercurous salts yield with hydrochloric acid a white precipitate 
which is blackened by 6 N ammonium hydroxide. With potas
sium iodide TS, a yellow precipitate, which may become green 
upon standiPg, is formed. . · 

Nitrate-When a solution of a nitrate is mixed with an equal 
volume of sulfuric acid, the mixture is cooled, and a solution of 
ferrous sulfate is superimposed, a brown color is produced at lhe 
junction of the two liquids. When a nitrate is heated with sulfuric 
acid end metallic copper, brownish red fumes are evolved. Ni
trates do not decolorize acidified potassium permanganate TS 
(distinction from nitrites). . 

Nitrite-When treated with dilute mineral acids or with 6 N 
acetic acid, nitri~ evolve brownish red f1101es. The solution colors 
starch-iodide paper blue. 

Oxalate-Neutral and alkaline solutions of oxalates yield a 
white precipitate with calcium ch,loride TS. This precipitate is 
insolu61e in 6 N acetic acid, but is dissolved by hydrochloric acid. 
Hot acidified solutions of oxalates decolorize potassium perman
ganate TS. 

Permanguate-Solutions of pennanganates acidified with sul
furic acid are decolorized by hydrogen peroxide TS and by so
dium bisulfite TS, in the cold, end by oxalic acid TS, in hot 
solution. 

Peroxi~lutions of peroxides slightly acidified with sul
furic acid yield a deep blue oolor upon the addition of potassium 
dichromate TS. On shaf9.ng the mixture with an equal volume 
of ether and allowing the liquids to separate, the blue color is 
found in the ether layer. · 

Plosfhate-NeutraJ solutions o(ortho_phosphates yield with 
silver 11ittii t.e TS II yellow precipitate, which IS soluble in 2 N 
nitric acid and in 6 N ammonium hydroxide. With ammonium 
molybdate TS, a yellow precipitate, which is SQluble in 6 Nam
monium hydroxide, is formed. Pyrophosphates obtained by i$
nition yield with silver nitrate TS a white precipitate, which IS 
soluble in 2 N nitric acid and in 6 N ammonium hydroxide. With 
ammonium m.olybdate TS, a yellow precipitate, which is soluble 
in 6 N ammonium hydroxide, is formed. 

Potasslltm--Potassium compounds impart a violet color 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 bi~rate TS produces a white crystalline precipitate, which 
is soluble in 6 N ammonium hydroxide and in solutions of alkali 
hydroxides and carbonates. The formation of the precipitate, 
which is usually slow, is accelerated by stirring or rubbing the 
inside of the test lube with a glass ·rod. The addition of a small 
amo110t of glacial acetic acid or alcohol also promotes the p~ 
cipitation. 

Salicylate-ln 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 °. · 

· Silnr-Solutions of silver salts yield with hydrochloric acid a 
white, curdy precipitate, wJiich is insoluble in n.itric acid, but is 
readily soluble in 6 N ammonium hydroxide. A solution of a 
silver salt to which 6 N 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 oopalt
uranyl acetate TS, a golden yellow _precipitate, which forms after 
agitation for several minutes. Sodmm compounds impart an in
tense yellow color to a nonluminous flame. 

Sulfate-Solutions of sulfates yield. with barium chloride 1S 
a white precipitate, which is insoluble in hydrochloric acid and 
in nitric acid. With lead acetate TS, sulfates yield a white p.re
cipitatc, which is soluble in.ammonium acetate s.olutio1L Hydro-

FRESENIUS EXHIBIT 1068 
Page 54 of 158 



1520 (193) Identification-Tetracyclines / Chemical Tests USP XXII 

chloric acid produces no precipitate when added to solutions of 
sulfates (distinclionfrom thl03u/fates). · 

Sulfire-When treated with 3 N hydrochloric acid, sulfites and 
bisulfites yield sulfur dioxide, recognizable by its characteristic, 
pungent odor. This gas blackens filter paper moistened with mer-
curoos nitrate TS. · 

Tartrate-Di.ssolve a few mg of a .tartrate salt in 2 drops of 
sodium periodate soludon ( 1 in 20). Add a drop of 1 N sulfuric 
acid,· and after 5 minutes add a few drops of sulfurous acid fol
lowed by a few drops of fucbsin-sulfurous acid TS: a reddish 
pink color is produced within 15 minutes. 

Tbiocyanate-Sc,lutions of thiocyanates yield with ferric chlo
rid~ TS a red color, which is not destroycxl by moderately con-
centrated mineral acids. · . 

Thioswfat~h1tions of thiosulfates yield with hyd,rochloric 
acid a white precipitate which soo.n 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 prccit>itate with hydrogen sulfide. This precipitate 
1s insoluble in acetic acid, but IS dissolved by 3 N hydrocb,loric 
acid. Ammonium sulfide TS produces a similar precipitate in 
neutral and in alkaline solutions. Zinc salts in solutton y1eJd with 
potassium ferrocyanide TS a white precipitate, which is insoluble 
m 3 N hydrochloric acid. 

(193) IDENTIFICATION
. TETRACYCLINES :. 

The following chromatographic procedures are provided to~
firm the identity of Pharmacopeial drug substances that a.re of 
the tetracycline type, such as doxycycline, oxytetracycli.ne, and 
tetracycline, and to conf1rm the identity of such compounds in 
ilieir respective Pharmacopriai dosage forms, Two _procedures 
are provided, one bued on paper chromatography (Method [) 
and the other on tbi.n-laycr chromatogn;phy (Method II). Meihod 
J is to be used unless otherwise directcxl in the individual mono-
graph. . . 

Standard Solutio~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 solutwn. · · 

'fest Soluti.0.1►.-Prepare as directed in the individual mono-
graph. . ·. 

Method I 
pH 35 Buffer~Dissolve 13.4 g of anhydrous citric acid and 

16.3 g of dibasic sodium phosphate in 1000 mL of wa~r, and 
mix. ' · · · 

De,eloping Sobent--On the day of use, mix 10 volumes of 
ch!Ol'Qform, 20 volumes of nitrom~tbanc, and 3 volumes of pyr
idine. 

Miir.ed Test Solutioa-Mi.i c:.qual vulum11S of the Standard s<r 
lution and the Test solution. , 

Chromatographic Sheet-Draw a spotting line 2.5 cm from one 
edge of a 20-cm X 2Ckm 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 solve.at by firmly pressing the sheet between non-flu-
orescent blotting papers. . 

Procedure-To a suitable chromatographic chamber, preparcxl 
for ascending chromatography {see Chromatography (621} ), edd 
Developing Solvenr to a depth of 0.6 cm. Oo the spottiaJl line 
of the Chromatographic Sheet apply at l.S~m intervals 2 µL 
each of the Standard Solu,ion., the Test Solution, and the Mixed 
Tm Solution. Allow the sheet to dry partially, and while still 
damp place it in the chromatographic chamber with the bottom 
edge touching the Developing Solvent. When the solvent front 
has risen about 10 cm. remove tbe 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 R1 value of the principal 
spot obtained from the Test Solution and from the Mixed Tesl 

Solution corresponds to that obtained from the Standard So
/u1ion. 

Method II 
Resolution Solu.~Prepare as directed in the individual 

monograph. 
l>eHloping Sol,ent- Prepare a mixh1re of 0.5 M oxalic acid, 

prcviouslr. adjusted with ainmonium hydroxide to a pH of 2.0, 
acetonitrile, and methanol (80:20:20). 

Cllto.matograpbfc Plate-Use a suitable thin-layer chromato
graphic plate (see Thin-layer Chromatography under Chroma
tography (621} ), coated with a 0.2S-mm layer of octylsilanized 
chromatographic silica gel mixture. Activate the plate br, beating 
it at 130° for 20 minutes, allow to cool, and use while still wann. 

Procedure-On the Chromatoqraphic plate separately apply 
1 µL each of the Standard Solution, the Test Solution, and the 
Resolution Solution. 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 to ammonia vapors, for S 
minutes, and promptly locate the spots on the plate by viewing 
under long-wavelength ultra violet light: the chromatogram of the 
.Resolution Solution shows clearly separated spots, and the prin
cipal spct obtaincxl from the Test Solution corresponds in R1 
value, mtensify, and appearance to that obtaill(ld from the Stan
dard Solution. 

(201) THIN•LA YER 
CHROMATOGRAPHIC 

IDENTIFICATION TEST 
The foUoWing procedure is applicable as an aid in verif yiog 

the identities of many compendia! drug substances as such and 
:;1 their respective dosage forms. 

