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2 General Notices

The General Notices and Requirements (herein-
' after referred to as the General Notices) provide in
.. summary form the basic guidelines forlthe interpre-
' tation and application of the standards, tests,_assays,
__and other specifications of the United States Phar-
macopeia, and obviate the need to" rep_eat-_throughout
the book those requirements that are pertinent in _nu-
merous instances. -

' __ Where exceptions to the General Notices are made,
, "the wording in the individual monograph or general

.- test chapter takes precedence and specifically indi-
_ cates the directions or the intent. To emphasize that '

such exceptions do exist, the General Notices employ
'-'---"where indicated a qualifying expression such as “un- _

"less otherwise specified.” Thus, it is understood that
' .the specific wording of standards, tests, assays, and

other specifications is binding wherever deviations
from the General Notices exist. By the same token,
where no_ language is given specifically to the con-
trary, the General Notices apply. '

TITLE

The full title of this book, including its supple-
ments, is The Pharmacopeia of the United States of
America, Twenty-tliird Revision. This title may be
abbreviated to United States Pharmacopeia, Twenty-
third Revision, or to "USP 23, The United States
Pharmacopeia, Twenty-third Revision, supersedes all
earlier revisions. Where the term" USP is used, with-

out further qualification, during the period in which
this Pharmacopeia is official, it refers only _to USP
23 and any supp1ement(s) thereto.

“OFFICIAL” AND. “OFFICIAL ARTICLES”

The word “official,” as used in this Pharmacopeia
or with reference hereto, is synonymous with “Phar-
macopeial,” with “USP,” and with “compendial.”

The designation USP. in conjunction with the of-
ficial title on'the label of an article means that the

article purports to comply with USP standards; such
specific designation on the label does not constitute .
a representation, endorsem_ent, or incorporation by
the manufacturer’s labeling_ of the informational ma-
terial contained in the USP monograph, nor does it
constitute assurance by USP that the article is known
to comply with USP standards. The standards apply
equally to articles bearing the official titles or names
derived by transposition of the definitive words of
official titles or transposition in the order of the names
of two or more active ingredients in official titles,
whether or not the added designation “USP” is used.
Names considered to be synonyms of the official titles -
may not be used for official titles.

Where. an article differs from the standards of

strength, quality, and purity, as determined by the
application of the assays and tests set forth for it in
the Pharmacopeia, its difference shall be plainly stated
on its label. Where an article fails to comply in iden-
tity with the identity prescribed in the USP, or con-
tains an added substance that interferes with the pre-

 

USP 23

scribed assays and tests, such article shall -be
designatedby a name that is clearly distinguishing
and differentiating from any name recognized in the

Pharmacopeia,
Articles listed herein are official and the standards

set forth in the monographs apply to them only when
_ thefclrticles are intended or labeled for use as drugs,

as nutritional supplements, or as medical devices and
when bough

An article is deemed to be recognized in this Phar-

t, sold, or dispensed for these purposes or '

_ when labeled as conforming to this Pharmacopeia.

macopeia when a monograph for the article is pub-
lished in it, including its supplements, addenda, or
other interim revisions, and an official date is gen- :

-‘erally or specifically assigned to it.
The following terminology is used for distinguish- '

ing the articles for which monographs are provided:
an official substance is an active drug entity, a rec~ 5
ognized nutrient, or a pharmaceutic ingredient (see
also NF 18) or a component of a finished device for E
which the monograph title includes no indication of i
the nature of the finished form; an ofliciat repa- ;

ration is a drug product, a nutritional supp ement, 9
or a fin_ished_ device. It is the finished or partially -
finished (e.g., as in the case, of a sterile solid to be -
constituted into a solution for administration) prep- Z
aration or product of one or more official" substances
formulated for use on or for the patient or consumer‘,
an article is an item for which a monograph is pro 3
vided, whether an official substance or an official

preparation.

Nutritional Supplements—The designation of an
- official preparation containing recognized nutrients

as “USP” or the use of the designation “USP" in
conjunction with the title of such nutritional supple-
ment preparation may be made only if the article
contains two or more of the recognized nutrients and
the preparation meets the applicable requirements
contained in the individual Class Monograph and
General Chapters. Any additional ingredient in suct-
article that is not recognized in the pharmacopeia and
for which nutritional value is" claimed, shall not be
represented not imply that it is of USP quality 01
recognized, by USP. If a preparation does not compl)
with applicable requirements butcontains nutrients
that are recognized in the USP, the article may not
designate ._the individual nutrients as complying witl’.
USP standards or being of USP quality without des-
ignating on the label that the article itself does not
comply with USP standards. .

ATOMIC WEIGHTS AND CHEMICAL FORMULAS

The atomic weights used in computing moleculai
weights and the factors in the assays and elsewhere
are those recommended in 1991 by the IUPAC Com-
mission on Atomic Weights and Isotopic Abun-
dances. Chemical formulas, other than those in the
Definitions, tests, and assays, are given for purpose.‘
of information and calculation. The format within 5

given monograph is such that after the official title
the primarily informational portions of the text ap-
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Bar first, followed by the text comprising require-
llincnts, the latter section of the monograph being in-
troduced by a boldface double-arrow symbol 33.
{Gr-a hie formulas and chemical nomenc1ature-pro-
videdp as information in the 1nd1v1dual monographs
are discussed in the Preface.)

ABBREVIATIONS _

The term RS refers to a USP Reference Standard
as stated under Reference Standards in these General
Nance; (see also USP Reference Standards (11)).

The terms .CS and TS refer t-o Colorimetric So-
lution and Test Solution, respectively (see under Re-
agents, Indicators, and Solutions). The term VS re-
fers to Volumetric Solution as stated under Solutions
in the General Notices. - ..

The term PF -refers to Pharmacopeial Forum, the

journal of standards development and official com-
pendia revision (see Pharmacopeial Forum in these
General Notices). . C _ _ _ _

Abbreviations for the names of many institutions,"
organizations, and publications_ are used for conven-
ience throughout USP and NF. An alphabetized tab-
ulation follows. _ _ '

Abbreviation ' Institution, Organization, or Publication
AA Ml Association for the Advancement of Medical

' Instrumentation '
ACS -American Chemical Society
ANSI American National Standards Institute

AOAC AOAC International (formerly Association
of Official Analytical Chemists)

ASTM American Society for Testing and Materials
ATCC _ American Type Culture Collection
CA3 "Chemical Abstracts Service

CFR U.S. Code of Federal Regulations
EPA ' U.S.'.Environmental Protection Agency
FCC ' Food Chemicals Codex

FDA - U.S. Food and Drug Administration
HIMA Health Industry Manufacturers Association
I30 _ International Standards Organization
IUPAC International Union of Pure and Applied

_ Chemistry ' -
NBS . National Bureau of Standards
NIST National "Institute of Standards and

Technology (formerly NBS) _
USAN United States Adopted Names
WHO World Health Organization

Abbreviated Statements in Monographsm-Incom-
Dlete sentences are employed" in various portions of
the monographs for directness and brevity. Where’
the limit tests are so abbreviated, it is to be under-
stood that the‘ chapter numbers (shown in angle
brackets) designate the respective procedures to be
followed, and that the values specified after the colon
3“? the required _limits.

SIGNIFICANT FIGURES AND TOLERANCES

U Where limits are expressed numerically herein, the
vPPcr and lower limits of a range include the two
“"65 themselves and all intermediate values, but no
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values outside the limits. The limits expressed in
monograph definitions and tests, regardless of whether
the values are expressed as percentages or as absolute
numbers, are considered significant to the last digit
shown.

Equivalence Statements in Titrimetric Proce-
dures--—The directions for titrimetric procedures con-
clude with a statement of the weight of the analyte
that is equivalent to each mL of the standardized
titrant. In such an equivalence statement, it is to be
understood that the number of significant figures in
the concentration of the titrant corresponds to the
number of significant figures in the weight of the
analyte. Blank corrections are to be made for all

titrim)etric assays where appropriate (see Titrimetry(541) . '

Tolerances-—The limits specified in the mono-
graphs for Pharmacopeial articles are established with
a view to the use of these articles as drugs, except
where it is indicated otherwise. The use of the mo-

lecular formula for the active ingredient(s) named in
defining the required strength of a Pharmacopeial
article is intended to designate the chemical entity or
entities, as given in the com lete chemical name of
the article, having absolute (I00 percent) purity.

A dosage form shall be formulated with the intent
to provide 100 percent of the quantity of each ingre-
dient declared on the label. Where the content of an

ingredient is known to decrease with time, an amount
in excess of that declared on the label may be intro-
duced into the dosage form at the time of manufac-
ture to assure compliance with __the content require-
ments of the monograph throughout the expiration
period. The tolerances and limits stated in the def-
initions in the monographs for Pharmacopeial articles
allow for such overages and for analytical error, for
unavoidable variations in manufacturing and com-
pounding, and for deterioration to an extent consid-
ered acceptable under practical conditions.

The specified tolerances are based upon such at-
tributes of quality as might be expected to charac-
terize an article produced from suitable raw materials

_ under recognized principles of "good manufacturing
practice. ,

The existence of compendial limits or tolerances
does not constitute a basis for a claim that an official
substance that more nearly approaches 100 percent

purity “exceeds” the Pharmacopeial quality. Simi-
larly, the fact that an article has been prepared to
closer tolerances than those specified in the mono-
graph does not constitute a basis for a claim that the
article “exceeds” the Pharmacopeial requirements.

Interpretation of Requirements—AnaJytical re-
sults observedin the laboratory (or calculated from
experimental measurements) are compared with
stated limits to determine whether there is confor-

mance with compendial assay or test requirements.
The observed or calculated values usually will-contain
more significant figures than there are in the stated
limit, and an observed or calculated result is to be

rounded off to the number of places that is in agree-
ment with the ljmit expression by the following pro-
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4 - General Notices

cedure.._ -[NOTE—Limits, which are fixed-numbers,
are not rounded offl] . -

When rounding off is required, consider only one
digit in the decimal place to the right of the last place
in the limit expression. If this digit is smaller than
5,. it is eliminated and the preceding digit is un-
changed. . If this digit is greater than 5, it is eliminated
and the preceding digit is increased by one. If this
digit equals 5, the S is eliminated and the preceding
digit is increased by one.

Illustration of Rounding Numerical Values for Comparison
' with Requirements -

Rounded 'Compendial ' Unrounded
Requirement ' Value Result C()I1f0l‘1'l'1S-

Assay limit 298.0% 97.96% 93-0% Yes
97.92% 97.9% _No

_ ' _ 91.95% 1 98.0% Yes

Assay limit 5101.596 I 101.55% 101.6% No
101.46% 101.5% Yes
101.45% " - 101.5% Yes

Limit test 50.02% 0.025% . 0.03% - No
. ' 0.015% 0.02% Yes

- 0.027% 0.03% No

Limit test 53 ppm 0.0003596 0.0004% No
0.0002596 . 0.0003% Yes

0.000393 Yes0.000128%

GENERAL‘ CHAPTERS

Each general chapter is assigned a number that
appears in brackets adjacent to the chapter name (e.g.,
(601) Aerosols).. General chapters that include gen-
eral requirements for tests and assays are numbered
from (1) to (999), chapters that _are informational
are numbered from_ (1000) to (1999), and chapters
pertaining to nutritional supplements are numbered
above (2000). .

The use of the general chapter numbers is en-
couraged for the identification and rapid access to
general tests__and information. It is especially helpful
where monograph" section headings and chapter names
are not the same (e.g., Ultraviolet absorption (I9'lU)
in a monograph refers to method (197U) under gen-
eral tests chapter (197) Spectrophotometric Identi-
fication Tests; Specific rotation (TSIS) in a mono-
graph refers to method (?81S} under" general tests
chapter (781) Optical Rotation; and Calcium (191)
in a_ monograph refers to the tests for Calcium under '
gene'ra_l'test_s chapter (191) Identification Tests—
General). ' '

PHARMACOPEIAL FORUM

P-harmacopeial Forum (PF) is the USP journal of .
standards development and official compendia revi-
sion. Pharmacopeta! Forum is the working document
of the USP Committee of Revision.‘ It is intended to

provide public portions of communications within the
General Committee of Revision and public- notice of
proposed new and revised standards of the USP and

USP «23 '_

NF and to afford opportunity for comment thereon.
The organization of PF includes, but is not limited I
to, the following sections. Subsections occur where

needed for Drugs and Pharmaceutic Ingredients and
for Nutritional Supplements. ' . '

Pharmacopeial Previews—Possib1e revisions" that
are considered to be in a preliminary stage of devel— .
opment.

In-process Revision—-New or revised monographs i
' or chapters that are proposed for adoption as official

USP or NF standards.

Stimuli-to the Revision Process-——-Reports, state- I
ments, articles, or commentaries relating to compen-
dial issues. ' - -

Nomenclature—Articles' and announcements rel-

evant to compendial nomenclature issues and listings
of proposed and new United States Adopted Names
(USAN) and International Nonproprietary Names

(INN). . s , r e
Interim Revision‘ Announcement (if present)—Of-

ficial revisions and the_ir_e_ffective dates, announce-
ment of the availability of new USP Reference Stan-
dards, and announcement of assays or tests that are
held in abeyance pending availability of required USP_
Reference Standards. '

Ojficial Reference Standards——-Catalog o_f current
lots of USP Reference Standards with ordering in-
formation and names and addresses of worldwide sup-
pliers. . .

REAGENT STANDARDS

The proper conduct of the_Pharmacopeial tests. and
assays and the reliability of the results depend, "in
part, upon the quality of thereagents used in the
performance of the procedures. Unless otherwise
specified, reagents are to be used that conform to the
specifications set forth in the current. edition of Re-
agent Chemicals published by the American Chem-
ical Society. Where such ACS reagent specifications
are not available or where for various reasons the
required purity differs, compendial specifications for
reagents of acceptable quality are provided. (See Re-
agents, Indicators, and Solutions.) Listing of these
reagents, including the indicators and solutions em-
ployed as reagents, in no way implies that they have
therapeutic utility; furthermore, any reference to USP
or NF in their labeling shall include also the term

“'reagent”' or “reagent grade,” ' '

. USP REFERENCE STANDARIB

USP Reference Standards are authentic specimens
that have been approved by the USP Reference Stan-
dards Committee as suitable for use as comparison
standards in USP or NF tests and assays. {See USP
Reference Standards (11).) Currently official-lots of
USP Reference. Standards are published in Phar-
macopeial Forum. '
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Where a US? Reference Standard is referred to
in a monograph" or chapter,‘ the words ‘.‘Reference
Standard” are abbreviated to “RS" (see USP Ref-
erence Standards (11)). . ' '

Where a test or an assay calls for the use of a
coinpendial article rather than for a USP Reference
Standard as a material standard of reference, a sub-
stance meeting all of the compendial monograph re-
quirements for that article is to be used.

The requirements for any new USP or NF stan-
dards, tests, or assays for which a new USP'Reference
Standard is specified are not in effect until the spec-
ified USP Reference Standard . is available. The
availability of new USP Reference Standards "and the
official dates of the USP or NF standards, tests, or.
assays requiring their use are announced via Supple-
ments or Interim Revision Announcements.

UNITS OF i=o1'ENcir,

For substances that cannot be completely charac-
terized by chemical and physical means, it may" be
necessary to express quantities of activity in biological
units of potency, each defined "by an authoritative,
designated reference standard. -

Units of biological otency defined by the World
Health Organization WHO) for International Bio-
logical Standards and International Biological Ref-
erence Preparations are termed International Units
(IU). Units defined by USP Reference Standards
are USP Units, and the individual monographs refer
to these. Unless otherwise indicated, USP ‘Units are
equivalent to the corresponding Internatio_nal Units,
where such exist. Such equivalence is usually estab-
lished on the basissolely of the compendial assay for
the substance. ' ' "

For antibiotics (see Antibiott'cs-—.Mt'crobia! Assays
(31)). USP Units are defined by the_ corresponding
USP_Reference Standards in terms of the units of
activity established by the FDA. Each -unit is'estab-
lished through the corresponding antibiotic master
standard, which in many instances is" the basis also
for the definition of the WHO International Unit.

For most antibiotics, however, biological units'of po-
tency are not. necessary, and their activity is_ expressed
in metric units (micrograms or milligrams) in terms
_0l the chemically defined substances described in the
l1'ldlVlCl1l'c-ll 1]'1(j_pnQgI-aphS_ . . .- -
t_ For biological products, whether or not Interna-
(iltiglal Units or USP Units do exist (see Biologics

41)), units of potency are defined by" the correr
5P°“d1I1g US Standard established by the FDA.

INGREDIENTS AND -Piaocassns

thgfgcial Preparations are prepared from ingredients
gmphsetiit the F“-'fll11_reme_nts of the compendial mono-
mono I’ 0t] those individual ingredients for which

Offacfual S are provided (see also NF 18.). -
Ognized 4 _311lDStances are prepared according to rec-
from inggmclples of good manufacturing practice andedients complying with specifications de-
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signed to assure that the resultant substances meet
the requirements of the compendial monographs (see
also Foreign Substances and Impurities under Tests
and Assays). .

Preparations for which a. complete composition is
given in this Pharmacopeia, unless specifically ex-
empted herein- or in the individual monograph, are to
contain only the ingredients named in the formulas.
However, there may be deviation from -the specified
processes or methods of compounding, though not
from the ingredients or proportions thereof, provided
the finished preparation conforms to the relevant
standards laid down herein. and to preparations pro-
duced by following the specified process.

Where a monograph on a preparation calls for an
ingredient in an amount expressed on the dried basis,
the ingredient need'_not._bc dried prior to use if due
allowance is made for the.water or other volatile sub-

stances present in the qu_antity taken. _.
Unless. specifically exempted elsewhere in "this

-Ph aimacopeia, the identit-y, strength, quality, and pu-
rity of_. an official article are determined by the def-
inition, physical properties, tests, assays, and other
specifications relating to the article, whether incor-
porated in the monograph itself, in the Generaf No-
tices, or in the section General Chapters.

-W_ater—Water used as an ingredient of - official
preparations meets the requ_irements for Purified
Water-, for Waterfor Injection, or for one of the sterile
forms of water covered by a monograph in this Phar-
ma_copeia. . ' - _ _ _

Potable water meeting the requirements for drink-
ing water_ as set forth in the regulations of the federal
Environmental Protection Agency may be used in the
preparation of official substances.

Alcohol-—All statements of percentages of alcohol,
such as under the heading Alcohoi -content refer to

percentage, by volume, of C2H5OH at 15.56“. Where
reference is made to ..“-C2H5OH,” the cliemicalentity

possessing absolute (100 percent) strength is in-
tended.

Afcoholm-\lVhere “alcohol”_ is called for in for-

mulas, tests, and assays, the monograph article A!-
cohof is‘ to be used. I - '

Dehydrated AIcohoI—Wh'ere “dehydrated alco-
hol” (absolute alcohol) is called for in tests and as-
says, the monograph article Dehydrated Alcohol-is
to be used. .

Denatured AIcoho!—Specially denatured alcohol
formulas are available for use in accordance with fed-

eral statutes and regulations of the Internal Revenue
Service. A suitable formula of specially denatured
alcohol may be substituted for Alcohol in the man-
ufacture of Pharmacopeial preparations intended for
internaluor topical use, provided that the denaturant
is volatile and does not remain in the finished product.

A finished product that is intended -for topical ap-
plication to the skin may contain specially denatured
alcohol, provided_ that the denaturant is either a nor-
mal ingredient or a permissible added substance; in
either case the denaturant must be identified on the

label of the topical preparation. Where a process is
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6 General Notices

given in the individual monograph, the preparation
so made must be identical with that prepared by the

given process. - ‘

Added Substances—An official substance, as dis-
tinguished from an official preparation, c0ntain_s'no
added substances except where specifically permitted
in the individual monograph. Where such addition
is permitted, the label indicates the name(s) and
amount(s) of any added substance(s).

Unless otherwise specified in the individual mono-
graph, or elsewhere in the General Notices, suitable
substances such as antimicrobial agents, bases, car-
riers, coatings, colors, flavors, reservatives, stabiliz-
ers, and vehicles may be adde to an official prepa-
ration to enhance its stability, usefulness, or elegance

or to facilitate its preparation. Such substances are
regarded as unsuitable and are -prohibited unless (a)
they are harmless in the amounts used, (b) they do
not exceed the minimum quantity required to provide
their intended effect, (c) their presence does not im-
pair‘ the bioavailability or the therapeutic efficacy or
safety of the official preparation, and ((1) they do not
interfere with the assays and tests prescribed for de-

Itierrsliining compliance with the Pharmacopeial stan_-ar s.

Nutritional Supplements—Unless otherwise spec-
ified in the individual monograph, orelsewhere in the
General Notices, consistent with -applicable regula-
tory requirements, suitable added substances such -as
bases, carriers, coatings, colors, flavors, preservatives,
and stabilizers may be added to a nutritional supple-
ment preparation to enhance its stability, usefulness,
or elegance, or to facilitate its preparation. Such
added substances shall be regarded suitable and shall
be permitted unless they interfere with the assays and
tests prescribed- for determining compliance with
Pharmacopeial standards. ‘- --

Additional Ingredients-—Additional ingredients,‘
including excipients, may be added to nutritional sup-
plement preparations containing recognized nu-
trients, consistent with a plicable regulatory require-
ments, provided that (all they do not interfere with
the assays and tests prescribed for determining com-
pliance with Pharmacopeial standards, and (b) that
such additional ingredients are listed separately on
thelabel from those ingredients recognized in the
definition of the USP article.

Inert Headspace Gases—The air in a container of
an article for parenteral use may‘ be evacuated. or be
replaced by carbon dioxide, helium, or nitrogen, or

y a mixture-of these gases, which fact need not be
declared in the labeling. . '

' Colors—-Added-substances employed solely to im-
part color may be incorporated into -official prepa-
rations," except those intended for parenteral or oph-
thalmic use, in accordance with the regulations
pertaining to the use of colors issued _by the FDA
provided such added substances are otherwise appro-
priate in all respects. (See also Added Substances
under Injections (1).)

Ointments and S'uppositories—In the preparation
of ointments and suppositories, the proportionsof the
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substances constituting the base may be varied to
maintain a suitable consistency under different cli-
matic conditions, provided the concentrations of ac-
tive ingredients are not varied. -

TESTS AND ASSAYS

'Apparatus—A specification for a definite size or
type of container or apparatus in _a -test or assay is
given solely as a recommendation. Where volumetric
flasks or other exact measuring, weighing, or sorting
devices are specified, this or other equipment-of at
least equivalent accuracy shall be employed. (See
also Thermometers (21), Volumetric Apparatus (31),

_ and Weights and Balances (41)). Where low-actinic
or light-resistant containers are specified, clear con-
tainers that have -been rendered opaque by application
of a" suitable coating or wrapping may be used.

' Where an instrument for physical measurement,
such as a spectrophotometer, is specified in a test or

assay by its distinctive name, another instrument. of
equivalent or greater sensitivity and ‘accuracy may be
used. In order to obtain solutions having concentra-
tions that are adaptable to _the working range "of the
instrument being used,_ solutions of _propo'rtionately
higher or lower concentrations may be prepared ac-
cording to the solvents and proportions thereof that
are specified for the procedure. ‘

Where a particular brand or source of a material,
instrument, or piece_ of equipment, or_the name and
address of a manufacturer or distributor, is men-
tioned (ordinarily in a- footnote), this identification is
furnished solely for informational purposes as a mat-
ter of convenience,_without implication of approval,
endorsement, or certification. Items capable of equal
or better performance may be used if these charac-
teristics have been validated. .

Where the use of a centrifuge is. indicated, unless
otherwise specified, the directions are predicated upon

the use .of apparatus having an effective radius of
about 20 cm (8_inches) and driven "at a speed suffi-
cient to clarify the supernatant layer within 15 min-
utes.

Unless otherwise specified, for chromatographic
tubes and columns the diameter specified refers_ to
internal diameter (ID); for other types of tubes and
tubing the diameter specified refers to outside di-
ameter (OD).

Steam Bath—-Where the use of a steam bath is

directed, exposure to actively flowing steam or to an-
other form of regulated heat, corresponding in tem-
perature to that of flowing steam, may be used.

Water Bath—Where the use of a water bath is

directed without qualification with respect to tem-
perature, a bath of vigorously boiling water is in-

tended.

Foreign Substances and Impurities-—Tests for the
presence of foreign substances and impurities are pro-
vided to limit such substances to amounts that are

unobjection able'under conditions in which the article
is customarily employed (see also Impurities in Of-
ficial Articles (1086)). - -
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While one of the primary objectives_.of the Phar-
mgcopeia is to assure the user of official arttcles of
their identity, strength, quality,-and purity, it is man-
ifestly impossible to include in each monograph a test
for every impurity, contaminant, or adulterant that
might be present, including microbial contamination,
These may arise from a ‘change in the_ source of ma-
terial or from a chan_ge in the processing, or may be
introduced from extraneous sources. Tests suitable
for detecting such occurrences, the presenceof which
is inconsistent with applicable manufacturing prac-
tice or good_ pharmaceutical practice, should be em-
ployed in additionto the tests- ‘provided in the indi-
vidual monograph. ' .

Procedures'—Assay and test procedures are pro-
vided for determining compliance with the Pharma-

copeial standards of identity, strength, quality, and
purity. ' _. , _ _

In performing the assay. or test procedures in this
Pharmacopeia, it is expected that safe laboratory
practices will be followed. This includes_-the utih-
zation of precautionary measures, protective equip-
ment, and work practices consistent with the chem-
icals and procedures utilized. Prior to undertaking
any assay or procedure described in this Pharmaco-
peia, the individual should be aware of the hazards
associated with the chemicals and the procedures _and
means of protecting against them This Pharmaco-

peia is not designed to describe such hazards or pro-'
tective measures. _ _ _

Every compendial article" in commerce shall beso
. constituted that when examined in accordance with

these assay and test procedures, it meets all of the
requirements in the monograph defining it. However,
it is not to beinferred that applicationof every an-
alytical procedure ‘in the monograph tolsamples from
every production batch is necessarily a prerequisite
for assuring compliance with Pharmacopeial stan-
dards before the-batch is released for distribution.

