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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 for. the interpre-

" tation and application of the standards, tests, assays,

“and other specifications of the United States Phar-
macopeia and obviate the need to repeat 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-third 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 supplement(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, endorsement, 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
designated by 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

“the articles are intended or labeled for use as drugs,

as nutritional supplements, or as medical devices and
when bought, sold, or dispensed for these purposes or

~ when labeled as conforming to this Pharmacopeia.

An article is deemed to be recognized in this Phar-

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-
ognized nutrient, or a pharmaceutic ingredient (sec
also NF 18) or a component of a finished device for
which the monograph title includes no indication of

the nature of the finished form; an official

repa-

ration is a drug product, a nutritional supplement,
or a finished 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- |
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-

vided, whether an official substance or an official
preparation.

Nutritional Supplements—The desighation of an

- official preparation containing recognized nutrients

as “USP” or the use of the designation “USP” ip
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 suck
article that is not recognized in the pharmacopeia and
for which nutritional value is claimed, shall not be
represented nor imply that it is of USP quality o1
recognized, by USP. If a preparation does not comply
with applicable requirements but contains nutrients
that are recognized in the USP, the article may nof
designate the individual nutrients as complying witk
USP standards or being of USP quality without des-
ignating on the label that the article itself does nof
comply with USP standards. :

ATOMIC WEIGHTS AND CHEMICAL FORMULAS

The atomic weights used in computing moleculai
weights and the factors in the assays and elsewher¢
are those recommended in 1991 by the IUPAC Com:
mission on Atomic Weights and Isotopic Abun-
dances. Chemical formulas, other than those in th¢
Definitions, tests, and assays, are given for purposes
of information and calculation. The format within ¢
given monograph is such that after the official title
the primarily informational portions of the text ap
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pear first, followed by the text comprising require-
ments, the latter section of the monograph being in-
troduced by a boldface double-arrow symbol ».
(Graphic formulas and chem;cal_ nomenclature - pro-
\,;dcdp as information in the individual monographs
are discussed in the Preface.)

ABBREVIATIONS

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

The terms CS and TS refer to 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). . -

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
AAMI 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

CAS 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
ISO _ 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 Monographs—Incom-
Plete 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
are the required Jimits.

SIGNIFICANT FIGURES AND TOLERANCES

. Where limits are expressed numerically herein, the
Pper and lower limits of a range include the two
Values themselves and all intermediate values, but no

General Notices 3

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
titrimetric 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 complete chemical name of
the article, having absolute (q(}(} 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 expécted 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—Analytical re-
sults observed in 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 limit expression by the following pro-
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4 -General Notices

cedure.. [NOTE—Limits, which are fixed numbcrs
are not rounded off. ]

When rounding off is requlred 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 5 is eliminated and the preceding
digit is incrcased by one.

Il]usirallon of Rounding Numcrlcal Values for Comparison
with Requirements -

Compendial "Unrounded Rounded -

Requirement - Value Result Conforms.

Assay limit =98.0% 97.96% 98.0% Yes

97.92% 97.9% No

o - 97.95% 98.0% Yes

Assay limit =<101.5% 101.55% 101.6% No

101.46% 101.5% Yes

101.45% - ‘101.5% Yes

Limit test =<0.02% 0.025% . 0.03% - No

. : 0.015% 0.02% Yes

: 0.027% 0.03% No

Limit test =3 ppm 0.00035% 0.0004% No

0.00025% . 0.0003% Yes

0.0003% Yes

0.00028%

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 (197U)
in a monograph refers to method (197U) under gen-
eral tests chapter (197) Spectrophotometric Identi-
fication Tests; Specific rotation {781S) in a mono-
graph refers to method (781S) under general tests
chapter (781) Optical Rotation,; and Calcium (191)
in a monograph refers to the tests for Calcium under -
general tests chapter (191) Identification Tests—
General).

PHARMACOPEIAL FORUM

Pharmacopetal F orum (PF) is the USP journal of .
standards development and official compendia revi-
sion. Pharmacopeial 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
to, the following sections. Subsections occur where
needed for Drugs and Pharmaceutic Ingrcdrcnts and |
for Nutritional Supplements. - :

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

In-process Revision—New or revised monographs

" or chapters that are proposed for adoptlon as official

USP or NF standards.

Stimuli to the Revision Process——-chorts state-
ments, articles, or commentaries relatmg to compcn—
dial issues.

Nomenclature—Articles and announcements rel-
evant to compendial nomenclature issues and listings
of proposed and new United States Adopted Names
EUSAF) and Internatlonal Nonproprietary Names

INN -

Interim Revision Announcement (if prcscnt)—Of—
ficial revisions and their effective dates, announce-
ment of the availability of new USP Refercnce Stan-
dards, and announcement of assays or tests that are
held in abeyance pending availability of required USP
Reference Standards.

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

REAGENT S’[‘ANDARDS

The proper conduct of the Pharmacopclal tests, and
assays and the reliability of the results depend, in
part, upon the quality of the reagents 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 quah_ty 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 thc1r labeling shall include also the term

reagcnt” or “reagent gradc

. USP REFERENCE STANDARDS
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 USP Reference Standard is referred to
in a monograph or chapter, the words “Reference
Gtandard” are abbreviated to “RS” (see USP Ref-
erence Standards (1 1)). . S

Where a test or an assay calls for the use of a
compendial 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 POTENCY

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 potency 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 International Units,
where such exist. Such equivalence is usually estab-
lished on the basis solely of the compendial assay for
the substance. o .

For antibiotics (see Antibiotics—Microbial Assays
(81)), 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
of the chemically defined substances described in the
individual monographs. e
; For biological products, whether or not Interna-

llonal Units or USP Units do exist (see Biologics
(1041)), units of potency are defined by the corre-
sponding US Standard established by the FDA.

INGREDIENTS AND PROCESSES

t gfgml preparations are prepared from ingredients

graphse?‘t the requirements of .thc cognpendlal mono-

mon for those individual ingredients for which

ographs are provided (see also NF 18). -

ogris e1{(}:1alvsu@t)stan.co::s are prepared according to rec-

from | prl‘ngples of good manufacturing practice and
ngredients complying with specifications de-

General Notices 5

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 be dried prior to use if due
allowance is made for the water or other volatile sub-
stances present in the quantity taken. _

Unless . specifically exempted elsewhere in this

‘Pharmacopeia, the identity, 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 General No-
tices, or in the section General Chapters.

‘Water—Water used as an ingredient of - official
preparations meets the requirements for Purified
Water, for Water for Injection, or for one of the sterile
forms of water covered by a monograph in this Phar-
macopeia. . - - _ _ _

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 A4lcohol content refer to
percentage, by volume, of C;HsOH at 15.56°. Where
reference is made to “C,HsOH,” the chemical entity
possessing absolute (100 percent) strength is in-
tended.

Alcohol—Where “alcohol” is called for in for-
mulas, tests, and assays, the monograph article 4/-
cohol is to be used. o _ '

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

Denatured Alcohol—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
internal or 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, contains 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, preservatives, stabiliz-
ers, and vehicles may be added 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 (d) they do not
interfere with the assays and tests prescribed for de-
termining compliance with the Pharmacopeial stan-
dards.

Nutritional Supplements—Unless otherwise spec-
ified in the individual monograph, or elsewhere 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,
ot 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 applicable regulatory require-
ments, provided that (ag 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
the label 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
by 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 Suppositories—In the preparation
of ointments and suppositories, the proportions of the

USP 23

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 proportionately
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). o

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
unobjectionable 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-
macopeia is to assure the user of official articles 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 mncrgbl_al contamination.
These may arise from a change in the source of ma-
terial or from a change in the processing, or may be
introduced from extraneous sources. Tests suitable
for detecting such occurrences, the presence of which
is inconsistent with applicable manufacturing prac-
tice or good pharmaceutical practice, should be em-
ployed in addition to 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. ' __ o

In performing the assay or test procedures in this
Pharmacopeia, it is expected that safe laboratory
practices will be followed. This includes the utili-
zation of precautionary measures, protective equip-
ment, and work practices consistent with the chém-
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 hazmds or pro-

tective measures. ) )
Every compendial article in commerce shall be so

- 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 be inferred that application of every an-
alytical procedure in the monograph to samples 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 in-process controls may provide
greater assurance that a batch meets a particular

monograph requirement than analytical data derived.
from an examination of finished units drawn from’

that batch. On the basis of such assurances, the an-
alytical procedures in the monograph may be omitted
by the manufacturer in judging compliance of the
batch with the Pharmacopeial standards. _
Automated procedures employing the same basic
chemistry as those assay and test procedures given in
the monograph are recognized as being equivalent in
their suitability for determining compliance. Con-
versely, where an automated procedure is given in the
g’o?c’gfﬂph_, manual procedures employing the same
(e chemistry are recognized as being equivalent in
pli?alr suitability for dct.crmining compliance. Com-
natif:ce may be determined also by the use of alter-
Scnsif‘ methods, chosen for advantages in accuracy,
toma t{"lt}’, Precision, selectivity, or adaptability to au-
Special}or'l or computerized data reduptlon or in other
broces Circumstances.- Such alternative or automated
- ures or methods shall be validated. However,
Macopeial standards and procedures are inter-

- General Notices 7

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
in accordance with good manufacturing practices.

‘Where it is directed in the assay of Tablets to “weigh
and finely powder not less than” a given number,
usually 20, of the Tablets, it is intended that a counted
number of Tablets shall be weighed and reduced to
a powder. The portion of the powdered tablets taken
for assay is representative of the whole 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 is representative 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.

Where the definition in a monograph states the
tolerances as being “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.

Amerigen Ex. 1057, p. 9




8 General Notices

Throughout a-monograph that includes a test for
Loss on drying or Water, the expression “previously
dried” without qualification signifies that -the sub-
stance is to be dried as directed under Loss on drymg
or Water (gravimetric dctcrmmatlon)

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 chaptcr the label
text is determinative.

In stating the appropriate quantltlcs 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 ahquot in conducting a test or an
assay, the pipet conforms to the standards set forth

under Volumetric Apparatus (31), and is to'be used

in such manner that the error does 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 Volumemc Apparatus (31),
may be ‘substituted: Where a “to contain” pipet is’
specified, a suntable volumctnc flask may be substi-

tuted.

Expressions such as “25.0 mL” and “25.0 mg,”
used with respect to volumetric or gravnmctnc mea-
surements, indicate that the quantity is to be “ac-

curately measured” or “accurately weighed” within

the limits stated under Volumetric Apparatus (31)
or under Weights and Balances (41).

The term “transfer” is used generally to specify a
quantltatlvc manipulation.

The term “concomitantly,” used in such expres-
sions as co'noomltantly determine” or ‘“‘concomi-
tantly measured,” in directions for assays and tests,
is'intended to dcnotc that the determinations or mea-
surements are to be performed in immediate succes-
sion. See also Use of Reference Standards under
Spectrophotometry and Light-scattering (851).

Blank Determination—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-
taining the portion of the substance under assay or
test, but with the substance itself omitted.

Desiccator—The expression “in a dcsnccator ’ 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 sﬂlca gel or othcr 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 mm of mercury or at the pressure des-
ignated in the individual monograph.

- Dilution—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 Weight—The 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 addltlonal
hour of drying.

Filtration—Where it is directed to “flltcr with-
out further qualification, the intent is that the liquid
be filtered through suitable filter paper or cquwalcnt
device until the filtrate is clear.

Ident;ﬁcanon Tests—The Pharmacopclal tests
headed Identification are provided as an aid in ver-
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-
ficient 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 confirmmg the identity of
the article under examination. °

Ignition to Constant Weight—The spec1f'1cat10n
“ignite to constant weight” means that the ignition

shall be continued, at 800 -+ 25° unless otherwise
indicated, until two consecutive weighings donot dif-
fer by more than 0.50 mg per g of substance taken,
the second weighing following an additional 15 mm—
ute ignition period. :

 Indicators—Where the use of a test solutlon (“TS”)
as an indicator is specified in a test or an assay, ap-
proximately 0.2 mL, or 3 drops, of the solution shall
be added, unless otherwise directed.

Logarithms—ILogarithms used in the assays are to
the base 10.

Microbial ‘Strains—Where 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 more than fch passages re-
moved from the original strain.

Negligible—This term indicates a quantlty not ex-
ceeding 0.50 mg.

Odor—Terms such as odorlcss ” “practlcally
odorless,” “a faint characteristic Odor or variations
thereof, apply to examination, after exposure to the
air for 15 minutes, of either a frcshly 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
a particular lot of an article. _ R

pressure Measurements—The term “mm of mer-

cury” used with respect to measurements of blood
pressure, pressure within an apparatus, or atmo-
spheric pressure refers to the use of a suitable ma-
nometer or barometer calibrated in terms of the pres-
sure exerted by a column of mercury of the stated
height. o o

Solutions—VUnless otherwise specified in the in-
dividual monograph, all solutions called for in tests
and assays are prepared with Purified Water.

An expression such as “(1 in 10)” means that 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 volume, 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 con-

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. - I
Specific Gravity—Unless otherwise stated, the spe-
cific gravity basis is 25°/25°, i.., 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 shall be allowed for the reaction to take pllacc'

unless otherwise specified. -

Vacuum—The term “in vacuum” denotes exposure
t0 a pressure of less than 20 mm of mercury unless

- otherwise indicated.

; gc_fc dfyipg in vacuum over a desiccant is di-
rected in the individual monograph, a vacuum des-

iccator or a vacuum drying pistol, or other suitable

Yacuum drying apparatus, is to be used. -
S.a.’fa;ff' —Where water is called for in tests and as-
szcif‘ ‘é’" ified Water is to be used unless otherwise
dioxi dlc . For 5960131 kinds of water sqch as “carbon
o Rc—frec Watcl': see the introduction to the sec-
i cagents, Indicators, and Solutions. For High-

iy Water see Containers (661). :

General Notices 9

* Water and. Loss on Drying—Where the water of
hydration or 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 the determination is made by drying under
specified conditions, the test is generally given under
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—Interpre-
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 stored as 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 number of dosage units, are.in
fact the singlet determinations of those particular at-
tributes of the specimen. 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 or more 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 organizations such as ISO,
IUPAC, and AOCAC.

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 Relative Solubility of USP and NF Articles in
this Pharmacopeia for those who use, prepare, and

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. .