Prepare 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
stan<;e {sec Chromatography ( 621 )), apply !O µ.L of this solution 
and 10 µL of a Standard solution prepared from the USP Ref
erence Standard for the drug substance being identified, in tbe 
same solvent and at the same concentration as the test .soluti-On, 
unless otherwise directed in the individual monograph. Allow tbe 
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 ~ven~ front, ~d all~w \h~ solvent to evap
orate. Unless otherwise directed m the mdlVldual monograph, 
locate the spots on the plate by examination under short-wave
length ultraviolet light The R1 value of the principal spot ob
tained from the test solution corresponds to that obtained from 
the Standanl solution. 

LIMIT TESTS 

(211) lARSENIC 
This p~dure is.designed to determine the presence of trace 

amounts of arsenic (As) by converting the arsenic in a sub.stance 
under test to arsine, which i~ then passed through a solution of 
silver diethyldithiocarbamate to form a rcxl complex. The red 
color so produced is compared, either visually or spectrophoto
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 provided, the methods differing only in the 
i>reliminary treatment of the test substance and the standard. 
Generally, Method I is used for inorganic materials, while Method 
II is used for organic materials. · · 
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Apparahl&--The apparatus .(see illustration)• consists of an ar
sine generator (a) fitted with a scrubber unit (c) and an absorber 
tube (e) with standard-taper or ground glass bal1-and-6ocket joints 
(b and d) between the units. However, any other suitablo ap
~ratus, embodying the principle of the assembly described and 
illustrated, may be used. 

e 

e 

d 

C 

b 

Arsenic Test Apparatus 

Arsenic Trioxide Stock Sollltioo-Dissolve 132.0 mg of arsenic 
trioxide, J>I1:Viously dried at 105° for 1 hour and accurately 
weighed, m 5 m.Lofsodium hydroxide solution (I in 5) in a 1000-
mL volumetric flask. Neutralize the solution with 2 N sulfuric 
acid, add 10 m.T. l'l\(\r~ of 2 N sulfuric acid, then add recently 
boiled and cooled water to volume, and mix. 

Standard Anenic Sollltio.--Tra.nsfer 10.0 mL of Arsenic 
Trioxide Stock Solution 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 µg of arsenic (As). Keep this 
solution m· an all-glass container, and use within 3 days. 

Method I 
Standard Preparatio11-Pipet 3.0 ml of Standard Arsenic So

lution into a generator flask, and dilute with water to 35 mL. 
Test Preparatio-Unless otherwise 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. 

Proc:eare-Treat the Standard Preparation and the Test 
Preparation similarly as follows: Add 20 mL of 7 N sulfuric 
acid, 2 mL of potassium iodide TS, 0.5 mL of stronger acid 
stannous chloride TS, and 1 mL of isopropyl alcohol, and mix. 
Allow to stand at room temperature for 30 minutes. Pack the 
~rubber tube (c) with two pledgets of cotton that have been 
&Oak.eel 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 
joints (b and d) with a suitable stopcock grease designed for use 
with organic solvents, and connect the ~crubber unit to the ab
sorber tube (e). Tr11.nsfer 3.0 mL of silver diethyldithiocarbamate 
TS to the absorber tube. Add 3.0 g of granular zinc (No. 20 
mesh) to the mixture in the flask, immediately connect the as
sembled scrubber unit, place the generator flask (a) in a water 
bath maintained at a temperature of 25 ± 3°, and allow the 
evolntion of hydrogen and the color development to proceed for 
4S minutes, swirling the flask gently at JO-minute intervals. Dis-

" A suitable apparatus is obtainable from Fisher Scientific Co., 
711 Forbes Ave., Pittsburgh, PA J 5219. 
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connect the absorber tube from the generator and scrubber units, 
and transfer the absorbing solution to a 1-cm absorption cell. 
Any red color produced by the Test Preparation does not exceed 
that produced by the Standa,d Preparation. If necessary or dt> 
sirable, dete.rmine the absorbance at lhe wavelength of maximum 
absorbance between 53S nm and 540 nm, with a suitable spec
trophotometer or colorimeter, using silver diethyldithiocarbamate 
TS as lhe blank. 

Method II 

Norns-
(l) Cautiort-Some substames may react with explosive 

violence when digested with hydrogen peroxide. Exercise safety 
precautions at all times. 

(2) If halogen-containing compounds are present, use a lower 
temP.erature while heating the test specimen with sulfuric acid, 
avotd boiling the mixture, and add the hydrogen peroxide with 
caution, before charring begim, to prevent loss or 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. 

Studard PreparaCion-Pipet 3.0 mL of Standard Arsenic So
lution into a generator flask, add 2 mL of sulfuric acid, milt, and 
add the total amount of 30 percent hydrogen peroxide used in 
preparing'the Test Preparation. Heat the mixture to strong fum
ing, cool, add cautiously 10 mL of water, and again heat to strong 
fumes. Repeat this procedure with another JO mL of water to 
remove any trace., of hydrogen peroxide. Cool, and dilute with 
water to 35 mL. 

Test Prepacad.01t-Unless otherwise directed in the individual 
monograph, transfer to a ~enerator flask the quantity, i1.1. g, i;,f 
the test substance calculated by the formula: 

3.0/L, 

in which L is the arsenic limit in ppm. Add 5 mL of sulfuric 
acid and a few glass beads, and digest in a fume hood, preferablr. 
on a bot plate and at a temperature not exceeding 120°, until 
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 pc:rcent hy
drogen peroxide, allowing the reaction to subside and again heat
ing between drops. Add the first few drops very slowly with 
sufficient mixing, in order to prevent a rapid reaction. Discon
tinue heating if foaming becomes excessive. When the reaction 
has abated, beat cautiously, rotating the flask occasionally to 
prevent the specimen from caking on glass exposed to the heating 
unit. Mai1ltain oxidizing conditions al all times during the diges
tion 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, gradually raising 
the temyerature of the bot plate until fames of sulfur trioxide 
are copiously evolved, and the solution becomes colorless or re
tains only a light straw color. Cool, add cautiously 10 mL of 
water, mJX, ana again evaporate to strong fuming, repeating this 
procedure to remove any trace of hydrogen peroxide. Cool, add 
cautiously IO mL of water, wash the sides of the flask with a few 
mL of water, and dilute v.jth water to 35 mL. 

Procedure-Proceed as directed for Procedure under Method 
[. . 

Interferin& Oiemkalt--Metals or salt.s of metals such as cilro
mium, cobalt, copper, mercury, molybdenum, nickel, palladium, 
and silver may interfere with the evolution of arsine. Amlmony, 
which form& stibine, producu a positive interference in the color 
development with silver dicthyldithiocarbamate TS; when the 
presence of antimony is suspected, the red colors produced in the 
two silver diethyldithiocarbamate solutions may be compared at 
the wavelength of maximum absorbance between 535 nm and 
5-40 nm, with a suitable colorimeter, since at this wavelength the 
interfercnce duo to stibine is negligible. 
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(216) CALCIUM, POTASSIUM, 
AND SODIUM 

The tlame photometer characteristicaJJy 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
cium carbonate, previously dried at 300° for 3 hours and cooled 
in a desiccator for 2 hours, to a l 00-mL volumetric flask, dissolve 
in a mixture of 20 mL of water and 5 mL of 3 N 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 po
tassium chloride, previously dried at 105° for 2 hours, to a 100-
mL volumetric flask, dissolve in water, dilute with water to vol
ume, and mix. Each mL contains J .00 mg of potassium ion (K). 

Standard Sodium Ion Solution-Transfer 254.2 mg of sodium 
chJoride, 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 a 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, add S mL of nitric acid, swirl 
to dissolve, and allow ,o warm to room temperature. Htai ge.utly, 
if necessary, to obtain a clear or just slightly turbid mixture. Cool 
to room temperature, if necessary, dilute with water to volume, 
and mix. Filter or centrifuge if necessary, to obtain a clear so
lution. 

Adjust the flame photometer to give a reading as 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. . . 

Pilute aliquots of the Test Preparation with water as nece&ary 
to prepare a solution in which the concentration is similar to that 
in the Standard PreparaJion. Without changing any of the ad
justments of the flame photometer, determine the emission of the 
solution as percent trarumittance, and record the reading, labeling 
it as T. Readjust only the monochromator to the designated 
wavelength 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 arc met if the value of T minus 
Bis less than or equaJ to the value of S minus T. 