Data derived from manufacturing process validation
studies and from iii-process controls may provide
greater assurance that a batch meets a particular
IT10I10gra ph requirement than analytical data" derived.
from an examination of finished units drawn from‘

thatbatch. Onthe basis of such assurances, the an-
alytlcal procedures in the monograph maybe Omitted
by the manufacturer in judging compliance of the
batch with the Pharmacopeial standards. ' _

A1l_tomated_ procedures employing the same basic
Chemistry as those assay and test procedures given in
thcmonegraph are recognized as being equivalent in
their suitability for determining compliance. Con-
Wisely. where an automated procedure is‘ given in the
m°i‘°gT3Ph_, manual procedures employing -the same
£559 Chfimlstry are recognized as being equivalent in

1.5“ Suitability for determining compliance. Com’-
fialgjce may be determined also by the use of. alter-
Sens; Ijnethods, chosen for advantages inaccuracy,
,0mat*,"1tY, precision, selectivity, or adaptability to au-
speCia1}0f_l Or computerized data reduction or in other
pmccd circumstances. Such alternative or automated
Phamligrres or methods shall be validated. However,

°0P€=ial standards and procedures are inter-
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related; therefore, where a difference appears .or in
the event of dispute,-only the result- obtained by the
procedure given in this Pharmacopeia is conclusive.

In the performance of assay or test procedures, not
less than the specified number of dosage units should
be taken for analysis. Proportionately larger or
smaller quantities than the -specified weights and vol-
umes of assay or test substances and_ Reference Stan-

dards may be taken, provided the measurement _is
made with at least equivalent accuracy and provided
that ‘any subsequent steps, such as dilutions, ,are ad-
justed accordingly to yield concentrations equivalent
to-those- specified and are made in such manner as
to provide at least equivalent accuracy. -

Where it is directed in ‘an assay or a test that a
certain quantity of substance or _a counted number of
dosage units is to be examined, the-specified quantity
or number is a minimal figure (the singlet determi-
nation) chosen only for convenience.-of analytical ma-
nipulation; it is not intended to- restrict the total quan-.
tity of substance or number of. units that may be
subjected to the assay or test or that should be tested
i_n_ accordance with good manufacturing practices,

_W'here it is directed in the assay of Tablets to T‘weigh
and finely powder not. less than” a given number,
usually 20, of the_Tablets,_it is intended that a coun_ted
number of Tablets shallbe weighed and reduced to
a powder. The portion of the powdered tablets taken
for assay is. representative of thewhole Tablets and
is, in turn, weighed accurately. The result of the as-

say is then related to the amount of active ingredient
per Tablet by multiplying this result by the average
Tablet weight and dividing by the weight of the por-

tion taken for the assay. .
Similarly, where it is directed in the assay of Cap-

sules to remove, as completely as possible, the con-
tents of not less than a_given number, usually 20, of

' the Capsules, it is intended that a counted number
of Capsules should _be carefully opened and the con-
tents quantitatively removed, combined, mixed, and_
weighed accurately, The portion of mixed Capsules
contents taken for the assay isrepresentative of the
contents of the Capsules and is, in turn, weighed ac-
curately. The -result of the assay is then related to
the amount'of active ingredient per Capsule by mul-
tiplying this result by the average weight of Capsule
content and dividing by the.weight of the portion
taken for the assay.

Wherethe definition in a monograph states the
tolerances as bein “calculated "on the dried -(‘or an-
hydrous or ignited basis,” the directions for drying
or igniting the sample prior to assaying are generally
omitted from the Assay procedure. Assay and test
procedures may be performed on the undried or unig-
nited substance and the results calculated on the dried,
anhydrous, .or ignited basis, provided a test for Loss
on drying,-or Water, or Loss on ignition, respectively,
is given in the monograph. Where the presence of
moisture or other volatile material may interfere with
the procedure, previous drying of the substance is
specified in the individual monograph and is oblig-
atory.
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Throughout a.-monograph thatincludes-a test for
Loss on drying or Water, the‘ expression “previously
dried” without qualification. signifies that -the'sub-
stance is to be dried as d_irected under "Loss on drying
or Water (gravimetric determination). '

Unless otherwise directed in the test or assay in
the individual monograph or in a general chapter,
USP Reference Standards are to be dried before use,-
or used without prior drying,. specifically in accord"--'
ance with the instructions given in the chapter USP-'
Reference Standards'(11), and on the label of the
Reference Standard. Where the label instructions

differ in detail from those in the chapter,‘ the label
text is determinative. ' -- . -

In stating‘ the appropriate quantities to be taken
for" assays and tests, the use‘ of the-word‘ “about”
indicates a quantity within 10% of the specified weight
or volume.- However, the weight or volume taken is
accurately determined and the calculated result is
based upon the exact amount taken. The same tol-
erance applies-to specified dimensions. ' -

Where the use of a_pipet is directed for measuring

a specimen or an" aliquot in conducting a test or "an
assay, the pipet conformslto the standards set‘ forth
under Volumetric Apparatus (31), and is to'be used‘
in 'suc'h'manner that the 'error'doe_s not exceed the
limit" stated for a pipet of- its size. Where a pipet is‘
specified, a_ suitable buret,‘ conforming to the stan-
dards set‘ forth under_ Volumetric‘ Apparatus (31),
may besubstituted. Where a “to contain” pipet is"

specified,‘ a suitable volumetric flask may be substi-
tuted. _

Expressions such as “25.0 _mL” and “25.0 mg,”
used with respect to_ volumetric or gravimetric mea-
surements, indicate that the quantity" is to be “ac-
curately measured” or “accurately weighed” within"
the limits stated under, Votumetric Apparatus (31)
or under Weights and Balances _{4l').' I

The term” “transfer” is used generally to specify a
quantitative manipulation. ' '
' The" term_ “concomitantly,” used in such expres-
sions as “concomitantly determine” or “concomi-
tantly measured,”._ in directions for assays and tests,
is‘ intended to denote that the determinations or mea-

surements a_re to be performed in immediate succes-
sion. See also Use of Reference Standards under
Spectrophotornetry and Light-scattering (851).

Blank De,termI'nation—Where it is directed that
“any necessary correction” be made by a blank de-

termination, the determination is to be conducted us-
ing the same quantities of the same reagents treated
in the same manner as the solution ,or mixture con-

tain_ing the portion of the substance under assay or
test, but with the substance itself omitted. -_

Desiccator—Th'e expression “in a desiccator” spec-
ifies the use of a tightly closed container of suitable
size and design that maintains an atmosphere of low
moisture content_by means of silica gel or other suit-
able desiccant. - ' ' - '

A “vacuum._desiccator” is one that maintains the

low-moisture atmosphere at a reduced pressure of not
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more than 20 n1_I_n=' of mercury or at the pressure des-
ignated in the individual monograph.

-‘Dita-tion-Where it is directed that a solution be

diluted" “quantitatively and stepwise,” an accurately
measured portion is to be diluted by adding "water or
other solvent, in the proportion indicated,‘ in one or
more steps. The choice of apparatus to be‘ used should
take into account the relatively larger errors generally
associated" with using small-volume volumetric" ap-
paratus -(see Volumetric Apparatus (31)). '

Drying to Constant Weigh't—T'he specification
“dried to ‘constant weight” means that _the drying
shall be continued "until two consecutive weighings do
not differ by more than 0.50 mg per g of substance
taken, the ‘second weighing"following' an additional
hour of drying. ' ' -

Fittration—'Where it is directed to “filter,” with-
out further qualification, the intent is that the liquid-
be filtered through suitable filter paper orequivalent
device until the filtrate is clear. _ _' '

' Identification Tests—The _Pharn1acopeial' tests
headed Identification are provided as an aid inver-
ifying the identity of articles" as they are purported
to be, such as those taken from labeled containers.

Such.tests,.hoWeVer specific, are not necessarily suf-
ficien__t to establish proof of identity; but failure of .an
article taken _from a labeled container to meet the
requirements of a prescribed identification test in-
dicates that the article may be mislabeled. Other
tests and specifications in the monograph often con-
tribute to establishing or confirming the identity of
the article under examination. " ._ '

Ignition to Constant Weight—The specification
“ignite to constant weight” means that the ignition
shall be continued,_at 800 -i 25° unless otherwise
indicated, until two consecutive weighingsdo-not dif-_
fer by more than 0.50 mg per g of substance taken,"
the second .weighing_fo1lowing an additional 15-min-
ute ignition period. _- , -. - :

-.Indicator.s=Where the use of a test solution (“TS”)
as an-"indicator is specified in a test or an assay, ap-
proximately 02 mL,- or 3. drops, of‘ the solution shall
be added, unless otherwise directed. .'

Logarithms—-Logarithms used in the assays ‘are to
the base 10. ' ' _ ' ' - ~ - "_

Microbial '_St'rains—'—VVl_1ere a microbial strain. is
cited and identified by its ATCC catalog number, the
specified strain shall be used directly.or, if"subcul-
tured,_ shall be used not morethan five passages re-"
moved from the original strain. ' _

Neglt'g1'ble—This term indicates apquantity not ex-
ceeding 0.50 mg. - . '

0dor—Terms such as “odorless,” “practically.
odorless,” --“a faint characteristic odor,” or variations
thereof, apply to examination, after exposure to the
air for 15 minutes, of either_a freshly opened package
of the- article (for packages containing not more than
25 g) or (for larger packages) of a portion of about
25 -g of the- article that has been removed from "its
package to .an open evaporating dish of about 100-
mL capacity. An odor designation is descriptive only
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and is not to be regarded as a standard of purity for
3 particular lot of an article. - = '

Pressure Measurements—-Theterm_“mm of mer-"
wry» used with respect to measurements‘ of blood
pressure, pressure ' within an apparatus, _ or at_mo-
spheric pressure refers to the use of a suitable‘ ma-
nometer or barometer calibrated in t_erms of the pres-
sure exerted by a col_umn of mercury ‘of the stated
height. . , .

.S‘olutions—¥Unlcss otherwise specified in the in-
dividual monograph, _all solutions called for in_tests
and assays are prepared with Purified Water..

An expression such as “(I in 10)" means t_hat 1
part by volume of a liquid is to be-diluted with, or 1
part by weight of a solid is to_ be dissolved in, sufficient
of the diluent or solvent to make the volume of the
finished solution 10 parts by volume. _ _

An expression such as “(20:5'.2)” means that the
respective numbers of parts, by volun'ie,_of the des-
ignated liquids are to be mixed, unless otherwise in-
dicated. - '

The notation “VS” after a specified volumetric so-.
lution indicates that such solution is standardized in

accordance with directions given in the individual
monograph or under. Volumetric Solutions in the sec-
tion Reagents, Indicators, and Solutions,_ and is thus
differentiated from solutions of approximate nor-

mality or molarity.
Where a standardized solution of a specific coni.

centration is called for in a test or an assay, a.solution
of other normality.or molarity may be used,. provided
allowance is made for the difference in concentration
and provided the error of measurement is not- in--
creased thereby. . _ _. - ; _

Specific Gravity-—Unless otherwise stated, the spe-
cific gravity basis is 25° /25°, i.e., the ratio of the-
weight of a substance in air at 25° to the weight of
an equal volume of water at the same temperature.

Temperatures-—Unless' otherwise specified, ' all
temperatures in this Pharmacopeia are expressed in
Centigrade (Celsius) degrees, and all measurements
are made at 25°. See Storage Temperature under
Preservation, Packaging, Storage, and Labeling for
other definitions. ' - "

Time Limit——In the conduct of tests and assays, 5
minutes sh all be allowed for the reaction to take place‘
unless otherwise specified. ' '

V001! um——The term “in vacuum" denotes exposure
10 3 Pleasure of less than 20 mm of mercury unless

' otherwise indicated.

F WECTC Cl1'Yi_Ilg.in vacuum over "a desiccant is di-
.50“: In the individual monograph, a vacuum des-
iccator or a vacuum drying pistol, or other suitable
vacuum drying apparatus, is to be used.

Says “Eff-Where water is called for in" tests and as-
Spmzlfi 13'"lfied Water is to .be used unless otherwise
diDx.d° - For special kinds of water such as ‘carbon

1 C—frce water,” see the introduction to the sec-

::El.;R"3a3€nts, Indicators, and Solutions. For High-
? Water see Containers (661). '
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' Water and. Loss on Dryt'ng'—Where the water of
hydrationor adsorbed water of a Pharmacopeial ar-
ticle is determined by the titrimetric method, the test
is -generally given under the heading Water. Mono-
graph limits expressed as a percentage are figured on
a weight]weight basis unless otherwise specified.‘
Where "thedetermination is made by drying under
specified" conditions, the test is generally givenunder
the heading Loss on drying. However, Loss on drying
is most often_given as the -heading where the loss in
weight is known to represent residual volatile con-
stituents including organic solvents as well as water‘.

.- Test Results, Statistics, and -Standards——-Int'er'pre-
tation of results from official tests and assays requires
an understanding of the" nature and style of compen-
dial standards, in addition to an understanding of the
scientific and mathematical aspects‘ of laboratory
analysis ' and quality assurance for analytical labo-
ratories. ~' '

Confusion of compendial standards with release
tests and with statistical sampling plans occasionally
occurs; Compendial standards" define what is an ac-
ceptable article and give test procedures that dem-
onstrate that the article is in compliance. These stan-
dards apply at any time in the life of the article from

production to consumption. The manufacturer's re-
lease specifications, and compliance with good man-
ufacturing practices generally, are developed and fol-

lowed to assure that the article will indeed comply
with compendial standards until its expiration date,
when storedas" directed. Thus, when tested‘ from the
viewpoint of commercial or regulatory compliance,
any specimen tested as directed in the monograph for
that article shall comply (see Test and Assays under
General Notices).- _

Tests and assays in this Pharmacopeia prescribe
operation on a single-specimen,-that is, the singlet
determination, which is.the'minimum"‘sample on which

the attributes of a compendial article should be mea-
sured. Some tests, such as those for Dissolution and

Uniformity of dosage units, require multiple dosage
units in conjunction with a decision scheme. These
tests, albeit using a numb_er of dosage units, are.in
fact the singlet determinations of_ those particular at-
tributes of_ the"specin_ien. These procedures should
not be confused with statistical sampling plans. "The
compendial procedures demonstrate compliance of the

attributes of an article with compendial standards for
a specimen (of one ormore dosage units) that is sub-
jected to analysis. Repeats, replicates, statistical re"-
jection of outliers, or extrapolations of results to larger
populations are neither specified nor proscribed by
the compendia; such decisions are dependent on the

objectives of the‘ testing._ Commercial or regulatory
compliance testing, or 'manufacturer’s release testing,
may or may not require examination of additional
specimens, in accordance with predetermined guide-
lines or sampling strategies. Treatments of data han-
dling are available from o_rganizations such as ISO,
IUPAC, and AOAC.

Description—Information on the “description”
pertaining to an article, which is relatively general in
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nature, is provided in the reference table Description
and Reiative Solubility of USP and NF Articles in
this Pharmacopeia for- those who use, prepare, an_d
dispense drugs and/or related articles,‘ solely -to in~.
dicate properties of an article complying With.mono-
graph standards. The properties are not in themselves
standards or tests for purity even though they- may
indirectly assist in the preliminary evaluation of an
article.

Solul)iIity—The statements concerning solubilities
given in the reference table Description and Relative
Solubility of USP and NF Articles for Pharmaco-
peial articles are not standards or tests for purity but
are provided_ primarily as information for those who
use, prepare, and dispense drugs and/or related ar-
t_icles. Only where a quantitativesolubility test is
given, and is designated as such, is it a test for purity.

The approximate solubilities of -_Pharmacopeial
substances are indicated by the descriptive terms in
the accompanying table. ' .

2 Parts of Solvent

Descriptive‘ ' Requiredfor
Term ' ' 1 Part‘ of Solute

-Very soluble Less" than 1
_Freely soluble From 1 to 10
Soluble ' From 10 to 30

From 30 to 100 '
- From 100 to 1000

From 1000 to 10,000
10,000 and over

Sparingly soluble
Slightly soluble
Very slightly soluble‘
Practically insoluble,

or Insoluble

Soluble Pharmacopeial articles, when brought into
solution, may show traces of physical impurities, such
as ‘minute fragments of filter paper, fibers, and other
particulate matter, unless limited or excluded-by def-
inite tests or: other specifications_ in the individual
monographs. . . -

- PRFSCRIBING AND DISPENSING -
Prescriptions fo_r compendial articles than be_ writ-

ten to state the quantity and/or strength desired
metric units unless otherwise indicated in the .1nd1-

vidual monograph (see also Units ofPotency in these;
General Notices). If an amount is prescribed by any
other" system of measurement, only an amount that
is the metric equivale'nt of the prescribed amount.shall
be dispensed. '

__ PRESERVATION, PACKAGING,
STORAGE, AND LABELING

C_ont'ainers—-The container is that -which holds the

article and is or may be in ‘direct contact with the
article". The immediatecontainer is that which is in

direct contact with the article at all times. The clo-

sure is a part of the container. '
Prior to its being filled, the container should be

clean. Special precautions and cleaning procedures
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may be necessary to ensure that each container-is
clean and that extraneous matter is not introduced
into or onto the article. _ _ , .

The container does not interact physically or chem-
ically with the article placed in it so as to alter the
strength,_ quality, or purity of the article beyond the

official _requirem_ents. _ -' . '
The Phaimacopeial requirements for the use of

specified containers apply also to articles as packaged
by the pharmacist or other dispenser, unless otherwise
indicated in the individual monograph. '

Tamper-resistant Packaging—The container or
individual carton of a sterile article intended for oph-
thalmic or‘ otic use, except where extemporaneously
compounded for immediate dispensing on'__prescrip-
tion, shall be so sealed that the contents cannot be
used without obvious destruction of the seal.‘

Articles intended for sale without prescription are
also required‘ to comply with the tamper-resistant

packaging and labeling requirements of the FDA
where applicable.

Preferably, the immediate container and/or the‘
outer-container or protective--packaging utilized by a
manufacturer or distributor for all dosage forms that
are not specifically exempt is designed so as to -show

evidence of any tampering with the contents.
' Light-resistant Container (see Light Transriiission

under Containers (661 ))'—A light-resistant container
protects the contents from the effects of light by vir-
tue of the specific properties of the material of which
it "is composed, including any coating applied to it}
Alternatively, a clear and" colorless or a translucent
container may be made light-resistant by means of
an opaque covering, in which case -thelabel of the
container bears a statement that the opaque covering
is needed :until the contents are to be. used- or admin-
istered-. -Where it is directed to “protect from light”
in -an individual monograph, preservation in a light-
resistant-containeriis -intended. - — '

Where an article is_required to be packaged in a
light"-resistant container, and if the container is made
light-resistant by means of an opaque covering. a sin-
gle—use, unit-dose container or mnemonic pack for
dispensing may not be removed f'rom'the outer. opaque__
covering prior to dispensing. , '

Weii-ciosed Container-_-A well-closed container
protects the contents from extraneous solids and'from
loss of the articleunder the "ordinary or customary
conditions of handling, shipment, storage, and dis-
tribution. " ' = '

Tight" Container—A tight container protects the
contents from contamination by extraneous liquids,
solids, or vapors, from loss of the article, and from
efflorescence; deliquescence, or evaporation under the
ordinary or customary conditions of handling, ship-'
ment, storage, and distribution, and is capable of tight
re-closure. Where a tight container is specified,'it
may be replaced by a hermetic container for a single
dose of an article.

A gas cylinder is a metallic container designed to
hold_ a gas under pressure. As a safety measure, for
carbon dioxide, cyclopropane, helium, nitrous oxide,
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and oxygen, the Pin-index Safety System of matched
fittings is recommended for cylinders of .S1ze E or
smaller. _ , - ' ',

NOTE-—Wh6T6 packaging and storage in .a;_ttgl1t
coma,-nay 01-. a well-closed container is_speeified in
the individual monograph, the container utilized for
an article when dispensed on prescription meets_ the
requirements under Containers—Permeation (671).

Hermetic Container—A hermetic container is im-

pervious to air or any other gas under the ordinary
or customary conditions of handling, shipment, stor-
age, and distribution. - _ - _- _

Single-unit Container—A' single-unit container is
one that is designed to h_old_a quantity ofdrug product
intended for administrat'ion as a single dose or a single
finished device intended for use promptly after the
container is opened. Preferably, the immediate con-
tainer and/or the outer container or protective pack-
aging shall be so designed as to show evidence of any
tampering with the contents._ Eachsingle-unit con-
tainer shall be labeled to indicate theidentity, quan-'
tity and /or strength, name of the manufacturer,_lot
number, and expiration date of the article. __ I

Single— dose Container (see also Containers for In-
jections under Injections (-1))—A single-dose con.-
taincr is a single-unit container.for articles intended
for parenteral" administration only. A single~dose
container is labeled as such. Examples of single-dose
containers include pre-filled syringes, cartridges, fu-
sion-sealcd containers, and closure-se_aled con_tain_e_rs.
when so labeled. ' -

Unit—dose Container-—A unit-dose. container is a
singlc—unit container for articles intended for admin».

istration by other than the parenteral route as a single
d0S€. direct from the container. - '

‘Multiple-unit Container-—A multi le-unit con-
tainer is a container that permits with rawal of suc-
cessive portions of-the contents without changing the
Stffiflgih. quality, or purity of the remaining portion.

Muz’tt'ple—dose Container (see also Containers for
l-’U'-‘3Ct_ions under Injections (l))~_—A multiple‘-dose
container is a multiple-unit container "for articles in_-
t'3I1d6d for parenteraladministration only.

St°1’_3ge Temperature-—Specific directions are
stated in some monographs with respect to the tem-

-pcratures at which‘ Pharmacopeial articles shall be

filmcdi when_stabi_lity data indicate that storage at ‘a
ower or a higher temperature produces undesirable
results. Such directions apply except where the label
on an article states a different storage temperature
on the basis of stability stu_dies of that particular for.-.
mulation. The conditions are defined by the following"terms,

‘Freezer--A place in which the temperature '.is
Enfllngained thermostatically -be_tween._ ~ 20° and —10.‘‘

4 and 14°F), _

A E;£ai"“An3’ tfimperature not exceeding 8° (-46°F).
rfgerator is a cold place in which the temper-

giure 1*: maintained thermostatically between 2° and
(36 and 46oF)_ I _ . _
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Cooi—_Any temperature between 8° and 15° (46°
and 59°F). An_ article for which storage in a cool
place isdirected may, alternatively, be stored in a
refrigerator, unless otherwisespecified by the indi-
vidual monograph.

Room Ternperature~-The temperature "prevailing
in a working area.- ' ' '

Controlled Room" Temperature-—A temperature
maintained thermostatically that encompasses the
usual and customary working environment of 20° to
25° _('68° to 77°F); that results in a mean kinetic
temperature calculated to be not morethan 25°; and
that allows for excursions between 15° and 30° _(59°
and 86°F) that are experienced in pharmacies, hos:
pitals, and "warehouses; Articles may be labeled for
storageat “controlled room temperature” or at “up
to 25°”, or "other wording based on the same mean
kinetic temperature. The mean kinetic temperature
is" a calculated value that may be used as an-'isoth-
ermal stora' e temperature that simulates the noniso-
thermal ef ectsof storage temperature variations.
(See also Stability under Pharmaceutical Dosage
Forms (1151).) ‘ . ‘ -

'_An article for which storage at Controlled room
temperature is directed may, alternatively, be stored
in a cooi- place, unless otherwise specified in the in-
dividual monograph or on the label. _ ' , _

_Warm—Any temperature between 30° and 40°
(8_6_° and 104°F). ' ' . _ , ' .

_'Excessive Heat-_—.-Any temperature above 40°

(l04°F). ' _ . _
Protection from Freezing~.—Where,_ in addition to

the riskof breakage of the container, freezing subjects
an article "to loss of strength or potency, or to de-
structive alteration of. its. characteristics, the con-
tainer label bears an appropriate instruction to pro-
tect the article from freezing. ' '

Storage under Nonspecific Conditions—For arti-
cles, regardless of quantity, where no specific storage
directions or limitations are provided in the individual
monograph, it is to be understood that conditions of
storage and distribution include protection from
moisture, freezing, and excessive heat. - -

Lal3eling-The term “labeling” designates all la-'
bels and oth_er,written, printed, or graphic matter
upon an immediate container of an article or upon,
or-in,‘ any package or wrapper in which it is enclosed,
except any-outer shipping container. The term “la-
bel” designates that part of the labeling upon the
immediate container. _ '

'. .-A shipping container, unless such container is also
essentially the immediate container or the outside of
the consumer package, is exempt from the labeling
requirements of this Pharmacopeia. -

Articles in this Pharmacopeia are subject to com
pliance.-with such labeling requirements as may be
promulgated by governmental bodies in addition to
the Pharmacopeial requirements set forth for the ar-
ticles. . --

Amount of Ingredient per Dosage‘ Unit——Th
strength of a drug product is expressed on the con-
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tainer label in terms of micrograms or milligrams or
grams or percentage of the therapeutically active
moiety" or drug substance, whichever form is used in
the title. Both the active moiety and drug substance
names and their equivalent amounts-"are" then pro-'
vided in- the labeling. . a -.

