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INTRODUCTTON

The third volume of the International Pharmacopoeia, third edition, is now
rublished, and almost completes the development of monographs for substances

in the WHO Model List of Esgential Drugs.

The programme on the International

Fharmacopoeia is at present focused on mogt widely used finished drug dosage
formz, together with pharmaceutical aids employed in thelr manufacture.

This collection of general requirements and teésting methods for
pharmaceutical dozage forms constitute an advanced version of a section from
the fortheoming fourth volume of the International Pharmacopoeia.

These requirements may be rvecommended for practical use in quality
¢control in the abgence of individual monographs f[or dosage forms which mre now
under develapment. With regard t> the assay of dosage forms, a tenkative
general limit of +10 % could be considered when the same analytical method
as for the substance is applied, with a suitable pre-treatment if necezsary.

Comments and suggestions on this text forwacded to WHO, Phatmaceuticals,
attention of Dr A, Mechkovski, 1211 Genmeva 27, Switzerland, received before 1
July 1988, could still be considered before proceeding with the official

publication.

This document is not istued to the general publie, and
all rights are reserved by the World Health Organization
{WHOQ)., The document may not be reviewed, abstracted,
gquotad, reproduced or translated, in part or in whole,
without the prior written permission of WHQ. No part
of this document may be stoted in a retrieval system or
transmitted in any form or by any means - electranie,
mechanicat or other without the prior written permission
of WHO,

The views expressed in documents by named authors are
solely the responsibility of those authors.

Ce document n'est pas desting a &tre distribué au grand public
et tous les droits y afférents sont réservés par |'Orgarisation
moandiale de la Santé (OMS). 1] ne peut &tee commenté, résumé,
cité, reproduit ou traduit, partiellement ou en totalité, sans
une autorisation préalable écrite de {"OMS, Aucune partie
ne doit étre ¢hargée dans un systéme de recherche documean-
taire ou diffusée sous quelgue forme ou par quelgue moyen
que e soit - électronique, méganigue, ou autre - sans uUne auto-
risation préalable éorite de 'OMS,

Les opinions exprimées dans les documents par des auteurs
cités nommeément n'engagent que lesdits auteurs.
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2. TABLETS

Tablets are solid dosage forms containing one or more drug substances.
They are obtained by single or multiple compression {in certain e¢ases they are
woulded) and may be uncested or coated. They are intended for oral
administration.? Different categories of tablets ineclude soluble and
effervescent tablets, tablets for use in the mouth and modified-release
tablets., Unless otherwise gpecified in the individual monograph, tablets are
normally cireular in shape, their surfaces are flat or convewx. Tablets may
have lines of break-marks, symbols or other markings. They are sufficiently
hard to withstand handling, including packaging, storage and transportation,
without crumbling or breaking.

Tablets may contain pharmaceutical aide? such a= diluents, binders,
disintegrating agents, glidants, lubricants, substances capable of modifying
the bhehaviour ofwthéhﬁﬁﬁage forms and the drupg substance in the
gastro-intestinal traét,acolouring matter and flavouring substaneces. Whaen
such pharmaceutical ai&s&@re used, it is necessary to ensure that they do not
adverszely alfect the stébility, dissolutlion rate, bicavailability, mafety and
efCicacy, ngghexﬁqué subgtance; incompatibility between any of the
components pf the dosaae?form ghould be avoided.

L .
Manufacture* ' )

The manufacturing processes for tablets should meet the general
requirements on Good Mznufacturing Practices (GMP)?, especially with regard
to cross-contamination. The following information is intended to provide very
broad guidelines concerning the main steps during production with an
indication of certain critical faectors:

The particle size of the drug substance is primarily significant in termz
of dissolution rate and extent, bioavallability and uniformity, especially For
substances of low solubility in agueous media. In order to obtain an
appropriate formulation, it is usually necessary te mix the drug substance
with a number of suitable pharmaceutical aids., It is essential that zuch
mixing is carried out in 2 manner to ensure homogeneity. 1In some cases the
physical characteristics of the mixture sre such that it may be direckly
compressed. Sometimes, it is necessary to grantlate before compreszion, a.g.
by wet granulatien or precompression (slugging).

Preparations intended fotr use other than by oral administration {implants,
solution tablets for injections, Ircigations or for external uze, vaginal
tablets ete.) may also be presented in this form. These preparations may
require a special formulation, methods of manufacture or form of
pregentation appropriate to the particular use. For this reason they may
not comply with certain parts of thiz monograph.

A separate gection in The International Pharmacopoeiz deals (in
preparation) with pharmaceutical aids.

Adopted in Werld Health Aszsembly WHA28.65 and text reproduced in
PHARM/82.4/Rev.3 Certification Secheme on the Quality of Pharmaceutical
Products moving in International Commerce (periodically updated).
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The granulate and powders normally need to be mixed with lubricants and/or
disintegrating agents. The use of excessive amounts of lubricants should be
avelded since these will deletericusaly affect the tablets. “The final tablet
mixture is volumebrically fed into the die cavity to assure tablets of uniform
mass snd compressed at an adequate pressure. When necessary, the tablets may
be coated, &.g. in coating pans or by air suspenszion technique.

Throughout the manufacturing procedure critical stepz should be validated
and monitored by carrying out appropriate in-process controls, Such tesks
should be designed to previde assurance of the effectiveness of each stage of
production. Impertant in-process conktrols for different stages of tablet
production are: particle size of the drug substance, homogeneity of the
mixture, moisture content of the mixture and/or granulate, size of granules,
flewability of final mixture, dimensions (thickness, diameter), uniformity of
mass, hardness®, friability, disintegration, or dissolution rate (if

appropriate, such ags for modified-release tablets) of the finished dosage
form.

The packaging ¢f tablets should protect them from light, moisture, and
damege during transportation.

GENERAL REQUIREMENTS

Visual inspection

Visually inszpect at least 20 tablets, They should be without any damsage,

smooth and usually of uniform colour. Evidence of physical instabllity may
consizl of the following:

— rpresence of excessive powder and/or pieces of tablets at the bottom
of the container (from abraded, ¢rushed or broken tablets):

— cracks or ecapping in the tablet surfaces or coating, swelling,
mettling, discoloration, fusion between tableks;

~ the appearance of crystals on the conkainer walls or on the tablaks.

Labelling

Every pharmaceutical preparation musi comply with the lgbelling
requirements established in the Good Manufacturing Practices (QMP).

The label on the container should ineclude:

(1) the name of the drug; INN's should be used wherever possible;

{2} the name and amount of the drug substance(s) in each tablet and the
number of tablets in the container;

(3> the batch (lot) number azssigned by the manufacturary

(4) the expiry date, when required;

(5) any special storage conditions or handling precautions that may be
Necessary;

(63 directions for use, warnings and precautions that may be necessary;
and

{7) the name and address of the manufacturer or the person responsible
for placing the drug on the market.

4 Hardness ~ erushing force
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Storage

Throughout their shelf-life the tablets should maintain their integrity by
storage in well-closed containers, protected From light, crushing and
mechanical sheck, kept at temperatures compatible with their stability, and
whenever necezsary in areas of low humidity. They should withstand handling,
including packaging and transportation without losing their pharmaceutiecal
integrity. Moisture sensitive formg, such as effervescent tablets szhould be
sbtored in tightly closed containers or molsture proof packs and may require

the use of separate packages contalning water-adsorbent agents, such as zilica
gel.