Solubility—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-
ticles. Only where a quantitative solubility 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. - o :

" Parts of Solvent

Descriptive " Required for
Term 1 Part of Solute
Very soluble Less than 1
Freely soluble From 1 to 10

Soluble -

‘Sparingly soluble

Slightly soluble

Very slightly soluble

Practically insoluble,
or Insoluble

From 10 to 30
From 30 to 100 -

. From 100 to 1000
From 1000 to 10,000
10,000 and over

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. . . -

PRESCRIBING AND DISPENSING

Prescriptions for compendial articles shall be writ-
ten to state the quantity and/or strength desired in
metric units unless otherwise indicated in the .indi-

vidual monograph (see also Units of Potency in these

General Notices). If an amount is prescribed by any
other system of measurement, only an amount that
is the metric equivalent of the prescribed amount shall
be dispensed. '

_ PRESERVATION, PACKAGING,
STORAGE, AND LABELING

Containers—The container is that which holds the
article and is or may be in direct contact with the
article. The immediate container 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 requirements. R '
‘The Pharmacopeial 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 Transmission
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 the label 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 container is intended. : .o

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 from the outer.opaque
covering prior to dispensing. -

Well-closed Container—A. well-closed container
protects the contents from extraneous solids and from
loss of the article under 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 Size E or
smaller. o o
NOTE—Where packaging and storage in a right
container or a well-closed container is specified in
the individual monograph, the container utilized for
ap 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. : L

Single-unit Container—A single-unit container is
one that is designed to hold a quantity of drug product
intended for administration 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. Each single-unit con-

tainer shall be labeled to indicate the.identity, quan-

tity and/or strength, name of the manufacturer, lot
number, and expiration date of the article.
Single-dose Container (see also Containers for In-
jections under Injections (1))—A single-dose con-
tainer 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-sealed containers, and closure-sealed containers.

when so labeled. _ - Lo
Unit-dose Container—A unit-dose. container is a

single-unit container for articles intended for admin-

istration by other than the parenteral route as a single

dose, direct from the container. -
Multiple-unit Container—A multiple-unit con-

tainer is a container that permits withdrawal of suc-

cessive portions of the contents without changing the

strength, quality, or purity of the remaining portion.

Multiple-dose Container (see also Containers for
Injections under Injections (1))—A multiple-dose
container is a multiple-unit container for articles in-
tended for parenteral administration only.

Stor‘age Temperature—Specific directions are
stated in some monographs with respect to the tem-
‘Peratures at which Pharmacopeial articles shall be
flf’md, when stability 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 studies of that particular for-

:Tle?rls‘;ion. The conditions are defined by the following

Freezer—A place in which the temperature is

mfiﬂgain ed thermostatically between —20° and —10°
4° and 14°F), -

A E;iﬂf—-—Any temperature not exccedihg 8° (46°F).
ature "igerator is a cold place in which the temper-
go 3 maintained thermostatically between 2° and

(36° and 46°F), e e
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Cool—Any temperature between 8° and 15° (46°
and 59°F). An article for which storage in a cool
place is directed may, alternatively, be stored in a
refrigerator, unless otherwise. specified by the indi-
vidual monograph. -

Room Temperature—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 more than 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
storage ‘at “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 storage temperature that simulates the noniso-
thermal effects of 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 cool place, unless otherwise specified in the in-
dividual monograph or on the label. o -

Warm—Any temperature between 30° and 40°
(86° and 104°F). - _ _ }

~Excessive Heat—Any temperature above 40°
(104°F). o .

Protection from Freezing—Where, in addition to
the risk of 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. - :

Labeling—The term “labeling” designates all la-
bels and other 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—The
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.

Pharmacopf:.lal 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. Pharmacopeial drug
products not in unit dosage form shall be labeled to
express the quantrty of each active ingredient in each
milliliter or in each gram, or to express the percentage
of each: such ingredient (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
llquld or resulting liquid. Unless otherwise indicated
in a monograph or chapter, such dcclaratlons of
strength or quantity shall be stated only in metric
units (see also Units of Potency in these General No-
tices.

In order to help minimize the possibility of crrors'

in the dispensing and administration of drugs, the
quantity of active ingredient when expressed in whole
numbers shall be shown without a decimal point that
is followed by a terminal zero (e.g., express as 4 mg
[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 Drugs—It is an cstabhshcd
principle that Pharmacopeial 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 well known to

practitioners as synonymous with the written forms,
the following alternatives are permitted in labeling
official articles that are salts: HCI 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 So-

dium or Potassium appears at the beginning of an
official title (e.g., Phenobarbital Na is acocptable but
Na Salicylate is not to be written).

Labeling Vitamin-containing 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 E may be stated
also in USP Units. Quantities of vitamin A declared
in metric units refer to the equivalent .amounts of

retinol (vitamin A alcohol). The label of a nutritional

supplement shall bear an identifying lot number, con-
trol number, or batch number.

- Labeling Parenteral and Topical Preparations—
The label of a preparation intended for parenteral or.

topical use states the 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-
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justment of pH or to achieve isotonicity, the label
may indicate only their presence and the, reason for
their addition.

Labeling Electrolytes—The concentration and
dosage of clcctrolytcs for replacement therapy (e.g.,
sodium chloride or potassium chloride) shall be stated
on the label in milliequivalents (nEq).- The label of
the product shall indicate also‘the quantity of ingre-
dient(s) in terms of wclght or pcroontagc concentra-
tion.

Labeling Alcohol—The content of alcohol in a lig-
uid preparation shall be stated on- thc labcl asa pcr-
centage (v/v) of C;HsOH. .. .-

Special Capsules and Tablet.s*——-The label of any
form“of Capsule or Tablet intended for administra-
tion other than by swallowing intact bears a promi-
non(tl lﬂdlC&thl‘l of thc manner in whlch 1t is to bc
use

Expiration Date——-Thc label of an official drug
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 Association’s Voluntary Codes and
Guidelines of the OTC Medicines Industry.]”

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 in.a container that is intended for
sale without -prescription and the. labehng 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 required to bear an
expiration date, such article shall be dlspcnsed solely
in, or from, a container labeled with an expiration
datc and the daté on which the article is dispensed
shall be within the labeled expiry period. The expi-
ration date identifies the time during which the article
may be expected to meet the rcqulremcnts of the
Pharmacopeial monograph prov1ded it is kept under
the prescrlbod 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 terms of theé month and the year, it is‘a rep-
resentation that the intended cxplratlon ‘date is ‘the
last day of the stated month. .

For articles requiring constitution prior-to use, a
suitable beyond-use.date for the constttuted 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 patient’s container,
if the article is repackaged for dispensing; the ex-
pected storage conditions to which the article may be
exposed; 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 onthe manufacturer’s con-
tainer, or (b) one year from the date the drug is
dispensed, whichever is earlier.

VEGETABLE AND ANIMAIL 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—Vegetable and animal substances
are to be free from pathogenic organisms (see Mi-
crobiological Attributes of Nonsterile 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 no-abnormal discoloration,
abnormal odor, sliminess, or other evidence of dete-
rioration,

The amount of foreign inorganic matter in vege-
table or animal substances, estimated as Acid-insol-
uble ash, shall not exceed 2 percent of the weight of
the substance, unless otherwise specified in the in-
dividual monograph.

d Before vegetable substances are ground or pow-
i;r‘:d’ stones, dust, lumps of soil, and other foreign
organic matter are to be removed by mechanical or
other suitable means,
ta blnc COIlI;mcrcc it 1is scldom_possible to obtain vege-
) dl‘nixseud stances that are without some adherent or
ot g innocuous, foreign matter, which usually is
Wise nol;(l{nental. No poisonous, dangerous, or other-
ent. FOIIO_US foreign matter or residues may be pres-
not spec: (o o Hatter includes any part of the plant
pecified ags constituting the substance.

P N
i ;fgf;?téﬂﬂ‘——\’qgctablt_: or animal substances may
ed from insect infestation or microbiolog-
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ical contamination by means of suitable agents or
processes that leave no harmful residues.

WEIGHTS AND MEASURES

The International System of Units (SI) is used in
this Pharmacopeia. The SI metric and other units,
and the symbols commonly employed, are as follows.

Ci = curie
. mCi = millicurie "
pCi = microcurie
nCi = nanocurie

‘Eq = gram-equivalent
~weight (equivalent)
mEq = milliequivalent.
mol = gram-molecular
. weight (mole)
Da = dalton (relative mo-
lecular mass).
mmol = millimole
- Osmol = osmole
mOsmol = milliosmole
Hz = hertz
kHz = kilohertz

Mrad = megarad

m = meter
dm ='deciimeter
cm = centimeter. .
mm = millimeter
pm = micrometer

(0.001 mm) MHz = megahertz
nm = nanometer® MeV = million electron
kg = kilogram volts '
g = gram ** keV = kilo-electron volt
mg = milligram mV = millivolt
pg; mecg = microgramf psi = pounds per square
ng = nanogram inch
g = picogram Pa = pascal
L = deciliter kPa = kilopascal
L = liter g = gravity (in
mL = milliliter; & centrifugation)

- gL = microliter

* Formerly the symbol mp (for millimicron) was used.

#*% The gram 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 proportional to,
and may differ slightly from, its mass due to the effects 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
throunghout USP and NF.

+ 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 1, is frequently used for microgram in
biochemical literature.

NOTE—The 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).

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

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

Bq = becquerel GBgq = gigabecquerel
kBq = kilobecquerel 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 dcsignated solvent. Molarity is designated by the

symbol M preceded by a number that is the number

of moles of the designated solute contained in an
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 equivalents of 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 weight—(w/w) expresses the
number of g of a constituent in 100 g of ‘solution or
mixture. _

Percent weight in volume—(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 another
liquid is the solvent.

Percent volume in volume—(v/v) expresses the
number of mL of a constituent in 100 mL of solution.

The term percent used without qualification means,
for mixtures of solids and semisolids, percent wclght
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.

Inthe d:spensmg of prcscnptmn medications, slight
changes in volume owing to variations in room tem-
peratures may be disregarded.
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Apparatus

ratus' consists.of 2 basket-rack assembly, a 1000-mL,
aker for the immersion fluid, a thermostatic arrange-.
E'e_ating the fluid between 35° and 39°, and a device
and Jowering the basket in the immersion fluid at a
equency rate between 29 and 32 cycles per minute
istance of not less tl!an 5.3 cm and not more than 5.7
ume of the fluid in the vessel is such that at the
ot of the upward stroke thc_: wire mesh remains at least
low the surface of the fluid and descends to not less
*from the bottom of the vessel on the downward stroke.
'cn:cquircd for the upward stroke is equal to the time
e : the downward stroke, and the change in stroke. di-
& a smooth transition, rather than an abrupt reversal of
“he basket-rack assembly moves vertically along its axis.
o appreciable horizontal motion or movement of the
the vertical. ) _
ack Assembly—The basket-rack assembly consists of
ded transparent tubes, each 7.75 + 0.25 cm long and
.ninside diameter of approximately 21.5 mm and a wall
tely 2 mm thick; the tubes are held ina vertical position
slastic plates, each about 9 ¢cm in diameter and 6 mm in
" with six holes, each about 24 mm in diameter, equi-
from the center of the plate and equally spaced from one
~ Attached to the under surface of the lower plate is 10-
o 23 (0.025-inch) W. and M. gauge woven stainless-steel
ih having a plain square weave. The parts of the appa-
assembled and rigidly ‘held by means of three bolts
rough the two plastic plates. A suitable means is pro-
end ‘the basket-rack assembly from the raising and
evice using a point on its axis.

ded the specifications for the glass tubes and the screen
are maintained. '
¢ The use of disks is permitted only where specified in
ph. If specified in the individual monograph, each
ovided with a slotted and perforated cylindrical disk
115 mm thick and 20.7 £ 0.15 mm in diameter. The
‘made of a suitable, transparent plastic material having a
vity of between 1.18 and 1.20. Five 2-mm holes ex-
cen the ends of the cylinder, one of the holes being

ona 6-mm radius from it. Equally spaced on the sides
wlinder are four notches that form V-shaped planes that
pendicular to the ends of the cylinder. The dimensions of
Mich are such that the openings on the bottom of the cyl-

1,60 mm square and those on the top are 9.5 mm wide
n deep. All surfaces of the disk are smooth. If the
5 18 specified in the individual monograph, add a disk
be, and operate the apparatus as directed under Pro-

Procedure

td Tablets—Place | tablet in each of the six tubes of
Land operate the apparatus, using water maintained at
3 the immersion fluid unless otherwise specified in the
‘monograph. At the end of the time limit specified in
2raph, lift the basket from the fluid, and observe the
Lof the tablets have disintegrated completely. If 1 or
fail o disintegrate completely, repeat the test on 12

blets: not less than 16 of the total of 18 tablets tested
ile completely,

d Tablets—Apply the test for Uncoated Tablets,
© apparatus for the time specified in the individual

ed Tablets—Place 1 tablet in each of the six tubes
and, if the tablet has a soluble external coating,
> lshket In water at room temperature for 5 minutes.
¢ .apparatus using simulated gastric fluid TS
E"’ Apparatus, meeting these specifications, is avail-
3 d“.‘?ﬂﬂr)’ supply houses, from Van-Kel Industries,
..-;,a“ Rd., Edison, NJ 08820, or from Hanson Re-
miho--Box 35, Northridge, CA  91324.

les,

IE these specifications are obtainable from Van-
c.

sket.
the

ign of the basket-rack assembly may be varied some-’

cylinder axis and the others parallel with it equally
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maintained at 37 = 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 fluid TS maintained at 37 = 2° as the
immersion fluid, for the time specified in the monograph. Lift
the basket from the fluid, and observe the tablets: all 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 com-
pletely.

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 Uncoated Tablets. Ob-
serve the tablets within the time limit specified in the individual
monograph: 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 disin-
tegrate completely. . '

Hard Gelatin Capsules—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 plate of the basket-
rack assembly. Observe the capsules within the time limit spec-
ified in the individual monograph: all of the capsules have dis-
integrated except for fragments from the capsu]I:: shell. If 1 or
2 capsules fail to disintc%rate completely, repeat the test on 12
additional capsules: not less than 16 of the total of 18 capsules
tested disintegrate completely. o

Soft Gelatin Capsules—Proceed as directed under Hard Gel-
atin Capsules.

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

(711) DISSOLUTION

This test is provided: to determine compliance with the disso-
lution requirements where stated in the individual monograph for
a tablet or capsule dosage form, except where the label states
that the tablets are to be chewed unless otherwise directed in the
monograph. Where the label states that an article is enteric-
coated, and a dissolution or disintegration test that does not spe-
cifically state that it is to be applied to enteric-coated articles is
included in the individual monograph, the test for Delayed-re-
lease Articles under Drug Release (724) is'applied unless other-
wise specified in the individual monograph. Of the types of ap-
paratus described herein, use the one specified in the individual
monograph. : :
USP Reference Standards (11)—USP Prednisone Tablets RS
(Dissolution Calibrator, Nondisintegrating). USP Salicylic Acid
Tablets RS (Dissolution Calibrator, Nondisintegrating).

Apparatus 1-—The assembly consists of the following: a cov-
ered vessel made of glass or other inert, transparent materiall; 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.