Pharmacopeial articles in capsule, tablet,-or other.
unit dosage form shall be labeled to express the quan-
tity of each active ingredient or recognized nutrient
contained _in__each. such unit. Pha_rmacopeial drug
products not in unit dosage form shall-be labeled to
ex ress the quantity of each active-ingredient ineach
mi liliter or. in each gram, or to express the percentage
of each; suchingredient (see Percentage Measure-
ments), except that oral liquids_ or. solids intended to
be constituted to yield oral liquids may, alternatively,
be labeled in terms of. each 5-milliliter portion of_the
liquid or resulti-ng "liquid. Unless otherw_ise_indicated
in a monograph or chapter,‘ such declarations of
strength or qua_ntity shall be stated. only_in_ metric
units (see also Units ofPotency in these General No
tices. - ' .

In order to help minimize the possibility of errors
in the dispensing and administration - of _ drugs, the
quantity of active ingre_dient_ when expressed in whole
numbers shall be shown without a decimal point that
is followed by a terminal zero (e.g., express as 4 m_g
[not 4.0 mg]_). The quantity of active ingredient when
expressed as a decimal number smaller than one shall
be shown with a zero_ preceding the decimal point
(e.g., express‘ as 0.2 mg [not-.2 mg]). ' .

Labeling of Salts of Drags—It_ is ’an established
principle that'P_harmacopeial articles shall have only,
one official name. For purposes of saving space on
labels, and because chemical symbols for the most
common inorganic salts of drugs are wellknown to"
practitioners as "synonymous with the Written forms,
the following alternatives are permitted in labeling
official articles that are salts: HCl for hydrochloride;

HBr for hydrobromide; Na for- sodium; and K for
potassium." The symbols Na and K are intended for
use in" abbreviating names of the salts of organic acids;
but these symbols are not used where the -word'S‘o--
dium or Potassium appears at the beginning of an
official title (e.g., Phenobarbital Na is acceptable, but
Na Salicylate is not to be written). . - ..

Labeling 'Vitamin-c0ntaining- Products--The vi-
tamin content of Pharmacopeial preparations shall be
stated on the label in metric ‘units per dosage unit.
The amounts-of vitamins A, D, and B may be stated
also in USP Units. Quantities of vitamin A declared
in metric units refer to t-he equivalent -amounts of
retinol'(vitamin A alcohol). The label of a nutritional-
supplement shallbear an‘ identifying lot number, con-
trol number, or batch number.- ' '

3 Labeling Parenteral and Topical Preparati0ns—
The label of a preparation intended -for parenteral or.
topical use states t-he names of all added'substances'
(see Added Substances in these General Notices, and
see Labeling under Injections (1)), and, in the case
of parenteral preparations, also their ‘amounts or pro-
portions, except that for substances. added for ad-.

USP 23

justment of pH or to achieve isotonicity, .the-_label
may indicate only their presence and the. reason for
their addition. '

Labeling Electr0lytes%The concentration and
dosage of electrolytes for replacement- therapy (e.g.,
sodium chloride or‘ potassium chloride) shall be stated
on the label -in milliequivalents (m-Eq); The label of
the product shall "indicate also"the quantity of ingre-
dient(s)-.in terms of weight or percentage concentra-
tion. - - ' . - -

Labeling -Alcohol—The content of alcohol in a liq-
uid preparation shall be stated on-the label as a per-
centage (V/V) of: C2H5OI-I.- - - -. _

"Special Capsules and Tablets———The label of any
form"of Capsule or Tablet intended for administra-

tion other than by'_ swallowing intact bears a promi-
nent indication of the manner in which it'is to be
used.- ' ' ' V '- -‘ "

Expiration Date--The"lab'el ‘of an official d'ru‘g_
product or nutritional supplement shall bear an ex-
piration date._ ‘All articles shall display the expiration
date so that it can be read by an ordinary individual
under customary conditions of purchase and use. The
expiration ‘date shall be prominently displayed in high
contrast to the background or" sharply embossed, "and
easily understood (e.g., “EXP 6/89,” “Exp. June 89,”
“Expires 6/89”). [NOTE——-For additional "informa-
tion and guidance,'refer to the Nonprescription'Drug
Manufacturers Associatio_n’s Volu-ntar-y' Codes and
Guidelines ‘of the OTC" Medicines l'ndusi:ry.]" -

The monographs for some preparations state'- how
the expiration date that shall appear on the label- is
to be" determined. In the absence of a specific -re-.
quirement in.the individual monograph‘ for a drug
product or nutritional supplement, the label shall bear
an expiration date. assigned for-.the particular for-
mulation and-" package of the article, with..the follow-
ing exception: the label need; not show an expiration
date-in the case of a drug product or _nutritional sup-
plement packaged a container that.is_ intended -for
sale witho.ut--prescription and t_he_.'labeling of which
states no dosage limitations,_ and -which. is stable for
not less than 3 years-_-when stored under the prescribed
conditions. __ _ _-_ _ _ _

Where an official ‘article 'is_ i-equire'd__t_o _bear an
expiration date, "such article shall be dispensed solely
in, or from, a container‘ _labeled with ‘an’ expiration
date, and the date on which the_article—_is_'disper1sed
shall be within the. labeled expiry period. The expi-
ration date identifies the time during which the article
I_I_1&_1y'._be‘expecte'd'to, meet theirequirements-of the
Pharma_copeial monograph provided it is kept under
the" prescribed storage conditions. "The expiration date
limits the time during which the article may be dis-
pensed or used. Where an expiration date "is stated
only in termsof the month and the year, it is‘a rep-"
resentation that the intended expiration ’date is ‘the
last day of the "stated month. . . -

For articles "requiring constitution prior-to_ use, a
suitable beyond-use.date for the constituted product
shall be identified in the labeling. _ ' ' - '
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In determining an appropriate period of time dur-
ing which a prescription drug may be retained by a
patient after its dispensing, the dispenser shall ‘take
into account, in addition ,to any other- relevant factors,
the nature of the drug; the container in which it was
packaged by'the manufacturer and the expiration date
thereon; the characteristics of"the patientjs container,
if the article is repackaged for dispensing; _the.ex-
pected storage conditions to which the article may be
cxposcd; and the expected length of time of the course
of therapy. Unless otherwise required, the dispenser
may, on taking into account the foregoing, place on
the label of a multiple-unit container a suitable be-

yond-use date to limit the patient’s use of the article.
Unless otherwise specified in the individual mono-

graph, such beyond-use date shall be not later than
(a) the expiration date oi_"_i"the-manufacturer’s con-
tainer, or (b) one year from the date the drug is
dispensed, whichever is earlier.

VEGETABLE AND ANIMAL SUBSTANCES

The requirements for vegetable and animal sub-
stances apply to the articles as they enter commerce;
however, lots of such substances intended solely for
the manufacture or isolation of volatile oils, alkaloids,

glycosides, or other active principles may depart from
such requirements.

Statements of the distinctive microscopic structural
elements in powdered substances of animal or vege-
table origin may be included in the individual mono-
graph as a means of determining identity, quality, or
purity. '

Foreign Matter—Vegetab1e and animal substances
are to be free from pathogenic organisms (see Mi-
crobiological Attributes of Nonsieriie Pharmaceu-
tical Products (1111)), and are to be as free as rea-
sonably practicable from microorganisms, insects, and
other animal contamination, including animal ex-

creta. They shall show noabnormal discoloration,
i1_bnormal odor, sliminess, or other evidence of dete-
notation.

The amount of foreign inorganic matter in vege-
table or animal substances, estimated as Acid-insob
ubie ash, shall not exceed 2 percent of the weight of
3?? Substance, unless otherwise specified in the in-

ividual monograph.

d Before Vfigetable substances are ground or pow-
hfrcds 3_l0i1f=S. dust, lumps of soil, and other foreign

“B31119 matter are to be removed by mechanical or
Other suitable means.

tagl'1c‘;0IlI;1merce it is seldom'possible to obtain vege-
admi Ud stances that are without some adherent or

X6 , innocuous, foreign matter, which usually is
_N0 poisonous, dangerous, or other-

mm For _ elgn matter or residues may be pres-
nm Speciglgél matter includes any part of the plant

Pr 1e. as constituting the substance.
eservation-—-Vegetable or animal substances maybe . . _

Pmteeted from insect infestation or microbiolog-

wise noxious for
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ical contamination by means of suitable agents or
processes that leave no harmfulresidues.

-WEIGH'1"S.AND MEASURES

The lnternati_onal__System of U_riits'(Sl) is used in
this Pharmacopeia. _"_I‘he SI metric and other units,
and the symbolscommonly employed, are as follows.

Ci = Curie
. mCi = millicurie I-_

_uCi = microcurie
nCi = nano-curie

'Eq = gram-equivalent '
' .-weight (equivalent)

mEq = milliequivalent.
mol = gram-molecular

- ' weight (mole)
Da = dalton (relative mo-

lecular mass).
mmol = millimole

- Osmol = osmole

m0smol = milliosinole

Mrad = -megarad

m = meter
dm =' decimeter

em = centimeter -
mm = millimeter Hz = hertz
um = micrometer kHz = kilohertz

(0.001 mm) MHZ = megahertz _
nm = nanometer‘ MeV = million electron '
kg = kilogram volts '

g = gram ** keV = kilo-electron volt
mg = milligram mV = millivolt

133% mcg = micrograml psi = pounds per square
ng =_ nanogram inch

g = picogram Pa = ascal
L = deciliter kPa -*= 'lopascal
L = liter g % gravity (in

mL = milliliter; Zl: centrifugation)
- ,uL = microliter

"‘ Formerly the symb0l.m,p. (for millimicron) was used.
** The grain is the unit of mass that is used to measure quan-

tities of materials, Weight, which is a measure of the gravita-
tional force acting on the mass of a material, is roportional to,
and may differ slightly from, its mass due to the e fects of factors
such as gravity, temperature, latitude, and altitude. The differ-
ence between mass and weight is considered to be insignificant
for compendial assays and tests, and the term “weight” is used
throughout USP and NF.

1' Formerly the abbreviation mcg was used in the Pharmaco-
peial monographs; however, the symbol pg now is more widely
accepted and thus is used in this Pharmacopeia. The term
“gamma,” symbolized by 7, is frequently used for microgram in
biochemical literature.

NoTE—Tlie abbreviation mcg is still commonly employed to
denote microgram(s) in labeling and in prescription writing.
Therefore, for purposes of labeling, “mcg” may be used to denote
microgram(s).

Ill One rnilliliter (mL) is used herein as the equivalent of 1 cubic
centimeter (cc).

The International System of Units (S1) is also used
in all radiopharmaceutical monographs. The symbols
commonly employed are as follows.

Bq = bee uerel GBq = gigabeoquerel
kBq = kilo ecquerel Gy = gray

MBq = megabec- mGy = milligray
querel

CONCENTRATIONS

Molal, molar, and normal solution concentrations

are indicated throughout this Pharmacopeia for most
chemical assay and test procedures (see also Volu-
metric Solutions in the section, Reagents, Indicators,
and Solutions). Molality is designated by the symbol
m preceded by a number that is the number of moles
of the designated solute contained in one kilogram of
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the designated solvent. Molarity is designated by the
symbol M preceded by a number that is the number_
of moles of the designated solute contained in a_n
amount of the designated solvent that is sufficient to

prepare one liter of solution. Normality is designated
by the symbol N preceded by a number that is the
number of equivalentsof the designated solute con-
tained in an amount of the designated solvent that is
sufficient to prepare one liter of solution. '

Percentage Measurements?-—Percentage concentra-

tions are expressed as follows:

Percent weight in weighi~_(w/W) expresses the
number of g of a constituent in 100 g of ‘solution or
mixture.

Percent weight in v0Iume—'(w/v) expresses ‘the
number of g of a constituent in 100 mL of solution,

USP 23-

and is used regardless ‘of whether water or anothe
liquid is the solvent. . . -

Percent volume in vo:_'ume—(v/V) expresses the
number of 1111;. of a constituent in 100'mL of solution.

The termpercent usedlwithout qualification means,
for mixtures of solids and semisolids, percent weight
in Weight; for solutions or_suspensions _of solids in
liquids, percent weight in volume; _.for. solutions of _
liquids in liquids, percent volume in volume; and for

solutions of gases in liquids, percent Weight in volume.
For example, a 1 percent solution is prepared by dis-
solving 1 g of a solid or semisolid, or 1 mL of a liquid,
in sufficient solvent to make 100 _mL of the solution..

In the dispensing of prescription medications, slight
changes in volume owing to variations in room tem-

peratures may be disregarded
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Apparatus

, . amb-I consistsof a basket-rack assembly, a l000—n1L,
159“ km. for the‘ immersion fluid, a thermostatic arrange—_
“flaring the- fluid between 35° and 39°, and a device

and lowering the basket in _the immersion fluid_ at a
. - “may rate between 29 and. 32 cycles per minute
"fiance of not less than 5.3 cm and not more than 5.7

lume of the fluid in the vessel is such that at the
11-, of the upward stroke the wire mesh remains at least

'1 w the surface of the fluid and descends to not less
"1 [mm the bottom of the vessel on the downward stroke.

. ml‘ '1-Ed for the upward stroke is equal _to the time
W the downward stroke, and the change in stroke.di-
53 Smooth"-tra_ns1tion, rather than an_ abrupt reversal of

The basket-rack assembly moves vertically along its axis.
no appreciable horizontal motion or movement of the

*' ]-.e'verlical. , _ .
mik A53.-emblji—The basket-rack assembly consists of

nded transparent tubes, each 7.75 i 0.25 cm long and
"side diameter of approximately 21.5 mm and a wall

-my‘ 2 mm thick; the tubes are held in a vertical position
agile plates, each about- 9 cm in diameter and 6 mm in
“with "six holes, each_about 24 mm in diameter, equi-
win the center of the plate and equally spaced from_ one

' {tachedto the under surface of the lower plate is 10-
¢; 23 (0.025-inch) W. and M._ gauge woven stainless-steel

1;" having a plain square weave._ The parts of the appa-
ssernhled and rigidly held by means of three bolts

‘songs the two §:a5lZlC_'[Jlat6S. A suitable means is pro-
.=5u5Pgnd=1he__bas _t-rack assembly from the raising and

“vice using a oint on its axis.

 

ed the specifications for the glass tubes and the screen
re -maintained. ' '

"3.-2-The" use of disks_ is permitted only where specified in
h. ' If specified in the individual monograph, each

tlcd with a slotted and perforated cylindrical disk
-15 nimthick and 20.7 : 0.15 mm in diameter. The
adeof a suitable, transparent plastic material having a

" vityiof between 1. l8 and 1.20. Five 2-mm holes ex-
cn "the ends of the cylinder, one of the holes being

:i't3—inrn radius from it. Equally spaced on the sides
'li'nder' are four notches that form V—shaped planes that

dicular to the ends of the cylinder. The dimensions of
fig}: a_re_.such that the openings on the bottom of the cyl-

'60 mm square and those on the top are 9.5 mm wide
deep. All surfaces of the disk are smooth. If the

5 isspecified in the individual monograph, add a disk
lJc,_and operate the apparatus as directed under Pro-

Procedure

T'ell1|ets—_-Place 1 tablet in each of the six tubes of
il1'ICl_ operate the apparatus, using water maintained at

lh_e_ immersion fluid unless otherwise specified in the
“°_EF9~Pl1. At the end of the time limit s cified in

_3Pl1.- lift the basket from the fluid, and o erve the
l.?l' lhv_‘3‘-"[S._blt‘;l,_S have disintegrated completely. If 1 or
all to disintegrate completely, repeat the test.on 12
ltrblcts: notrless than 16 of the total of 18 tablets tested

pletely. '

l°fl'.T:fiblets—-Apply the test for Uncoafetl Tablets,
--°.§13l3_flY3t_1.1S for the time specified in the individual

,£;.‘llt‘3ll.Tablets——.Place 1 tablet in each of the six tubes
“Fl: ‘if the tablet has a soluble external coating,

K [B I lskct in water at room temperature for 5 minutes.
°;‘_1PPt11'atus using simulated gastric fluid TS

bll‘;'0‘1PP8ratus, meeting these specifications, is avail-
d1‘.‘?1l°FY Supply houses, from Van-Kel Industries,
..-PEWRI1. Edison, NJ 08820, or from Hanson Re-
- 0.-Box 35, Northridge, CA 91324.

ESE]? these specifications are obtainable from Van-C.

gnof the bas et-rack assembly may be varied some-'

a. cylinder axis and the others parallel with it equally"

 

Physical Tests / Dissolution (711) 1791

maintained at 37 i 2° as the immersion fluid. After 1 hour of

operation in simulated gastric fluid TS, lift the basket from the
fluid, and observe the tablets: the tablets show no evidence of
disintegration, cracking, or softening. Operate the apparatus, us-
ing simulated intestinal fluidTS maintained at 37 1‘ 2° as the
immersion fluid, for the time specified in the monogra h. Lift
the basket from the fluid, and observe the tablets: al of the
tablets disintegrate completely. If 1 or 2 tablets fail to disinte-
grate completely, repeat the test on 12 additional tablets: not
less than 16 of the total of 18 tablets tested disintegrate coni-
pletely. I

Buccal Tablets—Apply the test for Uncoated Tablets. After
4 hours, lift the basket from the fluid, and observe the tablets:
all of the tablets have disintegrated. If 1 or 2 tablets fail to
disintegrate completely, repeat the test on 12 additional tablets:
not less than 16 of the total of 18 tablets tested disintegrate
completely. -

Sublingual Tablets~—Apply the test for Uricoated Tablets. Ob-
serve. the tablets within the "time limit specified in the individual
monograph: all of the tablets havedisintegrated. If 1 or 2 tablets
fail to disintegrate completely, repeat the test on 12 additional
tablets: not_less than 16 of the total of 18 tablets tested disin-
tegrate completely. . '

Hard Gelatin Ca'psules—Apply the test for Uncoated Tablets.
Attach a removable 10-mesh wire cloth,-" as described under Bas-
ket'-rack Assembly, to the surface of the upper late of the basket-
rack assembly. Observe the capsules within t e time limit spec-
ified in the individual monograph: all of the ca sules have dis-
integrated except for fragments‘ from the capsuli: shell. If 1 or
2- capsules fail to disinte rate completely, repeat the test on 12
additional capsules: not ess than 16 of ‘the total of 18 capsules
tested disintegrate completely.

Soft Gelatin Capsules—Pr0ceed as "directed under Hard Gel-
atin Capsules. _ -

3 A suitable wirecloth cover is available as Van-Kel Industries
Part TT-1030.

(711) DISSOLUTION,
This test is provided- to determine com liance with the disso-

lution requirements where stated in thc in ividual monograph for
a tablet or capsule dosage form, except where the label states
that the tabletsare to be chewed unless otherwise directed in the
monograph. Where the label states that an article is 6Ilt61'l.l'.‘r‘
coated, and a dissolution or disintegration test that ‘does not spe-
cifically state that it is to be applied to entericrcoated articles is
included in the individual monograph, the test for DelajIed-re-
lease Articles under Drug Release (724) is'applied unless other-

wise specified in the individual monograph. Of the types of arr
paratus described herein, use the one specified in the individual
monograph. - '
USP Reference Standards (1l)—--USP Prednlsone Tablets RS
(Dissolution Calibrator, Nondisintegratfng). USP Salicylic Acid
Tablets RS (Dissolution Calibrator, Nondlslntegroting).

Apparatus 1---The assembly consists of the following: a cov-
ered vessel made of glass or other inert, transparent material‘; a
motor‘, a metallic drive shaft; and a cylindrical basket. The vessel
is partially immersed in a suitable water_bath of any convenient
size that permits holding the temperature inside the vessel at_ 37
: 0.5” during the test and keeping the bath fluid in constant,
smooth motion., No part of the assembly, including the environ-
ment in which the assembly is placed, contributes significant
motion, agitation, or vibration beyond that due to the smoothly
rotating stirring element. Apparatus that permits observation of
the specimen and stirring element during the test _is preferable.
The vessel is cylindrical, with a hemispherical bottom. It is 160
to 175. mm high, its inside diameter is 98 to 106 mm, and its
nominal capacity is 1000 ml... Its sides are flanged at the top.
A fitted cover may be used to retard evaporation? The -shaft is

‘The materials should not sorb, react, or interfere with the
specimen being tested.

zlf a cover is used, it provides sufficient openings to allow
ready insertion of the thermometer and withdrawal of specimens.
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6.3 to 6.5 or
9.4 to I01 mm

retention sonny with
3 tongs on £20‘ centers

screen 0.0.

22. 2 i {.0 mm

screen, wllth weabbd seam:

nla. r'0.0l' inch war: 0.015-
lnch opembgsi; where 20"
mesh screen r's specified,
use 20x-Eornesh l’O.Gl'5‘
inch with 0_O34—.’.-mo

NC-'l'E— Maxmmvn olfowabfe openings}mnout or "A1" is 1: L0 mm when

with basket‘ mounted.‘

20.2 at 10 mm ~ 25.4 it 3.0 mm

Fig. l. Basket Stirring Element.

9.4 to $0.1 mm diameter
' before coating '

_ "F.

-“
NOTES“

l'U_Sr'ifll'.f and blade material.-
SO3 for eqoivnienfl
strrln.’s.-is sleet.

{2} A and B o'r'n1ensr‘onsor9 --not to vary more than
0,5 mm when part is
rotated’ on" E axis. '

F3} Tolerances" are $3.0 mm, 7
unis-ss ol'nerw!se stated

_I4f,5.l‘.'im!tlOVl'.tS . i i

V 35.8mm '
:_
|‘ u I‘ raomm

-, :tO.5r.nm

- 3 t' I

l-:——'— 42.0mm
4.0.-e tom

P74.0 mm to 75.0 mm ——4

Fig. 2. Paddle‘ Stirring Element.

40 x 4o'me.=sn, 0.254-narn '

positioned so that its axis is not more than 2 mm at an _
from the vertical axis of the vessel and rotates smooth); pm’
without significant wobble. A speed-regulati device -_3' ‘*0
that "allows the shaft rotation speed to be select and mai.mt_1.‘5°
at the rate specified in the individual monograph, within: fi"‘*

Shaft and basket components of the stirring element a “fl
ricated of stainless steel, typp 316 or equivalent, to the ‘re [iications shown in Figure 1. nless otherwise specified luiiilecl-I
dividual monograph, use 40-mesh cloth. A basket havln Q R
coating 0.0001 inch (2.5 pm) thick may be used. Thcgda-301
unit is placed in a dry basket at the beginning of each to“ “W
distance between the inside bottom of' the vessel and the “I
is maintained at 25 i 2 mm during the test-.. ask‘

Ap ratus 2—Use the assembly from A stratus 1
a pa dle formed from a blade and a shaffis used as‘ ll”
element. The shaft is positioned so that its axis is not molrerarf-n
2 mm at any point from the "vertical axis of the vessel, and rot-rm~
smoothly without significant wobble. The blade passes throhk
the diameter of the shaft so that the bottom of the blade is llug
with the bottom of the shaft. The paddle conforms to the 5 ‘-
ifications shown in Figure 2. The distance of 25 i 2 mm bet“?
the blade and the inside bottom of the vessel is maintained dL[f?L-
the test. The metallic blade and shaft comprise a single cntif
that may be coated with a suitable inert coating. The dam"
unit is allowed to sink to the bottom of the vessel before rotallirii
of the blade is started. A small, loose piece of nonreactive nu
terial such as not more than a few turns of wire helix may 1,,
attached to dosage units that would otherwise float.

Apparatus Suitabili Test—Individually test 1 tablet of H1:
USP Dissolution Coir‘ rotor, Disintegrating Type and l lablrr
of USP Dissoiution Calibrator, Nondisintegrarfrrg Type, accmd
ing, to the operating conditions specified. The apparatus is .~;u:'|
able if the results obtained are within the acceptable range stgm
in the certificate for that calibrator in the apparatus tested.

Dissolufion Medium—¢Use the solvent specified in the indivm.
ual monograph. If the Dissolution Medium is a buffered solution,
adjust the solution so that its pH is within 0.05 unit of the pit
specified in the individual monograph. [NOTE—Dissolvcd g:l.\L'1
can cause bubbles to form, which may change the rcsulls of lln:
test. In such cases, dissolved gases should be removed prior to
testing.3] _ . ' . '

TiInc—Where a single time specification is given, the lcst Ina)-
be concluded in a shorter period if the requirement for minimum
amount dissolved is met. If two or more times are Specllicrl,
specimens are.to be withdrawn only at the stated times, within
a tolerance of i2%.

Procedure for Capsules, Uncoated Tablets, and Plain Cunlvd
TahletS—PIaoe the stated volume of the Dissolution Medium an

the vessel of the apparatus specified in the individual monograph.
assemble the apparatus, equilibrate the Dissolution Medium In
37 : 0.5°, and remove the thermometer. Place 1 tablet or I
capsule in the apparatus,‘ taking care to exclude air bubbles from
the surface of the dosage-form unit, and immediately opcralr: llu‘
apparatus at the rate specified in the individual tnonflsfvwll
Within the time interval specified, or at each of the times sIatt'|_l_.
Withdraw a specimen from a zone midway between the surfmr
of the Dissolution Medium and the ‘top of -the rotatmg basket at
blade, not less than 1 cm from the vessel wall. lN0TE—R"lll“f',‘
the aliquots withdrawn for analysis with equal volumes of lrr---in
Dissolution Mediwn at 3_7° or, where it can be shown lh::t ff?
placement _of the medium is not necessary. Cflffcci for ll“: "|”_":;,,'[
change in the calculation. Keep the vessel covered for tin‘ kl
ration of the test, and verify the temperature _of the m1xlt1tiL}1‘| th;
test at suitable tirr1es.] Perform the analysis as c|}r_8'=.“| d"_m},;.
individual monograph.‘ Repeat the test with 3.ElEl1l.E0flEl t-r .-
form units. '

._-—--"

3 One method of deaeration is as-follows: Heat lhc fl£"f':::i.‘
while stirring gently, to about 45°, immediately film “lira: with
uum using a filter having a porosity of 0.45 am “T [or",,[,.-.-.=r;
vigorous stirring, and continue stirring under vacuum cmm.,j»:'~:"
5 minutes. Other validated deaeration technJ€1lJ'~'-“ M ’. -

dissolved gases may be used. . _ 4»

4 If test specimens are filtered, use an inert flit”. 8
cause adsorption of the active ingredient Bf °°’.‘““n
substances that would interfere with the analysis-
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Where capsule shells interfere with the analysis, remove‘ the
.flw.nt5_ of not less than _6 capsules as completely as_ possible,
d dissolve the empty capsule shells in the specified _volume of
.-Solution Med1'um.- Perform the analysis as directed in the
dhqdual monograph. Make any necessary correction. Correc-

fifl-factom greater than 25% of the labeled content are unac-
able. - ‘ -

ii;ierpretation—Unless otherwise specified in ‘the individual
-i“3g1-aph,_tl'ie requirements are met if the quantities of- active
pcdient dissolved from the units tested conform to the accom-

_ flying acceptance table. Continue testing through the three
"#355 unless the results conform at either S1 "or S2. The quantity,

is-Lhe amount of dissolved active ingredient specified in the
ividual monograph, expressed as a_ percentage of the labeled

"tent; both the 5% and 15% values in the acceptance table are
fcentages of the labeled content so that these values and Q are

Acceptance Table
. Number

gmgc Tested Acceptance Criteria
6 Each unit is not less than Q + 5%.
6 . Average of 12 units (S1 +_ S1} is equal

' _ to or greater than Q, and no unit is less
than Q — 15%.