Ion 
Calcium 
Potassium 
Sodium 

Wavelength (nm) 

Characteristic Background 
422.7 430 
766.5 750 
589 580 

Bandwidth (nm) 
0.8 

12 
0.8 

(221) CHLORIDE AND 
SULFATE 

The following limit tests are provided as general v.rocedures 
for use where limits for chloride and suJfate 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 

respects (see Visual Comparison {851} ). Use the same quantities 
of the same reagents for both the so{ution 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 through a filter paper that gives negative tests for chloride 
and sulfate. Add the precipitant, silver nitrate TS or barium 
chloride TS as required, to 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 sulfunc acid, respectjvely, apply the test 
to the solution without further dilution. In such ca.~es maintain 
the same volume relationships for the control solution as specified 
for the solution under test. In applying tbe 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 in a 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 to 
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 lo make 50 mL. Mix, aJJow 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 
of 0.020 N hydrochloric acid specified in the monograph. 

Sulfate-Dissolve the specified quantity of the substance under 
test in 30 to 40 mL of water, or, where the substance is aJready 
in solution, add water to make a total volume of 30 to 40 mL, 
and, if necessary, neutraJi:ze the solution with hydrochloric acid 
to litmus. Add l mL of 3 N hydrochloric acid, 3 mL of barium 
chloride TS, and sufficient water to make 50 mL. Mix, allow to 
stand for 10 minutes, and compare the turbidity, if any, with that 
produced in a solution containmg the volume of 0.020 N sulfuric 
acid specified ir. 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-dioitaoe that may he 
separated from compendia! articles. 

Apparatus- Assemble a closed-system vacuum distillation ap
paratus, employing glass vacuum stopcocks (A, B, and C), as 
shown in the accompanying diagram. The concentrator tube (D)* 
is made of borosilicate 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 µg per mL. Use a freshly 
prepared so1.ution. 

TO McLEOO 
GAUGE 

VACUUM 
TRAP 

C 

A 

E 

Closed-system Vacuum Distillation 
Apparatus for Dioxane 

i'10/30 

* A suitable tube is available as Chromaflex concentrator tube, 
Kontes Glass Co., Vineland, NJ (Catalog No. K42560-0000}. 

j j 

I ! , I 
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Test preparation-Unless otherwise specified in the individual 
monograph, .transfer 20 g of the s11bstance to be tested, accurately 
weighed, to a 50-mL round-bottom flask {E) having a 24 / 40 
ground-glass neck joint. Liquefy semisolid or waxy test specimens 
by beating on a steam bath before malcing 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 polytef
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 
grease to the ground-glass joints, and connect the tube D to the 
10/30 joint and the round-bottom flask E to the 24/40 Joint. 
Immerse the vacuum trap in a Dewar flask filled with liquid 
nitrogen, close stopcocks A and B, open stopcock C, and begin 
evacuating the system with a vacuum pump. Prepare a slurry 
bath from powdered dry ice and methanol, 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 A for 
20 seconds, then close it Remove the slurry bath, and allow the 
flask to warm in air for about 1 minule. 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 liquefy most specimens) whlle 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 open stopcock A for 20 seconds, and close il Remove the 
slurry bath, and repeat the heating steps as before, this time 
reaching a final temperature. of 45° to 50° or a temperatu.re 
necessary to melt the specimen completely. If th~ is any con
demation i.D. 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 magnetic 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 
tu be will break. I 

Water will begin to <listil into the concentrator tube. As ice 
fonns 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 to 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 allow 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 release 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 swirling, note the volume of distillate, and 
dilute with water to 2.0 ml, if nece&Sacy. Use this Test prepa-
ration as directed under Procedure. · 

Procedure-Use a gas chromatograph equipped with a flame
ionization detector. Under typical conditions, the instrument con
tains a 2-mm X 1.8-m glass column packed with 80- to 100- or 
100- to 120-mesh support S10. The column is maintained i.s«>
thermally at 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. [NOTB·· Support S10 fa oxygen
sensitive. Flush both new and used columns with carrier µs for 
30 to 60 minutes before heating each time they are imtalled in 
the gas chromatograph.) · 

Inject a volume of the Standard preparation, accurately mea
sured, to prodqce about 20% of maximum recorder response. 
Where po9Sible, keep the injection volume in the range of 2 µL 
to 4 µL, and use the solvent-flush technique to minimize errors 
associated with injection volumes. In the sam.e manner, inject an 
equal volume of the Test preparation. The height of the peak 
produced by the Test preparat.ion is not greater than that pro-
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duced by the Standard 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, doe., not exceed the limit given in the indi
vidual monograph. 

EDTA Buffer--Dissolve 37.2 g of disodium ethylenediamine
tetraacetate in 800 mL of water, adjust with ammonium hy
droxide to a pH of 7.8, dilute with water to 1000 mL, and mix. 

Sa:pport Ph~Add 5 mL of EDT A buffer to 10 g of a.cid
washed chromatographic siliceous eanh for column chromatog
raphy, and mix until the siliceous earth is uniformly moistened. 

Test Solution-Prepare as directed in the individual mon«>-
graph. . 
· Procedure-Preparea IS-mm X 170-mmcbromatographictube 

with a 4-mm X 50-mm outlet by packing it, in increments, with 
Support phase, firmly tamping down each increment, until the 
tube is filled to a hei~ht of about 10 cm. In a beaker, prepare 
a mixture of 1 g of acid-washed chromatographic siliceous earth 
for column chromatography and 1 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 to provide an addi
tional 1-<mt layer on top of the mixture containing the Tests<>
lution. Within 30 minutes, pass chloroform through the column, 
and collect sue<:e.,sive fractions of 5.0 mL, 5.0 mL, l0.0 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 yellow band contain the anhydro
tetracyclines. Di&card these fractions. The fractions after the 
first yellow band contain the 4-epianbydrotetracycline . . Deter
mine the absorbance of eacll 4-epianhydrotetracycline 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-epianhydrotetraeycline 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, Dis the dilution factor, if the fraction was diluted, 
and 20.08 is the absorptivity of 4-epianhydrotetracycline at 438 
nm. From the sum of the quantities of 4-epianbydrotetracycline 
found in the fractions, calculate the percentage of 4-epianhydro
tetracycline in relation to the tetracycline hydrochloride equiv
alent contained in the Test 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) 
oflead in the test substance, as determined by concomitant visual 
comparison (see Visual Comparison in the section Procedure 
under Spectrophotometry Q/ld light-scattering {851 >.) with a 
control prepared from a Standard Lead Solution 

Determine the amount of heavy metals by Method I. unless 
otherwise specified in the individual monograph. Method I is 
used for substances that yield clear, colorless preparations under 
the specified test conditions. Method II is used for substances 
that.do not r,ield clear, colorless preparations under the test con
ditinn.( specified for Method I. or for substance.~ that. hv virtue 
of their complex nature, interfere with the precipitation of metals 
by sulfide ion, or for fixed and volatile oils. Method Ill, a wet
digestion method, is used only in t~e cases where neither Method 
I nor Method II 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 I mL of nitric acid, 

-
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then dilute with water to I 000 mL. Prepare and store th.is solution 
in glass containen Cree from soluble lead salts. 

Standard Lead Soh1tlon--On the day of use, dilute 10.0 mL 
of Lead Nitrate Stock Solution with water to 100.0 m.L. Each 
mL of Standard uad Solution contains the equivalent of iO 1'8 
of lead. A comparison solution prepared on the basis of 100 µL 
of Standard uad 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 
Studard Preparation-Into a 50-rnL color-comJ.>ll!ison tube 

pi~t 2 ml of Stattdard Lead Solution (20 µg of Pb), and dilute 
with water to 25 mL. Adjust with l N 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-rnL color-comparison tube place 
2S mL of the solution prepared for the test as directed in the 
individual mon~rapb; 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 / ( 1000£), 

in which Lis the Heavy metals limit, in percentage. Adjust with 
l N acetic acid or 6 N ammonium hydroxide to a pH between 
3.0 and 4.0, using short-range pH indicator paper as extern.al 
indicator, dilute with water to 40 mL, and mix. 

Moaitor Preparadoo-lnto a third 5o-mL color~mparison tube 
place 2S mL of a solution prepared as directed for Test Prepa
ration, and add 2.0 mL of Standard uad Solution. Adjust with 
1 N acetic acid or 6 N ammonium hydroxide to a pH between 
3.0 and 4.0, using short-range pH indicator paper u external 
indicator, dilute with water t.o 40 m.L, and mix. 