21f a cover is used, it provides sufficient openings to allow
ready insertion of the thermometer and withdrawal of specimens.
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1
1}
— I - 6.3 to 6.5 or
i 5.4 to 10.7 mm
vent hole, 2.0 mm diameter :E
1
retentlon spring with ' ’
3 tangs on 1207 centers ! C 514 05mm
F O I m 1 s
lear open, .
202 +£0.1 mm .
i——- screen O.0.
$ 22.241.0mm
7.0
36.8 :1 ;;0 screen, with welded seam:
£3.0mm  gpen 40 x 40 mesh, 0.254 mm
screen dia. (0.01 inch with 0.015-
! inch openings); where 20~
Oy mesh screen is specified,

NOTE— Maximum allowable

runout at "A" is £ 1.0 mm when
“the part is rotated on ¢ axis -

with basket mounted.

20.2 + 1.0 mm -

NOTES—

slainless steel,

. 41.5 mm radius._

use 20 x 20 mesh (0.016
inch with 0.034-Inch
openings)

25.4 + 3.0 mm

Fig. 1. Basket Stirring Element.
L}
N
— ! l«— 9.4 t0 10.1 mm diameter
1 " before coating ’
(1) Shaft and blade material: l
303 (or equivalent)
I
(2) A and 8 dimensions are %
not to vary more than '
0.5 mm when part is | o
rotated on" & axis. )
(3) Tolerances are £1.0mm, ]
unless otherwise stated. . . |
I 1
; i : |
L t .
y | A 35.8mm’
b Neommmmm o7 iy
I 4 f
18.0mim|
'| 20.5mm
I

4.04 1.0mm

1

L—— 74.0 mm to 75.0 mm —

—t

Fig. 2. Paddle Stirring Element.

positioned so that its axis is not more than 2 mm at a,

from the vertical axis of the vessel and rotates Y Poiy

. B smooth)y |
without significant wobble. A speed-regulating device hli\
that allows the shaft rotation speed to be selected and mairﬁ.‘.’sﬂ
at the rate specified in the individual monograph, withip ; 4

Shaft and basket components of the stirring element 4, ;|
ricated of stainless steel, ty%’. 316 or equivalent, to the qrc fal
cations shown in Figure 1. Unless otherwise specified iy h, :
dividual monograph, use 40-mesh cloth. A basket hayip th
coating 0,000 inch (2.5 um) thick may be used. The o
unit is placed in a dry basket at the beginning of each teg; .-
distance between the inside bottom of the vessel and (he b |
is maintained at 25 + 2 mm during the test.. sk

Apparatus 2—Use the assembly from Apparatus |
a paddle formed from a blade and a shaff}i’s used as ::flf cf:: tha
element. The shaft is positioned so that its axis is not mo‘rertT.n
2 mm at any point from the vertical axis of the vessel, angd rot-]m\
smoothly without significant wobble. The blade passes thm(utl
the diameter of the shaft so that the bottom of the blade js 1) ug
with the bottom of the shaft. The paddle conforms (o the gy
ifications shown in Figure 2. The distance of 25 + 2 bch-f'}f .
the blade and the inside bottom of the vessel is maintained duﬁt.
the test. The metallic blade and shaft comprise a single cmﬁ'.
that may be coated with a suitable inert coating. The dosy,
unit is aflowed to sink to the bottom of the vessel before rota
of the blade is started. A small, loose piece of nonreactive m,
terial such as not more than a few turns of wire helix may by
attached to dosage units that would otherwise float.

Apparatus Suitability Test—Individually test 1 tablet of 1),
USP Dissolution Calibrator, Disintegrating Type and | b,
of USP Dissolution Calibrator, Nondisintegrating Type, accord
ing to the operating conditions specified. The apparatus is suj
able if the results obtained are within the acceptable range state
in the certificate for that calibrator in the apparatus tested.

Dissolution Medium—Use the solvent specified in the individ
ual monograph. If the Dissolution Medium is a buffered solution
adjust the solution so that its pH is within 0.05 unit of the pli
specified in the individual monograph. [NOTE—Dissolved gases
can cause bubbles to form, which may change the results of the
test. In such cases, dissolved gases should be removed prior 1
testing.?] . o

Time—Where a single time specification is given, the test may
be concluded in a shorter period if the requirement for minimum
amount dissolved is met. If two or more times are specificd,
specimens are to be withdrawn only at the stated times, wilhin
a tolerance of +2%: .

Procedure for Capsules, Uncoated Tablets, and Plain Conted
Tablets—Place the stated volume of the Dissolution Medium in
the vessel of the apparatus specified in the individual monograph.
assemble the apparatus, equilibrate the Dissolution Medium 1o
37 + 0.5°, and remove the thermometer. Place 1 tablet or |
capsule in the apparatus, taking care to exclude air bubbles frum
the surface of the dosage-form unit, and immediately operate the
apparatus at the rate specified in the individual monogriph
Within the time interval specified, or at each of the times statct.
withdraw a specimen from a zone midway between the surface
of the Dissolution Medium and the top of the rotating busket o
blade, not less than 1 cm from the vessel wall. [NOTE—Reph:
the aliquots withdrawn for analysis with equal volumes of Ire:%
Dissolution Medium at 37° or, where it can be shown lh::t r:,{
placement of the medium is not necessary, correct for the "I"_“:j’l,'j
change in the calculation. Keep the vessel covered for EIL "
ration of the test, and verify the temperature of the 1_111:(1115. .““:I:_;
test at suitable times.] Perform the analysis as d}r_eclcl d"':-é'!i‘;'
individual monograph.? Repeat the test with additional G0
form units. '

R

3 One method of deaeration is as follows: Heal the ;‘éﬁf'f_fff
while stirring gently, to about 45°, immediately filier u|es‘4 with
uum using a filter having a porosity of 0.45 pm OF =2,

abowt
vigorous stirring, and continue stirring under vacuum f:)l: P
5 minutes. Other validated deaeration techniques 07 ¢
dissolved gases may be used. _ )
41f test specimens are filtered, use an inert il ter t :
cause adsorption of the active ingredient or contain
substances that would interfere with the analysis:

oval &

hat docs £
tractat’s
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here capsule shells interfere with the analysis, remove the
ptents. of mot less than 6 capsules as completely as possible,
4 dissolve the empty capsule shells in the specified volume of
igolution Medium.. Perform the analysis as directed in the
d’;viduﬂl monograph. Make any necessary correction. Correc-
. factors greater than 25% of the labeled content are unac-
able. : .
Ip:,ggrpretation—Uqless otherwise specified in the individgal
nograph, the requirements are met if the quantities of: active
mrcdisnt dissolved from the units tested conform to the accom-
" 1ying acceptance table. Continue testing through the three
'ggss unless the results conform at either S, or S,. The quantity,
is the amount of dissolved active ingredient specified in the
dividual monograph, expressed as a percentage of the labeled
atent; both the 5% and 15% values in the acceptance table are
rcentages of the labeled content so that these values and Q are
{he same terms. . _ §

Acceptance Table

e - Number
Stage  Tested Acceptance Criteria
~S, 6  Eachunitis not less than 0 + 5%.
S, . 6 . Average of 12 units (S; + S,) is equal
. C to or greater than @, and no unit is less
than @ — 15%.
= q 12 Average of 24 units (S; + S, + Si) is

equal to or greater than @, not more
than 2 units are less than Q@ — 15%,
and no unit is less than 0 — 25%.

¥pe, accord _
ratus 1s suil- R

range slaled E :

stesed.+ (721) DISTILLING RANGE

To determine the range of temperatures within which an of-
Jfivial liquid distils, or the percentage of the material that distils
Lelween two specified temperatures, use Method I or Method 11
directed in the individual monograph. The lower limit of the
nnge is the temperature indicated by the thermometer when the
fist drop of condensate leaves the tip of the condenser, and the
- ypper limit is the Dry Point, i.e., the temperature at which the
5l drop of liquid evaporates from the lowest point in the dis-
dlation flask, without regard to any liquid remaining on the side
[ the flask, or the temperature observed when the proportion
iecified in the individual monograph has been collected.
-[NoTE—Cool all liquids that distil below 80° to between 10°
ad 15° before measuring the sample to be distilled.]

METHOD I

Apparatus—Use apparatus similar to that specified for Method
I except that the distilling flask is of 50- to 60-mL capacity,

the neck of the flask is 10 to 12 cm long and 14 to 16 mm
iernal diameter, The perforationin the upper asbestos board,
Lon 1s used, should be’such that when the flask is set into it,
portion of the-flask below the upper surface of the asbestos
& capacity of 3 to 4 mL.

.mes of [T rocedure—Proceed as directed for Method II, but place in
wown that flask only 25 mL of the liquid to be tested. :
yr the v]c;lu : . :
the @ .
I METHOD II
rected in ¢

Aratus—Use an apparatus consisting of the following parts:
Stilling Flask—A round-bottom distilling flask, of heat-re-
Blass, of 200-mL capacity, and having a total length of
ek dl °m and an inside neck diameter of 20 to 22 mm. At-
e 3 {tﬂbqut midway on the neck, approximately 12 cm from

E i‘)m of the flask, is a side-arm 10 to 12 c¢m long and 5

the lower portion of the neck. . _ o
"denser—A straight glass condenser 55 to 60 cm in length
n'adwgter Jjacket a%out 40 cm in length, or a condenser of

d o - 80 having equivalent condensing capacity. The lower’
© condenser may be bent to provide a delivery tube, or

~“ Connected to a bent adapter that serves as a delivery.

tional

er .]j,]'ldcr
or less; !

Niernal diameter, which forms an angle of 70° to 75° "
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Asbestos Boards—Two pieces of asbestos board, 5 to 7 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 100-mL cylinder graduated in 1-mL subdivisions.

Thermometer—In order to avoid the necessity for an emergent
stem correction, an accurately standardized, partial-immersion-
thermometer having the smallest practical subdivisions (not greater
than 0.2°) is recommended. Suitable thermometers are available
as the ASTM E-1 series 37C through 41C, and 102C through
107C (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 apply heat, regulating it so that between 5 and 10 minutes
elapse before 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 (760 mm), adding if
the pressure is lower or subtracting if the pressure is higher than
760 mm, and apply the emergent stem correction where neces-
sary. Unless otherwise specified in the individual monograph,
allow 0.1° for each 2.7 mm (0.037° 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 1 and Apparatus 2— -

APPARATUS | AND APPARATUS 2—Proceed as directed under
Dissolution (711).

Apparatus Suitability Test, Dissolution Medium, and Proce-
dure—Proceed as directed under Dissolution (711). [NOTE—
Replace the aliquots withdrawn for analysis with equal volumes
of fresh Dissolution 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 h

Apparatus 3— . .

APPARATUS—The assembly consists of a set of cylindrical,
flat-bottomed glass vessels; a set of glass reciprocating cylinders;
stainless steel fittings (type 316 or cquivalent?and 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 cylinders horizontally 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 37 + 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 observation of the specimens and reciprocating cylinders is

Amerigen Ex. 1057, p. 19




1794

{724) Drug Release / Physical Tests

preferable. The components conform to the dimensions shown
in Figure 1 unless otherwise specified in the individual mono-
graph. o '

Dissolution Medium—Proceed as directed under Dissolution

(711).

Procedure—Place the stated volume of the Dfssolui'ion Me-

dium in each vessel of the apparatus, assemble the apparatus,
equilibrate the Dissolution Medium to 37 £ 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
m_ L 3.9 diameter
e !

<— Evaporation cap

66.8

6,35diameter .
Type 316 stainless steel

Air holes
3.9 diameter

a

\Mesh screen
polypropylene

—1L
-
s
o '
= I
ko ! 1
| 1 ; ;
@ Glass reciprocating
o 2
E Py cylinder .
£ ] 1
- | 1
1 I}
o = x, .
Sy @ e £ Mesh screen

polypropylene

46.81|

180%]

l«—— 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. Withi,

interval specified, or at each of the times stated, rajse .
rocating cylinders and withdraw a portion of the solmioe recip.
test from a zone midway between tlEc surface of the Dmn }”“_i“
Medium and the bottom of each vessel. Perform the a, af Ution
directed in the individual monograph. If necessary, renc" &
test with additici)nalhdosagc-form units. » el the

Where capsule shells interfere with the analysis
contents of not less than 6 capsules as complcytzly’ ;:m?}vc_ the
and dissolve the empty capsule shells in the specified w];;USSib[.;:
Dissolution Medium.- Perform the analysis as directeqd ;mc .
individual monograph. Make any necessary correctiop CcT the
tion factors greater than 25% of the labeled content arq . "
ceptable. : , : unag:

Apparatus 4— . )

APPARATUS—The assembly consists of a reservoir
for the Dissolution Medium; a flow-through cell; a
that maintains the Dissolution Medium at 37 + 0.5°
2 and 3). The cell size is specified in the individual

the limy

and a pumy
walter byth
(see Figure,
monograph

Filter chamber

\ Sieve 40 mesh
‘| ' .' I : i d=0.2 w=0.45
‘ | 22002 |
0 1
S _ pe2.610.2
A S
ol {7 T
o Score for the
0 tablet holder
i} '

@=diameter

Fig. 2. Large cell for tablets and capsules.
- " (All measurements are expressed in mm unless
noted otherwise.)

The pump forces the Dissolution Medium upwards throueh
the flow-through cell. The pump has a delivery range bctwm;
240 and 960 mL per hour, with standard flow rates of 4, 8, and
16 mL per minute. It must be volumetric to deliver constit
flow independent of flow resistance in the filter device; the 0%
profile is sinusoidal with a pulsation of 120 £ 10 pulses P’
minute. . il

The flow-through cell (see Figures 2 and 3), of tranSPﬂ“‘“?,'[‘.'_‘
inert material, is mounted vertically with a filter system (SPc_‘“I:_;J
in the individual monograph) that prevents escape of undlsmc 3
particles from the top of the cell; standard cell dlf-}ml’-lcrsii‘r,h.»
and 22.6 mm; the bottom cone is usually filled with sma 5},]]-1 .
beads of about 1-mm diameter with one bead of abou! Tble
positioned at the apex to protect the fluid entry tubs; & ing o
holder (see Figures 2a and 3a) is available for PUSll"_}ITi\. s
special dosage forms, for example, inlay tablets. The .“c R H
mersed in a water bath and the temperature 15 maintained ?

+ 0.5°. : :

The apparatus uses a clamp mechanism and W0 %0 S s
the fixation of the cell assembly. The pump is SCPATEE s
the dissolution unit in order to shield the latter agalﬂ:-hc pis?
brations originating from the pump. The position ©
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Fig. 2a. Tablet holder for the large cell.
(All measurements are expressed in mm unless
noted otherwise.)

Filter chamber

R

-

Sieve 40 mesh
d=0.2 w=0.45

Scare for the
tablet holder

: | - 20.8£0.05
] L_uasl_

@=diameter

flg- 3. Small cell for tablets and capsules.
5]_ Measurements are expressed in mm unless

noted otherwise.)

: be on a level higher than the reservoir flasks. Tube
.S are as short as dpossible. Use polytef tubing with a
°_f .diameter and chemically inert flanged-end con-

L Suitability Test and Dissolution Medium——Proceed
r Dissolution {711).