Additional special packaging, ztorage and transportation recommendatlions
are given in the individual moneograph.

Uniformity of mass

Tablets comply with the test for "Unifermity of Mass for S5ingle Dose
Preparations”, unless otherwize specified in the indilvidual meonogpcaph.

Uniformity of econtent

A requirement for the "Uniformikty of Content for Single Doze Prepacvatlons”
is specified in certain individual monegraphs for sugatr-coated or
enteric-coated tablets, where the test for uniformity of mass doez not apply.
In addition a requirement is specified in certain individual monographs where
the drug substance is 5 % or less of the total formulatien., In such cases the
tezt for uniformity of maszs may not be required.

Digsclution test

Whepre 3 requirement for the "Dissolution Test"® iz specified in the
individual monograph the "Disintegration Test for Tablets and Capsules" may
not be required.

REQUIREMENTS FOR SPECIFIC TYPEZ OF TABLETS

1. Uncoated Lablets
The majority of uncoated tablets are made in such a way that the
release of drug substances is unmedified. A broken section, when examined
under a lens, shows either a relatively uniform te¥ture (zingle-layer

tablets) or a stratified texture (multi-layer tablels) but no signs of
coating.

Dizintegration test

Uneoated tablets, except effervescent tablets, tablets for use in
the mouth and chewable tablets comply with the "Diszintegration Test for
Tablets and Capsules". Operate the apparatug for 15 minutes, unleszs

vtherwise specified in the individual monegeaph, and examine the atate of
the tablets.

In prepacation
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1.1 Soluble tablets (tablets for golutions)

Soluble tablebs are unceated tablets that dizsolve in water to
give a elear solution

isinﬁegratlon tesk

Uze water at room temperature, and operate the apparatus for
5 minutes, unless otherwise specified in the individual monogeaph.

1.2 Effervescent tablets

Effervescent tablets are uncoated tablets gensrally containing
acid substances and cacbonates or hydrogen cacbonates which react
rapidly in the presence of water to release carbon dioxide. They are
intended to be dissolved or disperszed in water before
adminigtration. They should be labelled not to be swallowed directly.

Disintegrakion test

Place 7 tablet in a 250 ml beaker containing 200 m! of water at
room temperature. Wumerous bubbles of gas are evolved., When the
evolution of gaz arcund the tablet or its fragments ceasesa, the
tablet should have disintegrated, being either dissolved or dispersed
in the water 2o that no agglomerates remain. Repeat the operation on
5 other tablets. The tablets comply with the test if esch of the &
tablets used in the test disintegrates within 5 minukes, unless
otherwise specified in the individual monograph.

1.3 1Iablels for use in the mouth (sublingual, buccal) and chewable tablets

Tablets for use in the mouth and chewable tablets are usually
uncoated tablets. They are formulsted to effect a glow release and
local action of the drug substance or substances (for example,
compressed lozenges) or the release and absorption of the drug
substance under the tengue {sublingual tablets) or in other parts of
the mouth for gystemic action.

Coated tablets

Coated tablets are tablets covered with one or more layers of
mixtures of various substancaes such as natural or synthetic resins,
pelymers, gums, fillers, sugars, plasticisers, polyols, waxes, colouring
matters and flavouring substances, and deug substances. A broken section,

when examined under & lens shows a core surrounded by a continuous layer
of & different texture,

The tablets may be coated for a variety of pharmaceutlical reasons
ingluding protection of the drug substapcesz from air, moizture or light,
masking ¢of unpleasant tastes and odours, or improvement of appearahes .

The zubstances used for coatings are usually applied as a =olution or
suspension,

The International Pharmacopoeia, third edition, Volume 2, Quality

Specifications, WHO, 1981, p. 11.
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Three main tategories of coated Lablets may be distinguished:
sugar-coated, film-coated and certzin modified-release Lablets.

2.1 SBugar-coated Lablets

Sugar-coated tablets are coated tablets in which the major
coating agent is sugar. 1f » hydrophobic subecoat is applied to the
core it can diminish dissolution from the core, egpecially on storage.

Uniformity of mass

The test doesz not apply to sugar-coated tablets,

Digintepration test
Operate the apparatus for 60 minutes, unless otherwise gpecified
in the individual menograph, uzing water, and examine the state of
the tablets. 1If any of the tablets has not disintegrated, repeat the
test on a further 6 tablets, using hydrochloric acid (0.1 mol/l) VS.
ALl 6 tablets must have disintegrated.

Film-conted tablets

A film-coated tablet iz covered with a thin layer of resins,
polymers and plasticisers capable of forming a film.

Disintegration Lest

Operate the apparatus for 30 minutes, and examine the state of
the tablets.

3, Medified—pelease kableta

3.1 Extended release tablets

Extended releaze tablets are comted, uncoated or matrix tablets
containing pharmaceutical aids or prepared by procedurss which,
separately or together, are designed to modify the rate or the szite
at which the drug substance(s) are released in the gastro-intestinal
teamet .

The specialized nature of thege dosage forms iz such that all
the requirements are given in the individual monograph.

Delaved release tablets (Fnterie—coated tablets)

Enteric-coated tablets are tablets covered with one or more
layers intended ko pesist the gastrie fluid but to patmit
disintegration in the intestinal fluid. These properties are
achieved uszing substances such as cellacefate (cellulose acetate
phthalate), and anienic copolymers of methacrylic acid and its esters
in the c¢oating. It may be necessary to apply an additional
protective coat,

Uniformity of mass

The test dees not apply to enteric-coated tablets.
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Dizintegration test

Use hydroechlorie acid (0.1 mel/1)VS as the immersion Fluid.
Operate the apparatus for 2 hours, unless otherwise specified in the
individual monograph but in any case not less than one _hour, and
examine the state of the tablets. Wo tablet shows szigns of either
digintegration (apart from fragmentz of cozting) or cracks thal would
allow the escape of the contents. Replace the acid by phosphate
buffer solution, pH 6.8, TS. Operate the apparatus for 60 minutes
and examine the state of the tablets.

3. CAPSULEZR

Capsules are solid dosage forms with hard—or soft shells of various shapes
and capagitlies containing a single dose of one or more drug substances. They

are intended for oral aduinistration.” Different categories of capaules
include hard, soft, aznd modified-releage capsules. Their surface:s may bear
symbols or other markings. They are sufficiently robust to withstand
handling, including packaging, storage and transportation, without eracking or
breaking., They should be protected from microbilal contamination.

The capsule shells are made of gelatin or other substances, the
consistency of which may be adjusted by the additon of substances such as
glycerol and sorbitol. Preservatives may be added as well. The contents of
capsules may be solid, liquid or of a paste~like consisteney. The capsule
gshell and the contents of capsules may contain pharmaceutical aids? zuéh az
diluents, solvents, surface-active substances, opaque fillersz, antimiecrobial
agents, sweeteners, ceolouring matter and flavouring substances, disintegrating
agents, glidants, lubricants, substancesz capable of modifying the behaviour of
the drug substance in the gastro-intesztinal tract. The contents should not
cause deterioration of the shell. The zhell, however, is attacked by the
digestive fluids g0 that the contents are preleased,

When pharmaceutical aids are used, it iz naceszacy Lo ensure that they do
not adversely affect the stability, dissclution rale, bicavallability, zafety
and efficacy of the drug substances; Iincompatibility between any of the
components of the dozage form should be avoided.