Procedllre--To each of the three tubes containing the Stan
dard Preparation, the Test Preparation, and the Monitor Prep
aralion, respectively, 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 solution from the Test 
Preparation is oot darker than that of the solution from the Stan
dard Preparation, and the intensity of the color of the Monitor 
Preparation is equal to or greater than that of the Standard 
Preparation. [NOTE- If the color of the Monitor Preparation 
is lighter than that of the Standard Preparation, use Method If 
ins1cad of Methbd 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 au~tance to be 

tested as calculated by the formula: 

2.0/(lOOOL), 

in which L is the //eavy metal., limit, in percentage. Transfer 
the weighed quantity of the substance to a suitable crucible, add 
sufficient sulfuric acid to wet the substance, and carefully ignite 
at a low temperature until thoroughly charred. ('The crucible 
may be loosely covered with a suitable lid during the charring.) 
Add to the carbonized mass 2 mL of nitric acid and ~ drops of 
sulfuric acid, and heat cautiously until white fumes no longer are 
evolved. Ignite, preferably in a muffle furnace, at soo• .to 600°, 
until the carbon is complet.ely burned off. Cool, add 4 mL of 6 
Nhydrochloric acid, cover, digest on a steam batli for 15 minutes, 
uncover, and slowly evaporate on a steam bath to dryne.cu;. 
Moisten the residue with I drop of hydrochloric acid, add 10 mL 
of hot w11.ler, and digt:8~ for 2 llllDUtes. Add ti JV ammonium 
hydroitide dropwise, until the solution is just alkaline to litmus 
pa~r, dilute with water to 25 ml, and adjust with I N acetic 
acid to a pH between 3.0 and 4.0, using short-range pH indicator 
paper as external indicator. Filter if necessary, rinse thr. c:.rucible 
and the filter with lO mL or water, combine the filtrate and 
rinsing in a 50-m.L color-comparison tube, dilute with water to 
40 mL, and mix. 

Procedllre-To ea.ch of the tubes containing the Standard 
Preparation and the Tt!SI Preparation, respectively, add 10 mL 

USPXXII 

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 
or the solution from the Standard Preparation. 

Method III 
Suadard Preparatioo---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 production of dense. white fumes, cool, 
cautiously add 10 mL of water and, if hydrogen peroxide was 
used in treating the Test Freparation, add a volume of 30 percent 
hydrogen peroxide equal to that used for the substance being 
tested, and boil gently to the production of dense, wbjte fumes. 
Again cool, cautiously add 5 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 Stfllldard Lead Solution (20 1'8 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 
mix. 

Test Prepuadon-
lj 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], clamp the flask at an angle of 
45°, and add sufficient of a mixture of 8 mL of sulfuric acid and 
10 mL of nitric acid to moisten the sub6tance thoroughly. Warm 
gently until the reaction 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 gently 
until the solution darkens. Coo!, add 2 mL of nitric acid, and 
again heat until the solution darkens. Continue the beating, fol
lowed by addition of nitric acid until.no further darkening occurs, 
then heat strongly to the production of dense, white fames. Cool, 
cautiously add 5 mL of water, boil gently to the production of 
dense, white fumes, and continue heating until tbe volume is 
reduced to a few mL. Cool, cautiously add S mL of water, and 
examine the color of the solution. If the color is yellow, cautiously 
add 1 mL of 30 percent hydrogen peroxide, and again evaporate 
to the production of dense, white fumes and a volume of 2 to 3 
rnL. If the solution is still yellow in color, repeat the addition of 
5 mL of water and the peroxide treatment. Cool, dilute cautiously 
with a few mL 9( water, and rinse into a S0-mL color-<:ompari.son 
tube, ta.king care tb_at the combined volume does not exceed 25 
mL. 

If the substance is a /iquk/-Transfer the quantity of the test 
substance specified in the individual monograph to a clean, dry, 
100-mL Kjeldahl flask [Norn-A 300-mL flask may be used if 
the reaction foams excessively], clamp· the flask at an angle of 
45°, \Uld cautiously add a few mL of a mixture of 8 mL of su1furic 
acid and 10 mL of nitric acid. Warm gently until the reaction 
commences, allow the reaction to subside, and proceed as directed 
under If the substance is a solid, beginning with "add additional 
portions of the same acid mixture." 

Procedw'e-Treat the Test Preparation and the Standard 
Preparation as follows: Adjust the solution to a pH between 3.0 
and 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 specified range is approached), dilute 
with water to 40 mL, and mix. 

To each 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 s,andard Preparation. 

(241) IRON 
This limit test is provided to demonstrate that the content of 

iron, in either the ferric or the ferrous form, does not exceed the 
limit for iron soecified in the individual mono~pb. The deter
mination is maac by concomitant visual c:ompanson with a control 
prepared from a standard iron solution. 

--, 
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Speci.aJ Reagents--
STANDARD IRON SOLUTION-Dissolve.863.4 mg of ferric am

monium sulfateJFc::NI4(SO4)2 .12H20J in water, add 10 mL of 
2 N suJfuric aci , and dilute with water to LOO.O mL. Pipet 10 
rnL or this solution into a 1000-mL volumetric tlask, add LO mL 
of 2 N sulfuric acid, dilute with water to volume, and mix. This 
solution contains the equivalent of O.ot mg (10 µg) of iron per 
mL. 

AMMONIUMTHIOCYANATBSOLUI'ION-Dissolve 30 g of am
monium thiocyanate in water to make 100 mL. 

Standard Preparation-Into a 50-mL color~mparison tube 
pipet l mL of Standard Iron Solution (10 µg of Fe), dilute with 
water to 45 mL, add 2 mL of hydrochforic acid, and. mix. · 

Test Preparation-Into a 50-mL color comparison tube place 
the solution prepared for the test as directed in the indiVIdual 
mooo~pb and if necessary dilute with water to 45 mL; or, dis
solve m water, and dilute with water to 45 mL the quantity, in 
g, of the substance to be tested, as calculated by the formula: 

l.0/(1000£), 

in which L is the Iron limit in percentage. Add 2 mL of hydro-
chloric acid, and mix. · 

Procedure-To each of the tubes containing the Standard 
Preparazwn and the Test Preparation add SO mg of ammonium 
peroxydisulfate crystals and 3 mL of Ammonium Thiocyanate 
Solution, and mix: the oolor of the solution from the Test Prep-_ 
aratioii is not darker than that of the solution from the Standard 
Preparation. · 

{251} ·LEAD 
The imposition of stringent limits on tfte 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 ~xtraction of !~d by so!l!tio1>.s of dithizone. for determi
nation of the content ol heavy metals generally, expressed as a 
lead equivalent, see Heavy Metals (23l). · . 

Select all reagents fot this test to have as low a content of lead 
as practicable, and store all reai~nt solutions in containers of 
borosilicate glass. Rinse thoroughly all glassware with warm di
lute nitric acid (1 in 2), foJ!owed by water. 

Special Reagents-
AMMONIA-CYANIDE SOLUTJON~Dissolve 2 g of potassium 

cyanide in 15 mL of ammonium hydroxide::, and dilute with water 
to 100 mL. 

AMMONIUM CJTRATE SOLUI'ION-Dissotve40 g of citric acid 
in 90 mL of water. Add 2 or 3·drops of phenot red TS, then 
cautiously add ammonium hydroxide until the solution acquires 
a reddish color. Remove any lead that may be present by ex
tracting the solution with 20-mL portions of Dithizone Extraction 
Solution (see below), until the dithizone solution retains its or
ange-green color. 

DlLUTED STANDARD LEAD SOLUTION-Dilute an accurately 
measured volume of StOJtdard Lead Solution {see Heavy Metals 
(231)) fcontainina 10 µg of lead per mLJ, with 9 volumes of 
dilute rutric acid {I in JOO) lo obtain a solution that contains l 

. µg of lead per mL. · 
DJTHlZONE EXTRACTION SOLUTION-Dissolve 30 mg of di

th.izone io 1000 mL of. chlorofonn, aitd add 5 m:L of afoohol. 
Store the solution in a refrigerator: 

Before use, shake a suitable volume of the dithizone extraction 
solution with about half its volume of dilute nitrieacid (l in 100), 
discarding the nitric acid. 