Physical Tests | Drug Release (724)

_..__‘_.. 5
v
. o

_l. .

1795

6.5

2-510.25

I+0.5
13.5 O

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 specified in the
monograph. Place 1 dosage-form unit on top of tll:c beads or, if
specified 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 37 + 0.5° through the bottom 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. : : . .
Where capsule shells interfere with the analysis; remove the
contents of not less than 6 capsules as completely as possible,
and dissolve the empty capsule shells in the specified 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 +2%
of the stated time. -

Interpretation—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 L; or L,. Limits on the amounts of
active ingredient dissolved are expressed in terms of the per-
centage of labeled content. The limits embrace each value of Q;,
the amount dissolved at each specified fractional dosing interval.

Delayed-release (Enteric—cbated) Articles—
General Drug Release Standard

Use Method A or Method B and the apparatus specified in
the individual monograph. Conduct the Apparatus Suitability
Test as directed under Dissolution (711). All test times stated
are to be observed within a tolerance of +2%, unless otherwise
specified.

Method A:

Procedure (unless otherwise directed in the individual mono-
graph)— .

Acid Stage—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 37 + 0.5°. Place 1 tablet or 1 capsule
in the apparatus, cover the vessel, and operate the apparatus for
2 hours at the rate specified in the monograph.
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Acceptance Table 1

Number

Level Tested 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 (L,
+ L,) 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 (L;
+ L, + L,) 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.

L 6

L, 6

Ly S 12

After 2 hours of operationin 0.1 N hydrochloric acid, withdraw
an aliquot of the fluid, and proceed immediately as directed under.

- Buffer Stage. - . '
-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 percentage of the labeled content, of active ingre-
dient dissolved 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

Ay 6 No individual value exceeds 10% dis-
o ) solved. _ :
S PR Average of the 12 units (4; + A,) is

o " not-more than 10% dissolved, and

no individual unit is greater than
: 25% dissolved.
Ay 12 Average of the 24 units (4; + 4, +

and no individual unit is greater
than 25% dissolved.

Buffer Stage—[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 monograph, add to
the fluid in the vessel 250 mL of 0.20 M tribasic sodium phos-

phate that has been equilibrated to 37 + 0.5°. Adjust, if nec- .
essary, with 2 IV hydrochloric acid or 2 IV sodium hydroxide to

a pH of 6.8 £ 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 period, withdraw an aliquot of the fluid, -

and perform the analysis using the Procedure specified in the
test for Drug release 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. - :

Interpretation—Unless otherwise specified in the ; ..
monograph, the requirements are met if the qUantitie]"dwida;%;f
ingredient dissolved from the units tested conform (o oF agy
Table 3. Continue testing through the three leyels y ..
results of both stages conform at an earlier leve] Thu‘licss the
Q in Acceptance Table 3 is 75% dissolved unless o[}mrc Valys
ified in the individual monograph. The quantity, O gpere. 3Pt
the individual monograph, is the total amount of a’(:ti:,régl?':cl fled
dissolved in both the acid and buffer stages, cxpressudmgfedzz:c
centage of the labeled content. The 5% and 159 25 2 per
ceptance Table 3 are percentages of the labeled

s . conte
these values and Q are in the same terms. ML S0 thy:

Acceptance Table 3

A3) 18 not more than 10% dissolved,

Number I
Level Tested Criteria
B, . 6 . Bach unit is not less than _-{-—_;:
B, 6 Average of 12 units (B, + By i
equal to or greater than Q, ang p,
' unit is less than @ — 154,
Bs 12 Average of 24 units (B, + p, + B
is equal to or greater than (), py
moqcsglan %i units are less than 0
— , and no umnit is less th;
— 259 nn ()
Method B:

Procedure (unless otherwise directed in the individual mos.
graph)—

Acid Stage—Place 1000 mL of 0.1 NV hydrochloric acid in 15
vessel, and assemble the apparatus. Allow the medium to cquil
ibrate to a temperature of 37 =+ 0.5°. Place 1 tablet or | capsul
in the apparatus, cover the vessel, and operate the apparatus fis

2 hours at the rate specified in the monograph. After 2 hours of

operation in 0.1 IV hydrochloric acid, withdraw an aliquot of t}:
fluid, and proceed immediately as directed under Buffer Stug-

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 quantiics
based on the percentage of the labeled content, of active ingre
dient clisscrl\lfeéJ from the units tested conform to Acceptance Tuble
2 under Method A. Continue testing through all levels unlex
the results of both acid and buffer stages conform at an caths:
level. '

Buffer Stage—[NOTE—For this'stage of the procedure, 1
buffer that previously has been equilibrated to a temperature &

37 + 0.5°.] Drain the acid from the vessel, and add to the vesse!

1000 mL of pH 6.8 phosphate buffer, prepared by mixing 0.1 4

hydrochloric acid with 0.20 M tribasic sodium phosphate (3.11
and adjusting, if necessary, with 2 N hydrochloric acn_tf or 2 t;;
sodium hydroxide to a pH of 6.8 = 0.05. [NOTE—This mas %

accomplished also by removing from the apparatus the ¥e#e 2

containing the acid and replacing it with another vesscl contalniss

the buffer and transferring the dosage unit to the vesse] contasing

the buffer.] Continue to operate the apparatus for 4? :nf\lilumv
or for the time specified in-the individual monograp ﬁ A e
end of the time period, withdraw an aliquot of the WG e
perform the analysis using the Procedure specified in l': o
Drug release in t{le individual monograph. The test m;II'c R
cluded in a shorter time period than that specified forhl c]d o it
stage if the requirement for minimum amount disso ]
at an earlier time. .
Interpretation—Proceed as directed for Interpretallt
Method A. o o

1 oo

Transdermal Delivéry Sjétcmsr—Generai
Drug Release Standards -
ints. @ are L‘XP"’-’-‘fi;;

Time—The test-time points, generally three, din hours. 5F°
terms of the labeled dosing interval, D, expresse 41,]5 minuted =
imens are to be withdrawn within a tolerance of et
+ 2% of the stated time, the tolerance that rest
time interval being selected.
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DLE OVER DISK—

ArRATUS—Use the paddle and vessel assembly from Ap-
TVES described under Dissolution (711), with the addition
“ainless steel disk assembly! designed for holding the trans-
stem at the bottom of the vessel. The temperature is
qined at 32 + 0.5°. A distance of 25 + 2 mm between
dle blade and the surface of the disk assembly is .main-
during the test. The vessel may be covered during the
minimize evaporation. The disk assembly for holding the
ermal system 1s designed to minimize any “dead” volume
n the disk assembly and the bottom of the vessel. The
ssembly holds the system flat and is positioned such that
selease surface is parallel with the bottom of the paddle blade

& Figure 4)

— —— Dissolution
’ vessel

Paddle

A

1© quanutis
active }}131%
ptance 1a!
levels unless

X 4 Disk assembly
41.2 4,,|

: Fig. 4. Paddle Over Disk.
(All measurements are expressed in mm unless

o noted otherwise.) -

ratus Suitability Test and Dissolution Medium—Proceed
teted for Apparatus 2 under Dissolution (711).

ttdure—Place the stated volume of the Dissolution Me-
the vessel, assemble the apparatus without the disk as-

mal system to the disk assembly, assuring that the release
he system is as flat as possible. The system may be
0 the disk by applying a suitable adhesive? to the-disk
Dry for 1 minute. Press the system, release surface
ﬁ.““‘%_@he adhesive-coated side of the disk assembly. If
‘ bﬂf-- 1s used to support the system, it is applied so that
1bbles occur between the membrane'and the release sur-
¢ the disk assembly flat at the bottom of the vessel
Ielease surface facing up and parallel to the edge of the

embly (stainless support disk) may be obtained from

Corp, Ashley Rd., Bedford, MA 01730.

l Iopriate devices may be used, provided they do not
y "ith, or interfere with the specimen being tested.
0% Corning, 355 Medical Adhesive 18.5% in Freon
® tquivalent. . S

ﬂlﬂmPhan’ Type 150 pm, 11 + 0.5-um thick, an inert,
5 é.-é’slc material, which is available from ENKA AG,
nt 0 ove Circle, Corona DelMar, CA 92625, or. LifeMed
tlano Blvd., Compton, CA 90220. )

nd equilibrate the medium to 32 + 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 + 2 mm from the surface of the
disk assembly. Immediately operate the apparatus at the rate
specified in the monograph. At each $ampling 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 | 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. .

Interpretation—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 L, or L,.

Accepﬁnée Table 4

Number
Level Tested _ Criteria
L 6 No individual value lies outside the

stated range.

The average value of the 12 units (I,

.+ L) lies within the stated range.
No individual value is outside the
stated range by more than 10% of
the average of the stated range. .

The average value of the 24 units (I,
+ L, + L;) 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 the stated range by more
than 20% of the average of the stated
range.

Ly 6

Apparatus 6—Cylinder—

APPARATUS—Use the vessel assembly from Apparatus 1 as
described under Dissolution (711), 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 *+ 2 mm during the test.

Dissolution Medium—Use the medium specified in the indi-
vidual monograph (see Dissolution (711)).

Procedure—Place the stated volume of the Dissolution Me-
dium in the vessel of the apparatus specified in the individual
monograph, assemble the apparatus, and equilibrate the Disso-
Iution Medium to 32 + 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 Cuprophan® 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 top of the rotating cylinder,

"not less than 1 cm from the vessel wall. 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. .
Interpretation—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of active
ingredient released from the system conform to Aceeptance Table

Amerigen Ex. 1057, p. 23



1798 (724) Drug Release / Physical Tests

4 for transdermal drug delivery systems. Continue testing b <
the three levels unless the results conform at either ngm Tougk

Apparatus 7—Reciprocating Disk—[NOTE—Thjs , L.
may also be specified for use with solid oral dosage f, Pparag,.

T
APPARATUS—The assembly consists of a set of volumms-} :
Four holes at 1.1l dia. = calibrated or tared solution containers made of glagg ;l"miiy:-
equally spaced on 2.540 suitable inert material,’ a motor and drive assembly to mir Othizr
dia. be. at 63.4°£ 0.5° the system vertically and to index the system horizont Br'
angle to surface. different row of vessels automatically if desired, and 4 ge? % o
0.852 dia.~; shaped sample holders (see Figure 6). The solution oo, dicy.
_ : ol - - Nainer,
% are partially immersed in a suitable water bath of ANy conyen: Lo
63.4°40.5° 0l size that permits maintaining the temperature inside thﬂrum
,.Vr — . tainers at 32 + 0.5° during the test. No part of the ass: toe. ¥
) é }';; 1112 ‘ 40,640 including the environment in which the assembly is placedmhiy. 3
Maximum 57 _i_ 5.079 tributes significant motion, agitation, or vibration baygnd' f%'
radws 0.300 —| . 3,967 due to the smooth, vertlcally' reclfjrocalmg sample holder £ y
3 paratus that permits observation of the system and holder d.ugi,.' ~ .qoving
TOLERANCES: - the test is preferable. Use the size container and sample hold—é rophor
+00127 as specified in the individual monograph. = nthe ﬁée
- ' Dissolution Medium—Use the Dissolution Mediy : - Ushape
FINISH: :2;;:“;{;; in the individual monograph (see Dissolution {71 1).;?1 specified & protein:
All surtaces 52 used for Procedure —Remove the transdermal system from its backing m:;%owv.
Degrease before large systems.  Press the system onto a dry, unusg:d piece of Cuprophan’ or e a‘.e i
final assembly of alent with the adhesive side against the Cuprophan, taking cars £, b syet
- rod and cylinder. to eliminate air bubbles between the Cuprophan and the releass i 1?:;
surface. Attach the system to a suitable size sample holder wiy, 3’5“““’% ein.
MATERIAL: a suitable O-ring such that the back of the system is adjacent o : 3?[" e ¢
304 stainless steel and centered on the bottom of the sample holder. Trim the excess "ln"? spc
Cuprophan with a sharp blade. Suspend each sample holder from E ’ 1
a vertically reciprocating shaker such that each system is con. ?'-“i'{‘;ﬁi
tinuously immersed in an accurately measured volume of pje. = nted |
solution Medium within a calibrated container pre-equilibrated e owde
Fig. 5. Cylinder Stirring Element. to 32 & 0.5°. Reciprocate at a frequency of about 30 cycles per -‘:hpas sta
(All measurements are expressed in cm unless minute with an amplitude of about 1.9 cm for the specified time Various
noted otherwise.) in the medium specified for each time point. Perform the analyss Selectre
as directed in the individual monograph. Repeat the test with 4 0ic ic
additional transdermal drug delivery systems. A e :gh Ecoly
@ Gelelee
 raussed |
- mlical pri
01143 Radivs — 00,3175 Diameter — Press fit to head i ‘G?h?g;'g
: ; l_ ~olar sut

oy — = -

1M,

I T

(Tvpical drawing — Design or shape may vary)

ily its

£ r‘atu
'ﬁblileizing

D
Dimensions ﬁ_.re in centimeters.
HEAD ROD 0-RING

system® A (Diameter) B ¢ Material® D Material® (not shown)
1.6 cm? 1.428 0.9525  0.4750  SS/VT 30,48 88 /P Parker 2-113-VE84-75
2.5cm? 1.778 0.9525 0.4750 SS/VT 30,48 SS/P Parker 2-016-V884-75
5cm? 2.6924 0.7620 0.3810  S8/VT 8.890 SS/P Parker 2-022-V884-75
7 cm? 3.1750 0.7620 0.3810_ SS/VT 30.48 SS/P  Parker 2- 124-V884-75
0.6350 0.3505  SS/VT 31.01 SS/P Parker 2-225-V884-75

10 cm? 5.0292

* Typical system sizes.
® $S/VT = Either stainless steel or virgin Teflon.
© 85/P = Either stainless sieel or Plexiglas.

Fig. 6. Reciprocating Disk Sample Holder.®

# The cylinder stirring alcmt‘;ﬁ; available from Accurate Tool,
Inc., 25 Diaz St., Stamford, CT 06907, or from Van-Kel In-
dustries, Inc., 36 Meridian Rd., Edison, NJ 08820. '

- . : (]
5 The materials shoul;ld not sorb, react with, of intetle] q
the specimen being tested. hased
6 The reciprocating disk sample holder may b‘ipgﬁﬁ or ¥
ALZA Corp., 950 Page Mill Rd., Palo Alto, C -
Kel Industries, Inc. .
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rpretation—-Uqless otherwise sp_ecified in Lh? individual
raph, the requirements are met if the quantities of active
fient released from the system conform to Acceptance Table
- nsdermal drug delivery systems.- Continue testing through
poce levels unless the results conform at either L, or Lj.