12 Average of 24 units (S1 + S; + S3) is
equal to or greater than Q, not more
than 2 unitsare less than Q — 15%,
and no unit is less than Q - 25%.

4721)" DISTILLING RANGE
To detennine the range of temperatures within which an of-
ial liquid distils, or the percentage of the material that distils
tween two specified temperatures, use Method I or Method II
"directed in the individual monograph. The lower limit of the

range is the temperature indicated by the thermometer when the
"fiat drop of condensate leaves the tip of the condenser, and the
jiprr limit is the Dry Point, i.e., the temperature at which the
as! drop of liquid evaporates from the lowest point in the dis-
;|ation flask, without regard to any liquid remaining on the side

the flask, or the temperature observed when the pro ortion
cified in the individual monograph has been collect .

‘ NOTE—Cool all liquids that distil below 80° to between 10”
ml 15*’. before measuring the sample to be distilled.]

METHOD I

iillaratiis-—Usea paratus similar to that specified for Method
.l_,'-except that the istilling flask is of 50- to 6U~mL capacity,

the neck of the flask is 10 to 12 cm long and 14 to 16 mm
__.l€_r_i1aldiarneter. Theperforation in the upper asbestos board,

“.113 15. used, should be '-such that when the flaslt is set into it,
Pllfllon of the-flask below the_ upper surface of the asbestos
'%-.capacity of 3 to 4 mI_..

iuceiiure.—Proceed as directed for Method H, but place in
llflfilt only 25 mL of the liquid to be tested. -

METHOD II"

ar'atus—'—Use an apparatus consisting of the following parts:
--‘W=‘ng'Fiask—A round—bottom'distilling flask, or heat-re:

' -. -9353. of 20'0~mL capacity, and having a total length ofS

héd_.“|.5‘?11l midway on the neck, approximately 12 cm from
‘.t.“-‘"1 of the flask, is a side—arm 10 to 12 cm long and 5

hhlflwer portion of the neck. "
C°"d¢n_ser~A strai§ 53"I |_. 3W(1 i-'r Q}

5‘ u-r

out 40 cm in length, or" a condenser of

E: °.°1'lClenser may be bent to provide a delivery tube, or

.311: ‘same terms. ‘ _ . . -.

' 9 CH1 and an inside neck diameterlof 20 to 22 mm. Al;

_-.“:l1TItcrnal diameter, which forms an angle of '.-'0“ to '?S‘’''

glass condenser'S'5 to 60 cm in length.

' "§lBI1 having equivalent condensing capacity. The lower"

_=. -Connected to a bent adapter that serves as a delivery.
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Asbestos‘ Boards—Two pieces of asbestos _board, 5 to 1’ mm
thick and 14 to 16 cm square, suitable for confining the heat to
the lower part of the flask. Each board has a hole in its center,
and the two, boards differ only with respect to the diameter of
the hole, i.e., the diameters are 4 and 10 cm", respectively. In
use, the boards are placed one upon _the other, and resting on a
tripod or other_suitable support, with the board having the larger
hole on _top‘. ' -' , '

Receiver—,A l00—mL cylinder graduated in l—mL subdivisions."

ThermomeIer—In order to avoid the necessity for an emergent
stem correction, an accu_rately_standardized, partial-immersion
thermometer having the smallest practical subdivisions (not greater
than 02°) is recommended. Suitable thermometers‘ are available

as the ASTM E-1 series 37C through 41C, and 102C through
IOTC (see Thermometers (21)). When placed in position, the
stem is located in the center of the neck and the top of the
contraction chamber {or bulb, if 37C or 38C is used) is level with
the bottom of the outlet to the side-arm.

Heat Source-——A small Bunsen burner or an electric heater or
mantle capable of adjustment comparable to that possible with
a Bunsen burner.

Procedure—Assemble the apparatus, and place in the flask
100 mL of the liquid to be tested, taking care not to allow any
of the liquid to enter the side-arm. Insert the thermometer, shield
the entire burner and flask assembly from external air currents,
and a ly heat, regulating it so that between 5 and 10 minutes
elapse fore the first drop_of distillate falls from the condenser.
Continue the distillation at a rate of 4 to 5 mL of distillate per
minute, collecting the distillate in the receiver. Note the tem-
perature when the first drop of distillate falls from the condenser,
and again when the last drop of liquid evaporates from the bottom
of the flask or when ‘the specified percentage has distilled over.
Correct the observed temperature readings for any variation in
the barometric pressure from the "normal (T-'60 mm), adding if
the pressure is lower or subtracting if the pressure is higher than
760 min, and apply the emergent stem correction where neces-
sary. Unless otherwise specified in the individual monograph,
allow 0.1” for each 2.? min (U.037° per mm) of variation.

(724) DRUG RELEASE
This test is provided to determine compliance with drug-release

requirements where specified in individual monographs. Use the
apparatus specified in the individual monograph.

Apparatus l and Apparatus %
APPARATUS 1 ANo_aPi>ARArUs 2—Proce-ed as directed under

Di'ssohttt'oii (71 I ) .

Apparatus Suitability Test, Dissolution Medium, and Proce-
dure—PI\oceed as directed under Dissolution (711). [NOTE—
Replace the aliquots withdrawn for analysis with equal-volumes
of fresh Dr'ssoIuii‘on Medium at 37° or, where it can be shown
that replacement of the medium is not necessary, correct for the
volume change in the calculation. Keep the vessel covered for
the duration of the test, and verify the temperature of the mixture
under test at suitable times.]

Extended-release Articles—~General Drug Release
Standard ' '

Apparatus 3—- .

APPA‘i-‘.ATUS—The assembly consists of a set of cylindrical,
f1at—bottomed glass vessels; a set of glass reci rocating cylinders;
stainless steel littings (type 316 or‘ equivalentiland polypropylene
screens that are designed to fit the tops and bottoms of the re-
ciprocating cylinders; and a motor and drive assembly to recip-
rocate the cylinders vertically inside the vessels and, if desired,
index the reciprocating cylindershorizontally to a different row
of vessels. The vessels are partially immersed in a suitable water
bath of any convenient size that permits holding the temperature
at 3'.-’ i 0.5“ during the test. No part of the assembly, including
the environment in which the assembly is placed, contributes
significant motion, agitation, or vibration beyond that due to the
smooth, vertically reciprocating cylinder. An apparatus that per-
mits obscrvation of the specimens and reciprocating cylinders is
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preferable. The components conform to the dimensions shown
in Figure 1 unless otherwise specified in the individual mono-
graph. ' - '

Dissolution Medium'——«Proceed as directed under Dissolution
(T11). '

Procedure~—Place the stated volume of the Dissolution Me— \
dium in each vessel of the apparatus, assemble the apparatus,
equilibrate the Dissolution Medium to 3'? i 0.5“, and remove
the thermometer. Place 1 dosage-form unit in each of the six
reciprocating cylinders, taking care to exclude air bubbles from
the surface of each dosage—form unit, and immediately operate
the apparatus as specified-in the individual monograph. During
the upward and downward stroke, the reciprocating cylinder, moves

50.8" '

Air holes
/33 diameter

 
 
 

 
 
 

Evaporation cap

66.8

6.35 diameter -
Type 3|6 stainless sleet

Air holes
3.9 diameter

.Mesh'screen

polypropylene

Glass reciprocating
cyfinderlrinertubelength

Mesh screen
polypropyleneloo

I8it

m-46.B."L|

|80i|
Glass vessel

Fig. 1. Apparatus 3.
(All measurements are expressed in mm unless

' ‘ noted otherwise.)

  

USP 23

through a total distance of 9.9 to 10.1 cm. Within [1, .
interval specified, or at each of the times stated, raise ih E l"_flIc
rocating cylinders and withdraw a ortion of the solution r°°ll'-‘-
test from a zone midway between t e surface of the D533" Emil“
Medium and the bottom of each vessel. Perform the O ""0
directed in the individual monograph. If necessary
test with additional dosage-form units. ’

Where capsule shells interfere with the analysis) .
contents of not less than 6 capsules as completely :§"‘°"° ‘hi
and dissolve the empty capsule shells in the~gp¢c;f- d P0SSibl-3.
Dissolution Medium." Perform the analysis as dill'eI:3Ctbit(il]ui|:1]cu?EK.‘
individual monograph. Make any necessary correcti . ‘ h'\

tion factors greater than 25% of the labeled conteiiina[§(:,”.“'
ceptable. - . - ”*'*"

Apparatus 4——'- .
APPARi;\TU5—The assemblyconsists of a reservoir

for the Dissolution Medi‘um; a flow-through cell; a
that maintains the Dissolution Mea‘i'um at 3'? 1- 0.5”
2 and 3). The cell size is specified in the individual

and 3 Dlmip
water bath

(see I-‘igum
monograph

Filter chamber

   

 
'.»z«::v:~:»;;',::

' I I ' "

I l'320Ii0.2
$2122.!-310.2 I

 Sieve mesh
ct=0.2 w=0.45

Score for the

tablet holder

.—>Ji-4- ;25o.e:o.o5

Qzdiarneter

Fig. 2. Large cell for tablets and capsules.
- ' (All measurements are expressed in mm 11111655

noted otherwise.)

The pump forces the Dissofurion Medium upwards ll]ruIJ_t_’l|
the flow—through cell. The pump has adelivery rarlt’F b°l“'“"’;
240 and 960 mL per hour, with standard flow rates of 4. 3: '-'"‘
16 mL per minute. It must be volumetric to deliver COU.'li'.!Eli
flow independent of flow resistance in the filter device; ilIt=_ll:‘:
Profile is sinusoidal witha Pulsation of £20 i 10 P’-ii-““" 5"‘
minute. _ _ I H!

The flow-through cell (see Figures 2 and 3), of trarisrarcnt,-;.'_d
inert material, is mounted vertically with afilter s3!Sl6lT1(5i'°_"‘|:;,.
in the individual monograph) that prevents escape of LlI1CllShUc
particles from the top of the cell; standard cell d1ametcr5ti'r‘l.,..
and 22.6 min; the bottom cone is usually filled with srnfl 5911'”...
beads of about 1—mm diameter with one head of about “bid
Positioned at the apex to protect the fluid entry tub?-. “uigg
holder (see Figures 2a and 3a) is available f0!’ P”51l'[_'“ i‘. in,
special dosage forms, for example, inlay tablets. The Fifi él [if
mersed in a water bath and the temperature is maintain
:l: 0.5“. - ' O_r5,,g;l-"-

The apparatus uses a clam mechanism and N”-'3 - _::-
the fixation of the cell assem ly. The pump I5 “Pa.

the dissolution unit in order to shield'the latter flgaitnihc I-g1|iti_'."
brations originating from the pump. The position 0
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24.00

Fig. 2a. Tablet holder for the large cell.
(All measurements are expressed in mm unless
-' noted otherwise.)

-|_||a|-
Filter chamber

 ?3’3'5i2W$ sO‘:

Sieve‘4-0 mesh '
lit: 0.2 W =0.45

Score for" the
tablet holder

 '_ rao.s:o.o5

91 IHe.....
£a=dicImcter

£113-'3. Small cell for tablets and capsules.
nleasurements are expressed in mm unless

' noted otherwise.)

- beiflrl a level higher than the reservoir flasks. Tube
J13 W-‘-._as short as ible. Use polytef tubing with a

°1'_El1ameter an chemically inert l'langed—end con-

.’ Suitability Test and Dissolution Medium--—Proceed
Dissolution (711).
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6.5
0.5

 
Fig. 3a. Tablet holder for the small cell.

(All measurements are expressed in mm unless
noted otherwise.)

' Procedure—-Place the glass beads into the cell s ecified in the
monogra h. Place 1 dosage-form unit on top of t e beads or, if
specifie in the monograph, on a wire carrier. Assemble the filter
head and fix the parts together by means of a suitable clamping
device. Introduce by the pump the Dissolution Medium warmed
to 3'? i 0.5" through thebottom of the cell to obtain the flow
rate specified in the individual monograph and measured with
an accuracy of 5%. Collect the eluate by fractions at each of
the times stated. Perform the analysis as directed in the indi-
vidual monograph. Repeat the test with additional dosage-form
units. - - . 1

Where capsule shells interfere with the analysis, remove the
contents of not less than 6 capsules as completel as possible,
and dissolve the empty capsule shells in the speci red volume of
Dissolution Medium. Perform the analysis as directed in the
individual monograph. Make any necessary correction. Correc-
tion factors greater than 25% of the labeled content are unac-
ceptable.

Time—The test-time points, generally three, are expressed in
hours. Specimens are to be withdrawn within a tolerance of i" 2%
of the stated time. '

lIlterpretatiun—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of active
ingredient dissolved from the units tested conform to Acceptance
Table 1. Continue testing through the three levels unless the
results conform at either L1 or L2. Limits on the amounts of
active ingredient dissolved are expressed in terms of the r-
centage of labeled content. The limits embrace each value o Q,-,
the amount dissolved at each specified fractional dosing interval.

Delayed-release (Enteric-coated) Articles-
General Drug Release Standard

Use Method A or Method B and the apparatus specified in
the individual monograph. Conduct the Apparatus Suittlbffity
Test as directed under Dissolufiori ('.-'1 I). All test times stated
are to'be observed within a tolerance of i2%, unless otherwise
specified.

Method A:
Procedure (unless otherwise directed in the individual mono-

graph)— .
Acid S'tage—Place 750 mL of 0.1 N hydrochloric acid in "the.

vessel, and assemble the apparatus. Allow the medium to equil-
ibrate to a temperature of 3'.-' i" 0.5”. Place 1 tablet or 1 capsule
in the apparatus, cover the vessel, and operate the apparatusfor
2 hours at the rate specified in the monograph‘.
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Acceptance Table 1
Number

Level Tested

1., 6

Criteria

No individual value lies outside each

of the stated ranges and no individ-
ual value is less than the stated
amount at the final test time.

The average value of the 12 units (L1
+ L2) lies within each of the stated
ranges and is not less than the
stated amount at the final test time‘,
none is more than 10% of labeled
content Outside each of the stated

ranges; and none is more than 10%
of labeled content below the stated
amount..at the final test time.

The average value of" the 24 units (L1
+ L; + L3) lies within each of the
stated ranges, and is not less than
the stated amount at the final test
time; not more than 2 of the 24
units are more than 10% of labeled
content outside each of the stated

ranges; not more than 2 of the 24
units are more than 10% of labeled
content below the stated amount at
the' final test time; and none of the

.units is more than 20% of labeled
' content outside each of the stated

ranges or more than 20% of labeled
content below the stated amount at

the final test time.

L2 6

L3 '12

15lfteri2 hours of operation.in 0.1 hydrochloric acid,.withdraw
an aliquot of the fluid,’ and proceed immediately as directed under.

.Buffer Stage. - - 5
-Perform an analysis of the aliquot using the Procedure spec--

ified in the test for Drug release in the individual monograph. -
.Unless otherwise specified in the individual monograph, the

requirements of this portion of the test are met if the quantities,
based on -the reentage of the labeled content, of active ingre-
dient dissolve from the units tested conform to Acceptance Table
2. Continue testing through all levels unless the results .of both
acid and ‘buffer stages conform at an earlier level.

Acceptance Table 2
Number -'

Level Tested Criteria

A1 6 No individual value exceeds l0% dis-
" _ - '__ ‘ solved. ' _ -

A2 ' " ' ' 6 Average of the 12 units (A1 -1- A;)___is
' ' '_ ' notrmore than 10% dissolved, and

no individual unit is greater than _
' 25% dissolved.

A3‘ _ 12 Average of the 24 units (A1 -l-‘A2 -l-

and no individual unit is greater
than 25% dissolved.

Buffir St_age—[NOTE—Complete .the operations of adding the
buffer. and -adjusting the pH within 5 minutes.] With the ap-
paratus operating at the rate specified in -the monogra h, add" to
the fluid in the vessel 250 mL.of 0.20 M tribasic so rum phos-
phate that has been equilibrated to 3'? :1: 0.5“. Adjust, if ne_c- ._
essary, with 2 N hydrochloric acid or 2 N sodium hydroxide to
a pH of 6.8 i 0.05. Continue to operate the apparatus for 45
minutes, or for.the time specified in the individual monograph.
At the end of the time

and perform the analysis using. the Procedure specified in the
test for Drug refease in the individual monograph.‘ The test may
be concluded in a shorter time period than that specified for the
Buffer Stage if the requirement for minimum amount dissolved
is met at an earlier time. * -

 

A3) is not more than 10% dissolved, '

period, withd raw an aliquot of the fluid, -

USP gs
Interpretat'ion—Unless otherwise specified in the . ,

monograph, the r uirements are met if the quarmtielndtvidug
ingredient dissolve from the units tested conform to j “l artist;
Tabfe 3. Continue testing through the three levels uc°"Plarer
results of both stages conform at an earlier level. Th mm its
Q in Acceptance Table 3 is 75% dissolved unless o[hcl.c Value of
ified in the individual monograph. The quantity Q g w'sF_5pc-.;.
the individual monograph, is the total amount of 2ictii;§;|ie°'r‘“¥? is
dissolved in both the acid and buffer stages, oxp,,,,,d'"8*¢da=e.: centage of the labeled content. The 5% and 15% y,1;ui§_S§ Dsr. _ ._ I
ceptance Table 3 are percentages of the labeled cont: 15 In I !
these values and Q are in the same"te1'ms. n 5“ “~33

. |
Accepmnce Table 3:.m...___.:_.__.__________

Number _““"-~~»-

Level Tested Criteria _

B1 . .6 . Each unit is not less than Q
B2 6 Average of 12 units (B1 —— 31) is" "

equal to or greater than Q, and no i
‘ unit is less than Q — 15%. '

B3 - 12 Average of 24 units (B1 ~— 32 + B? . ;
is equal to or greater than Q Mi 3
more than 2 units are less {him Q
—- 15%, and no unit is less than Q
*— 25%.

Method B: "
Procedure (unless otherwise directed in the individual ores:-,.

graph)-
Acid Stage—Place 1000 mL of 0.1 Nhydrochloric acid llliitt‘ -.

vessel, and assemble the apparatus. Allow the medium to t:qu:§- E. :
ibrate to a temperature of 37 i 0.5“. Place l tablet or I cupsirit "' I
in the apparatus, cover the vessel, and operate the ttppliraltlis its ,-
2 hours at the rate specified in the monograph. After 2 hour-t '
operation in 0.l N hydrochloric acid, withdraw an aliquot of tit:
fluid, and proceed immediately as directed under Btgffer .S‘rr_r_r,-.r 2

Perform an analysis of the aliquot using the Procr:-'o'ltrr' spot‘ i
ified in the test for Drug refease in the individual monograph i

Unless otherwise specified in the individual monograph, the _
requirements of this portion of the test are met if the quarrritlc-t. "r.
based on the ercentage of the labeled content, of active ulgre
dient dissolved)from the units tested conform to z‘fC£'EpI't'ltIt‘I' trzttt
2 under Method A. Continue testing through all levels trnlru >
the results of both acid and buffer stages conform at an carts:
level. ' "

Buffer Stage—[NOTE—--For this‘stage of the procedure. W‘ ' I
buffer that previously has been equilibrated to a ternPB"1"-"‘_
37 i 0.5°.] Drain the acid from the vessel, and add tothc vt-as:-—:_ _- — .
moo IIIIL of pH 6.8 phosphate buffer. prepared by rnw“I= “-,' g‘, . -. -
hydrochloric acid with 0.20 M tribasic sodium [Il_'1<1SPlF1'“' l-.1‘
and adjusting, if necessary, with 2 N hydrochloric acid or , L: _ _
sodium hydroxide to a pH of 6.8 i 0.05. [NOTE—--Tl1l.\‘ Ill-.15“! .
accomplished also by removing from the apparatus the I‘.'“.m - '
containing the acid and replacing it with another vessel L‘oI1lf‘!:i‘n:;-' .
the buffer and transferring the dosage unit to the vessel CtlIll,‘I"u£ .
the buffet} Continue to operate the a paratus for 4? Ink‘! #3;
or for the time specified in.the indivi ual monogrflpfi-Ii-d
end of the time period, withdraw an al1q1l0i‘ 9f lllclhl [ch 5,;
perform the anal sis using the Procedure specified In .;___,_.,.
Drug release in t e individual monograph. The test fl";'|;c [,_.';~.I
cluded in a shorter time period than that spccif1ed_ formd b ’,;4:
stage if the requirement for minimum amount d|S5° . __
at an earlier time. . - )3;

Interpre!atr'on—Proceed as directed for In
Method A. -

 

 
 
 

 
 
 
 

 

 

 

 

. _ . 1. I
Transdermal Delivery Systems——G9“”“

Drug Release Standards r :9' ' ' cxpf .5.‘
Time—The test-time points, generally thraeidafc hours. 5:‘-_¢"_‘

terms of the labeled dosing interval, D, GXl31'355Br + '
imens are to be withd ravvn within a tolerance 0 1- the rI::Il‘0*I""‘ .. .
i 2% of the stated time, the tolerance that resu l-‘5 -- _'
time interval being selected.
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,ParatuS 5-"
.§DLE OVER DISK— .

RATUS-—Use the paddle and vessel assembly from Ap-
as described .under Dissolution {-T11), with the addition

inle-‘SS steel disk assembly‘ designed for holding‘ the trans-
.al system at the bottom of the vessel. The temperature is
-- mgd at 32 i 0.5". A distance of 25 :l: 2 mm between

3.113 blade and the surface of the disk assembl is .main-
during the test. The vessel may be covered uring the
"minimize evaporation. The disk assembly for holdi the
mm] system is designed to minimize any “dead" vo ume

,1" the disk assembly and the bottom of the vessel. The
cmbly holds the system flat and is positioned such that

Image surface is parallel with the bottom of the paddle blade
iaurré 4)-

‘is

Di.-zsoltrtion
vessel

Paddle

La

- ,- Disk assembly

la-—-4?. 2 —>|

. Fig. 4. Paddle Over Disk
lI\ll measurements are expressed in mm unless

noted otherwise.) -

‘ans Suitability Test and Dissolution Medium—Proceed
for Apparatus 2 under Dissolution ('.-'11").

ilure—Place the stated volume of the .Dissolun‘on Me-
lhe vessel, assemble the apparatus without the disk as-

___lfl&}l system to the disk assembly, assuring that the release
the system is as flat as possible. The system may be
the disk by applying a suitable adhesive’ to the-‘disk

D?! for 1 minute. Press the system, release surface
*,.°T|lt;_the adhesive—coated side of the disk assembly. If
_ - 15 used to support the system, it is applied so that

.- 193 Occur between the membrane'and the release sur-
° lhe disk assembly flat at the bottom of the vessel
l‘-‘elise surface facing up and parallel to the edge of the

mflmthan. Type 150 pm, 11 : 0.5—_um thick, an inert,
* I-E8519 m_flterial, which is available from ENKA AG,

WDOVE Clrcle, Corona DelMar, CA 92625, or. LifeMed
elano amt, Compton, CA 90220. '

Ii equilibrate the medium-to 32 1 0.5”. Apply the '
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paddle blade and surface of the Dissolution Medium. The bot-
tom edge of the paddle is 25 1 2 mm from the surface of the
disk assembly. Immediately operate the apparatus at the rate
specified in the monograph. At each sampling time interval,
withdraw a specimen from a zone midway between the surface
of the Dissolution-Medium and the top of the blade, not less
than 1 cm from the vessel wall. Perform the analysis on each‘
sampled aliquot as directed in the individual monograph, cor-'
recting for any volume losses, as necessary. Repeat the test with
additional transdermal systems.

Inter]lretation—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of active
ingredient released from the system conform to Acceptance Table
4 for transdermal drug delivery systems. Continue testing through
the three levels unless the results conform at either L1 or L2.

Acceptance Table 4 

 
Number

Level Tested Criteria

L, _ 6 No individual value lies outside the
stated range.

L; 6 The average value of the 12 units (L1
_ -l- L1) lies within the stated range.

No individual value is outside the
stated range by more than 10% of
the average of the stated range. .

L3 12 The average value of the 24 units (L1
—l- L; + L3) lies within the stated
range. Not more than 2 of the 24
units are outside the stated range by
more than 10% of the average of the
stated range; and none of the units
is outside thestated range by more
than 20% of the average of the stated
range.