HYDROXYLAMINB HYDROCHLOJUDB SOLlTTION-Dissolve 
20 g of hydroxylamine hydrochloride in sufficient water to make 
approximately 65 mL. Transfer to a separator, add 5 drops of 
thymol blue TS, then add ammonium hydroxide until the solution 
assumes a ye1low O?lor. Ad~ 10 mL of sodium dic::thyldiili,iocars 
bamatc solutton ( I tn 25), mtx, and allow to stand for S irunutes. 
Extract this solution with success:ive IO-· 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 N hydrochloric acid until the solution is pink (if necessary, 
add 1 or 2 drops more of thymol blue TS), and then dilute with 
water to 100 mL. · 
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POTASSIUM CYANIDE SOLUTION-Dissolve so 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
trate Solution above, then extract any dithimne remaining 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 JO mg of dithi
zone in 1000 mL of chloroform. Keep the solution in a glass
stoppcred, lead-free bottle, suitably wrapped to protect it from 
light, and store in a refrigerator. 

NOTE-The following special reagents are ~lled for in the test 
for Lead under Fe"ous Sulfate. · 

CJTRAT&CY ANJDE WASH SOLlmON-To 50 mL of water add 
SO 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-To 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. 

DITHIZON6-CARBONTBTRACHLOR(DE SOLUTION-Dissolve 
LO mg of ditbizone in 1 · liter of carbon tetrachloride. Prepare 
this solution on the day of use. • 

pH 2.5 WASH soL.UTION-To 500 mL of dilute nitric acid (1 
in I 00) add 6 N ammonium hydroxide until the pH of the mixture 

· is 2.5, then add 10 mL or pH 2.$ B11/fer Solution, and mix. 
AMMONlA-CYANJDB WASH SOLUTtoN-To 35 mL of pH 2.5 

Wash Solution add 4 mL of Ammonia-Cyanide Solution, and 
mix: . . 

· Test Preparation-[NOTB-If, in the following preparation, 
the substance under test reacts too raeidly and begins charring 
with S mL of sulfuric acid before heating, use instead 10 mL of 
cooled dilute sulfuric acid (l in 2), and add a few drops of the 
hydrogen peroxide before heati~]. wte.~ the monograph duca 
not specify 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 hydropen peroxide. Transfer l.O. g of the substan~ under 
test to a swtable flask, add 5 mL of sulfuric acid and a few glass 
beads, and digest on a hot plate in a hood until charrini begins. 
Other suitable means of hc;ating may be substituted. (Add ad
ditional sulfuric acid, if necessary, to 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 
Uie reaction to subside and again beating between drops. Add 
the first few drops very slowly, mix carefully to prevent a rapid 
reaction, and discontinue heating if foaming bc::oomc::s excessive. 
Swirl the solution in the tlask to prevent unreacted substance 
from ca.king on the walls of the flask. [NOTH-Add peroxide 
whenever the mixture turns brown or darkens.] Contin°'e the 
digestion until the substance is completely destroyed, copious 
fumes of sulfur trioxide are evolved, and the solution is c:olorless. 
Cool, cautiously add IO mL of water, evaporate until sulfur triox
ide again is evolved, and cool. Repeat this procedure with another 
1 O mL of water to remove any traces of hydrogen peroxide. Cau
tiously dilute with IO 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 AmmDnlum Citrate Solution and 2 mL 
of Hydroxy/amine Hydrochloride Solution. (For the determi
nation of lead in iron salts use 10 mL of Ammonium Citrate 
So/u:i:·~/dd 2 drops of phenol red TS, and make the solution 
Just · e (mi in color) by the addition of ammonium hy
droxide. Cool the solution if necessary, and add 2 mL of Potas
sium Cyanide Sa/Ulipn. Immediately extract the soluti9n with 
5-mL portions of Dithizone Ex1rac1ion Solution, draining off 
each extract into another separator, until the dithizone solution 
retains ils green color. Shake the combined dithizone solutions 
for 30 seconds with 20 mL of dilute nitric acid (1 iri 100), and 
discard the chlotofonn 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: tht color of the chloroform 
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layer is of no deeper shade of violet than that of a control made 
with a volume of Diluted Stlllldard Lead Solution equivalent to 
the amount of lead permitted in the sample under eumination, 
and the same quantities of the same reagents and in the same 
manner as in the test with the samP.le. 

{261) MERCURY 

Method I 
[NOT.E--Mercuric dithizonate is light-sensitive. Perform this 

test in subdued light.] 
Reagen~ 
Dithizone Stock Solution-Dissolve 40 mg of ditbizone in 1000 

mL of chloroform. 
Dithizone Titrant-Dilute 30.0 mL of Dithizone Stock So

lution with chloroform to 100.0 mL. This solution 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. 

Mercury Solution for Standardizing Dithizone Titrant
Transfer 2.0 mL of Mercury Stock Solution to a ·100-mL volu
metric flask, and dilute with l N sulfuric acid to volume. Each 
ml of this solution contains. th.e equivalent of 20 µg of Hg. 

The following solutions ate called for in the limit test for mer
cury that is specified in the monographs on Ferrous Fumarate, 
Ferrous Sulfate, and Dried Ferrous Sulfate. 

HYDROXYLAMINE HYDROCHLORIDE SOLUTION-Prepare as 
directed in the test for Lead (25 l). 

STANDARD MERCURY SOLUTION-On the day of use, quan
titatively dilute 1.0 mL of Mercury Stock Solution with 1 N 
salfurie acid to 1000 mL. Ea~h mL of the resulting solution 
contains the equivalent of 1 µ.g of mercury. 

DITHIZONE EXTRACTION SOLlll'IQN-Prepare as directed in 
the test for Lead (251}. · · 

. QJLUTED DITHlZONE BXTRACTION SOLUTION-Just prior to 
·use, dilute 5 mL of Dithlzone Extraction Solutwn with 25 mL 
of chlorofonn. · · 

Sta.adArdizatfon of Ditlll:rone Titnurt-Transfer 1.0 inL of 
Mercury Solution for Standardizing Dithizone Titrant to a 250-
mL separator, and add 100 mL of l N sulfuric acid, 90 mL of 
water; l inL of glacial acetic acid, and 10 mL of hydroxylamine 
hydrochloride solution (] in 5). ·Titrate the solution with Dithi
zone Titrant from a 10-mL microburet; shaking the mixture 20 
times after each addition and allowing the chloroform layer to 
separate, then discarding the chloroform layer. Continue until a 
final addition of Dithizone Titraiu is green m oolor after shaking. 
Calculate the quantity, in µg, of Hg equivalent to each mL of 
Ditliizone Tilrant by the formula: 

20/V, 

io which Vis the volume, in mL, of Dithizone Titrant added. 

Test Preparation-Transfer about 2 g of the substance under 
test, accurately weighed, to a glass-stoppered, 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 l · hour, cool, cautiously dilute with water, and boil until fumes 
of nitrous acid no longer are noticeable. Cool the solution, cau
tiously dilute with water, transfer to l1 200-mL volumetric flask, 
dilute with water to volume, mix. and filter. . 

. Procedure-Transfer 50.0 mL of Test Preparation to a 250-
mL separator, and extract with successive small portions of chlo
roform until the last chloroform extract remains colorless. Dis
card the chloroform extract, and add to the extracted Test Prep
aration 50 mL of I N sulfuric acid, 90 mL of water, l mL of 
glacial acetic acid. and 10 · mL of hydroxylamine hydrochloride 
solution (1 in 5). Proceed as directed under Standardization of 
Dithizone Titrant, beginning :with "Titrate the solution." Cal
culate the amount of mercury. 

USPXXII 

Method Ila and Method Ilb 
Mercury Detectio11 Instrument-Use any suitable atomic ab

sorption spectrophotometer equipped with a fast-response re
corder and capable of measuring the radiation absorbed by mer
cury vapors at the mercury resonance line of 253.6 nm. [Non
Wasb all glassware associated with the test with nitric acid, and 
rime 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 per minute, connected via a three-way 
stopcock fitted with a polytef plug to an aeration vessel (250-mL 
gas washing bottle), .followed by a trap, a drying tube packed 
with magnesium perchlorate, a 10-Cm X 25•min flow-through 

. cell with quartz windows, and tenninating with a vent to a fume 
hood. . 