GENERAL REQULEEMENTS

Vigual inspection

Visually ingpect ak least 20 ¢apsules. They should be smooth and without
any damzge. Changes in gross physical appearance or consistency, ineluding

Preparations intended for use other than by oral administration (e.g..
vaglnally or rectally) may alse be presented in the form of capsules.
These may require special formulation, metheods of manufacture or
presentation appropriate to the particular use and may not comply with

certain parts of this monograph, Stacch capsules {often known as cachets)
are not described in this monograph.
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hardening or softening, cracking, swelling, motkling or discoloration of the
shell present evidence of physical instability.

Labelling

Every pharmaceutical preparation must comply with the labelling
requirements establiched in the Good Manufacturing Practices (GMP):?

The label on the ¢ontainer should include:
(1) the name of the drug; INN's should be used wherever pousible;

(2) the name and amcunt of the drug substance(s) in each eapsule and the
number of capsules in the container;

(3} the bateh (let) number assigned by the manufacturer;

{4} the expiry date, when required;

(8) any special storage conditions or handling precautions that may be
nECESSEZ‘y;

(6} directlions for use, warnings and precautions that may be necessary;
and

(7} the name and address of the manufacturer or the person rezponsible
for placing the drug on the market.

Storage

Throughout their shelf-1ife the capsules should maintsin their integrity
by storage in well-closed containers, protected from light, excessive moisture
or dryness and temperatures above 30 °C. Additional aspecial storage
recommendations or limitations ace given in the individual monegraph. In
general, capsules should be stered in areas of low humidity.

Uniformity of mass

Capsules comply with the test for "Uniformity of Mass for Single Dase
Preparations', unless otherwise specified in the individual monograph.

Unifoermity of content

A requirement for the "Unifermity of Content for Single Dose Freparations®
is specified in certain individual monographs where the drug substance iz 5 %
or lessz of the total formulation. In such cases the test for uniformlty of
mass may not be required.

Diszolukion tesk

Where a requirement for the "Dissolution Tezt"® is specified in an
individual monograph the "Disintegration Test for Tablets and Capeules” may
nok be required.




WHO/PHAR/88.533
page 9

REQULIREMENTS FOR SPECIFIC TYPES OF CAPSULES
Hard capsules

Hard capsules have shells consisting of two prefabricated ecylindricsl
sections, one end of each of which is rounded and closed, and the other
open. The two sections are fitted together. The contents of hard
capsules are usually in szolid form (powdar or granules).

Manufaeture

The manufecturing and £illing process for hard capsules should meet
the general requirements on Good Manufacturing Practices (GMP), especially
with regard to cross-contamination. The Following information is intended
to provide very broad guidelines concerning the main steps during
production wikth an indication of certain critieal factops:

The particle size of the drug substance is primarily significant in
terms of dissolution rate and extent, bioavailasbility and uniformity,
ezpecially for substances of low solubility in squeocus mediz. In order to
obtain an sppropriate formulation, it is usually necessary te mix the drug
substance with a number of suitable pharmaceutical aids. It is essential
that such mixing is carried out in a manner to ensure homogeneity. In
some cazes, the physical characteristics of the mixture are such that it
may be direckly filled into the shell. Occasionally, it is necessary to
granulate before filling. Normally the granulates need to be mixed with
lubricants and/or disintegrating agents. The use of excessive amounts of
lubricants should be avoided since these may deleteriously affect the
capsules. In certain cases the contentz of capsules may be in the form of
encapsulated powders or micropellets.

A uniform mass of the capsule mixture is volumetrically fed inte the
rarrower lower zectlon of the shell body which iz then closed by slipping
the larger sectlon or ¢sp over it. The security of the closure may be
strengthened by suibable mesns.

Throughout the manufacturing procedure critical steps should be
validated and monitored by carrying out appropriate ip-process controls.
Such tests should be designed to provide assurance of the effectiveness of
each stage of production. Important in-procesa cottrols for different
stages of hard capsule production are: particle size of the drug
substance, homogeneity of the nixture, water content of the mixture or
granulez and of the shells, size of the granules, flowability of the final
mixture, uniformity of mass, capsule size, integrity of the seals,
disintegration or dissolution rate (if appropriate, such as for
modified-release capsulez) of the finished dosage form.

Digintegration test

Hard capsules comply with the "Disintegration Test for Tablets and
Capsules™.

Use water as the immerszion fluid unlezs hydrochloric acid
(0.1 mol/3)VE 12 specified in the individual monograph. Operate the
apparatus for 30 minutes and examine the ztate of the capsulesz.

If capsules float use a disec as described under "Disintegration Test
for Tabletz and Capsules™ (Diszintegration apparatus).
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2. Boft capsules

Soft capsules have thicker shells than those of hard capsules,
Pregervatives usually are added. The shells consist of ohe piece and are
of various shapes. There may be partial migration of the constituents
from the capsule contents into the shell and vice versa because of the
nature of Lhe materials and the surfaces in contact.

Manufacture

The manufacturing processes for soft capsules should meet the genersl
requirementz on GMP, The following information is intended to provide
very broad guidelines concerning the main stepz during productlon with an
indication of certain critical fackors:

The pacticle size of the drug substance is primarily signlficant in
terms of dissolution rate and extent, bioavailability and uniformity,
especially for subetances of low zolubility ln asqueous media. In order to
obtain an appropriate Fformulation, it is usually necessary to mix the drug
substance with a number of suitable pharmaceutical aids. It is essenktial .v
that such mixing is carried out in a manner to ensure homogeneity. Soft
pelatin capsules are usually formed, filled and sealed in one operation
but for extemporaneous use, shells may be prefabricated, Ligquids may be
enclosed directly. Solids are usually dissolved or dispersed in a
sultable pharmaceutical aid te give a solution or dispersion of somewhat
paste-Llike consistency.

Throughout the manufacturing procedure critical steps should be
validated and monitored by carrying ouk appropriate in-process controls.
Such tests should be designed to provide assurance of the effectiveness of
each stage of production. Important in-process controls for different
stages of soft capsule production are; particle size of the drug
subztance, homopeneily of the mixture, viscosity of the contents,
unifermity of mass, capsule size, integrity of the seals, disintegration,
or dissolution rate (if appropriate, such as for modified-releasa
capsules) of the finished dozage form.

Dizintezration test
Use water az the immersion fluid unless hydrochloric acid

(0.1 mel/1)VS ig specified in the individual monograph. Operate the ‘w
apparatus for 30 minutes and examine the state of the capsules.

3. Medified-release capsules

3.1 Extended release capsules

Extended releaze capsules are hard or soft capsules in which the
contents or the shell or both contain additives or are prepared by
special procedures such azs microencapsulation, which separately or
together are designed to modify the rate or site at which the drug
substance(s) are releazed in the gastro-intestinal traet.

The gpecialized nature of these dosage forms iz zuch that all
the requirements are given in the individual monograph.
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3.2 Delaved release capsules (enteric capsulas)

Enteric capsules are hard or soft capsules prepared in such #
mannetr that either the shell or the contents rezist the action of the

gastric fluid but are attacked by the intestinal Fluld to release the
drug substance,

Manufacture

The stztement for either hard or soft capsules appliesz as
appropriate.

Disintegration Lest

For enterie-coated capsules use the following test:

Use hydrochlorie acid (0.1 mol/1)VS as the immersion fluid.
Operate the apparatus for 2 hours, unless otherwise specified in the
individual moneograph but in any case not less than one hour, and
examine Lhe state of the capsules. No capsule shows signs of
disintegration or rupture permilting the ezscape of the contents.
Replace the zcid by phosphate buffer selution, pH 6.8, TS with added
pancreatin R where specified in the individual monograph. Operate
the apparatus for 60 minutes and exmmine the state of the capsules.