Apparatus 6—Cylindcr—

APPARATUS—Use the vessel assembly from Apparatus I as
described under Dissolution {'ll1), except to replace the basket
and shaft with a stainless steel cylinder stirring element and to

. maintain the temperature at 32 : 0.5° during the test. The shaft
and cylinder components of the stirring element are fabricated
of stainless steel to the specifications shown in Figure 5. The
dosage unit is placed on the cylinder at the beginning of each
test: The distance between. the inside bottom of the vessel and
the cylinder is maintained at 25 i 2 mm during the test.

Dissolution Medium—Use the medium specified in the indi— I
vidual monograph (see Dissolution {'l1l)).

Procedure—Place the stated volume of the Dissolution Me-
dfum in the vessel of the apparatus specified in the individual
monograph, assemble the ap aratus, and equilibrate the Disso-
lution Medium to 32 i 0.5 . Unless otherwise directed in the
individual monograph, prepare the test system prior to test as
follows. Remove the protective liner from the system, and place
the adhesive side on a piece of Cuprophan3 that is not less than
1 cm larger on all sides than the system. Place the system, Cu-
prophan covered side down, on a clean surface, and apply a suit-
able adhesive? to the exposed Cuprophan borders. If necessary,
apply additional adhesive to the back of the system. Dry for 1
minute. Carefully apply the adhesive-coated side of the system
to the exterior of the cylinder such that the long axis of the system
fits around the circumference of the cylinder. Press the Cupro—
phan covering to remove trapped air bubbles. Place the cylinder
in the apparatus, and immediately rotate at the rate specified in
the individual monograph. Within the.time_ interval specified, or
at each of the times stated, withdraw a‘ quantity of Dissolution
Medium for analysis from a zone midway between the surface

_of the Dissolution Medium and the to of the rotating cylinder,
not less than 1 cm from the vessel wal . Perform the analysis as
directed in the individual monograph, correcting for any volume
losses as necessary. Repeat the test with additional transdermal
drug delivery systems.

Interprctation—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of active
ingredient released from the system conform to Acceptance Table
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4 for transdermal drug delivery systems. Continue testin th '
the three levels unless the results conform at either LIE rougk

Apparatus 7-«Reciprocating Disk—[N0rr1~:—_'1‘h' ::
may also be specified for use with solid oral dosagclsf allparslzls 

 
 
 

 
 
 
 

 

 
 
 

 
 
 
 
 

 

 
 

 

 

. “F111 .

.d_\PPARATUs—The assembly consists of a set of volume: .'
FM, ,,,,_i_.,s m ,i_ m 5,-,,_ / calibrated or tared_ solution containers made of glass U, ““’.l’_'
equally spaced on 2. 540 suitable inert material, a motor and drive assembly lo mi” _
die. so or 53.422 0.5» the system vertically and to index the system horizontal]

. angle to surface, _ _ different row of vessels automatically if desired, and a gel 1; to 3
, o.952 dio... shaped sample holders (see Figure 6). The solution ca‘: 51131;.
. - ' - are partially ‘immersed in a suitable water bath of any to H am” I

63.4°i . ' I‘ ' size that permits maintaining the temperature inside illitmiem
tainers at 32 i 0.5° during the test. No part of the as am‘

 

  

including the environment in which the assembly is placgfimbil‘!
_ Mm-mum tributes significant motion, agitation, or vibration beyond if;

rodlus o,3oo — due to the smooth, vertically reciprocating sample holder J‘ _l
paratus that permits observatlon_o the system and holder clufif .

. : TOLERANCE: . the testis preferable. _U_se the size container and sample hold:
' :11.-0.0127 as specified in the individual monograph. - -

. ' Dissolution Medium—Use the Dissolution Media - ' '
:::,::a::[:E in the individual monograph (see Dissolution (711)? Spmmta ' ltli
used .-‘or P1-oeedure—-Remove the transdermal system from its backili .- _. '
-‘aloe oisfema Press the system onto a dry, unused piece of Cupr0phan3 or cquig . ,. . . ‘

alent with the adhesive side against the Cuprophan! taking car; .
to eliminate air bubbles between the Cupropharl and the ,,,';m_- .. .
surface. Attach the system to a suitable size sample holder with "
a suitable 0—ring such that the back of the system is adjacent to
and centered on the bottom of the sample holder. Trim the arm“
Qlprophan with a sharp blade. Suspend each sample holder from
a vertically reciprocating shaker such that each system is '¢.Mg',.'=

- tinuously immersed in an accurately measured volume of
-'i' solution Medium within a calibrated container pre—equi[ib|-31¢-d
;i-" Fig. 5. Cylinder Stirring Element.‘ to 32 i 05°. Reciprocate at a frequency of about 30 cycles pg";

" (All measurements are expressed in cm unless minute with an amplitude of about 1.9 cm for the specified time'-
noted otherwise.) in the medium specified for each time point. Perform the analysis" ' .

as directed in the individual monograph. Repeat the test with
additional transdermal drug delivery systems. . . ' '

FINISH: .
All surfaces 32
microinch rms_
Deglrease before

‘final assembly of
_l7 ' mo‘ and cylinder.

, M ATERIAL:304 stainless steel

0'”43 Radius 0 3175 Diameter — Press fit to head

C FL (.?3r,oi‘cai drawing -- Design or shape may vary)8 _

D

 
 

Dimensions I:l_.re Tn ce ntlmeters.

HEAD noo CI—RlNG

System“ A (Diameter) L‘ Material” D Material‘ (not shown)

‘Ii 1.5 omz 1.423 0.9525 o.4'r5o ssrvr 50.43 .ss';P Parker 2-113-—\'roo4—75
. i 2.5 cm’ 1.773 0.9525 o.475o ssrvr 50.43 -ssrp Parker 2—o1,o—vss4—?5

I I 5om= 2.5924 o.?52o o.3a1o ssrvr o.sso ssxp Parker 2-022-vsa4—?5

romi 3.1750 orrozo o.5a1o_ ssrvr . 3o.4o ssrP ' Parker 2—124—vss4—r5
liflemz 5.0292 o.o55o 0.5505 ssrvr 51.01 ssrP Parker 2—225—veo4—?5

“ Typical system sizes.

" SSJVT = Either stainless steel or virgin Teflon.
° SSIF‘ = Either stainless steel or Plexiglas. 

.- Fig. 6. Reciprocating Disk Sample Holder.“I _

5 The materials should not sorb, react with. 0‘ i"i°'kie
:} ll - - the specimen being tested. b MC-hm-dl'..

if ; “ The cylinder stirring element is available from Aceurate'Tool, 5 The reciprocating disk sample holder maYC;p943(]rl .
._E ;- Inc., 25 Diaz St., Stamford, CT 06907, or from Van—Kel In- ALZA Corp., 950 Page Mill Rd., Palo Alto. _ -
Tl - clustries, Inc., 36 Meridian Rd, Edison, NJ 08820. ' Kel Industries, Inc.
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.rPfetnti0fl"Unless otherwise specified in the individual
, Ph, the requirements are met if the quantities of active
my released from the system conform t_o Acceptance Table

. 55¢;-mal drug delivery systems.- Continue testing through
‘es levels unless the results conform at either L1 or L2.

,_(7.26) ELECTROPHORESIS
horesis refers to the migration of electrically charged

convc ifgogadloids, molecules, or other particles when dissolved or
E the. "disd in an electrolyte through which an electric current is

i‘“‘°‘l_ ",3 upon the type of apparatus used, electrophoretic meth-
Eymd _ be divided into two categories, one called free .ro!tttt'on

nving boundary electrophoresis and the other called zone.u - .
. it rests. _ ‘ _

1P1: hot -It’: files solution method, a buffered solution of proteins in
fhaped cell is subjected to an electric current which causes
futeills to form a series of layers in order of decreasing

mu,’-which are separated by boundaries. Only a part of the
moving protein is physically separated frorri_the other pro-

_ in examination of-the moving boundaries using a schlieren
taking-' “stein provides data for calculation of mobilities and

gmnation on the qualitative and quantitative composition of
teiri mixture. '

Piiine electrophoresis, the sample is introduced as a narrow
_ spot in a column, slab, or film of buffer. Migration of

lioidcrl ' "mpoiierits as narrow zones permits their complete separa-
' ' emixing of the separated zones by thermal convection is

ed by stabilizing the electrolyte in a porous matrix such
wdersd solid, or a fibrous material such as paper, or a gel
starch, agar, or polyacrylamide.

"nus methods of mne electrophoresis are widely employed
_. ctropliorests, particularly the variant called dirk electro-

ha W5‘. - axis, is especially useful for protein separation because of its
- solving wer. -.

tlelectrop oresis, which is employed by the compendium, is"
ad in more detail following the presentation of some the‘-
lprinciples and methodological practices, which are shared

fitying degrees by all electrophoretic methods.

 

isubstance depends on characteristics of the particle, '-
jils electrical charge, its size or molecular weight, andpits

~35 well as characteristics and operating parameters of the
_'.'These latter include the pH, ionic strength, viscosity and

_n_tture of the electrol e, density or cross-linking of any
tong matrix such as ge , and the voltage gradient employed.

v {pl of Charge, Particle Size, Electrolyte Viscosity, and
E _Grotfient"—Electrically charged particles migrate toward

ride of opposite charge, and molecules with both positive
Qtitivc charges move in a direction dependent on the net

The rateof migration is directly related to the ma nitude
.-lltl-ohargc on the particle and is inversely relate to the

l1o_-particle, which in turn is directly related to its mo-
_ Weight.

.=l31'-Bt‘- Spherical articles, for which Stokes’ law is valid,

$9311. filectrophoretic mobility, tag, which is inversely related
‘ll power of the radius as depicted in_the equation:

is the velocity of the particle, E is the voltage gradient
.9‘! tl1e_e1ectrolyte, Q is the charge on the particle, r is
c',°_lF radius, and 13 is the viscosity of the electrolyte. This
b;*PIession is strictly valid only at infinite dilution.and
.. 110:: of. a stabilizing matrix such as paper or a gel.

.~“!!*d_pcptides up to molecular weights of at least sooo,
' id)’. 111 the presence-of stabilizing media, do not obey

W,_aiid their electrophoretic behavior is best described
-."'h‘_l1oii of the type:

is 3. Shape factor generally in the range of 4 to 6-, which
'_’""eT$8 dependence of the mobility on the square of the

 

_':___electrophoretic migration observed for particles of a par- -ri
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radius. In terms of molecular weight, this implies an inverse
dependence of mobility on the 7f; power of the molecular weight.

Effect ofpH—The direction and rate of migration of molecules
containing a variety of ionizable functional groups, such as amino
acids and proteins, depends upon the pH of the electrolyte. For
instance, the mobility of a simple amino acid such as glycine
varies with pH approximately as shown in Figure 1. The pK,,
values of 2.2 and 9.9 coincide with the inflection points of the
sigmoid portions of the plot. Since the respective functional groups
are 50% ionized at the pH values where pH = pK,,, the electro-'
phoretic mobilities at these points are half of the value observed
for the fully ionized cation and anion obtainedat very low and
very high pH, respectively. The zwitterion that exists at the
intermediate pH range is electrically neutral and has zero mo-
bility.

RelativeMobility lbwardcathodeDTowardanode 
Fig. 1.

Effect of Ionic Strength ond Temperotttre—Electrophoretic
mobility _decreases with increasing ionic strength of the support-'_ '
ing electrolyte. Ionic strength, a, is defined as:

t. = o.52:C,z%,

where C, is the concentration of an ion in moles per liter and Z;
is its valence,'an_d the sum is calculated for all ions in the "solution.
For buffers in which both the anion and cation are univalent,
ionic strength ‘is identical with molarity. -

Ionic strengths of electrolytes employed in electrophoresis com-
monly range from about 0.01 to 0.10. A suitable strength is
somewhat dependent on the sample composition, since the buffer
capacity must be great enough to maintain a constant pH over
the area of the component zones. Zones become sharper or more
compact as ionic strength is increased.

Temperature affects mobility indirectly, since the viscosity, :1,
of the supporting electrolyte is temperaturedependent. The vis-
cosity of water decreases at a rate of about 3% per °C in the
range of 0° to 5° and at a slightly lower rate in the vicinity of
room temperature. Mobility, therefore, increases with increasing
electrolyte temperature. -

Considerable heat is evolved as a result of current passing
through the supporting electrolyte. This heatincreases with the
ap lied voltage and with increasing ionic strength. Particularly
in rger apparatus, despite the circulation of a coolant, this heat
produces a temperature gradient across the bed which may lead
to distortion of the separated zones. Therefore, practical consid-
erations and the design of the particular apparatus dictate the
choice of ionic strength and operating voltage.

Effect of o Stabilizing Medium, Electroosmosis—When an
electrical current is passed through an electrolyte contained in a
glass tube or contained between plates of glass or plastic, a bulk
flow of the electrolyte toward one of the electrodes is observed.
This flow is called electroosmosis. It results from the surface

charge on the walls of the apparatus, which arises either from
ionizable functional gmu inherent in the structural material or
from ions adsorbed on e cell walls from the electrolyte con-
tacting them. The effect is usually increased when the cell is
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and uniformity in drug nomenclature. In support of the U. _S.
Adopted Names program (see Preface), of which the U. S. Phar~
macopeial Convention is a co—sponsor, the .USP Committee of
Revision gives consideration to the adoption of the U. S. Adopted
Name, if any, as the official title for any compound that attains
compendial recognition: . - - '

A compilation of the U. S. Adopted Names (USAN) published
from the start of the USAN program in 1961, as well as other
names for drugs, both current and retrospective, is provided in
USAN and tlre_.USP Dictionary ofDrug Nantes. This publication .
is intended to serve as a book of names useful for identifying and
distinguishing all kinds of names. for drugs, whether public or"
proprietary or chemical or code-designated names.“

A nonproprietary name of a drug serves numerous and varied
purposes, its principal function being to identify the substance to
which it applies by means of a designation that may be used by .
the professional and lay public free fro_m the restrictions asso-
ciated with registered trademarks. Teaching in pharmacy and
medicine requires a common designation, especially for a drug _
that is available _from several sources or is incorporated into a
combination drug product; nonproprietary names facilitate com-
munication among physicians; nonproprietary
as the titlesof the articles recognized by official drug compendia;
a nonproprietary name is essential to _the pharmaceutical manu-
facturer as a means of protecting trademark rights in the brand
name for the -article concerned; and, finally, the manufacturer is
obligated by federal law to include the established nonproprietary
name in advertising and labeling; ~ '

Under the terms of the Drug Amendments of 1962 to the .
Federal Food, Drug,. and Cosmetic Act, which became law" Oc_-
tober I0, 1962. the Secretary of Health and Human Services is.
authorized to designate an official name for any dru wherever
deemed “necessary or desirable in the interest of use ulness and
simplicity.” 3 ' ' . ' . ._ .

The Commissioner of Food and Drugs and the Secretary .of
Health and Human Services published in the Federal Register
regulations effective November. 26, .1984, which state, in part:,

Sec. 299.4 Established names of drugs.

(e) “The Food and Drug Administration will not"routinely
designate official names under section 508 of the act. As a
result, the -established name under section '502(e) of the act
will ordinarily be either the compendial name of‘the drug or,
if there is no compendial name, the common or usual name of
the drug. Interested persons, in the absence of the designation
by the Food and Drug Administration of an official name, "may .
rely on as the established name for any drug the current co'm—

pendial name or the USAN adopted name listed in USAN and
the USP Dictionary ofDrttg_Names._. . .” 4
It will be noted that the monographs on the biologics, which.

are produced under licenses issued by the Secretary of" the U." S. ‘
Department of Health and Human Services, represent a special
case. Although efforts continue toward achieving uniformity, there
may be‘ 'a difference between, the respective title requiredfby
federal law and the'USP title. Such differences are fewer than
in past revisions of the Pharmacopeia. The USP title, _where
different from the FDA Bureau of Biologics title, does not con-
stitute a synonym for labeling pur oses; the conditions of licensing
the biologic concerned require t at each such article be desig-
nated by the name appearing in" the product license issued to the
manufacturer. Where a USP title differs from ‘the title in the

federal regulations,'the former has been adopted with a view to. '
usefulness and simplicity and conformity with the principles gov—'
erning the selection of monograph titles generally.

2 USAN and the USP Dicfionary ofDrug Nanies‘-is obtainable
on order from the USAN Division, USP Convention, Inc., 12601
Twinbrook Parkway, Roclcville, MD 20852.

3 F.D.&C. Act, .Sec. 508 ‘[358]. _ . - . _
"' 53 Fed. Reg. 5369' (1988) amending 21 CFR § 299.4.

(1151) i r PHARMACEUTICAL"
oosaon FORMS;

Dosage forms are provided for most of the I_’harmacopeial drug
substances, but the processes for the preparation of many of them

Pharmaceutical Dosage Forms / ' General Information

names must be used .
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are, in general, beyond l.hB_sc0pe of the Phafmflcopeia
dition to defining the dosage forms, this section resents Idll“ ail.
eral principles involved in the manufacture 0 some or egos.
pérticularlfi on a small scale. Other information that is lhlein.

ars on t e use of the Pharmaeopeial substances in exlgiztcnP0’
raneous compounding of dosage forms.

BIOAVAILABILITY '

Bioavailability, or the extent to which the therapeutic c - ‘
uent of a pharmaceutical dosage form intended for oral or punt”
use is available for absorption is influenced by a variety off Qilllcizi
Among the inherent factors known to affect absorptitm aa,m”'
method of manufacture or method of compounding; the Elitlhu
size and crystal form or polymorph of the drug substariiic -mu
the diluents and exci ‘ients used in formulating the dosage f “"1
including slim, bin ea, disintegrating agents, lubricants ET"
ings, solvents, suspending agents, and dyes. Lubricants and c,,'."'
ings are foremost among these. The maintenance of “-
strably high degree of bioavailability requires particular
to all aspects of production and quality control that 111
the nature of the finished dosage form. "

a dcmug.
attcnliun
3)’ affect

STABILITY

The term “stability,” with respect to’a drug dosage form n,-[._-,,
to the chemical and physical integrity of the dosage unit and
when appropriate, the ability of the dosage unit to maintaiii pro:
tection against microbiological contamination. The shelf life ol
the dosage form is the time lapse from initial preparation to thc
specified expiration date; The monograph specifications of inhu-
tity; strength,‘ quality", and purity apply'throughout the shelf am
of the product. - - -

The stability parameters of a drug dosage form can bc inllu.
enced by environmental conditions of storage (temperature, 11' gin,
air, and humidity), as well as the package components. Plint-
macopeialarticles should include required storage conditions on
their labeling. These are the conditions under which the expi-
ration date shall apply. The storage requirements spcciliczl in
the labeling for the article must be observed throughout the din
tribution of the article (Le, beyond the time it leaves the manu-
facturer up to and including its handling by the dispenser or sell-31'
of the article to the consumer). Although labeling for lhc enn-
sumer should indicate‘ proper storage conditions, it is recoguirud
that control beyond the dispenser or seller is difficult.

Stability P_rotocols-Stability of manufactured dosage loruu
must be demonstrated by the manufacturer by the use or ffllillilitis
adequate for the purpose. Monograph.assays may be used lur
stability testing if they are stability-indicating (i.e., if they 115'-
curately differentiate between the intact drug molecules and lhtlt

- degradation products); Stability considerations should inclurl-'
. not only thespecific compendialrequirements, hill 3'50 I-‘ll‘c‘~i|l’.L’*

in physical appearance of the product that would warn users tli.-H
the product’s continued integrity is questionable.

Stability studies,on active substances and packagtid <lU5'-It.“
forms are conducted bymeans of “real-time,” lcIil5‘l5T“‘_ '95" "ll
specific temperatures and relative humidities represenlnlt’. -‘*l°"
age conditions experienced in the distribution chain of the us-
matic zone(s) of the country or region of the world conccrilctl
Labeling of the packaged active substance or dosage fflfl“ “l“.“']1'
reflect the effects of temperature, relative humidity. alF»,9‘“‘i 1'11? 1:
on its stabilit . Label temperature storage warnings V-'|“ ‘Cl if
both the resu ts of the real—time storage tests and also EIHU“ ‘”
expected seasonal excursions of temperature.

Controlled room temperature (see the Storage 'l“””l’”,"”",:
section under General Notices and Reqnirements—~Pr€-Vfi“'i”“‘: ?,__'
Packaging, Storage, and labeling)" delineates the allowdb en 1. is
erance in storage circumstances at any location [It the clta1_m_‘
distribution (e.g., harmacies, hospitals, and wareho uses‘); 1 J‘
terminology also a lows patients or consumers to be cotgflhfil Em‘,
to appropriate storage for the product.‘ Products 5113)" '3 “W __,
either to store at “Controlled room temperature 0F El}; lam.
temperatures “up to 25"" where labeling is sulllloilc. if 39
term stability studies at the designated storagc_°9“d‘“”';u,,'..-1.-.;
Controlled room temperature limits the p61‘fi1l55'blC PX -. my
to those consistent'with the maintenance of a rs ,- '-

perature calculated to be not more than 25°; 553‘ f 10 :.-
Temperature The commoni rnateéaéfiideline or hllmlljllf.atlstability duditrstecnrgen
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"mated studies are specified. at 40 1 2° and at 75 i 5%
in humidity. Accelerated studies also allow the interpre-

ils. ' of data and information on_short-term spikes in storage
f :5 mans in addition to the excursions allowed for by controlled
5 3; -:_tgI1]pGl'3.l:l.1l'C- -

a-gmcmintries, and it is usually preferable for product la-

“, 3 maxliiium storage temperature or temperature range
grass Celsius.
1,“ Kinetic Teniperatm-e—Mean ltinetic_ temperature is de-
"as a single calculated temperature at which the degradation
‘article would be equivalent to the actual degradation that
d-result from temperature fluctuations during the storage
-* It is not a simple arithmetic mean. The mean kinetic

iature is calculated from average storage temperatures re-

c'd over a one-year period, with a minimum of twelve equally
ed average storage temperature observati_o_ns being recorde .
[age temperature may be determined using automated re-
ing devices or as the arithmetic mean of the highest and
5; temperatures attained during the observation period as
-Mad on a high-low thermometer. The mean kinetic tem-
"turn: is calculated by the following equation-(derived from
$_,ri‘i18I1i11$ equation):

-.;'_ -- : sags . e _,

Ti '-” I (8-vA.H/RT! 4. e—AH,fRT2 + _ _ _ + e—.t1H/RT")1'' n 
n

ration, 83.144k.I-‘mole“ (unless more accurate information

isnt,8.3_l44 X l0_3 mole“ - d_egree‘1_;. T1 is the average
'ge.temperature during the first time period (e.g., month);

1'], is the average storage temperature uring the nth time
,n.h_eing the total number of average storage temperatures

aaiided (minimum of twelve) during the observation period; and

35-.i..¢|1'i]J)Cit].l1l.I't‘:S (T) being absolute temperatures in degrees Kel-mog _ ' .

_imatic Zories—For convenience in planning for packaging
' oiage, and for stability studies, international practice iden-
; four climatic zones, which are described in Table l. The

General Information / Pharmaceutical Dosage Forms

‘:1 mm :“room temperature” is used in different ways in.

for products to be shipped outside the continental US. to .

]|j[:]] ii}, is the mean kinetic temperature; $11 is the heat of -

giailable from experimental studies); R is the universal gas.

is the average storage temperature durin the second time.

’_[‘able'I. International Climatic Zones. H"
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United States, Europe, and Japan are characterized by zones I
and II. The values in Table 1 are based on observed temperatures
and relative humidities, both outside and in rooms, from which

mean kinetic teméieratures and average humidity values are cal-culated.‘ Derive values are based on inspection of data from
individual cities and on allowances for a margin of safety- in
assignment of these specified conditions. - . - -

A discussion of aspects of drug product stability that--are of
primary concern to the pharmacist in the dispensing of medi-
cations may be .i'ound under Stability Considerations in Dis—.
pensing Practice (1191). _ - -

Inasmuch as this chapter is for purposes of general information
only, no statement herein is intended to modify or supplant any
of the specific requirements pertinent to pharmaceutical prepa-
rations, which are given elsewhere in this Pharniacopeia.

.'TERMi_NoLocY
Occasionally it is necessary -to add solvent to the contents of

a container" just prior to use, usually because of instability of"
some drugs in the diluted form. Thus, a solid diluted-to yield a
suspension is called [DRUG] for Suspension; a. solid dissolved
and diluted to yield a solution is called [DRUG] for Solution;
and a solution or suspension diluted to yield a more dilute form.
of the drug is called [DRUG] Oral‘ Concentrate. After dilution,
it is important that the drug be homogeneously dispersed before"
administration. - - - . -

. -AEROSOLS

Pharmaceutical aerosols are products that are packaged under

pressure and contain thergiyaeutically active ingredients that are.released upon activation anappropriate valve system. They.
are‘ intended for topical application to the skin as well as local
application into the nose (nasal aerosols), mouth (lingual _aero-
sols), or lungs (inhalation aerosols).

The term “aerosol” refers to the fine mist of spray that results
from most pressurized systems. "However, the term has been
broadly misa plied.to all self-contained pressurized products, some
of which de iver foams or semisolid fluids. _In the ._case of ‘In-

halation Aerosois. the,particle size of the delivered medication

‘The source of the data and information in Table 1 is the
International Conference on Harmonization sponsored by the In-
ternational Federation of ‘Pharmaceutical Manufacturers Asso-
ciations. ' ' '

 ' Derived Data 

  

  

 
 

26.7

_ _ Calculated Data . -
Climatic Zone °C* “C MKT*"‘ % mbar*** % mbar ‘

Teinpemte ' i 20.0 '20.0 42 9.9
United Kingdom '
Nurtlhem Europe
Canada '
Russia '

21.6 22.0 52 13.5

26.4 27.9 35 ' 11.9

27.4 - 76_ 26.6 
Arnerigen Ex. 1057, p. '27
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EXTENDED-RELEASE CAPSULES

Extended-release capsules are formulated in such manner as
to make the contained medicament available over an extended

period of time following ingestion. Expressions such as “pro-
longed—action," “repeat—action," and “sustained-release" have also
been used to describe such dosage forms. However, the term
“extended-release” is used for Pharmacopeial purposes and re-
quirements for Drug release {see Drug Release (724)) typically
are specified in the individual monographs.