AIR OR 
NITROGEN 

nJREE·WAY 
STOPCOCK 

. Polytef Plug 

FLOWMETER 
Flow 500 to 1000 

ml per Minute 

BY-PASS 

100ml 

AERATION VESSEL 
(Gos Washing Bottle l 

TRAP 

ORYING TUBE 
PACKEO WITH 
Mg(C10412 

VENT TO 
HOOD 

10-cm CELL, 
QUARTZ WINOOWS 

Connections are gloss or polyvinyl chloriae 

Mercury Aeration Apparatus 

Reagents- . 
Potassium Permanganate Solu.tfon-Dissolve S g of potassium 

permanganate io 100 mL of water. 
Hydroxy/amine Hydrochloride Solution-Dissolve 10 g of hy

droxylaminc hydrochloride in 100 mL of water . . 
Stannqus Chloride Solution-Dissolve 10 g of SnC12.2H2O 

in 20 mL of warm hydrochloric acid, and add 80 mL of water. 
.Prepare rresh each week. 
· Standard Mercury Solution-Prepare from Mercury Stock 
Solution as directed under Method l.. Each ml of the Standard 
Mercury Solution contains the equivalent of l µg of mercury. 

Test Preparati~Unless otherwise directed in the individual 
monograph, use 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 Ila 
Standard Preparadon--Pipet 2.0 mL of Standard Mercury 

Solution into a 100-mL beaker, and add 35 mL of water, 3 mL 
of sulfuric acid, and I mL of potassium permanganate solution. 
Cover the beaker with a watch glass, b9il for a few seconds, and 
cool 

Test Preparation-Transtcr the calculated amount of the test 
substance 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 neutralize with con• 
stant stirring, using ! N sodium hydroxide or t N sulfuric acid. 
Add 3 mL'of sulfuric acid and l mL of Potassium Permanganate 
Solutior,. Cover the beaker with a watch glass, boil for a few 
seconds, and cool. 

Procedare-Assemble the Aeration apparatus as shown in the 
accompanying diagram, WJth the aeration vessel and the trap 
empty, and the stopcock in the bypass position. Connect the 
apparatus to the absorption cell, and adjust the air or nitrogen 
flow rate so that, in the following procedure, maximum absorption 
and reproducibility arc obtained without excessive foaming in the 

FRESENIUS EXHIBIT 1068 
Page 61 of 158 



USP XXII 

test solution. Obtain a smooth baseline reading at 253.6 run. 
following the manufacturer's instructions for operating the in
strumenL 

Treat the Standard Preparation and the Test Preparation sim
ilarly, as follows: Destroy the excess permanganate br, adding 
Hydroxy/amine Hydrochloride Solution, dropwise, until the so
lution is colorless. Immediately wash the solution into the aer
ation vessel with water, and dilute with water to 100 mL. Add 
2 mL of Stanrwus Chloride Solution, and immediately reconnect 
the aeration vessel to the aeration apparatus. Turn the stopcock 
from the bypass position to the aerating position, and continue 
tbe aeration until the absorption peak bas been passed and the 
recorder pen returns to the baseline. Disconnect the aeration 
vessel from the apparatus, and wash with water after each use. 
After correcting for any reagent blank, any absorbance produced 
by the Test Preparation does not exceed that produced by the 
Standard Preparation. 

Method lib 
[Caution-Some substances may react .,i;ith explosive violence 

when digested with hydrogen peroxide. Exercise safety precau
tions at a II times. J 

Standud Preparation--Pipet 2.0 mL of Standard Mercury 
So/Wion into a 12S-mL corucal 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. Tum off the water circulating through 
tbe condenser, and heat until white fumes appear in the flask. 
Cool, and cautiously add IO mL of water through the condenser, 
while swirling the flask. Again heat ontil white fumes appear, 
cool, and add an additional 1 5 mL of water. Remove the con
denser, and rinse the sid~ of the flask to_ obtain a volume of 35 
mL. Add l mL of Potassium Permanganate Solution, boil for 
a few seconds, and cool. . · . 

Test Preparation-Transfer the calculated amount of the test 
substance to a J 25-mL conical flask. Add 5 mL each of nitric 
acid and sulfuric acid and a few glass beads. Attach a suitabfe 
water-cooled condenser with a standard-taper joint to fit the flask, 
and digest in a fume hood, preferablr, 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 wit]) sufficient milting, in order to prevent 
a raf.id reaction; discontinue heating if foaming becomes exces
sive . 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. Tum off the 
water circulating through the condenser, and heat until fumes of 
sulfur trioxide are copiously e"ll'olved 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 beat until white fumes appear. Cool, and cautiously 
add 15 mL of water. Remove the condenser, and rinse tbe sides 
of the flask with a few mL of water to obtain a volume of 35 
mL. Add l mL of Potassium Permang011ate Solution, boil for 
a few seconds, and cool. . 

Procedm-e--Proceed as directed for Procedure under Method 
lla. 

{271) · READILY 
CARBONIZABLE SUBSTANCES 

"TEST 
In tests for readily carbonizable substances, uDless otherwise 

directed, add the specified quantity of the substance, finely pow-
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dered if in solid form, in small portions to the comparison con
tainer, which is made of <Xllorless glass resistant to the action of 
sulfuric acid and contains the specified vo]ume of sulfuric acid 
TS (sec under Test Solutions). 

Stir the mixture with a glass rod until solution is complete, 
allow the solution to stand 1'or 15 minutes, unI~ otb-erwise di
rected, and compare the color of the solution with that of the 
specified matching fluid in a comparison container which also is 
of colorless glass and has the same internal and cross-section 
dimensions, viewing the fluids transversely against a background 
of white porcelain or while 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, beat as directed, and transfer the solution to the com
llllrison container for matching with the designated Matching 
Fluid (see Color and Achromicity {631) ). · 

Special al-tention is directed to the importance of the concen
tration of sulfmic acid used in this test. The reagent of the 
required strength, i.e., 95.0 ± 0.5 percent ofH2SO~, is designated 
as a "Test Solution." 

(281) RESIDUE ON IGNITION 
Weigh accurately 1 to 2 g of the substance.. or the amount 

specified in the individual monograph, in a suitable crucible that 
previously has been ignited, cooled, and weighed. Heat, gently 
at first, until the substance is thorouAhly charred, cool, then, 
unless otherwise directed in the indiviaual monograph, moisten 
the residue with 1 mL of sulfuric acid, heat gently until white 
fumes no longer are evolved, and i$nite at 800 ± 25° until the 
carbon is consumed. Cool in a desiccator, weiAh, and calculate 
the percentage of residue. If the amount of tfie residue so ob
tained exceeds the limit specified in the individual monograph, 
again moisten the residue with l mL of sulfuric acid, heat and 
ignite as before, and again calculate the percentage of residue. 
Continue the ignition until oonstant woigbt :e attained, ::.:1!:::::~ 
otherwise specified. . 

Conduct the ignition in a well-ventilated hood, but protected 
from air currents, and at as low a temperature as is possible to 
effect the complete combustion of the carbon. A mume furnace 
may be used, if d~ired, and its use is recommended for the final 
ignition at 800 ± 25°. 

Calibration of the muffle furnace may be carried out using an 
appropriate digital temperature meter and a working thennocou
ple probe calibrated against a standard thermocouple traceable 
to the National Bureau of Standards. . . · 

Verify the accuracy of the measuring and (;Ontrolling 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 pos.ition measured. 

{291) SELENIUM 
Stock Soluti01t-Dissolve 40.0 mg of metallic selenium in 100 

mL of dilute nitric acid (l in 2)in a 1000-mL volumetric flask, 
warming gently on a steam bath if n~ssary 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 µg of 
selenium (Se); · 

Dfaminoaaphthalene Solutl~Dissolve 100 mg of 2,3-diami
nonaphthaleoe and 500 mg of hydroxylamine hydrochloride in 
0.1 N hydrochloric acid to make 100 mL. Prepare thi~_solution 
fresh on the day of use. · 

Standa.rd SoJlltion-Pipet 6 mL of Stock Solution into a l 50-
mL beaker, and add 25 mL of dilute nitric acid (1 in 30) and 
2~ mL of water. 

Test Solution-Clean combustion of the test material is an 
important factor in conducting the test. For compounds that bum 
poorly and produce soot, the addition of magnesium oxide usually 
rCllults in more thorough combustion and reduces soot formation. 
Where the need to add magnesium oAide has been identified, it 
is specified in the ipdividual 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 Oxy(en Flask 
Combustion (471). Upon completion of the combustion, place 
a few mL of water in the cup, loosen the stopper, and rinse the 
stopper, the specimen bolder, and the sides of ilie fluk with about 
10 mL of water. Transfer the solution with the aid of about 20 
mL of water to a 150-mL beaker, and heat gently to the boiling 
temperature. Boil for 10 minutes, and aUow the solution to cool 
to room temperature. 