4, PARENTERAI. PREPARATIONS

Parenteral preparations are sterile, pyrogen—free liquids (=zolutions,
emultions or suspensions) or solid dosage forms containing one or more drug
substances., They are intended for administration by inmjection, infusion or
implantaticn inte the body.® They are packaged either as szingle dose or
multidoze preparations.

There are four main forms of parenteral preparstions: injections,

intravenous infusions (large volume parenterals), powders for injections and
implants.

Certain injections and intravenous infusions may be presented in the Form
of a sterile concentrated solubion which must be suitably diluted before use.

Parenteral preparations may contain pharmaceutical aids® szuch as
selvents, suspending agents, buffers, substances to make the preparstion
isokonic with blood, stabllizers or antimicrobial preservatives. The use of
pharmaceutical alds howsver should be minimized, and when used it is necessary

Preparations, such as vaceineg, human blood and products derived from
human bloed, periteneal dializing solutlons, radicactive prepapcations or
protheses to be implanted require special foprmulation, methods of
manufacture or presentation appropriate to the particular use and may not
comply with certain parts of thiz monograph.
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to engure that they do nol adversely affect Lhe stability, bioavailability,
safety and efficacy of the drug substances, or at the concentrationsz uged,
cause toxicity or undue local irrikation. Incompatibility between any of the
components of the dosage form should be avoided.

Waler for injection iz used as the vehicle for aqueous injectionsz. It
should be freshly distilled by the process described under “Aqua pro
Injectione"®, free from carbon dioxide and complying with the test for
pyrogens'®, The sterilization st this stage may be omitted, provided that
the final selution or preparation is immediately sterilized.

Unless otherwise specified in the individual monograph, sodium chloride,
or other suitable substance or substances, may be added to an aqueous solution
for injeetion in order to make it isotonie with blood.

MANUFACTURE

The manufacturing process for parenteral preparations should mest the
general requirements on Good Manufacturing Practices (GMP).? The following
information ie intended to provide very broad guidelines concerning
manufacture with an indiecation of eertain critical faectors:

The quality of starting materials, the design and maintenance of the
equipment and the methods of manufacture must be such as to ensure the
stability of the active substance and a Final product which iz sterile and
free of pyrogens!! and pariticulate matter.12

Methods of sterilization thal may be uged for parenteral preparations are
piven in "Sterilizatlion Methods™. For aqueous preparationa, heating in an
autoelave is the method of choice and therefore, whenever it is known Lo he
suitable, this method should be used.

When a parenteral preparation is liable to detericratlion due to
oXidation, the operation of filling may be performed in an atmosphere of a
suitable inert gas, such as nitrogen, the air in the contalner being replaced
by the zame gas.

Throughout the manufacturing procedure critical aspects zhould be
validated and monitored by carcying out appropriate in-process controls. Such
tests should be designed to provide assurance of the effectiveness of each
stage of production. Important in-process controls during the manufactuve of

In preparation.

1% The International Pharmacopoeia, third edition, Yolume 1, General Methods

of Analysiaz, WHO, 1979, p. 155.

From the clinical viewpoint all parenteral preparations must he
pyrogen-free. However, on practical considerations certain categories of
parenteral preparations may be exempted from the test for pyrogens a=z
specified in the individual monograph.

1z In preparation.
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parenlersl preparations are: monitering of environmental conditions
ezpecially with respect Lo particulate and microblal contamination, pyrogens
[uge of & limulus amoebooyte lysate (LAL) test may be advantageous], pH of
solution, e¢larity of solution, freedom from particulate matter, intageity
{absence of leakage, etce.). Additionally: For digpersions — the particle size
of the dispersed phase; for powders for injectionz - uniformity of mass,
molsture content, and the ease of reconstitution of & soluktion or suspension;
wazs or volume contained; presence of preservativez or other additives as
these c¢an influence the choice of assay mathod.

GENERAL REQUIREMENTS

Containers

Parenteral preparations are usually supplied in glass ampoules, bottles
or vials, plastic botblez or hags and prefilled syringes, which are coloursed
in cases of light =zensitive substances.

These containers!? are made from makterials whieh are sufficiently
transparent teo permit the visual inspection of the contenkts, except for
implants and where indicated in the individual monograph. Thay zhould not
adversely affect the quality of the preparation and should not allow diffusion
inte or across the material of the container or yield Foreign substances bo
the preparation.

Clozures

Closures for small volume injections should ensure a good seal, prevent
Lhe access of microorganisms and other contaminants and ususlly permit the
withdrawal of a part or the whole of the contents without removal of the
cloesures. They should not contain components which react with the contents.
The plastic materials or elastomers of which the elosure iz composed ape
sufficiently firm and elastic to allow the paszsage of 2 needle with the least
possible shedding of partiecles. Closuresz for multidose contziners are
sufficiently elastic to ensure the puncture is regealed when the needle iz
withdrawn and protect the contentsz from airborne contamination.

Vigual inzpection

Parenteral preparations in the form of =plutions, reconztituted zolutions
and intravenous infusions {(except dispersicns), should be fres from
particulate matter, and clear as defined undep “Clarity of solutions".®

Labelling

Every pharmaceuliecal preparatlion must comply with the labelling
requicenents established in the GMP:

The label on the container should include:

(1) the name of the drug; INN‘'s should be used wherever possible;

{2) for injections: the name and amount of the drug substance(s) in =
suitable dose volume and the volume in the container; for powders for
injections: the name and amount of the drug substance(s) in the container;

13 A geparate seclion in The International Pharmacopoeia will deal wik

packaging material for dosage forms.
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(3) the bateh (lot) number assigned by the manufacturet;

(4) the expiry date, when required;

(5) any special storage conditions or handling precautionsz that may be
neceasary;

(6) directionz for use, warnings and precautlonsz that may be necezzary;
and

(7) the name and address of the manufackturer or the person respongible
for placing the drug on the market.

For patrenteral preparations that are solutions or disperaions the
concentration of the drug substance should be given in terms of mass or
biological activity per volume. The label of concentrated solutions should
state the composition and the dilution te be carried out bafore use,

Tezt for sterility
Parenteral preparations comply with the "Test for Sterility.®

Test for pyrogens

All intravenous infusions and those injections and powders for injections
where the volume to be injected in a gingle dose iz 15 ml ot more comply with
the "Test for Pyrogens". In addition, where specified in the individual
monograph, injections and powders for injections, irrespective of the volume
Lo be injected in a single dose, comply with the "Test for Pyrogens” (certain
preparations where the active ingredient iz of 'biological origin').

For injections, the amount ghould relate to the volume of the doze and is
specified in the individual monograph. Thiz amount should usually ba alszo
related to the maximum doze of the active drug substance tolerated by the
animal.

For powders for injections, the amount of powder and the nature and volume
of the liquid in which it is to be disselved or zuspended are specified in the
individual moneograph.

REQUIREMENTS FOR SPECIFIC TYPES OF PARENTERAL PREPARATIONS

1. Injections

Injections are solutions or dispersions (emulsions or sugpensions) of
one or more drug substances in a suitable vehicle.