(726) ELECTROPHORESIS

;ctrophorcsis reférs to the migration of electrically charged
15, colloids, molecules, or other particles when dissolved or
td in an electrolyte through which an electric current is

«d upon the type of apparatus used, electrophoretic meth-
ay be divided into two categories, one called free solution
oving boundary electrophoresis and the other called zone
ophoresis. ) .
the free Saf_utmn _mcthod, a buffcrcg:l solution of proteins in
haped cell is sub]cctec_l to an clcctr:p current which causes
.-.Pfgteins to form a series of layers in order of decreasing
fity, which are separated by boundaries. Only a part of the
| moving protein is physically separated from the other pro-
- but examination of the moving boundaries using a schiieren
ol system provides data for calculation of mobilities and
“ygmation on the qualitative and quantitative composition of
protein mixture. '
one electrophoresis, the sample is introduced as a narrow
or spot in a column, slab, or film of buffer. Migration of
ponents as narrow zones permits their complete separa-
5 cmixing of the separated zones by thermal convection is
cenied by stabilizing the electrolyte in a porous matrix such
wdered solid, or a fibrous material such as paper, or a gel
s starch, agar, or polyacrylamide.
rious methods of zone electrophoresis are widely employed.
clrophoresis, particularly the variant called disk electro-
resis, is especially useful for protein separation because of its
resolving power. .
¢l electrophoresis, which is employed by the compendium, is
ed in more detail following the presentation of some the-
rinciples and methodological practices, which are shared
wrying degrees by all electrophoretic methods.

substance depends on characteristics of the particle, pri-
ly its electrical charge, its size or molecular weight, a.ndp its
%, as well as characteristics and operating parameters of the
m. These latter include the pH, ionic strength, viscosity and
cralure of the electrolyte, density or cross-linking of any
izing matrix such as gel, and the voltage gradient employed.
et of Charge, Particle Size, Electrolyte Viscosity, and
‘lage Gradient—Electrically charged particles migrate toward
e ode of opposite charge, and molecules with both positive
egative charges move in a direction dependent on the net
The rate'of migration is directly related to the magnitude
-nct charge on the particle and is inversely related to the
[ lhﬁ_-;ﬁlrticle, which in turn is directly related to its mo-
welght.
' large spherical particles, for which Stokes’ law is valid,
tan electrophoretic mobility, 1y, which is inversely related
first power of the radius as depicted in the equation:

is the velocity of the particle, E is the voltage gradient
n the electrolyte, O is the charge on the particle, r is
Ié radius, and 7 is the viscosity of the electrolyte. This
CXpression is strictly valid only at infinite dilution,and
%Sence of a stabilizing matrix such as paper or a gel.
and peptides up to molecular weights of at least 5000,
arly in the presence-of stabilizing media, do not obey
@, and their electrophoretic behavior is best described
{Uation of the type:

__ 9
S _uo Amrty’ :
“’.S 4 shape factor generally in the range of 4 to 6, which
!erse dependence of the mobility on the square of the

The electrophoretic migration observed for particles of a par- -
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radius. In terms of molecular weight, this implies an inverse
dependence of mobility on the %5 power of the molecular weight.

Effect of pH—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 obtained at very low and
very high pH, respectively. The zwitterion that exists at the
intermediate pH range is electrically neutral and has zero mo-
bility.

Relative Mobllity

Toward cathode o Toward anode

-
~

Fig. 1.

Effect of Ionic Strength and Temperature—Electrophoretic,

mobility decreases with increasing ionic strength of the support- -

ing electrolyte. Io nic_ strength, p, is defined as:
u = 0.53CZ2,

where C; is the concentration of an ion in moles per liter and Z;
is its valence, and 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. :

Tonic 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, 5,
of the supporting electrolyte is temperature-dependent. 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 resuit of current passing
through the supporting electrolyte. This heat increases with the
applied voltage and with increasing ionic strength. Particularly
in larger 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 a 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 groups inherent in the structural material or
from ions adsorbed on the 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. o

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 the USP Dictionary of Drug Names. 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 of 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 from 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 names must be used

as the titles of 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, finaily, 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 10, 1962, the Secretary of Health and Human Services is.

authorized to designate an official name for any drug wherever
deemed “necessary or desirable in the interest of usefulness and
simplicity.” 3 o . ‘ .
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
desigrate 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 o,
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 com-
pendial name or the USAN adopted name listed in USAN and
the USP Dictionary of Drug 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 required. by
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 purgoses; the conditions of licensing
the biologic concerned require that 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 US AN and the USP Dictionary of Drug Names is obtainable
on order from the USAN Division, USP Convention, Inc., 12601
Twinbrook Parkway, Rockville, MD  20852.

3F.D.&C. Act, Sec. 508 [358]. e _

453 Fed. Reg, 5369 (1988) amending 21 CFR § 299.4.

(1151)  PHARMACEUTICAL
DOSAGE FORMS.

DOSa'g,é forms are provided for most of the Pharmacopeial drug
substances, but the processes for the preparation of many of them

Pharmaceutical Dosage Forms / General Information
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are, in general, beyond the scope of the I"harmacopefd

dition to defining the dosage forms, this section In g,

N ¥ . T€Sents thc

eral principles involved in the manufacture of soppe of hgcn.

Egrncularlﬂ on a small scale. Other information thay i them,
ars on the use of the Pharmacopeial substances i o Eiveq

. X
raneous compounding of dosage forms. tempo.

BIOAVAILABILITY

Bioavailability, or the extent to which the therapeutic cone:
uent of a pharmaceutical dosage form intended for gra) or lﬁnm{.
use is available for absorption is influenced by a variety of | Opica
Among the inherent factors known to affect absorption aa,m“'
method of manufacture or method of compounding; the ac the
size and crystal form or polymorph of the drug substan?;cv”-mc
the diluents and excipients used in formulating the dosage f and
including fillers, binders, disintegrating agents, lubricarfe o
ings, solvents, suspending agents, and dyes. Lubricants and toiuv
ings are foremost among these, The maintenance of 5 dcn:) .
strably high degree of bioavailability requires particular attcnl?ﬂ‘
to all aspects of production and quality control that ma y afl on
the nature of the finished dosage form. = - e

STABILITY

The term “stability,” with respect to'a drug dosage form refers
to the chemical and physical integrity of the dosage unit, anq
when appropriate, the ability of the dosage unit to maintai}: pru:
tection agairist microbiological contamination. The shelf life
the dosage form is the time lapse from initial preparation to the
specified expiration date. The monograph specifications of idep.
tity, strength, quality, and purity apply throughout the shelf Jife
of the product. : :

The stability parameters of a drug dosage form can be influ.
enced by environmental conditions of storage (temperature, ligh,
air, and humidity), as well as the package components. Phar.
macopeial articles should include required storage conditions vn
their labeling. These are the conditions under which the expi-
ration date-shall apply. The storage requirements specificd in
the labeling for the article must be observed throughout the dis
tribution of the article (i.e., beyond the time it leaves the manu-
facturer up to and including its handling by the dispenser or seller
of the article to the consumer). Although labeling for the con-
sumer should indicate proper storage conditions, it is recognized
that control beyond the dispenser or seller is difficult.

Stability Protocols—Stability of manufactured dosage forms
must be demonstrated by the manufacturer by the use of methods
adequate for the purpose. Monograph .assays may be used for
stability testing if they are stability-indicating (i.e., if they ac-
curately differentiate between the intact drug molecules and their

- degradation products). Stability considerations should inciude
- not only the specific compendial requirements, but also changes

in physical appearance of the product that would warn uscrs that
the product’s continued integrity is questionable.

Stability studies, on active substances and packaged dusipe
forms are conducted by means of “real-time,” long-term tests it
specific temperatures and relative humidities represenling stor
age conditions experienced in the distribution chain of tht d{-
matic zone(s) of the country or region of the world conccnml
Labeling of the packaged active substance or dosage form 3'“.“’]1'
reflect the effects of temperature, relative humidity, air, and 1‘]1'3 ‘:
on its stability. Label temperature storage warnings will fcr ;.‘
both the results of the real-time storage tests and also allow 10!
expected seasonal-excursions of temperature.

Controlled room temperature (see the Storage Tempe/
section under General Notices and Requirements—Preser "i”f ol
Packaging, Storage, and Labeling) delineates the allowab g“ o
erance in storage circumstances at any location in the ch:u_l_ s
distribution (e.g., pharmacies, hospitals, and warchOUSCS‘)-_ ol ae
terminology also allows patients or consumers to be 00‘1‘,"5;1 L{-!ni
to appropriate storage for the product.” Products may b store
either to store at “Controlled room temperature  0f t‘jo};- lon
temperatures “up to 25°” where labeling is supporte fjl- 2
term stability studies at the designated storage _CQ“d‘m"w,\'i.-n-.r
Controlled room temperature limits the permissible 'Cx[ic Lot
to those consistent with the maintenance of a mean k!nﬁ Kinetic
perature calculated to be not more than 25°. See Mmmnu—u-u:-
Temperature, The cammon i

rnatjonal guideline for 101 o
stability studﬁ\{ﬂﬂﬁfgﬁﬂ .adﬁa&gﬁ% p,!agshu mi

rature
fon,




.|r,fal8d studies are specified at 40 + 2° and at 75 + 5%
ve humidity. Accelerated studies also allow the interpre-
: of data and information on short-term spikes in storage

[ th itions in addition to the excursions allowed for by controlled
-wmpcrature:. . ) - S
e term {‘room temperature” is used in different ways in

ent countries, and it is usually preferable for product la-

ler
i Em a maximum storage temperature or temperature range
;dzgrees Celsius. '

oan Kinetic Temperature—Mean kinetic temperature is de-
das? single calculated temperature at which the degradation
article would be equivalent to the actual degradation that
result from temperature fluctuations during the storage
It is not a simple arithmetic mean. The mean kinetic
rature is calculated from average storage temperatures re-
+d over a one-year period, with a minimum of twelve equally
ced average storage temperature observations being recorded.
rage temperature may be determined using automated re-
ing devices or as the arithmetic mean of the highest and

.
st temperatures attained during the observation period as

ed on a high-low thermometer. The mean kinetic tem-
jure is calculated by the following equation-(derived from
Arrhenius equation): '

i AH/R : -
T = 1 (e"'MffRTl 4+ eAH/RT, 4 4 o—AHJRT )
1 — n . n

it
hich Ty is the mean kinetic temperature; AH is the heat of
vation, 83.144kJ mole™! (unless more accurate information

fant, 8.3144 X 1073 kJ- mole~!- degree™!; T is the average
temperature during the first time period (e.g., month);

T, is the average storage temperature during the nth time
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for products to be shipped outside the continental U.S. to .

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

the average storage temperature during the second time .

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 temperatures and average humidity values are cal-
culated.! Deriw:é] values are based on inspection of data from
individual cities and on allowances for a margin of safety in
assignment of these specified conditions. Co

A discussion of aspects of drug product stability that are of
primary concern to the pharmacist in the dispensing of medi-

cations may be found 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 Pharmacopeia.

TERMINOLOGY

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 acrosols are products that are packaged under

pressure and contain thcrg})éuti(;a]]y active ingredients that dre

released upon activation of an appropriate 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 misapplied to all self-contained pressurized products, some
of which deliver foams or semisolid fluids. In the case of In-

Artial pressure of water vapor.

‘being the total ber of t t t : p ; R
.-:amrd‘eg ?gfagimu%m of t;‘;‘lﬂ;f(‘{u‘;i,fg fﬂigfbicﬁg&f ‘;’gﬁigﬁ;"aﬁfg halation Aerosols, the particle size of the delivered medication
\"'__;mperaturcs (T) being absolute temperatures in degrees Kel- . : o .
a (k). , ' ‘ . IThe source of the data and information in Table 1 is the

(limatic Zones—For convenience in planning for packaging  International Conference on Harmonization sponsored by the In-
adstorage, and for stability studies, international practice iden-  ternational Federation of Pharmaceutical Manufacturers Asso-
s four climatic zones, which are described in Table 1. The  ciations. ' '
Table 1. _International Climatic Zones. . .
) . Calculated Data . * Derived Data
Climatic Zone °C* °C MKT** % mbar*** -°C % mbar -

Temperate o 20.0 120.0 42 9.9 21 45 11.2
United Kingdom '
Northern Europe
Canada
Russia : S
Mediterraniean, Subtropical 21.6 22.0 52 135 | 25 _ 60 19.0
United States co
Japan
Southern Europe =
. (Portugal-Greece)
Hot, Dry _ 264 219 35 119 S 30 35 15.0
Iran ' .

T4q
_Sudan
Hot, Humid 26.7 27.4 © 76 26.6 30 70 30.0
Brazil : -

hana

ndonesia

1C{lragua

1llppinc5
Dﬂ‘i recorded as <<19° calculated as 19°.
waiculated mean kinetic temperature.
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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 rélease (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 fluid consistency formulated as either water-in-oil (e.g.,
Cold Cream) or oil-in-water (e.g., Fluocinolone 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 (€.g., Triple Sulfa Vaginal Cream).

ELIXIRS

See Solutions.

EMULSIONS

Emulsions are two-phase systems in which one liquid is dis-
persed throughout another liquid in the form of small droplets.
Where oil is the dispersed phase and an aqueous solution is the
continuous phase, the system is designated as an oil-in-water
emulsion. Conversely, where water or an aqueous solution is the
dispersed phase and oil or oléaginous 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. Emulsifying agents
(surfactants) do this by concentrating in the interface between
the droplet and external phase and by Sp_roviding a physical barrier
around the particle to coalescence. Surfactants also reduce the
interfacial tension between the phases, thus increasing the ease
of emulsification upon mixing.

Natural, semisynthetic, and synthetic hydrophilic polymers may
be used in conjunction with surfactants in oil-in-water emulsions
as they accumulate at interfacés and also increase the viscosity
of the aqueous phase, thereby decreasing the rate of formation
of aggregates of droplets. Aggregation is generally accompanied
by a relatively rapid separation of an emulsion into a droplet-rich
and droplet-poor phase. 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, whereupon 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
bacteria, fungistatic 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 result
of partitioning of the antimicrobial agent out of the aqueous phase
where it is most needed, or of complexation with emulsion in-

USP 23

gredients that reduce effectiveness. Therefore, the effectj,

of the preservative system should always be tested in cf‘_‘CS\

product. Preservatives commonly used in emulsiong inc}'ﬂal

methyl-, ethyl-, propyl-, and butyl-parabens, benzoic a¢j4 ude

quaternary ammonium compounds. » dnd
See-also Creams and Ointments.