CREAMS

Creams are semisolid dosage forms containing one or more drug
substances dissolved or" dispersed in a suitable base. This term '
has traditionally been applied to semisolids that possess a rela-
tively fluidconsistency formulated as either "water-in-oil (e.g.,
Cold Cream} or oil-in-water {e.g., Fluocfnolone Acetonide Cream)
emulsions. However, more recently the term _has_been' restricted
to products consisting of oil-in-water emulsions or aqueous mi-
crocrystalline dispersions of long chain fatty acids or alcohols
that are water washable and more cosmetically and aesthetically
acceptable. Creams can be used for administering drugs via the
vaginal route (e.g., Triple Sulfa Vaginal Cream).

ELIXIRS _

See Solutions. _ '

EMUISIONS
Emulsions are two-phase systems in which one li uid is dis-

persed throughout another liquid in the form of sma l droplets.
Where oil is the dis rsed phase-and'an aqueous solution is the
continuous hase, t e system is designated as an oil-in-water
emulsion. onversely, where water or an aqueous solution is the
dispersed phase and oil or oleaginous material is the continuous
phase, the system is designated as a water—in-oil emulsion. Emul-
sions are stabilized by emulsifying agents that prevent coalesc-

ence, the merging of small _droplets into larger droplets and, ul-
timately, into a single separated phase. Emulslfying agents
(surfactants) do this by concentrating in the interface between

the droplet and external phase and bysproviding a physical barrieraround the particle to coalescence. . urfactants also reduce the
interfacial tension between the phases, thus increasing the ease
of emulsification upon miJting._

Natural," sernisynthetic, and synthetic hydrophilic polymers may
be used in conjunction with surfactants in oil-in-water emulsions
as they accumulate at interfaces and also increase the viscosity
of the aqueous phase, thereby decreasing the rate of formation
of aggregates of dro' lets. Aggregation is generally accompanied
by a relatively rap_i separation‘ of an emulsion into a droplet-rich
and droplet-poorphase. Normally the density of an oil is lower
than that of water, in which case the oil droplets and droplet
aggregates rise, a process referred to as creaming. The greater
the rate of aggregation, the greater the droplet size and the greater
the rate of creaming. The water droplets in a water-in-oil emul-
sion generally sediment because of their greater density.

The consistency of emulsions varies widely, ranging from" easily
pourable liquids to semisolid creams. Generally oil-in-water creams .
are prepared at high temperature, where they are fluid, and cooled
to room temperature, where upon they solidify as a result of so-
lidification of the internal phase. When this is the case, a high
internal-phase volume to external-phase volume ratio is not nec- '
essary for semisolid character, and, for example, stearic acid
creams or vanishing creams are semisolid with as little as 15%
internal phase. Any semisolid character with water—in-oil emul-
sions generally is attributable to a semisolid external phase.

All emulsions require an antimicrobial agent because the
aqueous phase is "favorable to the growth of microorganisms. The
presence of a preservative is particularly critical in oil-in-water
emulsions where contamination of the external phase occurs read-
ily. Since fungi and yeasts are found with greater frequency than
bacte_ria, fungistati_<:.as well as bacteriostatic properties are de-
sirable. Bacteria have been shown to degrade nonionic and an-
ionic emulsifying agents, glycerin, and many natural stabilizers
such as tragacanth and guar gum. .

Complications arise in preserving emulsion systems, as a res tilt
of partitioning of the antimicrobial agent out of the aqueous phase
where it is most needed, or of complexation with emulsion in-

Pharmaceutical Dosage Forms 1 General Information

  

gredients that reduce effectiveness. Therefore, the effectg-_.
of the preservative system should always be tested in the °f'_‘°5\
product. Preservatives commonly ‘used in emulsions inufllal
methyl-, ‘ethyl-, propyl—, and butyl—parabens, benzoic add ml‘
quaternary ammonium compounds. ‘ 3"“

See-also Creams and Otntments.

EXTRACTS AND FLUIDEXTRACTS

Extracts‘ are concentrated prelparations of vegetable or am ,.drugs obtained by removal of t e active constituents of them“
spective drugs with suitable menstrua, by evaporation of allrc‘
nearly all of the solvent, and by adjustment of the residual W
or"powders to the prescribed standards. '

In the manufacture of most extracts, the-drugs are extracted
by. percolation. The entire percolates are concentrated, generall-
by distillation under reduced pressure in order to subject the (inn!
principles to as little heat as possible. '. 3-

Fluidextracts are li uid preparations of vegetable drugs .30.,
taining alcohol as a so vent or as a preservative, or both, ahd 5”
made that, unless otherwise specified in an individual monograph
each mL contains the therapeutic constituents of 1 g of the stan:
dard drug that it represents. -

A fluidextract that tends to deposit sediment may be aged and
filtered or the clear portion decanted, rovided the resulting Clcrttliquid conforms to the Pharmacopeial) standards.

Fluidextracts may be prepared from‘ suitable extracts.

N15155:;

GELS

Gels (sometimes called Jellies) are semisolid systems consisting
of either suspensions made up of small inorganic particles or large
organic molecules interpenetrated by a liquid. Where the gel
mass consists of a network of small discrete particles, the gel is
classified-as a two-phase system {e.g., Aluminum Hya’roxr'de Gel}.
In a two-phase system, if the particle size of the dispersed phat:
is relatively large, the gel mass is sometimesreferrcd to an
magma {e.g., BenIoru'te-Magma). Both gels and magmas mug"
be thixotropic, forming semisolids on standing and becoming iiq«
uid on agitation. They should be shaken before use to ensure

homogeneity -and should be labeled to that effect. (See Su.tpr:r-srons.

Single-phase gels consist of organic macromolecules unifornily
distributed throughout a liquid insuch a manner that no apparent
boundaries exist between the dispersed macromolecules and the
liquid. Single-phase- gels may be made from synthetic macro-
molecules (e.g., Carbomer) or from natural-gums (ea;-. 3'F“X"'
canth}. The latter preparations are also called mucrEaE?3- M’
though these gels are commonly aqueous,.alcohols and oils mil)‘
be used as the continuous phase. For example. mineral out till!
be combined with a polyethylene resin to form an olcagmom
ointment base. . - _ ,

‘Gels can be used to administer drugs topiC811Y 0‘ “"9 ml?
cavities (e.g., Phenylephrine Hydrochlonfle Nasal Jell}’l~

IMPLANTS (PELLETS)
Implants or pellets are small sterile solid masses C0llS15l:i|'t£ 1'“:

a highly purified-drug (with or without exciplenlsl mil,‘ ii,
compression or molding. They are intended for 1mP1*i"“""."|‘imj
the body (usually subcutaneously) for the_p1ll'p05§‘» Of Pl°"",'_““',
continuous release of the drug over long periodfi Of F1913" km: 2",".
are administered by means of a suitable special Ifllficlgr ‘tnhm
gical incision. This dosage form has been used to a néhgfl
hormones such as testosterone or estra_d1ol. Tllell are P3 '
individually in sterile vials or foil strips. '

INFUSIONS, INTRAMAMMARYI _t ‘M
Intramamrnary infusions are suspensi_0Tl5 ‘ll drugs in 5m l' -, ':i\:‘

oil vehicles. These preparations are intenfifld for V-Ci int»
only, and are_ administered by instillation via 315 led
the udders of m1lk—pr-oducrng animals.

INHALATIONS _ or m‘_.__.:.
Inhalations are drugs or solutions or susP‘i”s]0nE1liul| Uiizipirrurr-:.'*'

drug substances administered by_the nasal or

route for locfl or s stemic cfmdrlgen 1057, p. 28
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ectivc ' solutions of drug_substa_nces in s_terile water for inhalation or
1 the fiml sodium chloride inhalation solution may be nebuliaed by use
[8 includg Hi 3393- _Nebulize_rs are suitable for the administration of
acid, a -ihgiation solutions only if they give droplets sufficiently fine and

DI‘ in size so that the mist reaches the bronchioles. Neb-
gglutions may be breathed directly from the nebulizer or

‘g mbufizer may be attached to a‘plastic face maslt, tent, or
flmittent positive pressure breatlung (IPPB) machine.
glmther group of products, also known as metered-dose in-
‘,.- [S (MDIs) are propellant driven drug suspensions or solutions

liqujfied gas propellant with or without a cosolvent and- are
geudgd for delivering metered doses of the drug to t_he respir-

tract.d®-l\v_IrI§I conttains mult1pl__e gdctsgs, oftejri exceciding. lhun r . e mos common sin e- ose vo umes .e1v-

' ‘Eire from 25 to I00 .u.L (also expressed as mg) per actuation.
Examples of MD_Is containing drug solutions and suspensions
mg; pliarmacopeia are Epinephrine Inhalation Aerosol and

garatergnoi. H1;-drochitatridel: and Pkenyiephrine Bitartrate In-; ' fan QFOSO , TCSPCC l\l'€ y. . _
piiwders may also be administered by mechanical devices that

finite manuactly prtiducgdfiressprre crha ceep i)nhalation by the-"Hi e.g., omo yn o um or n a ation .
.f"l°,p.i~.:ai class of inhalations termed inhalants consists of drugs
'gccmbip)at1on ofddgugs, that by virtue ofhtheir zhligh vapor p1res-" ,csn ecarrie yan air current intot enas assagew ere
.3:-,e'xert their effect. The container from which) the inhalant
finally is administered is known as an inhaler.

INJECTIONS

See Injections (l).

IRRIGATIONS

_ _ [riigations are sterile solutions intended to bathe or flush open
ifstii 1311‘-u¢__ sounds or body cavities. They are used topically, never paren-

itlly. _'I_‘hey are labeled to indicate that they are not intended

L_or1oNs
See Solutions or Suspensions.

LOZENGES

‘lozenges are solid preparations, which are intended to dissolve
jdisintegrate slowly in the mouth. They contain one or more

itciiicanients, usually in a flavored, sweetened base. They can be
itcpared by molding (gelatin and/or fused sucrose or sorbitol

or by compression of sugar based tablets. Molded lozenges
hcmetimes referred to as pastilles while compressed lozenges
Ifyollen referred to as troches. They are usually intended for
tlment of local irritation or infections of the mouth or throat
‘may contain active ingredients intended for systemic absorp-

after swallowing.

OINTNIENTS

P - .,_t_1_'ltnents are semisolid re arations intended for external a -
3' Imligfi $33011 to the skin or muiioulsi membranes. p
‘CW0 ' “tmefll bases recognized for use as vehicles fall into four

fllclasses: the hydrocarbon bases, the absorption bases, the
Tglcmovable bases, and the water-soluble bases. Each ther-
llll ointment ossesses as its base a representative of one of
-7911! genera classes.

Y'-

  

; in 5i_ii_ta .. ;. Hydrocarbon Bases

t‘-mriisriié hlif;°'bases, which are known also as “oleaginous ointment
ism .'.'3.re represented by White Petrolatnm and White Oint-

&§&r'0'1ll' Small amounts of an aqueous component can be in-
- illfiti into them. They serve to keep medicaments in pro-

Contact with the skin and act as occlusive dressings.
one“ ig;°°“l)0n bases are used chiefly -for their emollient effects,
magi,-,_' fiégfiflfficult to wash off. They do not _“dry out" or change

- 3' on aging.

General Information / Pharmaceutical Dosage Forms
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Absorption Bases

This class of bases may be divided into two groups: the first
group consisting of bases that permit the inco oration of aqueous
solutions with the formation of .a water-in-oi emulsion (Hydro-

philtc Petrofatum and Lanolin), and the second group consisting
of water~in-oil emulsions that permit the incorporation of addi-
tional quantities of aqueous solutions (Lanolin). Absorption bases
are useful also as emollients.

Water-removable Bases
Such bases are oil-in-water emulsions, e.g., 'Hydropht'i1'c Oint-

ment, and are more correctly called “creams.” (See Creams.)
The are also described as “water—washable,” since they ma be
rea ily washed from the skin or clothing with water, an attri ute
that makes them more acceptable for cosmetic reasons. Some
medicaments may be more effective in these bases than in hy-
drocarbon bases. Other advantages of the water-removable bases
are that they may be diluted with water and that they favor the
absorption of serous discharges in dermatological conditions. _

Water—soluble Bases

This group of so-called “greaseless ointment bases” is com-
prised of water-soluble constituents. Polyethylene Glycol Oint-
ment is the only Pharmacopeial preparation in this group. Bases
of this t e offer many of the advantages of the water-removable
bases an , in addition, contain no water-insoluble substances such
as petrolatum, anhydrous lanolin, or waxes. They are more cor-
rectly called “Gelsl” (See Gels.)

Choice of Base—The choice of an ointment base depends upon
many factors, such as the action desired, the nature of the med-
icament to be incor orated and its bioavailability and stability,
and the requisite she f-life of the finished product. In some cases,
it-is necessary to use a base that is less than ideal in order to
achieve the stability re uired. Drugs that hydrolyze rapidly, for
example, are more sta le in hydrocarbon bases than in bases

containing water, even though they may be more effective in_ theatter. -

OPHTHALMIC PREPARATIONS
Drugs are administered to the eyes in a wide variety of dosage

forms, some of which require special consideration. They are
discussed in the following paragraphs.

Ointments

Ophthalmic ointments are ointme_nts for application to the eye.
Special precautions must be taken in the preparation of oph-
thalmic ointments. They are manufactured from sterilized in-
gredients under rigidly aseptic conditions and meet the require-
ments under Sterifity Tests {'71}. If the specific ingredients used
in the formulation do not lend themselves to routine sterilization

techniques, ingredients that meet the sterility requirements de-
scribed under Sterility Tests (71), along with aseptic manufac-
ture, may be employed. Ophthalmic ointments must contain a
suitable substance or mixture of substances to prevent growth of,
or to destroy, microorganisms accidentally introduced when the
container is opened during use, unless otherwise directed in the
individual monograph, or unless the formula itself is bacterio-
static (see Added Substances under Ophthalmic -Ointments
(77l )). The medicinal agent is added to the ointment base either
as a solution or as a micronized powder. The finished ointment
must be free from large particles and must meet the re uirements
for Leakage and for Metal Particles under Ophtha mic Oint-
ments ('l'7l'). The immediate containers for ophthalmic oint-
ments-shall be sterile at the time of filling and closing. It is
mandatory that the immediate containers for ophthalmic oint-
ments be.sealed and tamper-proof so that sterility is assured at
time of first use. ' I . -

The ointment base that is selected must be nonirriiating to the
eye, permit diffusion of the drug throughout the secretions ba-
thing the eye, and retain the activity of the medicament for a
reasonable period under proper storage conditions. .

Petrolatum is mainly used as a base for ophthalmic drugs.
Some absorption bases, water-removable bases, and water-soluble
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bases may be desirable for water-soluble drugs. Such bases allow
for better dispersion of Water—soluble medicaments, but they must
be nonirritating to the eye.

Solutions

Ophthalmic solutions are s_terile solutions, essentially free from
foreign particles, suitably compounded and packaged for instil-
lation into th_e eye. Preparation of an ophthalmic solution requires
careful consideration of such factors as the inherent toxicity of
the drug itself, isotonicity value, the need for buffering agents,
the need for a preservative (and, if needed, its selection), steril-
ization, and proper packaging. Similar considerations_ are also
made for nasal and otic products.

ISOTONICITY VALUE

Lacrimal fluid is isotonic with blood, having an isotonicity value
corresponding to that of a-0.9% sodium chloride solution. Ideally,
an ophthalmic solution should have this isotonicity value; but the
e e can tolerate isotonicity values as low as that of a 0.6% sodium
c loride solution and as high as that of a 2.0% sodium chloride
solution without marked discomfort.

Some ophthalmic solutions are necessarily hypertonic in order
to enhance absorption and provide a concentration of the active
ingredient(s) strong enough to exert- a prompt and effective ac-
tion. Where the amount of such solutions used is small, dilution
with lacrimal fluid takes place rapidly so that discomfort from
the hy ertonicity is only temporary. However, any adjustment
towardpisotonicity by dilution with tears is negligible where large
volumes of hypertonic solutions are used as collyria to wash the
eyes; it is therefore important that solutions used for this purpose
be approximately isotonic.

BUFFERING

Many drugs, notably alkaloidal salts, are most effective at pH
levels that favor the undissociated free bases. At such pH levels,
however, the drug may be unstable so that compromise levels
must be found and held by means of buffers. One purpose of
buffering some ophthalmic solutions is to prevent an increase in
pH caused by the slow release of hydroxyl ions by glass. Such
a rise in pH can affect both the solubility and the stability of the
drug. The decision whether or not buffering agents should be
added in preparing an ophthalmic solution must be based on
several considerations. Normal tears have a pH of about 7.4 and
possess some buffer capacity. The ap lication of a solution to
the eye stimulates the flow of tears an the ra id neutralization
of a.rly excess hydrogen or hydroxyl ions within t e buffer capacity
of the tears. Many ophthalmic drugs, such as alkaloidal salts,
are weakly acidic and have only weak buffer capacity. Where

only 1 or 2 drops of a solution containing them are added to the
eye, the buffering action of the tears is usually adequate to raise
the pH and prevent marked discomfort. In some cases pH may
vary between 3.5 and 8.5. Some drugs, notably pilocarpine hy-
drochloride and epinephrine bitartrate, are more acid and overtax
the buffer capacity of the lacrimal fluid. Ideally, an ophthalmic
solution should have the same pH, as well as the same isotonicity
value, as lacrimal fluid. This is not usually possible since, at pH
7.4, many drugs are not appreciably soluble in water. Most al-
kaloidal salts precipitate as the free alkaloid at this pH. Addi-

' tionally, many drugs are chemically unstable at pH levels ap-
proaching 7.4. This instability is more marked at the high
temperatures employed in heat sterilization. For this reason, the
buffer system should be selected that is nearest to the hysio-
logical pH of 7.4 and does not cause precipitation of the drug or
its rapid deterioration.

An ophthalmic preparation with a buffer system approaching
the physiological pH can be obtained by mixing a sterile solution
of the drug with a sterile buffer solution using aseptic technique.
Even so, the possibility of a shorter shelf-life at the higher pH
must be taken into consideration, and attention must be directed

tplward the lattainment and maintenance of sterility throughoutt e manipu ations. ' '
Many drugs, when buffered to :1 therapeutically acceptable

pH, would not be stable in solution for long periods of time. These
products are lyophilized and are intended for reconstitution im-
mediately before use (e.g., At-etylcholine Chloride for Ophthal-
mic Solution).

Pharmaceutical Dosage Forms / General Information

 

USP 23
STERILIZATION

The sterility of solutions applied to an injured eye is
greatest importance. Sterile preparations in special comgl ill:
for individual use on one patient should be available in {liners
hospital, office, or other installation where accidentally ,,:"°I1«'
gically traumatized eyes are treated. The method of ma. Slit-
steril1ty‘1s determined primarily by the character of the pm.,~'"‘"E'
product (see Sterilization and Sterility Assurance ofcom lcull"
Articles (1211)). _ *”""*’*til

Whenever possible, sterile membrane filtration
conditions is the preferred method. If it can be sh
uct stability is not adversely affected, sterilization

in the final COl'ltEl.ll'l€(ll' is also a geferred method,Buffering certain rugs near e h siolo ical H r , ,
them quite unstable at high tempelfaiizlre. g P mg: ml“

Avoiding the use of heat by employing a bacteria-retai '
filter is a valuable technique, provided caution‘ is exercised lnnli, '
selection, assembly, and use of the e uipment. Single-filtrat‘ l
presterilized disposable units are avai able-and should be utilili-‘J-ll}.
wherever possible. ‘

under asap“.
gwn l.ha[ pl-ad‘

Y iiillflclaving

1=-RESERVATION

Ophthalmic solutions may be packaged in multiple-dose con-
tainers when intended for the individual use of one patient and
where the ocular surfaces are intact It is mandatory lhal lh;
immediate containers for ophthalmic solutions be sealed and
tamper—proof so that sterility is assured at time of first use. Each
solution must contain a suitable substance or mixture or sub.
stances to prevent the growth of, or to destroy, l'l'iitll”00l”gEll1lSnl\
accidentally introduced when the container is opened during us;-I '

Where intended for use in surgical procedures, ophthalmic so"
lutions, although they must be sterile, should not contain nnrg.
bacterial agents, since they may be irritating to the ocular tissues.

THICKENING AGENT

A pharmaceutical grade of methylcellulose (eg., 1% if :19;
viscosity is 25 centipoises, or 0.25% if 4000 centipoises) or oliirr
suitable thickening agents such as hydroxypropyl methylcclluimr
or polyvinyl alcohol occasionally are added to ophthalmic suin-
tions to increase the viscosity and prolong contact of the drug
with the tissue. The thickened ophthalmic solution must be rrcc
from visible particles.

Suspensions

Ophthalmic suspensions are sterile liquid reparations om
taining solid particles dispersed in a liquid ve icle intended in:
application to the eye {see Suspensions). It is imperative lira!
such suspensions contain the drug in a micronized form to prevent
irritation and/or scratching of the cornea. Ophthalmic stir‘-l""'
sions should never be dispensed, if there is evidence of ::akII1l~' ”‘
aggregation. '

Strips _
Fluorescein sodium solution should be dispensed in a slurllf-'

single-use container or in the form of a sterile, imprfisfialcd i""l“.l ' "- '
strip. The strip releases a sufficient amount of the drug. fl’;
agnostic purposes when touched to the eye hclfig 3’V“m"l_““I_i:h
a foreign body or a corneal abrasion. Contact of 1116 P“P':r W;
the eye may be avoided by leaching the drug from the slfgfilindg _
the eye with the aid of sterile water or sterile SO(ill1lTi L _
solution. '

PASTES

Pastes are semisolid dosage forms that _con_taln 33 CH.
drug substances intended fortopical a plication. I119“ h'fi,r-I_,._
made from a single phase aqueous gel E‘?-3-. Cflfbaxl ”;m';,» 5:.
iulose Sodium Paste). The other class, ills fatty plillalidili r.=..-—‘..
Zinc Oxide Paste), consists of thick, stiff 01[]liI1€-fllscr W ,,, pro
ordinarily flow at body. temperature, and therefore 5 _ _ -

or 11121?‘ _ '_ a 
tective coatings over the areas to which the)!’ arc app lclivc ti’-r'”_= -T '

The fatty pastes appear less greasy and Iflorc absrlli sl:m:ci%f
ointments b reason of a high proportion of drug b .__c,,,,,-,
having an a finity for water. These pastes tend ti’ abs”
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lip 23
(ions, and are less penetrating and less macerating than oint-

so that they are preferred for acute lesions that have a
3; towards crusting, vesiculation, or oozing.
tal paste is intended for adhesion to the mucous mem-

.he'-for local effect (e.g., Triomcfnolone Acetonfde Dental

PELLETS

See Implants.

POWDERS

vders are intimate mixtures of dry, finely divided drugs

Dr. chemicals that may be intended for internal (Oral Pow-01‘ external (Topical Powders) use. Because of their greater
{w'fit: surface area, powders dis erse and dissolve more readily

- compacted dosage forms. hildren and those adults who
Patience difficulty in swallowing tablets or ca sules may find
‘gas more acceptable. Drugs that are too bu to be formed‘
tablets or capsules of convenient size may be administered

' :'.'de1'S. Immedilately prior to use, oral powders are mixedaverage or app e sauce.
ties, stability problems encountered in liquid dosage forms

‘ d in powdered dosage forms. Drugs that are unstable
ueous suspensions or solutions may be prepared in the form

_gmm_1_Ies o_r powders. These are intended to be constituted by
pharmacist by the addition of a specified quantity of water
prior to dispensing. Because these constituted products have

gilcd stability, they are required to have a specified expiration
' after constitution and‘ may require storage in a refrigerator.

Gral powders may be dispensed in ‘doses premeasured by the
gin-riacist, i.e., divided powders, or in bulk. Traditionally, di-
iigled powders have been wrapped in materials such as bond paperea" parchment. However, t e pharmacist may provide greater

action from the enlvironment by sealing individual doses inltcellophane or po yethylene envelopes.
"lk-oral powders are limited to relatively nonpotent drugs

as laxatives, antacids, dietary supplements, and certain an-

gisits that the patient may safely measure by the teaspoonfulrapfui. Other bulky powders include douche powders, tooth
tiers, and dusting powders. Bulk powders are best dispensed
ight, wide-mouth glass containers to afford maximum rotec-
from the atmosphere and to prevent the loss of volati e con-ants.

Dusting powders are impalpable powders intended for topical
mlicstion They may be dispensed in sifter-top containers to
Iilale dusting onto the skin. In general, dusting powders should

itpassed through at .least a 100-mesh sieve to assure freedom

ariitltfiat could irritate traumatized areas (see Powder Fine-

-<9D. an

SOLUTIONS

§’¢l_ll1_ious are liquid preparations that contain one or more
r (2%! substances dissolved, i_e., molecularly dispersed, in a

Bit‘-. soivent or mixture of mutually miscible solvents. Since
i95'ln solutions are uniformly dispersed, the use of solutions

its forms generally provides for the assurance of uniform
‘?_-l1P0n_ administration, and good accuracy when diluting or
_|Sc mixing solutions.

ll.‘-‘lilflflcs in solutions, however, are more susce tible to chem-
“Wbdity than the solid state and dose for ose, generally

more bulk and weight in packaging relative to solid dosage

-§s1,:<1_.rallsoluti_ons, but particularly those containing volatile
..dJ_1El1iconta1ners, stored away from excessive heat, should

~ ' Cflllslderation should also be given to the use of light-

'3' $l_'c_’lbility problem. Dosage forms categorized as “So-
mlage Classified according to route of administration, such
liénlfllutiom and “Tppical Spliitions,” or by their solute
--as , 3Y8tems, such as ‘ Spirits,’ _'l:II1Cl1l.Il_‘t‘BS,"aI!.d::Vlfatel'S."