Whenever possible, an injection should be prepared using an aqueous
vehicle. 1If necessary, suitable non-aqueous solvents are indicated in the
individual monographs. Injections which are digpersiong should remain
sufficiently stable zo that after shaking, 2 homogeneous dose can be
wlthdrawn.

1.1 Single doze preparations

Single dose preparations contain a sufficient quantity of the
injection to permit the withdrawal and administration of the nominal
dose using a normal technique. wWwhenever possible the use of asingle
dose injections is to be preferred. When the preparation i2 intended
for administeation by routes where, for medical reasons, an
antimicrobial preservative is not acceptable, e.g. intracisternal,
intrathecal, the use of a =ingle doge injection iz esgential.
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1.2 Multidoge preparetions

Multidose preparations must contain a suitable antimicrobial
presecvative in appropriate concentratlons except where the
preparation itself haz adequate antimierobial properties, and the
containers should be able to engure adequabte protection of the
contenks after partial withdrawal. 1In order to minimize the risk of
contamination resulting from multiple penetrationz, the volume of
multidose preparation should nopmally not exceed 30 ml.

Unlezs otherwise specified in the individual monograph and
subjeck to storage at 2 to B °C after the first withdrawal, nultidose
preparations with preservatives added, may be used within 72 hours
#nd those without pregervatives - within 12 hours.

Intravenous infusions

Intravenous infusions are aqueous solutions or emulsiens with waker
a3 the continuous phase. They are free from pyrogens and are usually made
izotonic with bleed. They are intended for administration in large

volumes (usually 100 ml or more), and should not eontain any antimicrobial
prezservatives.

On visual inspection emulsions for intravenous injections should show
no evidence of phase separation. The particle size of the dispersed phase
should be controlled by the manufacturer,

Powders for injections

Powders for Injections are solid substances (including freeze-dried
materials), distributed in their final containers snd which, when shaken
with the prescribed added volume of the appropriate sterile liquid,
rapidly form either clear and ptactically particle-free solutiens or
uniform suspensions., Powders for injectlons after dissolving or

suspending comply with the requirements for injections or intravenous
infugions, as appropriate.

Uniformity of mags

Powders for injections when intended for single dose use, comply with
the test for the "Uniformity of Mass for Single Dose Preparations", unless
otherwize specified in the individual monograph.

Uniformity of content

A requirement for the "Uniformity of Content for Single Dose
Preparations” is specified in eertain individual monograph where the drug
substance is less than 40 mg. In such cases, the test for uniformity of
mass may nob be required.

Implants

Implants are se¢lid preparations containing one or more drug
substances. They are of # size and shape suitable for parenteral
implantation, and provide a releaze of the drug substance over an exltended
pericd of time. They are presented in Individual sterile containers.

The specialized nature of these dosage forms is such that all the
requirements are speclflied in the individual monograph.
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5. DISINIEGRATION TEST FOR TABLETS AND CAPSULES

This test determines whether tablets and capsules disintegrate within a
preseribed time when placed in the immersion fluld under the preseribed
experimental conditionsz, Disintegration iz defined as the atate in which no
residue of the tablet or capsule, except fragments of undissolved coating or
capsule shell remain on the sereen of the tezt apparatus or, if any other

rezidue remains, it consists of a soft muss having no palpably firm,
unmeistened core.

Disintegration apparatusg

The apparatus consists of a bagket-rack azsembly (Fig.), a suitable vessel
for the immerszion fluid (such az a 1 litre beaker), a thermostatie arrangement
for maintaining the fluid at the required temperature, nermally at 37 t2 °C
and a device for raising and lowering the basket-rack in the immersion Fluid
at a congtant frequency of Z8-32 cycles/min through a distance of 50-60 mm.
The volume of the fluid in the immerszion vessel iz zuch that at the highest
point of the upward stroke the wire mesh which formz the bottom of the basket
remaing at least 25 wmm below the surface of the fluid, while, at the lowest
point of the downward stroke, it descends to not less than 25 mm from the
hottom of the vessel. The time required for the upward stroke should be equal
to the time required for the downward stroke, and the change in stroke
direction should he a smooth transitien rather than an abrupt ceversal of
motion. The basket-rack assembly consists of & open-ended cylindrical glass
tubes and 5 rack for holding them in a vertical position. The tubesz are
75-80 mm long, have an inside diameter of about 21.5 mm and a wall about 2 mm
thick. The tubes are held vertically by 2 superimposed plates, eircular in
shape and made of btransparent plastic material, each about 90 mm in diameter
and 6 mm thick, perforated by é holes of a diameter that allows the tubes to
be inserled. The holez are equidistant Erom the centre of the plate and
equally spaced one from another, A plece of woven pauze made of stainless
steel wire about 0.635 mm in diameter with a mesh aperture of 2.0 om is
attached to the under side of the lower plate. The upper plastic plate is
covered with a stainless steel plate, about 1 mm in thickness, of a diameter
gimilar to that of the plastic plates. The steel plate is perforated by
& holez about 22 mm in diameter positioned to coinecide with those of the upper
plastic plate and the upper open ends of the glazz bubez. The =teel plate
fits over the tubes and holds them beltween the plastic platez. The plates are
held rigidly 75-80 mm apact by vertical stainlezsz steel rods at the
periphery. A metal rod iz fixed to the centre of the upper plate. Thiz

enablez the assembly to be attached to a mechanical device and to he gultably
lowered and raised.

RECOMMENDED PRCOCEDURE
{except for effervescent tablets)

Unless otherwise specified in the individual menograph, usze water
maintained at 37 %2 *C as the immersion fluid. Place one tablet or capgule
in each of the ¢ tubes, and where capsules float, 2dd a diac to each tube,
Operate the apparatus for the prescribed period, then withdraw the assembly
and examine the state of the tablets or capsules. To pass the test all &
tablets or capsules must have disintegrated.
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FIGURE

BASKET-RACK ASSEMBLY OF THE
DISINTEGRATION APPARATUS
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6, UNIFORMITY OF CONTENT FOR SINGLE DOSE PREPARATIOMS
This test should be applied only where the declared quantity of drug
subsiance in tablets or capsules is 5 % or less of the total formulation, or
in the case of sugar-coated and enteric-coated tablets, where the test for
"Uniformity of Mass for Single Dose Preparations” does not apply, or for
certain powders for injectlions when specified in the individual monograph.

RECOMMENDED PROCEDURE

Individually, determine the amount of drug substance in each of 10 units
using the analytical method specified in the individual monograph or, where no

method is stated specifically for Uniformity of Content, use the analytical
method described under Assay.

For tabletg and powders for injections

Each single wunit contains an amount of drug substance within 15 % of
the average asmount. If one individual unit contains an amount of drug
substance outside #15 % but within 425 % of the average amount, examine a
further 20 units drawn from the same population as the original 10 units. Not
more than one unlt from the total of 30 units examined contains an amount of

drug subsbance outside +15 % and nene contains an amount outzide of +2% %
of the average amount.

For capsulaes

Mot more Lhan one unit contains an amount of drug suhstatce outside
£13 % and none ¢ontains an amount outside of *25 % of the average amount.
If 2 or 3 individual units contain an amount of drug substance outside %15 %
but within £25 % of the average amount, examine a Further 20 units drawn
from the zame population as the original 10 units. Not more than 3 unitz from
the total of 30 units eramined contain an amount of drug substance outside
115 % and none containz an amount outside +25 % of the average amount.