Procedure-Treat the Standard Solution.. the Test Solution, 
and the reagent blank consisting of 25 mL of dilute nitric acid 
(1 in 30) and 25 mL of water, concomitantly and in parallel, as 
follows: Add ammonium hydroxide solution (1 in 2) to adjust to 
a pH of 2.0 ± 0.2. Dilute with water to 60.0 mL, and transfer 
to a low-actinic separator with the aid of 16.0 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 S.O mL of cyclohexane, shake vigorously for 2 
minutes. and allow the layers to separate. Discard the aqueous 
layer, and centrifuge the cyclohexane extract to remove any dis• 
periled water. Determine the absorbances of the cyclohexane 
extracts of the Test Solution and t.be Standard Solution in a l· 
cm cell at the wavelength of ma.ximum.absorbance at c1bout 380 
nm, with a suitable spectrophotometer, using the cyclohexane 
extract of the reagent blank as the blank, and compare the ab-

. sorbances: the absorbance of the Test Solution is not greater 
than that of the Standard Solution where a 200-mg test specimen 
has been ta,lcen, or is not greater than one-half that of the Stan
dard Solution. where a l 00-mg test specimen has been taken. 

. . 

OTHER·TESTS AND ASSAYS 

(301) ACID-NEUTRALIZING 
CAPACITY· 

.. . . . 

NOTE- All tests shall be conducted at a temperature of 37 
± 30_ 

Staaulanlization of pH Meter-Standardize a pH meter using 
the 0.05 m pobWium biphthalate and 0.05 m potassium tetraoxa
late standardizing buffers as described under pH {791 ). 

Magnetic Stirrer-Transfer JOO mL of water to a 250-mL 
beaker containing a -40- X 10-min magnetic stirring bar tliat 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 determined by a suitable optical tachometer. 

Test Preparatioa-
. Powder.r-Transfcr the accurately weighed portion of the sub

stance specified in tht: individual monograph to a 250-mL beaker, 
add 70 mL of water, and mix on the Magnetic Sti"er for 1 
minute. . . . 

Effeivticent Solida:--Transf er an accurately weighed quantity, 
equivalent to the minimum labeled dosage, to a 250-mL beaker, 
add 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 I minute. 

Sur pensions and Other Liquids-Shake the container until the 
oot1tents are uniform. iutd determine the density. Transfer an 
accurately weighed quantity of the uniform mixture, equivalent 
to tile minimum labeled dosage, to a 250-mL beaker, add water 
to make a total volume of about 70 mL, and mix on the Magnetic 
Stirrer for I minute. · 

Non-chewable Tablets-• -Weigh not less than 20 tablets, and 
determine the average tablet weight. Grind the tablets to a fine 
powder, mix to obtain a uniform mixture, and transfer an ac
curately weighed quantity of it,· equivalent to the minimum la· 
beled dosage, to a 250-inL beaker. If wetting is des.ired, add not 
more than 5 mL of alcohol (neutralized to an apparent pH of 
3.5), and mix to wet the specimen thoroughly. Acid 70 mL of 

water, and mix on the Magnetic Stirrer for l minute. 
Chewable Tablezs-Prepare as directed for Non-chewable 

Tablets. . · 
Tablets That Are Required To.Be Chewed- Transfer I Tablet 

to a 250-mL beaker, add 50 mL of water, and mix on the Mag-
netic Sti"er for 1 minute, · 

Capsules-Weigh accurately not less than 20 capsules. Re
move the capsule contents completely, with the aid of a cotton 
swab if necessary. Accurately weigh the empty capsules, and 
determine the average weight of the contents per capsule. Mix 
the com.bined capsule contents to obtain a uniform mixture, and 
~eed as directed for Non-chewable Tablets, beginning with 
'transfer an accurately weighed quantity of itt 

Procedure (or Powders, Effervescent Sollds, Suspensions and 
Other Uqwcls, Non-chewable Tahleu, Chewable Tablets, and 
Capsules-Pipet 30.0 mL of 1.0 N hydrochloric acid VS into the 
Test Preparation while continuing to stir with the Magnetic Stir
rer. [NO'fE-Where the acid-neutralizing capacity of the spec
imen under test is greater than 25 mEq, use 60.0 mL of 1.0 N 
hydrochloric acid VS.) Stir for 15 minutes, accurately timed, 
after the addition of tlie 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 IO to 15 seconds) pH of 3.S. Calculate the 
number of mEq of acid consumed, and express the result in terms 
of mEq of acid consumed per g of the substance tested. Each 
mL of 1.0 N hydrochloric acid is equal to l mEq of acid con
sumed..• 

Procedure for Tablets That Are Reqaired To Be Cb.ewed-Pipet 
30.0 mL of 1.0 N hydrochloric acid VS into the Test Preparation 
while continuing to stir with the Magnetic S tirrer for 10 minutes, 
aCt'unttely timed. after the addition of the acid. Discontinue 
stirring briefly, and without delay remove any gum base from 
the beaker usmg a Ion; needle. Promptly rinse the needle with 
20 mL of water, collecting the washing in the beaker, and resume 
stirring for :; minutes, accurately timed; then begin to uuaie 
immediately, and in a period not to exceed an additional 5 min
utes, titrate the excess hydrochloric acid with O.S N sodium hy
droxide VS to attain a stable (for 10 to 15 5econds) pH of 3.5. 
Calculate the number of mEq of acid consumed by. the Tablet 
tested. Each rnL of 1.0 Nhydrochloric acid is equal to l mEq 
of acid consumed. 

{311) ALGINATES ASSAY 
Apparalu9-The apparatus required · is shown in the accom

panying dia:gram. 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 Dis a 100-
mL round-bottom, long-neck boiling flask, resting in a suitable 
beating 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, I, con
taining 25 g of 20-m~h zinc or tin, which can be connected with 
an absorption. tower, J . · 

The absorption tower oonsisu of a 45-tm tube fitted with a 
medium-porosity, sintered-glass disk sealed to the inner part above 
the side a~ and having a delivery tube sell;I~ to it extending 
down to the end of the .tube. A trap, cons1stmg of a · bulb of 
approximately 100-mL capacity, is blown above the sintered-glass 
dISk, and the outer portion qf a ground spherical joint is sealed 
on above the bulb. A 250-mL conical flask. K, is connected to 
the bottom of the absorption tower. The top of the tower is 
connected to a soda lime t.ower, L , which is connected to JI suitable 
pump to provide vacuum and air supply, the selection of which 
IS made by a three-way stopcock, M. The volume of air or vacuum 
is controlled by a ca~illary-tube regulator or needle valve, N. 

All joints are size %5 , ground spherical type. 
Procedl.ire--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 chips, 
and connect the flask to the reflux condenser, F, using phosphoric 
acid as a lubricallt. [NO'fE-Stopcock grease may be used for 
the other connections.] Check the system for air l~aks by forcing 

7 
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Apparatus for Alginates Assay 
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mercury up into the inner tube of the: mercury V-div~, B, to a 
height of about 5 cm.. Turn off the pressure using the stopcock, 
M. If the mercury level does not fall appreciably after l to 2 
minutes, the apparatus may be considered to be free from leaks. 
Draw carbon dioxido-frcc air through the apparatus at a ra~ of 
3000 to 6000 mL per hour. Raise the heating mantle, £, to the 
flask, heat the specimen to boiling, and boil gently for 2 minutes. 
Tum off and lower the mantle, and allow the specimen to pool 
for 15 minutes. Charge the delivery tube, G, with 23 mL of 
hydrochloric acid. Disconnect the absorption tower, /, rapidly 
transfer 25.0 mL of 0.25 N sodium hydroxide VS to the tower, 
add 5 drops of butyl alcohol, and a;ain connect lhe absorption 
tower. Draw carbon dioxide-free au 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 boiling. After 2 hours, 
discontinue the current of air and heating. Force the sodium 
hydroxide solution down into the flask, K, using gentle air pres
sure, and then rinse down the absorption tower with three I S-mL 
portions of water, forcillg each washing into the flask with air 
prc-,ssure. Remove the flask, and add to it 10 mL of barium 
chloride solution ( I in IO). Insert the stopp. , er in the flask, shake 
gently for about 2 minutes, add phenolphthalein TS, and titr11.te 
with 0.1 N hydrochloric acid VS. Perform a blank deurmination 
(see Residual Titrations under Tttrtmetry (541)). Each mL of 
0.25 N sodium hydroxide consumed is equivalent to 5.5 mg of 
carbon dioxide (CO2). 