- 1 Int!‘-l_'Ided for parenteral administration are officially en-
“J9Ct.1ons” (see Injections (1)).

. I I Oral Solutions

i"0l'“ll0ns are liquid preparations, intended for oral ad-“. that contain one or more substances with or without
.-..
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--.“-ifiontainers when photolytic chemical degradation is a.
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flavoring, sweetening, or coloring agents dissolved in water or
cosolvent-water mixtures. Oral Solutions may be formulated for
direct oral administration to the patient or they may be dispensed
in a more concentrated form that must be diluted prior to ad-
ministration. It is important to recognize that dilution with water
of Oral Solutions containing cosolvents, such as alcohol, could
lead to precipitation of some ingredients. Hence, great care must
be taken in diluting concentrated solutions when cosolvents are
present. Pre arations dispensed as soluble solids or soluble mix-
tures of soli s, with the intent of dissolving them in a solvent and
administering them orally, are designated “for Oral Solution”
(e.g., Potassium Cfitorfdefor Oral Solution)‘. ' ' _ '

Oral Solutions containing high concentrations of sucrose or
other sugars traditionally have been designated as Syrups. A
near-saturated solution of sucrose in purified water, for example,
is known as Syrup or “Simple Syrup." Through common usage
the term, syrup, also has been used to include any other li uid
dosage form prepared in a sweet and viscid vehicle, iiiclu ing
oral suspensions.

In addition to sucrose and other sugars, certain polyols such
as sorbitol or glycerin may be present in Oral Solutions to inhibit
crystallization and to modify solubility, taste, mouth-feel, and
other vehicle properties. Antimicrobial agents to prevent the

growth of bacteriaalyeasts, and molds are generally also present.Some sugarless 0 Solutions contain sweetening agents such as
sorbitol or aspartame, as well as thickening agents such as_ the
cellulose gums. Such viscid sweetened solutions, containing no
sugars, are occasionally prepared as vehicles for administration
of ‘drugs to diabetic patients. '

Many oral solutions, which contain alcohol as a cosolvent, have
been traditionally designated as Elixirs. Many others, however,
designated as Oral Solutions, also contain significant amounts of
alcohol. Since high concentrations of alcohol can produce a phar-
macologic effect when administered orall , other cosolvents, such
as glycerin and propylene glycol, should e used to minimize the
amount of alcohol required. To be designated as an Elixir, how-
ever, the solution must contain alcohol. - .

Topical Solutions

Topical Solutions are solutions, usually aqueous but often con-
taining other solvents, such as alcohol and -polyols, intended for
topical application to the skin, or as in the case of Lidocaine Oral
Topical Solution, to the oral mucosal surface. The term “lotion”
is applied to solutions or suspensions applied topically.

Otic Solutions

Otic. Solutions, intended for instillation in the outer ear, are
aqueous, or they are solutions prepared with glycerin or other
solvents and dispersing agents (e.g., Antfpyrine and Benzocaine
Otic Solution and Neomycfn and Polymyxin B Sutfatesond Hy-
drocortisone Otic Solution). .

Ophthalmic Solutions
(See Ophthalmic Preparations.)

Spirits

Spirits are alcoholic or hydroalcoholic solutions of volatile sub-
stances prepared usually by simple solution or by admixture of
the ingredients. Some spirits serve as flavoring agents while oth-
ers have medicinal value. Reduction of the high alcoholic content -

of spirits by admixture with aqueous preparations often causes
turbidity, - .

Spirits require storage in tight, light-resistant containers to pre-
vent loss by evaporation and to limit oxidative changes.

Tiiicttlres '

Tinctures are alcoholic or hydroalcoholic solutions prepared
from vegetable materials or from chemical substances.

The proportion of drug represented in the different chemical
tinctures is not uniform but varies according to the established
standards for each. Traditionally, tinctures of potent vegetable
drugs essentially represent the activity of 10 g of the drug in
each 100 ml. of tincture, the potency being adjusted following
assay. Most other vegetable tinctures represent 20 g of the re-

spective vcgetable
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PROCESS P

Carefully mix the ground drug or mixture of drugs with a
sufficient quantity of the prescribed solvent or "solvent mixture
to render it evenly and distinctly damp, allow it to stand for 15
minutes, transfer it to a suitable percolator,_ and pack the drug
firmly. Pour on enough of the prescribed solvent or solvent mix:
ture to saturate the drug, cover the top of the percolator and,
when the liquid is about to drip from the percolator, close the
lower orifice, and allow the drug to macerate for 24 hours or for
the_time specified in the monograph. If no assay is directed,
allow the percolation to proceed slowly, or at the specified rate,
gradually adding sufficient solvent or solvent mixture to produce
1000 mL of tincture, and mix (for definitions of flow rates, see
under Fluidextrocts). If an assay is directed, collect only 950
mL of percolate, mix this," and assaya portion of it as directed
Dilute the remainder with such quantity of the prescribed solvent
or solvent mixture as calculation from the assay indicates is" nec-
essary to roduce a tincture that conforms to the prescribed stan-
dard, an mix.

_ ' PROCESS_.M' ' .
Macerate the drug with 750 mL of the prescribed solventor

solvent mixture in a container that can be closed, and put in a
warm place. Agitate it frequently during 3 days or until the
soluble matter is dissolved. Transfer the mixture to a filter, and
when most of the liquid has drained away, wash the residue on
the filter with a sufficient quantity of-— the prescribed solvent or.
solvent mixture, combining the filtrates, to produce 1000 mL of
tincture, and mix. - ' . - --

Tinctures require/storage in tight, light-resistant containers,
away from direct sunlight a.nd excessive heat.

' Waters, Aromatic
Aromatic waters are clear, saturatedaqueous solutions {unless

otherwise specified) of volatile oils or other aromatic'or volatile
substances. Their odors and tastes are similar, respectively, to
those of the drugs or volatile substances from which they are
prepared, and they are free from empyreumatic and other foreign
odors. Aromatic waters may be prepared by distillation or so-
lution of the aromatic substance, with or without ‘the use-of a -
dispersing agent. - -

Aromatic waters require protection from intense light and ex-
cessive heat. - " '-

SUPPOSITORIES

Suppositories are solid-bodies .of various weights and shapes,
adapted for introduction into the rectal, vaginal, or urethral ori-
fice of the "human body. They usually melt, soften, or dissolve
at body temperature. A suppository may act as" a protectant or
palliative to the local tissues at the point of introduction or as a
carrier of therapeutic agents for systemic or local action. Sup~
pository bases usually employed are cocoa butter, glycerinated
gelatin, h drogenated vegetable oils, mixtures of polyethylene
glycols o various molecular weights, and fatty acid esters of
polyethylene glycol.

The suppository base em loyed has a marked influence on the
release of the active ingre ’ent incorporated in it. While cocoa
butter melts quickly at body temperature, it is immiscible with
body fluids and this inhibits the ‘diffusion of fat—soluble drugs to
the affected sites. Polyethylene glycol is a suitable base for some
antiseptics. In cases_ where systemic action is expected, it is-pref-
erable to incorporate the ionized rather than the nonionized form
of the drug, in order to maximize bioavailability. Although un-
ionized drugs partition more readily out of water—miscible bases
such as glycerlnated gelatin and polyethylene glycol, the bases
themselves tend to dissolve ve slowly and thus retard release
in this manner. Oleaginous v icles such as cocoa butter are
seldom used in vaginal preparations because of the nonabsorbable
residue formed, while glycerinated gelatin is seldom used rectally
because of its slow dissolution. Cocoa butter and its substitutes

(Hard Fat) are superior for allaying irritation, as in preparations
intended for treating internal hemorrhoids. -

Cocoa Butter Suppositories
Suppositories having cocoa butter as the base may be made

by means of incorporating the finely divided medicinal substance

Pharmaceutical -Dosage Forms / General Information

into the solid oil at room temperature and suita-bly sha »
resulting mass, or by working with the oil in the melted slung lb‘
allowing the resulting suspension to cool "in molds_ A :11.“ tutti
quantity of hardening agents may be added to wuntcraélabtu
tendency of some medicaments such as chloral hydrate and h the
to soften the base. It is important that the finished sup P .““*-'l
melt at body temperature. p°5"”i'_»'

The approximate weights of suppositories prepargd with
butter are given below. Suppositories prepared from other(i:u:'l
vary in weight and generally are heavier than the weight. Jlgc,
cated here. 5 ml"

Rectal Supposftorfes for adults are tapered at one or both a
and usually weigh about 2 g each. __ ml‘

Vaginal Suppositories are usually globular or oviform and W5 .1
about 5 g each. Theyare made from water soluble gr ,,._.,,l,l‘”_"
miscible vehicles such as polyethylene glycol or g1yCe,iI1a[ed garatin. ' _- '

Suppositories with cocoa butter base require storage in well
closed containers, preferably at a temperature below 30” I
trolled room temperature). (mm

_ Cocoa Butter Substitutes"

Fat-type suppository bases can be produced from a variety nu‘
vegetable oils, such as coconut or palm kernel, which art: modified
by esterification, hydrogenation, and fractionation to obtain prod-
ucts of varying composition and’ melting temperatures (c_g, t 1,-.
drogenated ' Vegetable Oil. and Hard Fat). These producti; can
be so designed as to reduce rancidity. At the same time, dcgin-,1
characteristics such as narrow intervals between melting and M,
lidification temperatures, and melting ranges to accomntodstt.
various formulation and climatic conditions, can be built in

ifllyicerinated Gelatin Suppositories
Medicinal substances _may be incorporated i_nto glycerimn.-.1

gelat_1n_bases by addition of the prescribed quantities to a vchiulr
consisting of about 70 parts of glycerin, 20 parts of gelatin, am!

10(parts of water. _ 'lycerinated gelatin suppositories require storage in tight Cutt-
tainers, preferably at a temperature below 35°.

Polyethylene. Glycol—Base Suppasitories

Several combinations of polyethylene glycols having rncltinr.
tem‘peratures that'are above body temperature have been 115911
as suppository bases. Inasmuch as release from these bases de-
pends on dissolution rather than on melting, there are signiftcatn tl}:
fewer problems in preparation and storage than exist Wllil mull
ing-type vehicles. However, high concentrations of higl1Cr_l1l'3'
lecular weight polyethylene glycols may lengthen Cll5S0llll.|.t}tl ltmt’.
resulting in problems with retention. Labels on lyeth)'|I:_TiC til.‘-
col suppositories should contain directions that t ey be tnosstcnnl
with _water before inserting. Although they can be stored without
refrigeration, they should be packaged in tightly Cl05==‘l 9"“
tainers.

Surfactant Suppository Bases
Several nonionic surface-active agents closely related cttrtxtlt:

cally to the polyethylene glycols can be used as sUPP°5"”lf \"r_
hicles.' Examples of such surfactants are 13013‘0XY3ll‘Yl“”.}.|“f,_
bitan fatty acid esters and the polyoxyethylene stearatcs. _
surfactants are used alone or in combination with U111“ -‘_‘:l_t'r_,
sitory vehicles to yield a widerange of melting t6fF|P°‘i1"llL_;|L,“
consistencies. One of the major advantages of such veht-I W
their waterdispersibility. However, care must be taken Wt 1,;. , . ,1-

use of surfactants, because they may either increase tllfig l._,i,t._-.
drug absorption or interact with drug molecules, caust

crease in therapeutic activity.

Tahleted Suppositories or Inserts
. . . . b\' ““'

Vaginal suppositories occasionally are_P7°Pa_::ij]c‘
compression of powdered materials into a suitable 5-

""°1"i€il"ri‘§‘ti‘§é‘l’i“l‘_“‘;’i‘.’*‘t’t)‘5?”,“ .s’:‘“f§‘2
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SUSPENSIONS

= S gnsions are liquid preparations that consist of solid par-
” dispersed throughout a liquid phase in which the particles

F-S0; soluble. Dosage forms officially categorized as Suspen-
".1‘ -3,3 designated as such if they are not included in other
he specific categories of suspensions, such as Oral Suspensions,
'-ca] Suspensions, etc. (see these other categories). Some sus-
-'-,,,',3 are prepared and ready for use, while others are prepared

-5",-,1 mixtures intended for constitution just before use with
to Pfgpriate _vehicle. Suchproducts are designated “for Oral
ainsign,” etc. The term, Milk,‘ is sometimes used‘ for sus-
Ssiom, in aqueous vehicles intended for oral administration (e:g.,'
Ink Dfmognesia). The term, Magma, is often used to describe
ignsiom of inorganic solids si_ich as clays 111 water, where there

apmidency for strong hydration and aggregation of the sohd,
fig rise to gel—l1ke consistency and thixotrop_ic rheological be-
fim [e_g., Bentonite Magma). The term, Lotion, has been used
categorize many topical suspensions and emulsions intended

;,;.,.' application to‘ the skin (e.g., Cafamine Lotion). Some sus-
Q ns are prepared in sterile form and are used as Injectables,

.j.i¢;|1'as for ophthalmic‘ and otic administration. These may be
“.0 typcs, ready'_ to use or intended for constitution with a
' ribecl amount of Water for Injection or other suitable diluent

I-wing intravenously or intrathecally. , '_ _ _
suspcrisions intended for any route of aCl1'I1lI11S_t1:3ll0I1 should
"min suitable antimicrobial a erits to protect against bactersa,‘Sn and mold contaminationfsee Emulsions for some consid-
lion of antimicrobial preservative properties that apply also to

3' msions). By its_ very nature‘, the particular matter in__a sus-
ion may settle or sediment to the bottom of the_ container
standing. Such sedimentation may also lead to calcing and

iilification of the sediment with a resulting difficulty in redis-
g the suspension upon agitation. To prevent such problems,

'iable_iiigredients that increase viscosity and the gel state of

 

gins, should be_added. It is important that suspensions always‘
"shaken well before use to ensure uniform distribution of the
itthi the vehicle, thereby ensuring uniform and proper dosage.

risions require storage in tight containers.

3' a l/Chllilgt
alaun, arid.‘

_ Oral Suspensions I
Oral Suspensions are liquid preparations containing solid par-
'-lcs dispersed in a liquid vehicle, with suitable flavoring agents,
ltndcd for oral. administration; Some suspensions labeled as
"His or. Magmas fall into this category.

Topical Suspensions

_pical éuspensions are liquid preparations containing solid
fliiclcs--dispersed in a liquid vehicle, intended for application

ory. _:. _ .

Otis: SI.ls‘[Je-I1lS_i0lIS_
ic Suspensions are liquid preparations containing micronized
clcs intended for instillation in the outer ear.

(lphthalmic Suspensions
(See Ophthalmic Preparations).

- SYRUPS

See Solutions.

_ SYSTEMS

*=_n‘1i°“i}i6ars, a number of dosage forms have been developed
“Warn technology that allows for the uniform release or
3_°f drugs to the body. ‘These products are commonly
§h"'31')’ systems. The mostwidely used of these are Trans-. }'stern,-5,
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" 5 use by the designated route. Suspensions should not be '

suspeiision, such as clays, surfactants, polyols, polymers, or _

éskin. Some suspensions labeled as Lotions fall into this -

 

(1151) 1949

Transderinal Systems

Transdeimal drug delivery systems are self-contained, discrete
dosage forms that, when applied to intact skin, are designed to
deliver the drug(s) through the skin to the systemic circulation.

Systems typlilcally comprise an outer covering (barrier), a drugreservoir, w ‘ch may have a rate controlling membrane‘, a contact
adhesive applied to some or all parts of the system and the system]
skin interface, and a rotective liner that is removed before ap-
plying the system. e activity of these systems is defined in
terms'of the release rate of the drug{s) from the system. The
total duration of drug release from the system and the system -
surface area may also be stated.

Transdermal drug delivery systems Work by diffusion: the drug
diffuses from the drug ‘reservoir,-"directly or through the rate
controlling membrane and/or contact adhesive if present, and
then through the slcin_into the general circulation._ T _ ically,
modified-release systems are designed to provide drug '- elivery
at a constant rate, such that a true steady state blood concen-_
tration is achieved and maintained’ until the system is removed". '
At" that time, blood concentration declines at a rate consistent
with the pharmacokinetics of the drug.

Transdermal drug delivery"systems are applied to body areas
consistent with the labeling for the product(s). As _long as drug__
concentration at the system/skin interface remains constant, the
amount of drug in the dosage _form does not influence plasma
concentrations. . The functional lifetime. of the'system is defined
by the initial amount of drug in the reservoir and the release rate
from the reservoir," _ '

NOTE—Drugs for local rather than systemic effect are com-
monly applied to the -skin embedded in glue on a cloth or plastic
backing. These products are defined traditionally as plasters or
tapes.

Ocular System

Another type of system is the ocular system, which is intended
for placement in the lower conjunctival fornix from which the
drug diffuses through a membrane at a constant rate over a seven-
day period (eg, Pitocarpfrie Ocular System).

Intrauterine System
An intrauterine system, based on a similar pi'inciple_but.in—

tended for- release of drug over a much longer period of time,
i.e., one yea'r,'is'also available (eg., Progesterone Intrauterine
Controcept_iye System). ' '

__ _ _ _TAsi.i:'rs _
Tablets are solid dosage forms containing medicinal substances

with or without suitable diluents.- They may be classed, according
to the method of manufacture, as compressed tablets or moldedtablets .

The vast majority .of all tablets manufactured are'made by
compression, and compressed tablets are the most widely used
dosage form in this country. Compressed "tablets are prepared
by the application of high pressures, utilizing steel punches and
dies, to powders or granulations. Tablets can be produced in a .
wide variety of sizes, shapes, and surface markings, de ending
upon the design of the punches and dies. Capsule-shape ‘tablets
are commonly referred to as caplets. ‘Boluses are large tablets
intended for veterinary use, usually for large animals.

Molded tablets" are prepared by forcing dampened powders
under low pressure into die cavities. Solidification depends upon
crystal bridges built up during the subsequent drying process,
and not upon the compaction force. . . .

Tablet triturates are small, usually cylindrical, molded or com-
pressed tablets. Tablet triturates were traditionally used as dis-
pensing tablets in order to provide a convenient, measured uan-
tity of a potent drug for compounding purposes. Such ta lets
are rarely used today. Hypodermic tablets are molded tablets
made from completely and readily watei'—soluble ingredients and
formerly were intended for use in making preparations for hy-
podermic injection. They are employed orally, or where rapid
drug availability is required such as in the case of Nitroglyceriir
Tabfets, sublingually.. - -

Buccal tablets are intended to be inserted in the buccal pouch, '
and sublingual tablets are intended to be inserted beneath the"
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tongue, where the active ingredient is absorbed directly through
the oral mucosa. Few drugs are readily absorbedin this way,
but for those that are (such as nitroglycerin and certain steroid
hormones), a number of advantages may result

Soluble, effervescent tablets are prepared by compression and
contain, in addition to active ingredients, mixtures of acids (citric
acid, tartaric acid) and sodium bicarbonate, which release carbon
dioxide when dissolved in water. They are intended to be dis-
solved or dispersed in water before administration. Effervescent
tablets should be stored in_tightly closed containers or moisture-

proof packs and labeled to indicate that they are not to be swal-owed directly.

Chewable Tablets

Chewable tablets are intended to be chewed, producing a pleas-
ant tasting residue in the oral cavity that is easily swallowed and
does not leave a bitter or unpleasant after-taste. These tablets
have been used in tablet formulations for children, especially
multivitamin formulations, and for the administration of antacids
and selected antibiotics. Chewable tablets are prepared by
compression, usually utilizing mannitol, sorbitol, or sucrose as
binders and fillers, and containing colors and flavors to enhance
their appearance _and taste. _ '

Preparation of Molded Tablets
Molded tablets are prepared from mixtures of medicinal sub-

stances _and a diluent usually consisting of lactose and powdered
sucrose in varying proportions. The powders are dampened with
solutions containing high percentages of alcohol. The concentra-
tion of alcohol depends upon the solubility of the active ingre-
dients and fillers in the solvent system and the desired degree of
hardness of the finished tablets. The dampened powders are
pressed into molds, removed, and allowed to dry. Molded tablets
are quite friable and care must be taken in packaging and dis-
pensing.

Formulation of Compressed Tablets '

Mostcompressed tablets consist of the active ingredient and
a diluent (filler), binder, disintegrating agent, and lubricant. Ap-
proved FD&C and D&C dyes or lakes (dyes adsorbed onto in-
soluble aluminum hydroxide), flavors, and sweetening agents may
also be present. Diluents are added where the quantity of active

ingredient is small or difficult to compress. Common tablet fillers
include lactose, starch, dibasic calcium phosphate, and micro-
crystalline cellulose. Chewable tablets often contain sucrose,
mannitol, or sorbitol as a filler. Where the amount of active
ingredient is small, the overall tableting properties are in large
measure determined by the filler. Because of problems encoun-
tered with bioavailability of hydrophobic drugs of low water-

polubility, -water-soluble diluents are used as fillers for these I.{;ab-ets.

Binders give adhesiveness to the powder during theéJ1'CllII1ll|,'lEl.I‘ygranulation and to the compressed tablet. They ad to the"‘co-
hesive strength already available in the diluent. While binders
may be added dry, they are more effective when added out of
solution. Common binders include acacia, gelatin, sucrose, po-
vidone, methylcellulose, carboxymethylcellulose, and hydrolyzed
starch pastes. The most effective dry binder is microcrystalline
cellulose, which is commonly used for this purpose in tablets
prepared by direct compression. - -

A disintegrating agent serves to assist in the fragmentation of
the tablet after administration. The most widely used tablet dis-
integrating agent is starch. Chemically modified starches and
cellulose, alginic acid, microcrystalline cellulose, and cross—linked
povidone, are also used for this purpose. Effervescent mixtures
are used in soluble tablet systems as disintegrating agents. The
concentration of the disintegrating agent, method of addition, and
degree of compaction play a role in effectiveness.

Lubricants reduce friction during the compression and ejection
cycle. In addition, they aid in preventing adherence of tablet
material to the dies and punches. Metallic stearates, stearic acid,
hydrogenated vegetable oils, and talc are used as lubricants. Be-
cause of the nature of this function, most lubricants are hydro-
phobic, and as such tend to reduce the rates of tablet disinte-
gration and dissolution. Consequently, excessive concentrations
of lubricant should be avoided. Polyethylene glycols and some

 USP 23

lauryl sulfate salts have been used as soluble lubricants 5
agents generally do not possess optimal lubricating ',0'”5'"_tb
and comparatively high concentrations are usually rgqu5rm:{l'°i,

Glidants are agents that improve powder fluidity, E '
commonly employed in direct compression where I19 3
step is involved. The most effective glidants are t1-.
pyrogenic silicas.

Colorants are often added to tablet formulations for fiqth ‘
value'or for product identification. Both DSLC and pD&-C dent
and lakes are used. Most dyes are photosensitive and the 5“
when exposed to ‘light. The federal Food and Dru -5’
tion regulates the colorants employed in dj.'ug5_

i ii
2 Admmashf.

Manufacturing Methods

Tablets are prepared by three general methods: we: ,.
lation, dry granulation (roll compaction or slugging) andgdidmi"
compression The purpose of both wet and dry gyaniilation ‘F-“T
improve flow of the mixture and/or to enhance its compressibif in

Dry granulation (slugging) involves the compaction of pWd!l)_
at high pressures into large, often poorly formed table, mmpuciri
These compacts are then milled and screened to form :1 gm, '
lation of the desired particle size. The advantage of dry arm:
lation is the elimination of both heat and moisture in lllcl ;._..
cessing. Dry granulations can be produced also by extru in
powders between hydraulically operated rollers to produce tliiii
cakes which are subsequently screened or milled to give the dr-
sired granule size. '

Excipients are available that allow production of tablets at high
speeds without prior granulation steps. These directly compm;-,:
ible excipients consist of special physical forrns of substances such
as lactose, sucrose, dextrose, or cellulose, which possess the dc-
sirable properties of fluidity and compressibility. The most widely
used direct-compaction fillers are microcrystalline cellulose, or,
hydrous lactose, spray~dried lactose, compressible sucrose, and
some forms of modified starches. Direct compression avoids many
of the problems associated with wet and dry granulations. l'loru.
ever, the inherent physical properties of the individual filler mar _
terials are highly critical, and minor variations can alter flow and
compression characteristics so as to make them unsuitable list‘
direct compression

Physical evidence of poor tablet quality is discussed undc1'.\'l‘:i-
bility Considerations in Dispensing Practice (1191).