EXTRACTS AND FLUIDEXTRACTS

Extracts are concentrated prcl!l)arations of vegetable or ANl
drugs obtained by removal of the active constituents of thcmm
spective drugs with suitable menstrua, by evaporation of a“rc‘
nearly all of the solvent, and by adjustment of the residya] rrmsur
or powders to the prescribed standards. o

In the manufacture of most extracts, the drugs are extragq
by percolation. The entire percolates are concentrated, generalls
by distillation under reduced pressure in order to subject the gy,
principles to as little heat as possible. g ¢

Fluidextracts are liquid preparations of vegetable drugs, cop.
taining alcohol as a solvent or as a preservative, or both, ang 5
made that, unless otherwise specified in an individual monograph
each mL contains the therapeutic constituents of 1 g of the sy,
dard drug that it represents. -

A fluidextract that tends to deposit sediment may be aged and
filtered or the clear portion decanted, provided the resulting cley
liquid conforms to the Pharmacopeia? standards.

Fluidextracts may be prepared from suitable extracts,

GELS

Gels (sometimes called Jellies) are semisolid systems consistinp
of either suspensions made up of small inorganic particles or larye
organic molécules interpenetrated by a liquid. Where the gel
mass consists of a network of small discrete particles, the gel is
classified as a two-phasé system (e.g., Aluminum Hydroxide Gel).
In a two-phase system, if the particle size of the dispersed phase
is relatively large, the gel mass is sometimes referred to as 4
magma (e.g., Bentonite- Magma). Both gels and magmas muy
be thixotropic, forming semisolids on standing and becoming lig-
uid on agitation. They should be shaken before use to ensure
homogeneity and should be labeled to that effect. (See Suspen-
sions.

Sinzgl&phasc gels consist of organic macromolecules uniformly
distributed throughout a liquid in'such a manner that no apparent
boundaries exist between the dispersed macromolecules and the
liquid. Single-phase gels may be made from synthetic macr
molecules (e.g., Carbomer) or from natural gums (e.g., Trage-
canth). The latter preparations are also called mucilages. Al
though these gels are commonly aqueous, alcohols and oils may
be used as the continuous phase. For example, mineral oil can
be combined with a polyethylene resin to form an oleaginous
ointment base, e .

“Gels can be used to administer drugs topically or into body
cavities (e.g., Phenylephrine Hydrochloride Nasal Jelly).

IMPLANTS (PELLETS)

Implants or pellets are small sterile solid masses consust:i ng ll:\!
a highly purified-drug (with or without excipients) mact &
compression or molding. They are intended for 1mp13“m“‘_”|"_n;
the body (usually subcutaneously) for the purpose of PTO""I‘.{’]“-‘;
continuous release of the drug over long periods of time. Imp S
are administered by means of a suitable special xmﬁﬂtgr ?rrliél-:r
gical incision. This dosage form has been used to adm e
hormones such as testosterone or estradiol. They are packit

individually in sterile vials or foil strips.

INFUSIONS, INTRAMAMMARY bl
- . in suitali
Intramammary infusions are suspensions of drugs 11 ST.%
oil vehicles. These preparations are intended for Vﬁtl‘i:’f:::‘lr: nte
only, and are adminstered by instillation via the tea
the udders of milk-prodicing animals.

INHALATIONS

Inhalations are drugs or solytiens or suspensi
drug substances administered by.the nasal or 0
route for loc%l\ or Sést.cmic effect.
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jutions of drug.substanccs in sterile water for inhalation or
dium chloride inhalation solution may be nebulized by use
inert gases. Nebulizers are suitable for the administration of
“jglation solutions only if they give droplets sufficiently fine and
“iorm in size so that the mist reaches the bronchioles. Neb-
. ¢d solutions may be breathed directly from the nebulizer or
gmbuﬁzcr may be attached to a plastic face mask, tent, or
~.mittent positive pressure breathing (IPPB) machine.
“{nother_group of products, also known as metered-dose in-
_ers (MDIs) are propellant driven drug suspensions or solutions
Jiguified gas propellant with or without a cosolvent and- are
?mded for delivering metered doses of the drug to the respir-
e tract. An.MDI contains multiple doses, often exceeding
weral hundred. The most common single-dose volumes deliv-
k .4 are from 25 to 100 uL (also expressed as mg) per actuation.
gxamples of MDIs containing drug solutions and suspensions
nis pharmacopeia are Epinephrine Inhalation Aerosol and
iproterenol. Hydrochloride and Phenylephrine Bitartrate In-
ﬁﬁ;fon Aerosol, respectively. . _
“powders may also be administered by mechanical devices that
quire manually produced pressure or a deep inhalation by the
ient (.8, Cromolyn Sodium for Inhalation).

*pspecial class of inhalations termed inhalants consists of drugs
ccombination of drugs, that by virtue of their high vapor pres-
are, can be carried by an air current into the nasal ﬁ)assagc where
<y exert their effect. The container from which the inhalant

cts. rerally is administered is known as an inhaler.
INJECTIONS

3 consisling See Injections (1).

les or large :

T TRRIGATIONS |

oxideGel). | Irigations are sterile solutions intended to bathe or flush open

srsed phase 7 younds or body cavities. They are used topically, never paren-

'ed to ase  iumlly. They are labeled to indicate that they are not intended

igmas maj i injection. |
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ee Suspen LOTIONS

See Solutions or Suspensions.

LOZENGES

Lozenges are solid preparations, which are intended to dissolve
adisintegrate slowly in the mouth. They contain one or more
Adicaments, usually in a flavored, sweetened base. They can be
pared by molding (gelatin and/or fused sucrose or sorbitol
315¢) or by compression of sugar based tablets. Molded lozenges
At sometimes referred to as pastilles while compressed lozenges
it often referred to as troches. They are usually intended for
alment of local irritation or infections of the mouth or throat
lmay contain active ingredients intended for systemic absorp-
fnafter swallowing.

OINTMENTS

ﬁé,a_ﬂ_lrnenttv. are semisolid preparations intended for external ap-

lion to the skin or mucous membranes.

itment bases recognized for use as vehicles fall into four

alclasses: the hydrocarbon bases, the absorption bases, the

Flemovable bases, and the water-soluble bases. Each ther-

ﬁg‘ﬁ ointment possesses as its base a representative of one of
four general classes.

Hydrocarbon Bases

%,F'bam, which are known also as “oleaginous ointment
» are represented by White Petrolatum and White Oint-
%.Only_ small amounts of an aqueous component can be in-
Mhaled into them. They serve to keep medicaments in pro-
2o contact with the skin and act as occlusive dressings.
¢ ;ﬂca[l.)‘)“ bases are used chiefly for their emollient effects,
1.1 difficult to wash off. They do not “dry out” or change
%y on aging. :

o
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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 incorporation of aqueous
solutions with the formation of a water-in-oil emulsion (Hydro-
philic Petrolatum 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., Hydrophilic Oint-
ment, and are more correctly called “creams.” (See Creams.)
They are also described as “water-washable,” since they may be
rcacf;ly washed from the skin or clothing with water, an attribute
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 type offer many of the advantages of the water-removable
bases and, in addition, contain no water-insoluble substances such
as petrolatum, anhydrous lanolin, or waxes. They are more cor-
rectly called “Gels.” (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 incorporated and its bioavailability and stability,
and the requisite shelf-life of the finished product. Insome cases,
it-is necessary to use a base that is less than ideal in order to
achieve the stability required. Drugs that hydrolyze rapidly, for
example, are more stable in hydrocarbon bases than in bases
{:ontaining water, even though they may be more effective in the
atter. :

OPHTHALMIC PREPARATIONS

Drugs are administered to the eyes in a wide variety of dosagé
forms, some of which require special consideration. They are
discussed in the following paragraphs.

Ointments

Ophthalmic ointments are ointments 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 Sterility 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
{771)). 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 requirements
for Leakage and for Metal Particles under Ophthalmic Oint-
ments {771). 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. : . :

The ointment base that is selected must be nonirritating 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

Amerigen Ex. 1057, p. 29
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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 sterile solutions, essentially free from
foreign particles, suitably compounded and packaged for instil-
lation into the 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
eye can tolerate isotonicity values as low as that of a 0.6% sodium
ciloride 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 hypertonicity is only temporary. However, any adjustment
towardp isotonicity 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. Atsuch 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 application of a solution teo
the eye stimulates the flow of tears and the rapid neutralization
of any excess hydrogen or hydroxyl ions within the 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 ghysic-—
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
toward the attainment and maintenance of sterility throughout
the manipulations. ' '

Many drugs, when buffered to a 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., Acetylcholine Chloride for Ophthal-
mic Solution).
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STERILIZATION

The sterility of solutions applied to an injured eye g
greatest importance. Sterile preparations in specia] c()mof the
for individual use on one patient should be available i, "aners
hospital, office, or other installation where accidentally o <"
gically traumatized eyes are treated. The method of a(y: "
sterility'is determined primarily by the character of the Par; nin
product (see Sterilization and Sterility Assurance of Com w;’f’:
Articles (1211)). _ pendial

Whenever possible, sterile membrane filtration under 40,
conditions is the preferred method. If it can be shown thay o -
uct stability is not adversely affected, sterilization by aumclprf"i‘
in the final containc(:i' is also a t}}:‘cferred method. A¥ing

Buffering certain drugs near the physiological pH r. al
them quite unstable at high tempegagure. BlcaT PH range makes

Avoiding the use of heat by employing a bacteria-
filter is a valuable technique, provided caution is exerci
selection, assembly, and use of the equipment. Single
presterilized disposable units are available-and should
wherever possible.

Tetainip

sed in the
~filtratiop,
be utilized

PRESERVATION

Ophthalmic solutions may be packaged in multiple-dose cop.
tainers when intended for the individual use of one patient g
where the ocular surfaces are intact. It is mandatory that (i
immediate containers for ophthalmic solutions be sealed ang
tamper-proof so that sterility is assured at time of first use, Eyel
solution must contain a suitable substance or mixture of sub.
stances to prevent the growth of, or to destroy, microorganisms

accidentally introduced when the container is opened during usc,’

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

THICKENING AGENT

A pharmaceutical grade of methylcellulose (e.g., 1% if the
viscosity is 25 centipoises, or 0.25% if 4000 centipoises) or other
suitable thickening agents such as hydroxypropyl methylcellulose
or polyvinyl alcohol occasionally are added to ophthalmic solu-
tions to increase the viscosity and prolong contact of the drug
with the tissue. The thickened ophthalmic solution must be free
from visible particles.

Suspensions

Ophthalmic suspensions are sterile liquid preparations con
taining solid particles dispersed in a liquid vehicle intended lor
application to the eye (see Suspensions). It is imperative that
such suspensions contain the drug in a micronized form to prevent
irritation and/or scratching of the cornea. Ophthalmic susper
sions should never be dispensed if there is evidence of caking vt
aggregation. '

Strips _

Fluorescein sodium solution should be dispensed in a stenle.

single-use container or in the form of a sterile, impregnated papet -

strip. The strip releases a sufficient amount of the drug fj’; |u
agnostic purposes when touched to the eye being examinct o
a foreign body or a corneal abrasion. Contact of the paper M

the eye may be avoided by leaching the drug from the strip nflé'»’_

the eye with the aid of sterile water or sterile sodium chlords
solution. . '

PASTES

Pastes are semisolid dosage forms that contalnl One class
drug substances intended for topical application. ,mg;hr!r';.'-
made from a single phase aqueous gel &Ag., Carbox) ";l o5 (e
Iulose Sodium Paste). The other class, the fatty plil at do 1t
Zine Oxide Paste), consists of thick, stiff Omtmcnlscwc as i
ordinarily flow at body temperature, and therefore S vt
tective coatings over the areas to which they are ?,Egr 1iv

The fatty pastes appear less greasy and mor¢ a substancett!
ointments by reason of a high proportion of drugabsorb serot
having an affinity for water. These pastes tend t0

Amerigen Ex. 1057, p. 30
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ctions, and are less penetrating and less macqrating than oint-

#c“’ts so that they are preferred for acute lesions that have a
foncy towards crusting, vesiculation, or oozing.

dental paste is intended for adhesion to the mucous mem-

e for local effect (e.g., Triamcinolone Acetonide Dental

).

PELLETS
See Implants.

POWDERS

powders are intimate mixtures of dry, finely divided drugs
1 jor chemicals that may be intended for internal (Oral Pow-
: gﬁé or external (Topical Powders) use. Because of their greater
- ific surface area, powders disgegse and dissolve more readily
1 compacted dosage forms. hildren and those adults who
—erience difficulty in swallowing tablets or capsules may find
syaders more acceptable. Drugs that are too bulky to be formed
i tablets or capsules of convenient size may be administered
: -'powdcrs. Immediately prior to use, oral powders are mixed
peverage or apple sauce.
fien, stability problems encountered in liquid dosage forms
avoided in powdered dosage forms. Drugs that are unstable
aqueous suspensions or solutions may be prepared in the form
‘granules or powders. These are intended to be constituted by
. pharmacist by the addition of a specified quantity of water
i prior to dispensing. Because these constituted products have
Jiled stability, they are required to have a specified expiration
4y after constitution and may require storage in a refrigerator.
(ral powders may be dispensed in doses premeasured by the
Symacist, 1.e., divided powders, or in bulk. Traditionally, di-
+ded powders have been wraﬁped in materials such as bond paper
-j parchment. However, the pharmacist may provide greater
ection from the environment by sealing individual doses in
Il cellophane or polyethylene envelopes.
ulk oral powders are limited to relatively nonpotent drugs
as laxatives, antacids, dietary supplements, and certain an-
ggﬁics that the patient may safely measure by the teaspoonful
-upful. Other bulky powders include douche powders, tooth
ders, and dusting powders. Bulk powders are best dispensed
ight, wide-mouth glass containers to afford maximum protec-
from the atmosphere and to prevent the loss of volatile con-
ents.
Dusting powders are impalpable powders intended for topical
“gplication. They may be dispensed in sifter-top containers to
lilate dusting onto the skin. In general, dusting powders should
: passed through at least a 100-mesh sieve to assure freedom
'@gsriitlt)l;at could irritate traumatized areas (see Powder Fine-

SOLUTIONS

gﬂl}l_l_ion's are liquid preparations that contain one or more
ical substances dissolved, i.e., molecularly dispersed, in a
le solvent or mixture of mutually miscible solvents. Since
Ules in solutions are uniformly dispersed, the use of solutions
%*;é.“ﬁﬂgc forms generally provides for the assurance of uniform
\.ﬁﬂe;upﬂn_ administration, and good accuracy when diluting or
- ¥ise mixing solutions.
stances in solutions, however, are more susceptible to chem-
Stability than the solid state and dose for dose, generally
_%sl.fﬁmore bulkand weight in packaging relative to solid dosage
- For all solutions, but particularly those containing volatile
5, light containers, stored away from excessive heat, should
. Consideration should also be given to the use of light-

al stability problem. Dosage forms categorized as “So-
3 laée classified according to route of administration, such
i olutions” and “Topical Solutions,” or by their solute
- Kﬁnn Nsystems, such as “Spirits,” “Tinctures,” and “Waters.”
"o Intended for parenteral administration are officially en-
Wections™ (see Injections (1)).