7. UNMIFORMITY OF MASS FOR SINGLE DOSE PREPARATIONS

Isblets
Uncoated tablets and film-coated tablets formulsted to contain 5 % or more
of the drug substance comply with the following testk:
RECOMMENDED PROCEDURE

Weigh 20 tablets and calculate the average mass. When weighed singly, the

deviation of individual maszszes from the average mass do not excesd tha limitg
given below.
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Average mass of tablet Humber Deviation
of tablets %
80 mg or less net lezs than 18 ¥10.0
not more than 2 £20.0
More than 80 mg and not. less than 18 1.5
less than 250 mg not mora than 2 +15.0
250 mg and over not lesz than 18 5.0
not more than 2 +10.0

If film-coated Labletz fail this test LIt may be because of varlability in
the thickness (mass) of the coatings.

content should be applied, and if the tablets meet the requirement of thiz

'. test, they can be considered acceptable,

Capsules

RECOMMENDED PROCEDURE

In guch 3 casze 2 test for uniformitky of

Weigh 20 intact capaules individually, and calculate the average massg.
The mass of each capsule should be within 90-110 % of the average mass. If
not all the capsules fall within the aforementjoned limits, weigh the
20 capsules individually, taking care to preserve the identity of each

capsutle, and remove the contents as completely as possible.?®

Weigh the emptied shells individoally and caleulate for each capsule the net

mass of its conbtents by subtractling the mazs of the shell from the respective
gross mass. Determine the average nebt content from the zum of the individusal
net mass. Then determine the difference between each individual net content

Deviatlon of individual net maszses from the

and Lhe average net content,
average net mass do not exceed kthe limitzs given below.

-”' Net mass of capsule contents - Number Deviaktion
of capsules %=
Lesz than 300 mg not lesz than 18 10.0
not more than 2 +20.0
300 mg and over not less than 18 + 7.5
not more than 2 +15.0

For soft gelatin capsules, wash the shell with ether or some other

suiltable solvent and allow it te stand until the odour of the solvent is
Other means such as a jet of compressed zir may

no longer perceptible,
be used.




WHO/PHARM,/ 88,533
rage 20

Powders for injections

The test applies to powders for injections where the content is more than
40 mg. The recommended procedure is the same as described for capsules. The

deviation of individual net masses from the average net mass do not exceed the
limit given below.

Nunber of Deviation
containers A

not leszs than 18 *10

not more than 2 120

For preparations with a content of lesz than 40 mg the test for
"Uniformity of Content for Single Dose Preparations" applies instead.

8. TESTS FOR STERILITY*®

3terility testing should be carried out under conditions dezigned ko avoid
contamination of the material under test (e.g. by using laminar air flow
technique), and any antimicrobial actlon on posszible contaminating ocganhismsz.
In order to assure adequate performance, it 1z advigable perlodically to
include contrels in the sterility testing., The testing e¢onditionz should meet
gimilar requirements as for manufacturing operations.

The test iz applied to substances, preparations or articleszs which,
according to a phatmacopoeia, are required to be sterile. However, a

L5 The tests deseribed are only applicable to Parenteralia. For

implantz, ophthalmie snd other non-injectable preparations, surgical
dressings, catgut and other surgical sutures, other test conditions
musk be chosen.
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satizfaclory test result only indicates that no microbial eontaminants

have been found in the sample examined in the conditions of the test. The
extensien of this result to the whole of » batch of = product tequires the
asgursnce Lhat every unit in the bateh has been prepared in zuch s manner that
there iz a high degree of probability that it would slsc have passed the

test. This assurance depends on compliance with Good Manufacturing Practices

(M) ?, including sterility assurance, throughout the entire manufacturing
operation,

Sampling

For the purposes of the test, a batch iz defined as a homogeneous
¢ollection of sealed containers prepared in such & manner that the rick of
microbial contamination is the same for each of the units (e.5. one sterilizer
load, or a quantity of containers filled under aseptic conditions in one
working sesslon at one work ztation).

Humber of iteme Minimum number of
in the batch items to
be tested
Mot more than 100 containers 10 % or 4 conkainers

whichever iz greater

More than 100 but not more
than 500 containers 10 containars

Motre than 500 containers 2 % or 20 containers
whichever is less.

Culture madia*®

The following culture media have been found to be suitable for the

sterility test: Fluid sodium mercaptoacetate and soya-bean casein digest
medis.

Fluid sodium mercaptoacetate (sodium thioglycolate) medium (culture medium
Cm4} is primarily intended for the culture of anaerobic bacteria bBut will alzo
detect aerobic bacteria, Soya-bean casein digest medium (eulture
madium CmS) is primarily intended for the culture of aerobie bacteria hut is
also suitable for fungl. Other media may be used provided that they have been

e For the preparation of media see The Internetional Pharmacopoeia,

third edition, Veolume 1, General Methods of Analyais, WHO, 1979,
p. 175-177.
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shown to.sustain the growth of a wide range of microorganismsz and that they
comply with the test for effectiveness of the medium in the presence of the
preparation to be tested.

The sterility of each lot of medium should be confirmed by incubation of
representative portions of it at the temperature and for the length of time
apecified in the test.

The growth promoting quality of each new bateh of medium should be taezted
by adding inoculs, each containing approximately 100 viable microorganismz, of
stralns of appropriate microorganisms e.g. Staphylococcus aureus ATCC 6538 P
or 6548 (NCIB 8625, CIP 53.156), Bacillug subtiliz ATCC 6633, Clostridium
gperogenes ATCC 19404, Candida albicans ATCC 2091 to separate representative
samples of the medium.

The media thus inoculated with the reference strains, ghould then be
incubated according to the conditions egpecified in the test. The test media

are satisfactory if clear evidence of growth appears in all inoculated media
within 7 days.

Detection and suppression of antibacterial effects

Prior to testing, possible antibacterial effects of the substance or
material under test should be determined by comparing the nutritive properties
of the media in the presence and in the absence of the product upder
examination. This c¢omparison should be carried out under test conditions
using reference strains, as described above in the gection “culture media®.
1f the growth of the reference strains is delayed or weakened in the presence
of the product examined by direct inoculation, the antibacterial effect should
be suppressed by means of filtration, dilution or neutralization before or
during the test. The effectivenesz of the process should be tegted
peticodically by inceculating the media with reference zirains in the final
gtage of the test.

RECOMMENDED PROCEDURE

The tezt may be carried out by membrane filtration or by direct
inoculation of the media with the preparation under examination. The
technique of membrane filtration is to be preferred whenever the nature of the
product permits, that i=s, for filtrable aquecus preparationz especially in
large volumes, for alcoholic or oily preparations and for preparations
mizcible or @seluble in aqueous or olly solvents which do not themselves have
an antimicrobial effect in the conditions of the teat. Whichever test is used
the media are observed at intervals throughout the specified incubation period.

1. Membrane filtration

Membrane filters with 2 nominal pore size not greater than 0.45 um, of
assured quality preferably certified by the manufacturer, should he used,
Cellulose nitpate filters, for example, are used for aqueous, olly and weakly
alcoholic liquids and acetate filters are used, for eXample, for strongly
aleoholic liquids. The technique described assumes that filter disesz of about
530 mm in the diameter will be used, the filter assembly having been previously
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sterilized, If filters of = different diameter are used the volumes of the
dilulions »nd the washings zhould be adjusted accordingly.