WEIGHT VARIATION AND CONTENT UNIFORMITY

Tablets are required to meet a weight variation test (set: t-‘nil ' '
formity ofDosage Units (905)) where the active ingredient con!»
prises a major portion of the tablet and where control of Wcigiil
may be presumed to be an adequate control of drug colilvltl
uniformity. Weight variation is not an adequate indication of
content uniformity where the drug substance comprises :1 rela-
tively minor portion of the tablet, or where thelablet is sUis'3'{'
coated. Thus, the Pharmacopeia generally requires that coslrt.
tablets and tablets containing 50 mg or less of active iiiE.VF‘l1‘"_"
comprising less than 50% by weight of the dosage-form_ unit. 1215-‘-
a content uniformity test (see Umformity 0fD0Sfl'§-'-’ Um” l9U"."l'
wherein individual tablets are assayed for actual drug °°"'l°_‘"'

DISINTEGRATION AND DISSOLUTION

_ Disintegration is an essential attribute_‘of tablets intcniltlil l“
administration by mouth, except those intended to

. -3'.

before being swallowed and except some_ types of extended-roles». . _ - jg. ' .

tablets. A disintegration test is provided {S95 D‘“"'.M"r"‘mi '. . ' - ;, f

(701)), and limits on the times in which disintegrallgfl l:"g‘i,_; .
place, appropriate for the types of tablets concernt . « -

in the individual monographs. may be 3 ,.,,-,x_«:For drugs of limited water-solubility, dissolution . 1,,;=a_=.s _ ~'
meaningful quality attribute than disintegfalim P‘8r'j',:i'0n.o,-v:
test (see Dissolution (711)) is required in _a num on
graphs on tablets. In many cases, it is possible to, 0 M“
solution rates with biological availability of the active -
However, such tests are useful mainly‘aS 3 In
preliminary formulations and as a routine fl’-131
dure. '

Coatings

Tablets may be coated for a variety of re Ii h, martin? -.
tection of the ingredients from air moisture, of 8 *

Amerigen Ex. 1057, p. 34.

be. chcuni _ . T

cliiic 5*’
disc! :

. I23 -

cans of stirrrfoé .-_ _
i{y—conlrelP7" _



Amerigen Ex. 1057, p. 35

 
 

 

 
 
 

 

 
 

SP 23

leasant tastes and odors, improvement of appearance, and
"EH91 of the site of drug release in the gastrointestinal tract.

PLAIl\l COATED TABLETSta '

itidi; c1assically,.ta_blets have been coated with sugar appliedfrom
:-idat -mus suspensions containing insoluble powders such as starch,
' - mum carbonate, talc, or titanium dioxide, suspended by means
ictic acacia or gelatin. For purposes of identification and esthetic
Elyg; tug, the outside coatings may be colored. The finished coated
fad: __ -mgts are polished by application of dilute solutions of wax in
stra. "Na-its such as chloroform or powdered mix. Water-protective

matings consisting" of substances such as shellac or cellulose ace-
mphthalate are often applied out of nonaqueoussolvents prior
H plication of s_ugar- coats._ Excesstve quantities should be
voided. Drawbacks of sugar coating include the lengthy time
Ecggsary for application, the need for waterproofing, which also
‘largely affects dissolution, and the increased bulk of the fin-

ned tablet. These factors have resulted in" increased acceptance
_af.fj[n1 coatings. Film coatings consist of water-soluble or dis-

.- Persihle materials such as liydroxypropyl methylcellulose, meth-
Icellulose, hydroxypropylcelliilose, carboxymethylcellulose so-
;um, and mixtures of cellulose acetate phthalate and polyethylene
lyccls applied out of ‘nonaqueous or aqueous solvents. Evapo-

-,_-miien of the solvents leaves a thin film that adheres directly to
mg tablet and allows it to retain the original shape, including

moves or identification codes. _ '

1:!-

  
 
 

 

 
 

 
 

 
 
 

 

 
 
 
 

  

_. ENTERIC-COATED TABLETS
where the drug_may be destroyed or inactivated by the gastric

“¢nteric" coatings is indicated. Such coatings~are iritended-to
delay the release" of the medication until the tablet has passed
In-uugh the stomach. The" term "delayed-release” is used for

acts and specifications for Drug release (see Drug Release (724)).

EXTENDED-RELEASE TABLETS
Extended-release tablets are formulated in such manner as to

_ _ make the contained medicamentavailable over an extended pe-
' '-':__igri oftinie following ingestion. Expressions such as “prolonged-:\ is

'_ action, . repeat~action," ind “sustained-release” have also been
used to ‘describe such dosage forms. However, the term “ex- '

"tended-release" is used for Pharmacopeial purposes, and require-
ments for Drug release typically are specified in the individual
mpnographs.

* 5 (117 1) PHASE-SOLUBILITY ,
‘ ANALYSIS

hase-solubility analysis is the quantitative determination of
the purity of a substance through the appl_ication of precise sol-

l“)' measurements. At a given temperature, a definite amount
 

-xii"

e resulting solution is_ saturated with respect to the particular
l_'_5_lilIlt:€. but the solution remains ‘unsaturated with respect to

W13!‘-Substances, even though"such substances may beclosely
tied in chemical structure and physical properties to the par-

_.fi.°."lflr.substance being tested. Constancy of solubility, just as
“Fl-aflcy of melting temperature or other physical‘. properties,
‘W1’-S that a material is pure or is free from foreign admixture

"991 in the uni ue case where the percentage composition of

 

 

  
 

  
 
 
 

 

Ihlmpfirities. I . .
‘me. -’_‘l'¢1I1Cla.r‘d solubility method consists of six distinct steps:
in-m1l""1_i%.' in_a series of separate systems, increasing quantities
.h6rial with measured, fixed amounts of a solvent; (2) es-,
pcmfint of equilibrium forreach system at identical constant

mute and pressure; (3) separation of the solid phase from

aamtti. "5“l3_5lance un er test is in direct ratio to solubilities of the
2S0l'1"°'-l P”-'°l1\'l‘= Components. Conversely, variability of solubility in-
.[ mad PR5 the presence of an impurity or impurities.
131‘. -t_ 3=hal‘i.‘8olubility analysis is applicable to all species of _com—
;rEdi".“’- Ends that are crystalline-solids and that form stable solutions.
Slfigw "M Tcadily applicable to compounds that form solid solutions3 . .

-_n

17:‘

General Information / Phase-solubility Analysis

nice or where itmay irritate the, gastric mucosa, the use‘ or

|'_|iarmacopeial purposes, and the individual monographs include_

_3l3l.1l't3 substance is soluble in a definite quantity of solvent.-

(l17l) 1951

the solutions; (4) determination of the concentration of the ma-
terial dissolved in the various solutions; (5) plotting the concen-
tration of the dissolved materials per unit of solvent (y-axis or
solution composition} against the weight of material per unit of
solvent (x—axis or system composition); and (6) extrapolation and
calculation. - . - - - -

- Solvents

A proper solvent for phase-solubility analysis‘ meets the follow-
ing criteria: (I) The solvent is of sufficient volatility so that it
can be evaporated under vacuum, but is not so volatile that dif-
ficulty is experienced in transferring and weighing the solvent
and its solutions. Normally, solvents having boiling points be-
tween 60°_ and 150° aresuitable. (2) The solvent does not ad-
versely' affect the substance being tested. "Solvents that "cause
decomposition or react with the test substance are not to be used.
Solvents that solvate or form salts are to be avoided, if possible.
(3) The solvent is of known purity and composition. Carefully
prepared mixed solvents are permissible. Trace impurities may
affect solubility greatly. (4) A solubility of 10 mg to 20 mg per
g is optimal, but a wider working range can be utilized.

Appa-ra'tus* '
Constant-temperature Bath—Use a constant-temperature bath

that is capable of maintaining the temperature within 1 0.1 ° and
that is equipped with a horizontal shaft capable of rotating at
approximately 25 rpm. The shaft is equipped with clamps to
hold the Ampuls. Alternatively, the bath may contain a suitable

vibrator, capable of agitating the amlpuls at 100 to 120 vibrationsper second, and equipped with a s aft and suitable clamps to
hold the ampuls. - "

Ampuls—Use 15.~mL ampuls of the type shown in the accom-
panying illustration. Other containers may be used provided that
they are leakproof and otherwise ‘suitable.

Solubility Flasks—Use solubility flasks of the" type shown ‘in
the accompanying illustration. ‘ -

'-Jm_ 35 .

70 mm

t..j._ %% s§at—§ 
. |-<—.~—25mm——|I-mi

Ampul (left) and Solubility Flask (right) Used in Phase-
solubility Analysis

* Available from Hanson Research Corp., 13727 Bahama St.,
P. O. Box 35, Northridge, CA 9l324.
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Acidifying Agent
Acetic Acid

Acetic Acid, Glacial
Citric Acid
Fumaric Acid

Hydrochloric Acid
Hydrochloric Acid, Diluted
Malic Acid
Nitric Acid

Phosphoric Acid
Phosphoric Acid, Diluted
Propicnic Acid
Sulfuric Acid
Tartaric Acid

Aerosol Propellant
Butane

Dichlorodifluoromethane I .
Dichlorotetrafluoroethane
Isobutane

Propane I
Trichloromonofluoromethane_-

Air Displacement
Carbon Dioxide
Nitrogen -.

Alcohol Denaturant
Denatonium Benzoate '

Methyl Isobutyl Ketone
Sucrose Octaacetate '

Alkalizing Agent .
Ammonia Solution, Strong
Ammonium Carbonate.
Diethanolamine

Potassium Hydroxide
Sodium Bicarbonate
Sodium Borate
Sodium Carbonate

Sodium Hydroxide
Trolamine

Anticaking Agent (See Glfdant) I i
Antifoaming Agent

Dimethicone
Simethicone - -

Antimlcrohial- Preserrative
Benzalkonium Chloride
Benzalkonium Chloride Solution -
Benzethonium Chloride

~ -.Benzoic Acid

. _ Benzyl Alcohol
“Butylparaben
Cetylpyridinium Chloride -:_
Chlorobutanol
Chlorocresol
Cresol .

Dehydroacetic Acid
Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol

Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparahen
Propylparaben Sodium
Sodium Benzoate

Sodium Dehydroacetate
Sodium‘-I_’_rIoIpionate' " '

Sorbic ‘Acid
Thimcrosal
Thyrnol

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate -
Butylatcd Hydroxyanisole
Butylated Hydroxytoluene
Hypophosphorous Acid
Monothioglycero]
Potassium Metabisulfite
Propyl Gallatc

Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite .
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol , _
Toeopherols Excipient

Buffering Agent r.
Acetic Acid _ .
Ammonium Carbonate
Ammonium Phosphate
Boric Acid
Citric Acid
Lactic Acid

Phosphoric Acid
Potassium Citrate

Potassium Metaphosphate
Potassium Phosphate, Monobasic
Sodium Acetate -
Sodium Citrate
Sodium Lactate Solution
Sodium Phosphate, Dibasic .
Sodium Phosphate, Monobasic

Bulking Agent for Freeze-DryingCreatinine
Mannitol

Capsule Lubricant (See Tablet and/or
Capsule Lubricant)

Chelating Agent
Edetate Disodium
Edetic Acid

Coating Agent
Carboxymethylcellulose, Sodium
Cellulose Acetate - - ' -
Cellulose Acetate Phthalate
Bthylcellulose '
Gelatin _
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose
Hydroxypropyl Methylcellulose Phthalate_
Methacrylic Acid Copolyrner
Methylcellulose
Polyethylene Glycol _ _
Polyvinyl Acetate PlithalateShellac
Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microerystalline
Zein

Color
Caramel

Ferric Oxide, red ,- _
yellow, black, or blends

 

Pharmaceutic Ingredients

USP and"NF Pharmaceutic Ingredients, Listed by Categories
Complexing Agent

Edetate Disodiurn
Edetic Acid

Gentisic Acid Ethanolamide I
Oxyquinoline Sulfate

Desiecant
Calcium Chloride
Calcium Sulfate
Silicon Dioxide

Emulsifying and]or Soluliiliain,-{Agent
Acacia
Cholesterol

Diethanolamine (Adjunct)
Glyceryl Monostearate
Lanolin Alcohols
Lecithin

Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Poloxamer . ..
Polyoxyethylene 50 Stearate
Polyoxyl 35 Castor Oil
Polycxyl 40 Hydrogenated Castor Oil
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ethe
Polyoxyl 40 Stearate . .. '
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Diacetate
Propylene Glycol Monostearate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate

Sorbitan Monopalmitate
Sorbitan Monostearate
Stearic Acid
Trolamine

Wax, Emulsifying

Filtering Aid
Cellulose, Powdered _ .
Siliceous Earth, Purified . _

Flavors and Perfumes
Anethole

Benzalclehyde
Ethyl Vanillin
Menthol

Methyl Salicylate,
Monosodium Glutamate
Peppermint . "
Peppermint Oil
Peppermint Spirit
Rose Oil

Rose Water, Stronger
Thymol
Vanillin

Glidant andfor Anticaking Agent
Calcium Silicate
Magnesium Silicate
Silicon Dioxide, Colloidal
Tale 1 -

Humectant

Glycerin
Hexylene Glycol
Propylene Glycol
Sorbitol
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0intment_Base
Lanolin

Ointment, I-lydrophilic
Ointment, White
Ointment, Yellow
Polyethylene Glycol Ointment
Petrolatum '
Petrolatum, Hydrophilic

.sl:Petrolatum, White I
Rose Water Ointment

Squalane '
Vegetable Oil, Hydrogenated, Type II

Plasticizer

Castor Oil _
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethy] Phthalate
Glycerin -
Mono» and Di-aeetylated Monoglycerides
Polyethylene Glycol '
Propylene Glycol
Triacetin

Triethyl Citrate

Polymer Membrane
Cellulose Acetate

Sequestering Agent
Beta Cyclodextrin

Solvent
Acetone
Alcohol

Alcohol, Diluted
Amylenc Hydrate

Suppository Base
Cocoa Butter
Hard Fat

Polyethylene Glycol

Suspending and)‘or Viscosity-increasing
Agent

Acacia
Agar
Alginic Acid
Aluminum Monostearate

Attapulgite, Activated
Attapulgite, Colloidal Activated -
Bcntonite ' '
Bentonite, Purified"
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934-P
Carbomer 940
Carbomer 941
Carbomer 1342 -

Carboxymethyleellulose Calcium
Carboxymethyleellulose Sodium
Carboxymethylcellulose Sodium -12
Carrageenan
Cellulose, Microcrystalline, and Carboxy'-

methylcellulose Sodium
Dextrin
Gelatin
Guar Gum

Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methyleellulose
Magnesium Aluminum Silicate

NF I8

Tablet antlfor Capsule Diluent
Calcium Carbonate

Calcium Phosphate, Dibasic.
Calcium Phosphate, Tribasic
Calcium Sulfate

Cellulose, Microerystalline
Cellulose, Powdered
Dextrates
Dextrin

Dextrose Exeipient
Fructose
Kaolin
Lactose
Mannitol
Sorbitol
Starch

Starch, Pregelatinized
Sucrose

Sugar, Compressible
Sugar, Confectioner’s

Tablet Disintegrant
Alginie Acid
Cellulose, Microcrystalline
Croscarmellosc Sodium

Crospovidone
Polacrilin Potassium
Sodium Starch Glycolate
Starch

Starch, Pregclatinized

Tablet amlfor Capsule Lubricant
Calcium Stearate _

Glyceryl B_ehenate__
Magnesium Stearate

Benzyl Benzoate M'3”_lY1'3°11“l0$° Mineral Oil‘ Light
Bulyl Alcohol Pgctln _~ Polyethylene Glycol
Com Oil Polyclhylenc Oxldg Sodium Stearyl Fumarate
Cottonseed 011 Polyvinyl Alcohol 5l°31'{° Acfd _ _

' Ethyl Acetate Povtdone ' 51'-73110 A9151: Ptlflfled '
Glycerin Propylene Glycol Alginate Talc _ _ -
Hexylenc G13-co] Slllcon Dloxlde l Vegetable Oil, Hydrogenated, Type I
Isopmpyl Alcohol glllicon Illtlixldc, Colloidal 31139 Steam-1'-7 '
Methyl Alcohol o rum Elna”-' ' - -Methylene Chloride Tmgacanth Toglfifignggent
Methyl lsobutyl Ketone . xafllhs-1'1 Gum Glycerln
Mineral Oil Si-reetenin A ent Manniml
Pcanm 0“ A 1 g g Potassium Chloride
Polyethylene Glycol spar amt ‘ ‘Dcxtratcs Sodium Chloride
Propylene Glycol De t
Sesame on D "l’:’fj° E . . t Vehicle
W319’ f0! 113391503 . Ff,j‘,f0§§ mpm FLAVORED AND_l0R SWEETBNED.

I Water for Injection, Sterile Mammol Aromatic Elixir
Watcr for I_rr1sat1on, Sterile Sml,a,i,, Benzaldehyde Elixir, Compound .
water’ Purified Saccharin Calcium. P"'PP°"mi”t WW3" ' ' I

Sorhem Saccllarin Sodlum' ' gorbitol Solution
.. ‘_ -Cellulose, Powdered Sorbltol . Y7“?

Charcoa] Sorbitol Solution OLEAGINOUS
Siliceous Earth, Purified gucrosec bl éllmorbd 101]- ~ , ' rn I.

Sorbetlti Carbon Dioxide _ S333, Cottonseed on
Banurnll-lydroxide Lime - 53:1-up Ethyl Olcatc
SW13 Lime , Isopropyl Myristate

Tablet Blnder Iso rep 1 Palmitate
i Stlffening Agent Acacia Millie1,lily Oil
' Castor Oil, Hydrogenated Alglnlc Acid M. l 0.1 L.l . _ mera I , lghtC5105“-3aTY] Al°0h0] Carboxymethylcellulose, Sodium M mt l Alcohol

C91)” A1°0h°1 Cellulose Mierocrystalline Qy y_ 2 etyldodecanol
u. Cetyl Esters Wax Dem-m Olive Oil

Hard F31 Ethylcellulose peanut Oil
Paraffin G 1 t" .
Synthetic Paraffin Glauiddge, Liquid S§§i1]1[1’1\:cOi?fl
agcaryl A]°°.h°i GU31‘ Gum Soybean Oil

‘I all» Emlllslfylng Hydroxypropyl Methylcellulose gqnalanc
ll Wax, Whlte Methylcellulose

Wax» Yellow Polyethylene Oxide Sogm CARIEER
Povidone “gar Sp ares _ _

H‘ Pregclafinim ST§ii.ii"fm Chloride Injeetion._B3°l‘T"i°Stla1'ic
ll Water for Injection, Bacternostatlc I
ll Amerlgen Ex. 1057, p. 37l _ ..1: -_ g
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Viscosity-Increasing (See Suspendmg - Docusatc Sodium
Agent) - Nonoxyno! 9

. N J 10
Water Repellgng Agent 0E::::,)::3(i 9

Cyclomgthtconc Poloxamel. __
Dlmeullconc Poiyoxyl 35 Castor OilSimethlcc-ne

Polyoxyi 40 Hydrogenated Castor Oil

Wetting andfor S-oluhilizing Agent P0130”) 50 St°31'3'-°
Bcnzzifkiinium Chloride P°l3'°"3'] 10 Oleyl Ether
Benzcthonium Chloride Polyoxyl 20 Cetoslearlyl Ether
Cctylfayridinium Chloride Polyoxyl 40 Stearate

Pharmaceutic Ingredients

Polysorbate 20
Poiysorbate 40
Polysorbatc 60
Polysorbate 80 v _
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monoolaate

Sorbitan Monopalmitate
Sorbitan Monostearatc

Tyloxapol

22q7 ;-
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Calcium (191 }—To 5 mL of the filtrate add 5 m-L of water
and 1 mL of ammonium oxalate ‘IS: the solution remains clear
for not less than 1 minute. '

Sulfate (221 )—A 25-mL portion of the filtrate shows no more
sulfate than corresponds to 0.30 mL of 0.020 N sulfuric acid
(0.006%).. _

Heavy inetals (231)~—To 20 mL of the filtrate add 4_,mL of
water and 1 mL of 011 N hydrochloric acid: the limit is 5 ppm.

Microbial limits (61 }-—It meets the requirements of the tests for-
absence of Salmonella species and Escherichia coli.

Loss on drying (’l31)¥—Dry it at 105° for 4 hours: it loses not
more than 1.0% of its weight. .

Residue on ignition <2s_1)'; not more than‘ 0.'os_%.

Sugar" Spheres

'1? Sugar Spheres contain not less than 62.5 percent
and not more than 91.5 percent of sucrose (.C12H22_
O, 1), calculated on the dried basis,_ the remainder
consistingchiefly of starch. They consist of approx-
imately spherical particles of a labeled nominal size
range. They may contain color additives permitted
by the FDA for use in drugs. -

lE’ackaging and storage———Preserve in well-closed containers.‘ "H
I.abeling—-The label states the nominal particle size range.

Identification and Specific rotation—Transfer about 20 g, ac-
curately weighed, to a 200-mL volumetric flask, add 160 mL of
water, shake to dissolve the sucrose, add water to volume, and
mix. Separate the solubilized sucrose from the insoluble starch
component by vacuum filtration through fine filter paper until
the filtrate is clear. Use the insoluble portion for the Identifi-
cation test-, and use the freshly prepared, clear filtrate for the
Specific rotation test. - . . _

ldentification——A water slurry of the insoluble portion re-
sponds to Identhfication test B under Starch.

Speclyflc rotation (731); ,not less than +4l° and not more
than +61", determined ona portion of the filtrate, corresponding
to not_less than 62.5% and not more than 91.5% of sucrose
(CnH2;0“), calculated on the dried basis'." ' ‘

Microbial limits (61)_—The Spheres meet the requirements of
the tests for absence of Salmonella species, Escherichia colt,
Staphylococcus aureus, and Pseudomonas aeruginosa, and the
total aerobic microbial count does not exceed 100 per g.
Loss on drying (731)—Dry the Spheres ‘at 105° for 4 hours: ‘the

material loses not more than 4.0%-of'its weight. - -= - I
Residue on ignition (281): not more than 0.25%, determined on
a_-2.0~g specimen ignited at a temperature'- of -700 -1 _25°. ; _
Particle size "(see Powder Fineness (81 1))—Test' a portion of the
Spheres in accordance _wi_th the procedure for coarse powders.
Not less than 90.0% of it_passes the coarser sieve size stated in
the labeling; all of it passes the next coarser sievesize listed in
Table._2 of the general chapter. Not more than 10.0% passes the
finer sieve size stated in the labeling. [N0'rE——Use a mechanical
sieve-shaking unit that employs both rotary horizontal motion and

‘tapping, in order to ensure reliability of this test.]
Heavy metals, Method H (231): 5 ppm. '

Sulfur Dioxide..."

so, 64.07 . '-
Sulfur dioxide. .
Sulfur dioxide [-7446-09-5].

Official Monographs / Sulfuric 2313

)) Sulfur Dioxide contains not less than 97.0 percent,
by volume, of S02. - '

Caution-—.S'ut'fur Dioxide is poisonous.

Packaging and storagi.-Preserve in cylinders. .
NOTE—Sulfur Dioxide is-used most in the form of a gas‘ in

pharmaceutical applications, and is described herein for such
purposes. However, it is usually packaged under pressure, hence
the following specifications are designed for testing it in liquidform.

Water, Method 1’ (921 )——Taking precautions to avoid absorption
of moisture, transfer 3 g (about 2.1 mL) to a suitable flask, and
add 20 _mL of anhydrous pyridine: not morethan 2.0% is found.
Limit of nonvolatile residue~Transfer 300'g (about 209 mL) to
a tared, 250-mL conical flask, and allow the liquid to evaporate
spontaneously in a well-ventilated hood. When evaporation ap-

ears complete, blow a current of dry, filtered air through thehask until the odor of sulfur dioxide is no longer. apparent: . the
weight of the residue does not .exceed_7.5 mg (0.0025%).
Sulfuric acid—To the flask containing the residue obtained in
the test for Nonvolatile residueadd 25 mL of water previousl
neutralized to methyl red TS. Swirl the flask, and titrate wit
0.1.0 N sodium hydroxide: not more than 1.3 mL is. required
(about 0.002%), E ' '_ . "_- _ I ‘_
Assay—Collec_t .100.0 m'L of gaseous Sulfur Dioxide over mer-
cury,'a'nd note" the temperature of the sample and the pressure
upon it. Slowly introduce 50.0 mL of 0.1 N sodium hydroxide
into the air» space over. the mercury, and absorb the sample in
the solution by shaking. When absorption is complete, transfer
the solution to a 250-m_L _c_onical flask, add 3 mL of starch TS,
and ti_trate'with 0.1 N iodine VS until the solution is pale blue
in color. Each mL of 0.1 N iodine is equivalent to 1.094 mL of
S0; at a temperature of 0° and a pressure of 760 mm of mercury.

Sulfuric Acid

H2804 98.03
Sulfuric acid.

Sulfuric acid [7664-93-9].

Ir) Sulfuric Acid contains not less than 95.0 percent
and not more than 98.0 percent, by weight, of H2SO4.

Caution-—Whea Sulfuric Acid is to itemixed with
other liquids, always add it to the diluent and ex-
ercise great caution.

Packaging and storage~Preserve in tight containers.
Identi1ication—It responds to the tests for Sulfate (19_1)._ _ ._
Residue on ignition (281)-Evaporate 22 mL (40 g) to dryness,
and ignite: not more than 2 mg of residue remains (0.005%).
Chloride (221)—A dilution of 1.1 mL (2.0 g) in water shows no
more chloride than corresponds to 0,15 mL of 0.020 N hydro-
chloric acid (0.005%). _
Arsenic {211}—Add 1.6 mL (3.0 g) to 3 mL of nitric acid and
20 mL of water, and evaporate until dense fumes of sulfur trioxide
form; "Cool, and cautiously wash the solution into an arsine gen-
erating flask with 50 mL of water; the resulting solution meets
the requirements of -tl1e_test, the addition of 20 mL of dilute
sulfuric acid (1 in 5) specified under Procedure being omitted

(1 ppm)- -_
Heavy metals (231)—Add'2.2 mL (4.0 g) to about 10 mg of
sodium carbonate dissolved in .10 mL of water. Heat until almost

dry, add 1 mL of nitric acid, evaporate to dryness, add 2 mL of
1 N acetic acid to the residue, and dilute with water to 25 mL:
the limit is 5- ppm. ~ - . '

Reducing substancesm-Carefully dilute 4.4 mL (8.0 g) with about
50 mL of ice cold water, keeping the solution cold during the

addition. Add 0.10 mL of 0.10.N potassium permanganate: the ,
solution remains pink for 5 minutes.
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