Oral Seolutions

e
?ic'lullons are liquid preparations, intended for oral ad-
on, that contain one or more substances with or without
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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. Preparations dispensed as soluble solids or soluble mix-
tures of solids, with the intent of dissolving them in a solvent and
administering them orally, are designated “for Oral Solution”
(e.g., Potassium Chloride for 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 liquid
dosage form prepared in a sweet and viscid vehicle, including
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 bacteria, yeasts, and molds are generally alse present.
Some sugarless Oral 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 orally, other cosolvents, such
as glycerin and propylene glycol, should be 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., Antipyrine and Benzocaine
Otic Solution and Neomycin and Polymyxin B Sulfates and 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.

Tinctures

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 vegetable matcﬂsrldréﬁglelﬁﬂ EB( offmlgur; p. 31
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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 fo 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 Fluidextracts). If an assay is directed, collect only 950
mL of percolate, mix this, and assay a 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 produce a tincture that conforms to the prescribed stan-
dard, and mix.

o ~ PROCESS M :

Macerate the drug with 750 mL of the prescribed solvent or
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. . ) . © o

Tinctures require ‘storage in tight, light-resistant containers,
away from direct sunlight and excessive heat.

- Waters, Aromatic

Aromatic waters are clear, saturated aqueous 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. - 8

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, hydrogenated vegetable oils, mixtures of polyethylene
glycols of various molecular weights, and fatty acid esters of
polyethylene glycol.

The suppository base employed has a marked influence on the
release of the active ingredient 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 glycerinated gelatin and polyethylene glycol, the bases
themselves tend to dissolve very slowly and thus retard release
in this manner, Oleaginous vehicles 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
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into the solid oil at room temperature and suitably shap;
resulting mass, or by working with the oil in the melteg SIt’Ing lhe
allowing the resulting suspension to cool in molds, A Sat_t ang
quantity of hardening agents may be added to wuntcrunablu
tendency of some medicaments such as chloral hydrate andac;l] the
to soften the base. It is important that the finished sy Pheng}
melt at body temperature, PPpositry
The approximate weights of suppositories prepared with
butter are given below. Suppositories prepared from other?t‘::.t
vary in weight and generally are heavier than the weights sy
cated here. § Inds.
Rectal Suppositories for adults are tapered at one or both
and usually weigh about 2 g each. ) ends
Vaginal Suppositories are usually globular or ovifor .
about 5 g each. They are made from water solu[?ﬁaag? ::Clg‘n
miscible vehicles such as polyethylene glycol or glycerinateg a;:]r
atin. ' - :
Suppositories with cocoa butter base require storage in )|
closed containers, preferably at a temperature below 30° (c::) ,
trolled room temperature). -

Cocoa Butter Substitutes

Fat-type suppository bases can be produced from a variety
vegetable oils, such as coconut or palm kernel, which are modif ied
by esterification, hydrogenation, and fractionation to obtajp prod-
ucts of varying composition and' melting temperatures (e.p., -
drogenated Vegetable Oil and Hard Faf). These produ ots an
be so designed as to reduce rancidity. At the same time, desired
characteristics such as narrow intervals between melting and s
lidification temperatures, and melting ranges to accommodatc
various formulation and climatic conditions, can be built in.

| Gl}fcerinated Gelatin Suppositories

Medicinal substances may be incorporated into glycerinuicd
gelatin bases by addition of the prescribed quantities to a vehicle
consisting of about 70 parts of glycerin, 20 parts of gelatin, and
10 parts of water. ' '

lycerinated gelatin suppositories require storage in tight con:
tainers, preferably at a temperature below 35°,

Polyethylene. Glycol-Base Suppositories

Several combinations of polyethylene glycols having mclting
temperatures that are above body temperature have been used
as suppository bases. Inasmuch as release from these bases dv
pends on dissolution rather than on melting, there are significantly
fewer problems in preparation and storage than exist with melt
ing-type vehicles. However, high concentrations of higher mo-
lecular weight polyethylene glycols may lengthen dissolution time,
resulting in problems with retention. Labels on lyethylenc gl
col suppositories should contain directions that they be moistened
with water before inserting. Although they can be stored withow
refrigeration, they should be packaged in tightly closed con
tainers.

Surfactant Suppository Bases _
Several nonionic surface-active agents closely related Ch'j"\‘_’lj
cally to the polyethylene glycols can be used as suppositon =
hicles. Examples of such surfactants are polyoxyethylent ™
bitan fatty acid esters and the polyoxyethylene stearalcs. -
surfactants are used alone or in combination with other ‘\:}.,',{.5
sitory vehicles to yield a wide range of meltiig temperatit, ‘=
consistencies. One of the major advantages of such veh!};h e
their water-dispersibility. However, care must be taken w:_m_ "
use of surfactants, because they may either increase the r,
drug absorption or interact with drug molecules, causing *

104

.crease in therapeutic activity.

Tableted Suppositories or Inserts

. o . by
Vaginal suppositories occasionally are, PFGPZ‘_;ZI;C‘ Thev
compression of powdered materials into a suitable $

are prcpaﬁfﬁé‘f |§éﬁaE%atTUS sfft 6:13{?2




SUSPENSIONS

yspensions are liquid preparations that consist of solid par-

dispersed throughout a liquid phase in whl_ch the particles
'Eiiol soluble. Dosage forms officially categorized as Suspen-
. are designated as such if they are not included in other
e specific categories of suspensions, such as Oral Suspensions,
ical Suspensions, etc. (see these other categories). Some sus-

ith coggy ns are prepared and ready for use, while others are prepared
1er bagee lid mixtures intended for constitution just before use with
this ingj. -éppmpriatc vehicle. Such products are designated “for Oral

= ension,” etc. The term, Milk, is sometimes used for sus-
Yoth engs sjons in aqueous vehicles intended for oral administration (e.g.,

. Magnesia). The term, Magma, is often used to describe
m;iﬁégom gf inorganic solids such as clays in water, where there
aptcndﬁnCy for strong h;(dration and aggregation of the solid,
ing rise 10 gel-like consistency and thl){{}tr()]:!lc rheological be-
vior (e.g., Bentonite M agma). The term, Lotion, has been used
categorize many topical suspensions and emulsions intended
gpplication to the skin (e.g., Calamine Lotion). Some sus-
isions are prepared in sterile form and are used as Injectables,
|| as for ophthalmic and otic administration. _'I‘hqsc may be
iwo types, ready to use or intended for constitution with a
~escribed amount of Water for Injection or other suitable diluent

scied intravenously or intrathecally. o )
Suspensions intended for any route of adminis_t{atlon should
ain suitable antimicrobial agents to protect against bacteria,
sst, and mold contamination_%sec Emulsions for some consid-
tion of antimicrobial preservative properties that apply also to
nensions). By its very nature; the particular matter in a sus-
on may settle or sediment to the bottom of the container
pon standing. Such sedimentation may also lead to caking and
lidification of the sediment with a resulting difficulty in redis-
sing the suspension upon agitation. To prevent such problems,
ilable ingredients that increase viscosity and the gel state of

gars, should be added. It is important that suspensions always
shaken well before use to ensure uniform distribution of the
id in the vehicle, thereby ensuring uniform and proper dosage.
uspensions require stofage in tight containers.

. Oral Suspensions

Oral Suspensions are liquid preparations containing solid par-
oles dispersed in a liquid vehicle, with suitable flavoring agents,
tended for oral administration. Some suspensions labeled as
ilks or Magmas fall into this category.

Topical Suspensions

Topical Suspensions are liquid preparations containing solid
éticles-dispersed in a liquid vehicle, intended for application

legory, .
_ ~ Otic Suspensions _
ic Suspensions are liquid preparations containing micronized

cles intended for instillation in the outer ear.

Ophthalmic Suspensions
(See Ophthalmic Preparations).

SYRUPS.

See Solutions.

SYSTEMS

vears, a number of dosage forms have been devélopcd
i ern technology that allows for the uniform release or
4.5 Of drugs to the body. These products are commonly

_ Id clivery systems. The most widely used of these are Trans-
.S)’Stems‘

trecent
€ mod
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fore use by the designated route. Suspensions shpuld not be

suspension, such as clays, surfactants, polyols, polymers, or

the skin. Some suspensions labeled as Lotions fall into this -
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Transdermal Systems

Transdermal 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 ty}})Lilcally comprise an outer covering (barrier), a drug
reservoir, which 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 protective liner that is removed before ap-
plying the system. The 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 skin into the general circulation. Typically,
modified-release systems are designed to provide drug ‘delivery
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. _ '
NoOTE—Drugs for local rather than systemic effect are com-
monly applied to the skin embedded in glue on a cloth or plastic

tapes.

backing. These products are defined traditionally as plasters or’

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 (e.g., Pilocarpine Ocular System).

Intrauterine System

An intrauterine system, based on a similar principle, but in-
tended for release of drug over a much longer period of time,
i.e., one year, is also available (e.g., Progesterone Intrauterine
Contraceptive System). ' ’

o o ,TABILETS _

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 molded
tablets .

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, depending
upon the design of the punches and dies. Capsule-shaped 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. L .

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 quan-
tity of a potent drug for compounding purposes. Such tablets
are rarely used today. Hypodermic tablets are molded tablets
made from completely and readily water-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 Nitroglycerin
Tablets, 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 absorbed in 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-
Froof 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-
tiori 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 -

Most -compressed 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-
solubility, water-soluble diluents are used as fillers for these i.{.ab-
lets.

Binders give adhesiveness to the powder during the éarclimiltiary
granulation and to the compressed tablet. They add 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

lauryl sulfate salts have been used as soluble lubricans b
agents generally do not possess optimal lubricating p‘rout Such
and comparatively high concentrations are usually mquil’%ruea,
Glidants are agents that improve powder fluidity, anqg tr};: :
commonly employed in direct compression where 1o gl‘amﬁ- g
step is involved. The most effective glidants are tpe Colldl’m
pyrogenic silicas. Oidaf
Colorants are often added to tablet formulations fo; esther:
value ‘or for product identification. Both D&C and Fp &0 detu‘
and lakes are used. Most dyes are photosensitive ang the r)’es
when exposed to light. The federal Food and Drug -”\dmi)" ade
tion regulates the colorants employed in drugs. Tistra.

Manufacturing Methods
Tablets are prepared by three general methods: et Ia
lation, dry granulation (roll compaction or slugging), and gdir!::f:

compression. The purpose of both wet and dry granulatiop ;.
improve flow of the mixture and /or to enhance its compressibi?‘ y

Dry granulation (slugging) involves the compaction of pow’l}_
at high pressures into large, often poorly formed tablet Cﬂmpuct;?
These compacts are then milled and screened to form 5 grany.
lation of the desired particle size. The advantage of dry Br‘m::
lation is the elimination of both heat and moisture in he lpn_\.
cessing. Dry granulations can be produced also by extruding
powders between hydraulically operated rollers to produce ihif}
cakes which are subsequently screened or milled to give 1he de-
sired granule size.

Excipients are available that allow production of tablets a1 high
speeds without prior granulation steps. These directly comprcs;:
ible excipients consist of spécial physical forms of substances sych
as lactose, sucrose, dextrose, or cellulose, which possess the de.
sirable properties of fluidity and compressibility. The most widely
used direct-compaction fillers are microcrystalline cellulosc, ar.
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, How.

ever, the inherent physical properties of the individual filler ma.

terials are highly critical, and minor variations can alter flow and
compression characteristics so as to make them unsuitable fos
direct compression

Physical evidence of poor tablet quality is discussed under Sta-
bility Considerations in Dispensing Practice (1191).

WEIGHT VARIATION AND CONTENT UNIFORMITY

Tablets are required to meet a weight variation test (see Uni

formity of Dosage Units {905)) where the active ingredient con
prises a major portion of the tablet and where control of weight
may be presumed to be an adequate control of drug contem
uniformity. Weight variation is not an adequate indication ¢f
content uniformity where the drug substance comprises a rel>
tively minor portion of the tablet, or where the tablel is SUpAD
coated. Thus, the Pharmacopeia generally requires that coates
tablets and tablets containing 50 mg or less of active 1ngr§:{|1t':?_i‘
comprising less than 50% by weight of the dosage-form unit, [é.-»'r-‘«
a content uniformity test (see Uniformity of Dosage Unils (903 f‘»
wherein individual tablets are assayed for actual drug content

DISINTEGRATION AND DISSOLUTION

Disintegration is an essential attribute-of tablets inlizn{i;:‘u';’é
administration by mouth, except those intended [0 b€ ©

ad-relesis
before being swallowed and except some types of cxtc,ﬂd‘}d_ f:"]:m o
tablets. A disintegration test is provided (see DisInfeEi
{701)), and limits on the times in which disintegration s © 2

. are give?
place, appropriate for the types of tablets concerned, ar¢

in the individual monographs. be & MOre

For drugs of limited water-solubility, digsolution may . lgties ;

meaningful quality attribute than disintegration. b r'jg?omw_
test (see Dissolution (711)) is required in a DUM ﬁrrciﬂ“
graphs on tablets. In many cases, it is possible L0 © ingredic?!
solution rates with biological availability of the active
However, such tests are useful mainly as a meaie = o
preliminary formulations and as a routine quality”
dure. )

| Fr.‘.ﬂ'r’-.