Prior to the test, a small quantity of a suitable sterile diluent such as
@ 1 /1 neutral =solution of meat or casein peptone (culture medisa Cml or Cm5)
should be filtered through the prepared filtration apparatus. The content of
the container(s) to be examined should be transferred to the prepared
apparatus. 1If possible, the entire content of the containers should he taken
or the minimum quantity laid down for the test by direet inceulation. If
necessary, the product to be tested may be diluted with the chosen sterile
diluent. Filtration should be carpied out immediztely.

If the product to be tested has antimicrobial properties, the membrane
should %Le washed by filtering through it not less than 3 successive
quantities, each of approximately 100 ml, of the chosen sterile diluent, with
the additien of a suitable neutralizing substance. Qily liguids may be

diluted befope filtration with a suikable steriie s¢lvent, such as isopropyl
myristate, which hss been shown to have minimal antimicrobial effecks.

Preferably, one membrane should be transferred to each of the media uzed,
or where this ls not possible the one membrane should be cut aseptically into
two equal partsz, which are then transferred to different media. Culture media
with the membranes should be incubated for not less than 717 days at 30-35
“C in the Lest intended mainly to detect bacteria and at 20-25 °C in the tesgl
intended specifically to detect fungl.

2. Direct inoculation

A sultable quantity (zee the following tables) of the product under
examination, taken from a sealed container, should be directly transferpred to

culture mediz intended for the detection of serobic and anaercbic bacteria and
media for the detection of fungi.

LIQUIDS
Quantity in the coatainer Quantity taken and examined in sach
gutture medium for the bactecial and
fungal tests.
les=s than 1 ml entire contents of containep
1 ml or more/but less than 4 ml half contents of contaiper
4 ml or more/but less than 20 ml 2 ml
20 ml or more (ineluding large
volume parenteralsz) 10 % of contents
SOLIDS
Quantity in container Quantity for examination
less than 50 myg entire contents of container
50 mgy or more bult less than 200 mg half contents of container
200 mg or more 100 my

i7 If the nature of the product or the treatment to which it has
beengsubjected is suzpected to leave microorganismg of impaired

viability, a longer incubation time than the minimum of 7 days may bhe
necessary.
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There should be a sufficient quantity of culture medium to ensure that the
addition of the product under examination doez not affect itz npubritlve
propecties, Unless otherwise indicated in the monograph, the product under
examination should be diluted approximately ten-fold For liquids and
hundred-fold for solide, in erder to assure homogeneous dilstribution and to
eliminate antibacterial actlivitky.

In the ecase of an oily liquid, an emulsifying agent may be added to the
culture medium such as 0.5 — 1 per cent m/V of polysorbate 80 or 0.1 per cent
m/V of (p-tert-octylphenoxy)polyoxyethanol or other emulgzifying agent in
approptiate concentration shown nobt to have any antimicrobial action in the
conditlons of the kest.

The inoculated media should be incubated for not less than 14 days. Media
intended mainly for the detection of bacterlsa should be maintained at a
temperature of 30-35 °C and media intended specifically for the detection of
fungi should be maintained at a temperatuce of 20-25 ®*C. Media containing an
oily liquid ghould be ghaken gently at vepular intecvals. If one medium is
used Lo detect both aerobic and anerobie bacteria, shaking should be kept to =z
minltum in order to maintain anaerobic conditiens.

Interpretation of results

If no microbial growth appears in any of the culture media by the end of
the incubation period, the product complies with the test for sterility.

If microbial growth appears in the Inltial test culturesz and/or in
subcultures, the organisms should be isolated and identified. If there is
evidence - from the material used, the kind of organisms detected, the
monitoring or the control tests - that the Lest was carried out under
inadequate ageptic conditions, the test can be declared invalid and should be
repeated with the same corresponding number of items and quantities. In the
abgence of such evidence, the test may be repeated on twice the oumber of
eontainers used for the original test. Tf no microbial growth is detected,
the product examined complies with the test for sterility. If microbial

growth iz detected in khe second test, the product examined doesz not comply
with the test for sterility.

9. STERILTZATTION METHODS

The term "sterilization” means the complete destruction or removal of all
livipg eorganismgs (including sporing and non-sporing bacteria, virusesz, fungi
and protozea), However, statistical considerations preclude the pozsibility
of complete and agsured achievement of this absolute state in all cases. For
practicsal purposes, the assurance of skerility iz therefore considered in
terms of preobability; i.e., an article may be regarded as free from
contamination al an acceptable level of zafety. Methods uzing zaturated steam
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under pregsure or hot air are the classical sterilizing techniquez. They are
the most reliable and should be used whenever possible. Other sterilization
methods include filtration, ionizing radiation (gamms and electron—beam
radiation}, and gaz (ethylene oxide, formaldehyde).

Aseptic processing, although not truly a sterilization methoed, iz widely
used for products which cannot be sterilized in the final containers.
Materials and products that have been sterilized by ohe of the above
processes, are transferred to pre-sterilized containers and sealed, both
¢perations helng carried oub under controlled aseptic conditlons.

Whatever method is chosen the procedure {process) mugt be validated for
each type of load both with respect to the assurance of sterility and to the
integrity of the product.*® Failure to follow precisely a defined, validated
process could result in a non-sterile or deteriorated product. A typical
validation programme for steam or dry heat sterilization requires the
correlation of temperature measurements made with sensing devices used to
demonstrate heat penetralion and heat distributlon, with the killing of
biclegical indicators, i.e. preparations of specific microorganisms known to
have high resistance to the particular sterilization process. Biological
indicators are also used Lo validate other sterilization methods (see spacific
methods), and sometimes for routine contrel of individual cyecles. Periodic
tevalidation is recommended.

The efficacy of any sterilizstion proceszs depend=s on the nature of the
product, the extent and nature of any contamination present, and the
conditions under which the product has been prepared. Throughout all stages
of manufacture and sterilization the general requirements for Good
Manufacturing Practice (GHMF)? must be cbserved.

1. Heating in an autoclave (Steam sterilization)

Under conditions of moist heat, for example saturated steam under
pregsure, destruction of microorganisms is achieved by the irreversible
denaturation of enzymes and structural proteins. The temperature at which
denaturation occurs varies inversely with the amount of water present. The
sterilization is carried out in saturated steam under pressure (in an
aptoclave) whilst precizely controlled conditions of time, temperature and
pressure are maintained. When displacement of the air by steam iz unlikely to
be readily achieved, the air should be evacuated from the autoclave before
sdission of zteam. This method zhould be uzed whenever pozgible for agqueous
preparations and for surgiecal dressings and related materials.

The preferced conditions for aterilization in 2n autoclave are 15 minutes
at 123-124 “°C (200 kral®), Alternative conditions, with different
combinatbions of time and temperature, are given below,

18The final product must comply with the requirements of the relevant
specific monograph in The International Pharmacopoeia.

1%] atm - 101 325 Pa
The pressure iz uzed solely to obtain the required steam temperature.
Therefore, the temperature and not the pressure muist be used to control
and monitor the process.
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Temperature Approximately Minimum sterilization time
in °C corresponding (in min)
pressure {in kPa)
126-129 250 (~2.5 atm) 10
134-138 300 (~3.0 atm) >

Minimum sterilization time should be counted from the moment when the
required temperature reaches the coolest part of the load, and penetratas
throughout the articles to be sterilized (e.g. for aqueous solutions filled
inte glass conkainers, the heat equilibration corresponds to 10 minutes for
velumes up to 100 ml and 20 minutez for volumes up to 1000 ml). Monitoring of
the physical conditions within the autoelave during the sterilization
procedure at 2 °C and 10 ¥Pa (0.1 atm) iz eszential. To this end,
temperature-szensing probes inserted into representative containers, together
with additional probes placed at the polentially coolest parts of the loaded
chamber {(as egtablished in the course of the validation programme) should be
used to provide and record the required information. Each cyele zhould he
recorded on a time-temperature chart or by other zuitable means.