(321} ALKALOIDAL DRUG 
ASSAYS; PROXIMATE ASSAYS 

Most alkaloids arc 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 insoluble in 
nearly all of the organic solvents. The process of assay by im
miscible solvents, generally .known as the "sha1dng out" process, 
is based on these partitioning properties of alkaloids. It is carried 
out by treating the drug, or a concentrated liquid extract of it, 

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 
removed by means of an excess of dilute aq_ueous acid. Tfie acid 
solutions are then extracted with an immiscible solvent in the 
presence of an exc~ of alkali, and the immiscible solvent is 
evaporated to obtam the alkaloid which is either weighed or de
termined volumetrically. 

Preparation of Drug for Assay-Grind the drug to be extracted 
to a (>Owder of the fineness designated (see Powder Fineness 
{811})'. Care should be taken to avoid the loss of water during 
the powdering of the drug. If it is impowble to avoid this loss, 
dry the drug at a low temperature before powdering. note the 
loss of water, and make a 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 ointments may be 
weighed on a tared piece of waxed or parchmentized paper, the 
surplus paper cut away, and the paper with the specimen dropped 
into the vessel containing the solvent. In transferring weigbei:I 
portions to a separator, thorou,:hly rinse the vessel in which the 
material to be assayed was w.eighed, and add th.e rinsings to the 
separator. 

Extraction of Drop-The alkaloidal content of alkaloid-bear
ing drugs is usually extracted by one of the following methods: 

.A. Maceratio1t-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 
shorter period with continuous agitation. At the end of this po
riod, allow the drug to settle, decant an aliquot of the solvent, 
and treat as directed for Purification of Alkaloids. 

lJ. Perco/atton-Place an accurately weighed quantity of the 
ground drug in a suitable container, saturate it wit6 the specified 
solvent or mixture of solvents, and allow to stand for 5 .mjnutes. 
Add a ouantity of ammonia TS sLLfficien_t to make the mixture 
distinctfy alkaline, and mix thoroughly with the drug. Transfer 
the mixture to a cylindrical percolator, previously prepared by 
packing the outlet with purified cotton. Use a small amount of 
the solvent to rinse the .container, and add the riming to the 
percolalDJ'. Allow the drug to macerate for a suitable period or 
time (from 1 to 12 ho11111 or overnight, depending upon the drug 
to be assayed). Then pack the drug rmn1y, place a pledget of 
purified cotton above it, and percolate &lowly with the solvent 
until the drug is completely exhausted of its alkaloid content. 
Determine the completen~ of extraction of the alkaloid by evap
orating a.bout 4 mL of the last percolate to dryness, dissolving 
the residue in 500 µL of approximately 0.5 N 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 Extructwn-Place an accurately weighed por
tion or the ground drug in an extraction thimble, and insert the 
thimble into a suitable extractor (a Soxhlet extractor of appro
priate size i.s 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 
quantity of ammortla TS, and mix. Rinse the stirring rod with 
a small portion of the solvent, Md allow the dru~ to macerate 
for 6 to 12 hours or overnight. Then pack the drug m the thtmble, 
cover it with a pledget oI 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 AltaJoldai-The ~kaloidal solution obtained by 
a.ny of the extraction methods is usually contaminated with other 
extractives that interfere with the quantitative determinations of 
the allcaloids. To effect their purification remove the alkaloids 
from the immiscible solvent by shaking out w:th an a::id, then 
render the acid solution alkaline, usually with an alkali hydroxide, 
anti extract with ao 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 approximately l N acid or sufficient 
to render the mixture distinctly acid. When the drug contains a 
large amount of fat, use a smaller volume of more concentrated 
acid to prevent the formation of emulsions in the rlJ'St extraction . 

. , ' 
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For succeeding extractions, use a diJution of 5 mL of the acid 
with 5 mL of water. In all as.~ays, continue the extraction until 
500 µL 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 
hydrochloric or sulfuric acid, and add these 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 solvenL Use 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 I mL of the last extraction, and dissolve the residue in 0.5 
mL of approximately 0.5 N hydrochloric acid: the resulting s<r 
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-Carefully wash the.stems of separators and funnels 
and the lips of flasks, separators, 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 br evaporation. Add these washings to tile other extractions 
contatning the alkaloids. · 

Determi~tioo of AJkaloid&--Evaporate the solution of the pu
rified alkaloids in the immiscible solvent on a steam bath or with 
a current of air to dryness. When the alkaloidal residue is to be 
detcnnined volumetncally, soften it by the addition of about l 
mL of neutralized alcohol or ether, add an accurately measured 
volume of standard acid, equivalent to about one and one-half to 
two times the 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 alkaloidal residue is to be weighed, dry it at 105° to 
constant weight. If the final solvent has been chloroform, remove 
the last traces of that solvent by the addition of a few mL of 
neutralized ether or alcohol, followed by evaJ>Oration. Avoid Joss 
by decrepitation, especially when evaporatJ.ng chloroform solu
tions of alkaloids, by the addition of a little alcohol after the 
solution has been reduced to a volume of l 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. 

Atiquots--Whcn using aliquots, measure the solvent and the 
aliquot at the same temperature. When handling volatile liquids, 
a lower temperature and a more quickly oonducted operation 
reduce the loss by evaporation. 

Adso~ants--In assaying fluidextracts, tinctures, and other 
preparations of alkaloid-bearing drugs, it is often necessary to 
evaporate these to dryness and, to avoid loss and to aid in the 
evaporation, they are usually added to some adsorbent material. 
For this purpose use paper pulp, previously acid-and alkali-washed, 
then made neutral by washing with water, and dried before use. 

Emulsions-Shake or rotate a water solution with an immis
cibie solvent in a separator for about i minute. Avoid long or 
violent agitation ~ emulsions are likely to form, especially in 
alkaline solutions. Belladonna leaves sometimes contain 88\)0nins 
that cause troublesome emulsions. If emulsions prove persistent, 
draw off the emulsified portion, and add an excess of either sol
vent. This usually breaks the emulsion and permits a complete 
separation. A separated emulsion may 59meumcs be broken by 
the addition of a small amount of anhydrous sodium sulfate. If 
this is done, wash the residue with additional solvent to remove 
the alkaloid completely. 

Emulsification may sometimes be prevented by increasing the 

volume of the water or of the immiscible solvent. Chloroform 
and ether solutions of dru~ 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 
small, wetted filter into a separator. Redissolve the residue in 
15 mL of ether, add 5 to 10 mL of 0.1 N acid, evaP?rate the 
ether as before, with continued stirring, and pour the aetd 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 Dexlroamphelamine Sulfate Ref

erence Slandard-Kee~ container tightly closed and protected 
from light. Dry at 105 for 2 hours before using. 

Standard Preparation-Dissolve a suitable quantity of USP 
Dextroamphetaminc Sulfate RS, accurately weighed, m 2 N sul
furic acid (saturated with chloroform), and dilute quantitatively 
with the same solvent to obtain a solution havi~ a known con
centration of about 0.5 mg of dextroamphetamme sulfate per 
mL. 

Assay Preparation-Prepare 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 chromatographic tube. Place 2 g of purified 
siliceous earth in a 100-mL beaker, add l 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 
to the column, dry-rinse the beaker with l g of purified siliceous 
earth, and transfer to the column. Tamp a pled~et of fine glass 
wool into place at the top of the column. · · 

ProcedlU&-Wash the column with 100 mLof chloroform pre
viously saturated with water, and discard the washings. Place 
under the column, as a receiver, a 125-mL separator containing 
10.0 mL of 2 N sulfuric acid previously saturated with chloro
form. Pass through the column 35 mL of ammoniacal chlor<r 
form. prepared by equilibrating 2 mL of ammonium hydroxide 
and 100 mL of chloroform, and complete the elution with 70 mL 
of chloroform prc\liously saturated with water. Remove the sep
arator, shake vtgorously {Qr l 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 I-cm 
cells at 280 nm and at the wavelength of maximum absorbance 
at about 257 nm, with a suitable spectrophotometer, using 2 N 
sulfuric acid previously saturated with chloroform as the. blank. 
Record the absorbance of the solution from the Standard Prep
aratton as As and that of the Assay Solution as Av, 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 ot 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. It is a Pbarmacopeiai requirement that th~ presence 
and amount added of s11ch 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 
multi(?le-dosc and singlc-<losc parenteral, otic, nasal, and oph· 
tha!D1Jc preparation may diminish during the shelf-life of the 
product. The quantitative JabeJ statement of the preservative 
content is not intended to mean that the labeled quantity is ~ 
tained during the shelf-life of the product; rather, it is a statement 
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