Coatings

Tablets may be coated for a variety of rc'dSU“?’ pt, masking =
tection of the ingredients from airEmmsturc, or gL
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asant tastes and odors, improvement of appearance, and

pple

uch control of the site of drug release in the gastrointestinal tract.
e PLAIN COATED TABLETS
tiop Classically, tablets have been coated with sugar applied from
lida Jcous Suspensions containing insoluble powders such as starch,
G fglcium carbonate, talc, or titanium dioxide, suspended by means
lelic :,f.acaCia or gelatin. For purposes of identification and esthetic
dyes jue, the outside coatings may be colored. The finished coated
fade ;:ble'ts are polished by application of dilute solutions of wax in
Stra Llvents such as chloroform or powdered mix. Water-protective
tings consisting of substances such as shellac or cellulose ace-
ute phthalate are often applied out of nonaqueous solvents prior
-o-application of sugar coats. Excessive quantities should be
Z woided. Drawbacks of sugar coating include the lengthy time
fany. - ecessary for application, the need for waterproofing, which also
lirecy dversely affects dissolution, and the increased bulk of the fin-
5o ihed tablet. These factors have resulted in increased acceptance
il Jffilm coatings. Film coatings consist of water-soluble or dis-
wders rsible materials such as hydroxypropyl methylcellulose, meth-
acls. \lcellulose, hydroxypropylcellulose, ‘carboxymethylcellulose so-
Tanu. dinm, and mixtures of cellulose acetate phthalate and polyethylene
ranu- dycols applied out of nonaqueous or aqueous solvents. Evapo-
Q1L ation of the solvents leaves a thin film that adheres directly to
uding. - ablet and allows it to retain the original shape, including
> thin grooves or identification codes. '
1e de- o -
thigﬁ. aas ENTERIC-COATED TABLETS
prosss  Where the drug may be destroyed or inactivated by the gastric
ssuch- ~ juice or where it may irritate the gastric mucosa, the use' of -

he de- "!‘gnteric" coatings is indicated. Such coatings are intended -to

widely ~  delay the release of the medication until the tablet has passed
ie, an- through the stomach. The term “delayed-release” is used for
g, and Pharmacopeial purposes, and the individual monographs include
imany - uwstsand specifications for Drug release (see Drug Release (724)).
How- - . . -

erm EXTENDED-RELEASE TABLETS

;';';arnudr-_ Extended-release tablets dare formulated in such manner as to

- make the contained medicament available over an extended pe-
or Sta- ~ tiod of time following ingestion. Expressions such as “prolonged-

"

~ ution,” “repeat-action,” and “sustained-release’ have also been

knded-release” is used for Pharmacopeial purposes, and require-
ments for Drug release typically are specified in the individual
_monographs.

s (1171) PHASE-SOLUBILITY .
P ANALYSIS

redient. -
'E;‘Uﬁ.  Phase-solubility analysis is the quantitative determination of
Uie e purity of a substance through the application of precise sol-
g ‘!b‘hl)'_measurcmcnts. At a given temperature, a definite amount
o & pure substance is soluble in a definite quantity of solvent.
I resulting solution is saturated with respect to the particular
ed for . .b?*_lﬂnce, but the solution remains unsaturated with respect to
chewed '“‘hﬂf"sl}bstances, even though such substances may be closely
-relest lled in chemical structure and physical properties to the par-
sgrafian lilar substance being tested. Constancy of solubility, just as
otake. iSlancy of melting temperature or other physical. properties,
re givel Cates that a material is pure or is free from foreign admixture

\pt in the unique case where the percentage composition of
© Substance under test is in direct ratio to solubilities of the
iﬂ]}whve components. Conversely, variability of solubility in-
_._Ples the presence of an impurity or impurities.
ase-solubility analysis is applicable to all species of com-
0 that are crystalline-solids and that form stable solutions.
Ihr!ol readily applicable to compounds that form solid solutions
Mpurities, - : , S
'Ine' Standard solubility method consists of six distinct steps:
._mll’“ﬂ_g.' in a series of separate systems, increasing quantities
LS erial with measured, fixed amounts of a solvent; (2) es-.
‘*fnpc ent of equilibrium for each system at identical constant
~“*Mature and pressure; (3) separation of the solid phase from

General Information | Phase-solubility Analysis

~ used to describe such dosage forms. However, the term “ex-
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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. CoL S

- Solvents

A proper solvent for phase-solubility analysis meets the follow-
ing criteria: (1) 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 1507 are suitable. (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.

Appﬁratus* '

Constant-temperature Bath—Use a constant-temperature bath
that is capable of maintaining the temperature within +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 4 suitable
vibrator, capable of agitating the ampuls at 100 to 120 vibrations
per second, and equipped with a shaft and suitable clamps to
hold the ampuls. - . . .

Ampuls—Use 15-mL ampuls of thé 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. :

.
JL 4

| 1
N 4

|‘—19mm*-' : 25 mm |

Ampul (left) and Solubility Flask (right) Used in Phase-
solubility Analysis

* Available from Hanson Research Cor;,_lz)'? 27 Bahama St.,
P. O. Box 35, Northridge, CA 91324,
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PHARMACEUTIC INGREDIENTS
USP and NF Pharmaceutlc Ingredients, Listed by Categorles
Acidifying Agent Sorbic ACld Complexing Agent
Acetic Acid Thimerosal Edetate Disodium
Acetic Acid, Glacial Thymol Edetic Acid
Citric Acid Gentisic Acid Ethanolamide

Fumaric Acid
Hydrochloric Acid
Hydrochloric Acid, Diluted
Malic Acid

Nitric Acid

Phosphoric Acid
Phosphoric Acid, Diluted
Propionic Acid

Sulfuric Acid

Tartaric Acid

Aerosol Propellant
Butane
Dichlorodifluoromethane
Dichlorotetrafluoroethane
Isobutane
Propane )
Trichloromonofluoromethane -

Air Displacement

Carbon Dioxide Boric Acid Polyoxyl 35 Castor Qil
Nitrogen . o i L Citric Acid Polyoxyl 40 Hydrogenated Castor 01] -
Lactic Acid Polyoxy] 10 Oley! Ether .

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

Antioxidant
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene
Hypophosphorous Acid
Monothioglycerol
Potassium Metabisulfite
Propyl Gallate
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Thiosulfate
Sulfur Dioxide
Tocopherol
Tocopherols Excipient

Buffering Agent
Acetic Acid
Ammonium Carbonate
Ammonium Phosphate

Phosphoric Acid

Potassium Citrate

Potassium Metaphosphate
Potassium Phosphate, Monobasnc
Sodium Acetate ;
Sodium Citrate

Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic

Bulking Agent for Freeze-Drymg
Creatinine
Mannitol

Oxyquinoline Sulfate

Desiccant
Calcium Chloride
Calcium Sulfate
Silicon Dioxide

Emulsifying and/or Solubilizing 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 20 Cetostearyl Ether
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
, , ) Capsule Lubricant (See Tablet andjfor .
Anticaking Agent (See Ghdam‘)_l Capsule Lubricant) &'gfn%[gji Iitying
Ang{;g}::;%]tgem Chelating Agent Filtering Aid
Simethicone - Edetate Disodium Cellulose, Powdered »
Edetic Acid Siliceous Earth, Purified . ..

Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution -
Benzethonium Chioride

= .Benzoic Acid
.. Benzyl Alcohol

‘ £

Cetylnpridhatum Chloide - Olaze, Pharmaceutical Peppermint. e o £

Chlorobutanol " Hydroxypropyl Cellulose Peppermint =3

Chiorocresol Hydroxypropyl Methylcellulose Peppermint Oil g

Cresol Hydroxypropyl Methylcellulose Phthalate. gzgg%";‘m Spirit &
; . L Methacrylic Acid Copolymer

EDf[?ﬁg;?;Eiﬁc Acid Methylcellulose Rose Water, Stronger

Methylparaben Polyethylene Glycol Thymol

Methylparaben Sodium Polyvinyl Acetate Phthalate Vanillin

Phenol ggzil:;; Glidant and/or Anticaking Agent

Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate

Coating Agent
Carboxymethylcellulose, Sod:um
Cellulose Acetate
Cellulose Acetate Phthalatc
Ethylcellulose
Gelatin

Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline

Flavors and Perfumes
Anethole
Benzaldehyde
Ethyl Vanillin
Menthol
Methyl Salicylate.

Calcium Silicate
Magnesium Silicate
Silicon Dioxide, Col]cudal

Potassium Benzoate ; Talc

Potassium Sorbate Zein

Propylparaben Humectant
Propylparaben Sodium Color Glycerin

Sodium Benzoate Caramel Hexylene Glycol
Sodium Dehydroacetate Ferric Oxide, red _ Propylene Glycol
Sodium- Proplonatc yellow, black, or blends Sorbitol
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Ointment Base
Lanolin
Ointment, Hydrophilic
Ointment, White
Qintment, Yellow
Polyethylene Glycol Ointment
Petrolatum
Petrolatum, Hydrophilic

..~ Petrolatum, White

Rose Water Ointment
Squalane :
Vegetable Oil, Hydrogenated, Type II

Plasticizer
Castor Oil _
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin

Mono- and Di-acetylated Monoglycerides

Polyethylene Glycol -
Propylene Glycol
Triacetin

Triethyl Citrate

Polymer Membrane
Cellulose Acetate

Sequestering Agent
Beta Cyclodektrin

Solvent
Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol
Corn Oil
Cottonseed Oil
Ethyl Acetate
Glycerin
Hexylene Glycol
Isopropy! Alcohol
Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil
Peanut Oil
Polyethylene Glycol
Propylene Glycol
Sesame Oil
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified ’

Sorbent

~  Cellulose, Powdered

" Charcoal
Siliceous Earth, Purified

Sorbent, Carbon Dioxide
Barium Hydroxide Lime -
Soda Lime

Stiffening Agent
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Esters Wax
Hard Fat
Paraffin
Synthetic Paraffin
Stearyl Alcohol
Wax, Emulsifying
Wax, White
Wax, Yellow

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 -
Bentonite ) :
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342 .
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium ‘12
Carrageenan
Cellulose, Microcrystalline, and Carboxy-
methylcellulose Sodium
Dextrin
Gelatin
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose
Magnesium Aluminum Silicate
Methylcellulose
Pectin ‘
Polyethylene Oxide
Polyvinyl Alcohol
Povidone o
Propylene Glycol Alginate
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate ~ ~
Tragacanth
Xanthan Gum

Sﬁ’eetening Agent

Aspartame
Dextrates

Dextrose

Dextrose Excipient
Fructose

Mannitol

Saccharin
Saccharin Calcium.
Saccharin Sodium
Sorbitol

Sorbitol Solution
Sucrose

Sugar, Compressible
Sugar, Confectioner’s
Syrup

Tablet Binder

Acacia

Alginic Acid _
Carboxymethylcellulose, Sodium
Cellulose, Microcrystalline
Dextrin

Ethylcellulose

Gelatin

Glucose, Liquid

Guar Gum

Hydroxypropyl Methylcellulose
Methylcellulose

Polyethylene Oxide

Povidone

Starch, Pregelatinized

Syrup
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Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic .
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered
Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin
Lactose
Mannitol
Sorbitol
Starch
Starch, Pregelatinized
Sucrose
Sugar, Compressible
Sugar, Confectioner’s

Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone
Polacrilin Potassium
Sodium Starch Glycolate
Starch
Starch, Pregelatinized

Tablet and/or Capsule Lubricant
Calcium Stearate
Glyceryl Behenate .
Magnesium Stearate
Mineral Oil, Light
Polyethylene Glycol
Sodium Stearyl Fumarate
Stearic Acid
Stearic Acid, Purified
Talc :
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate .

Tonicity Agent
Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Vehicle

FLAVORED AND/OR SWEETENED
Aromatic Elixir
Benzaldehyde Elixir, Compound -
Peppermint Water o
Sorbitol Solution
Syrup
OLEAGINOUS
Almond Oil
Corn Oil
Cottonseed Oil
Ethy! Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Myristyl Alcohol
Octyldodecanol
Olive Oil
Peanut Oil
Safflower Oil
Sesame Oil
Soybean Oil
Squalane
SOLID CARRIER
Sugar Spheres
STERILE - - static
Sodium Chloride Injection, Bacterios
Water for Injection, Bacteriostatic




NF 18

Viscosity-Increasing (See Suspending -

Agent)

Water Repelling Agent
Cyclomethicone
Dimethicone
Simethicone

Wetting and/or Solubilizing Agent
Benzalkonium Chloride
Benzethonium Chloride
Cetylpyridinium Chloride

Docusate Sodium

Nonoxynol 9

Nonoxynol 10

Octoxynol 9

Poloxamer “
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 50 Stearate
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 40 Stearate -

Pharmaceutic Ingredients 2207 .

Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80 :
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Tyloxapol
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Calcium (191}—To 5 mL of the filtrate add 5 mL of water
and 1 mL of ammonium oxalate TS: the solutlon 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 metals (231)—To 20 mL of the filtrate add 4 mL of
water and 1 mL of 0.1 IV 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 (731)~Dry it at 105° for 4 hours: it loses not
more than 1.0% of its weight. -

Residue on ignition (281): not more than 008%

Sugar' Spheres

» Sugar Spheres contain not less than 62.5 percent
and not more than 91.5 percent of sucrose (C;2Hj,.
Oy1), calculated on the dried basis, the remainder
consisting chiefly of starch. They consist of approx-
imately spherical particles of a labeled nominal size
range. They may contain color addltwes permitted
by the FDA for use in drugs.

Packagmg and storage—Preserve in well-closed containers,
Labeling—The label states the nomindl 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.

Identification—A. water slurry of the insoluble portion re-
sponds to Identification test B under Starch.

Specific rotation (781): not less than +41° and not more
than +61°, determined on a portion of the filtrate, corresponding
to not lcss than 62.5% and not more than 91.5% of sucrose
(C13H»;0yy), calculated on the dried basis.”

Microbial limits (61)—The Spheres meet the requirements of
the tests for absence of Salmonella species, Escherichia coli,
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. - -

Residue on 1gmtwn (281): not more than 0.25%, determined on
a-2.0-g specimen ignited at a temperature: of 700 + 25“

Particle size (see. ‘Powder Fineness (81 1))—Tcst a poruon of thc
Spheres in accordance with the procedure for coarse powdcrs
Not less than 90.0% of it passes the coarser sieve size stated in
the labeling; all of it passes the next coarser sieve size listed in
Table 2 of the general chapter. Not more than 10.0% passes the
finer sieve size stated in the labeling. [NOTE—Use a mechanical
s:cvc—shakmg unit that employs both rotary horizontal motion and
“tapping, in order to ensure reliability of this test.]

Heavy metals, Method IT (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 SO,.
Caution—Sulfur Dioxide is poisonous.

Packaging and storage—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 liquid
form.

Water, Method I (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 more than 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 eyaporation ap-
ears complete, blow a current of dry, filtered air through the
ﬁask until the odor of sulfur dioxide 1s 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 residue add 25 mL of water previousl

neutralized to methyl red TS. Swirl the flask, and titrate wit

0.10 N sodium hydroxide: not more than 1.3 mL is. rcqulrcd
(about 0.002%).

Assay—Collect 100. 0 mL of gascous Sulfur Dloxtde over mcr-
cury, and note the temperature of the sample and the pressure
upon it. Slowly introduce 50.0 mL of 0.1 V 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-mL conical flask, add 3 mL of starch TS,
and titrate with 0.1 IV iodine VS untll the solution is pale blue
in color. Each mL of 0.1 ¥ iodine is equivalent to 1.094 mL of
SO, at a temperature of 0° and a pressure of 760 mm of mercury.

Sulfuric Acid

H,S0, 98.08
Sulfuric acid. '
Sulfuric acid [7664-93-9].
» Sulfuric Acid contains not less than 95.0 percent
and not more than 98.0 percent, by weight, of H,SO,.
Caution—When Sulfuric Acid is to be mixed with
other liquids, always add it to the diluent and ex-
ercise great caution.

Packaging and storag&-—Presérve in tight containers.
Identification—It responds to the tests for Sulfate (191). .
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 the test, the addition of 20 mL of dilute
sulfuric acid (I in 5) spcmﬁcd under Pmcedure 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 NV acetic acid to the rmduc, and d:lute. with water to 25 mL
the limit is 5 ppm.
Reducing substances-——Carefully d:lute 4.4 mL (8.0g) w:th about
50 mL of ice cold water, keeping the solution cold during the

addition. Add 0.10 mL of 0.10.V potasmum permanganatc the

solution remains pink for 5 minutes.
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