Porous loads such as surgiesnl dressings and related products should be
processed in an equipment suitable for assuring steam penekpration. Most
dresgings are sterilized by maintaining a temperature of 134 - 138 °C for
5 minuteg, Home articles made of glass, poercelain or metal are sterilized at
121-124 °C for 20 minukes. Fats and oils may be sterilized ak 121 °C for two

hours. However, whenever possible fats and oils should be zterilized by dry
heat.

In certain cases, e.g. thermolablle substances, sterilization may be
carried out at temperatures below 121 *¢, provided the chosen combination of
time and temperature has been validated. Although lower temperatures offer a
lower margin of safety, they may be satisfactory, depending on the nature and
extent of the pre-sterilization bio-burden. Special conditions of temperature
and time for certain preparations are stated in individual monographs.

The following bicindicator stralns are proposed for the validation of the
procezs; spores of Bacillus stearothermophilus (e.g. ATCC 7953, or CIP 52.81
presenting a D-value?® of 1.5-2 minutes at 121 *C using about 108 Spores
per indicator).

2. Dry heat zterilization

In dry heat processes the low moisture content is a limiting factor and
the primary lethal process is considered to be oxidation of cell
constituents. Dry heat sterilization requires a higher temperature and
% longer exposure time than is required for moist heat. The method should

?%The D-value is the parameter for » 90 % reduction of the microbial
population.
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therefore he used only for heat-stable, non-aqueous materisls which cannot be
sterilized by steam becmuse of deleterious effects or Failure to penstrate.
Such materials include oils and some ¢ily injections, powders and glasaware.

Preparations ko be sterilized by dry heat are distributed in containers
which are then either finally sealed or temporarily closed to prevent
recontamination. The entire content of each container i3 maintained in the
oven for an effective combination of time and temperature. The following

conditions may be used, but other combinatlons may be necessary for other
preparations:

Temperature Minimum sterilization time
(in_*g) (in min)
160 180
170 60
180G 30

Special conditions of temperature and time for certain preparations are
stated in individual monographs.

The oven should normally be equipped with foreed air circulation to assure
even distribution of heat, also within the articles processed. This should be
menitored by temperature measurements, Containers which have been temporarily
¢losed during the sterilization procedure are finally sealed using ageptic
Lechniques so az to prevent microbial recontamination.

The following bicindicater sktrains are proposed for the validation of the

process: Spores of Bacillus subtilis (e.g. var. niger ATCC 9372 or CIP 77.1R
presenting a D-value of 5-10 minutes at 160 °C using sbout 10% spores pet
indicator).

3, Filtrakion

Sterilization by filtration iz widely used for thermolabile solutions.
These may be sterilized by passage bthrough sterile bacteria-retaining
filters, e.g. membrane filters, adgorptive Filters (cellulose derivatives
ete.}, plastic, porous e¢eramic or suitable sintered glass filters, or
combinations of these. Asbestos containing filters should not be used.

Appropriate measures should be taken to avoid less of solute by adsorption
onto the filter and to aveid the release of contaminants from the filter.
Suitable filters will prevent the passags of microorganisms, but the
filtration must be followed by an aseptic transfer of the sterilized solution
to the final containers which are then immediately zealed to exclude

microorganlsms. Great care must be taken to avold recontamination st this
stage.

Usually, menbranes of not greater than 0.22 um pore size should be
used. The effectivenese of the filtration method must be validated if larger
pora sizes are used.

To confirm the integrity of filters both before and after filtration a
bubhle point or similar test should be used, in accordance with the Filter
manufacturer's ingtructions. (By means of this method, it is determined that
a prezeribed pressure s necessary to force alr bubbles through the intect
membrane wetted with either product, water or a hydrocarbon liquid.)
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All filters and all pipelines and equipment "downstream” used must be
sterile. Filters that withstand heat may be sterilized in the asgembly in an
autoclave before use at 121 °C for 15 to 45 minutes depending on the size of
the filter aggembly. The effectiveness of thiz sterilization should be
validated. For filtration of a liquid in which microbial growth is possible,

the same filter should not be used for procedures lasting for more than 1
working day.

4. Exposure to ionizing radiationZl

Bterilization of some drug substanees and drug products in their final
container or package, as well as medical devices, may be zchieved by exposure
te ionising radiakion i the form of gamma radiation from a2 =uitable
radioisotopic source such as 9OCc (cobalt 60) or of electrons by a suitable
electron accelerator.

Gamma and electron-beams effect ionization of molecules in the organiswms.
Mutations are thus fermed in the DNA. These reactions disturb the natural
replication. Only persons well-trained and ewperienced in the field should
decide upon the need, carry out and monitor the radiation sterilization
processes, using specially designed and purpose-built plant and equipment.

Twenty-five kGy2% (2.5 Mrad??) of absorbed radiation iz usually
selected, although other level of radiation may be employed provided that they
have been validated.

The radiation deses zhould be monitored during the whole process with
gpecific dosimeters. The radiation system should be reviewed and validated
whenever the source material iz changed and, in any case, at least once a year.

The efficiency of zterilization can be proven by bioindicators (propoged
are: Spores of Bacillus pumilug (e.g. ATCC 14884 or CIP 3,83 if 25 kGy
{2.5 Mrad) are uzed, presenting a D-value of about 3 kXGy (0.3 Mrad) using
107 to 108 gpores per indicater) and spores of Bacillus cereus (e.g, S5I €
1/1) or Bacillus sphaericus (e.g. 581 CA) if higher doses are used.

5. Gag sterilization

The active agent of this sterilization process can Be & gaz or a highly
volatile zubztance. The substance generally employed in gaseous sterilization
iz ethylene oxide. Among the dizadvantagesz of thiz agent zare its highly
flammable and potentially explosive nature, unless mixed with suitable inert
gages, its highly toxic properties and the possibility of toxie reziduez in
treated materials, The wheole process is difficult to control and should be
only considered if it iz not possible to use another sterilization procedure.
It must carried out only under the supervision of ztaff skilled in the process.

The sterilizing efficiency of ethylene oxide is related to the
concentration of the gas, the humidity, the time of exposure, the temperature
and the nature of the lead. In particular it is necezsary to ensure that the
nature of the packaging iz such that the gas exchange can btake place. Records

?iLaws or regulations for protection apgainst radiation have to be
respected in most countties.

22%iloBray
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of these pagameters should be made for each c¢yele. Appropriate sterilization
conditions must be determined experimentally for each type of load,

After sterilization , time ghould be allowd for the dispersal of residua}
sterilizing agent and other volatlile residues. Thiz should be confirmed by
determining the residual agents by zpecific tests.

Az the process 1l difficult to control and ko monitor, the efficiency
zhould be controlled each time using biocindicators (proposed are: Spores of
Bacillus subtilis, e.g. var. niger ATCC 9372 or CIP 77.1E, or gpotes of
Bacillug stespothertmophilus, e.g. ATCC 7953 or CIP 52.8l1. The same amount of
gspoves is needed ag for other methods - szee section 1 and 2. It iz also
important that the humidification is sufficient for the sterilization process).




