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- WHO EXPERT COMMITTEE ON
SPECIFICATIONS FOR PHARMACEUTICAL
PREPARATIONS

Twenty-fifth Report

The WHO Expert Committee on Specifications for Pharmaceutical
Preparations met in Geneva from 4 to 9 November 1974. Dr A. S. Pavlov,
Assistant Director-General, opened the meeting on behalf of the Director-
General. ‘ -

1. REVISED TEXTS OF DOCUMENTS RELATING TO QUALITY
CONTROL AND CERTIFICATION OF PHARMACEUTICAL
PRODUCTS

The Twenty-second World Health Assembly recommended that Member
States adopt and apply the requirements entitled Good Practices in the
Manufacture and Quality Control of Drugs, as formulated in the report of the
Director-General,* and the Certification Scheme on the Quality of Pharma-
ceutical Products moving in International Commerce, as formulated in the
report of the Director-General.?

The Twenty-third World Health Assembly requested the Director-
General to continue to review, in the light of information obtained, the
requirements embodied in Good Practices in the Manufacture and Quality
Control of Drugs and the Certification Scheme and to report to the Twenty-
fourth World Health Assembly.

- The Expert Committee on Specifications for Pharmaceutical Prepara-
tions, in its twenty-fourth report,® undertook a review of comments received
in respect of both documents from a number of Member States, and on the
basis of these comments, proposed revised texts, which were, in turn, sent
to all Member States for further comments in January 1974. At this stage
comments were received from some 40 Member States, including the
majority of countries that manufacture drugs for export.

@ WHO Official Records, No. 176, 1969, Annex 12, part 1, pp. 95-104.
? WHO Official Records, No. 176, 1969, Annex 12, part 2, pp. 104-105.
¢ WHO Technical Report Series, No. 487, 1972.



The Committee noted that although the comments raised no new"
points of principle, there were several recommendations for changes in the
texts. In some cases, the comments were aimed at bringing the text more
closely into line with a particular national practice or legislation ; however,
because this could well conflict with other national practices, it was not
always possible to adopt the recommendations made. In other cases,
proposals were made for elaborating in more detail on some of the requi-
rements, but it was thought that, unless the whole text were similarly
amended, this might lead to an unbalanced document.

Several comments concerned the terms listed under ““ Definitions * and,
although it was agreed that some of the suggested alternatives were in
keeping with current practice, it was thought that any advantages gained
by adopting them would be more than outweighed by the numerous pro-
blems created elsewhere by the introduction of new terms at this stage.
This related particularly to the term “ drug”. It was considered that a
definition of ““ purity ” was unnecessary because this term has no significant
use in the text.

Due note was taken of comments that revealed ambiguities or vagueness
in the text and might lead to misunderstandings. Suitable corrections were
made. Several changes were made in the order of paragraphs within sec-
tions, so as to present the requirements in a more logical sequence.

The role of the quality control laboratory has been more clearly defined.
The release of batches, which was prev1ous1y linked solely to the analytical
report, has now been changed to require a formal act of release by the
quality control department.

In the Certification Scheme, substantial changes have been made in
order to distinguish more clearly between the general Certification of
Pharmaceutical Products and the issue of batch certificates.

Legislation in effect in some Member States might lead them to have
reservations regarding their participation in the scheme. This fact has now
been recognized by suitable additions to ‘“Part III — Participation of
Member States ”. The responsibilities of exporting Member States have
been extended by the introduction of a reference to the provision of author-
ity to enforce standards.

The specimen certificate has been revised to recognize that * authoriza-
tion ” is not necessarily accompanied by the issue of permits. It now also
provides for the situation in which the person respons1b1e for placing the
product on the market is not the manufacturer.

The Twenty-fifth World Health Assembly adopted a resolutlon requesting
the Director-General * to undertake a study of the most feasible means of
indicating by a uniform system of marking the limits of shelf life of pharma-
ceutical products under the conditions of their storage, as well as the date

6



- of manufacture and batch number, and the maintenance of records which
facilitate tracing of distribution, and to report thereon to a future World
Health Assembly ”.®

Accordingly means were sought to incorporate the elements set out in the
above resolution both in the Certification Scheme on the Quality of Pharma-
ceutical Products moving in International Commerce and in the revised text of
‘Good Practices in the Manufacture and Quality Control of Drugs, in such a
way that the implementation of the Certification Scheme would constitute
an important step to achieving the objectives of the resolution.

As part of the revision of Good Practices in the Manufacture and Quality
Control of Drugs, it was agreed that the establishment of expiry dates and
shelf life specifications, on the basis of stability tests performed by the
quality control department of the manufacturer, be no longer optional.
In the revised Certification Scheme expiry dates are required on the batch
certificates. The inclusion of expiry dates on the labelling of finished
products would provide a uniform system of indicating the shelf life under
specified conditions of storage, if appropriate legislation existed in the
importing countries. :

The resolution also refers to information that could be used in tracing
distribution when it is necessary to recall batches of finished products.
In cases where the protection of public health is at stake, the prompt and
complete recall of specific batches of finished drugs would be facilitated
if appropriate legislation existed in the importing countries relating to the
maintenance of records by importers and wholesalers.

Revised texts of Good Practices in the Manufacture and Quality Control
of Drugs and Certification Scheme on the Quality of Pharmaceutical Products
moving in International Commerce, incorporating the recommendations
of the Committee, are included as Annex 1 to this report.

2. SPECIFICATIONS FOR RADIOPHARMACEUTICALS

The Committee undertook the revision of Appendix 13, * Radio-
activity ”, and Appendix 13a, “ Table of physical characteristics of radio-
nuclides > of the International Pharmacopoeia, and the revision of existing
monographs on radiopharmaceuticals. It also considered a number of new
draft monographs for radiopharmaceuticals.

@ World Health Organization, Handbook of resolutions and decisions of the World
Health Assembly and the Executive Board, vol. I, 1948-1972, Geneva, 1973, p. 143
(Resolution WHA25.61).



2.1 Revision of appendices

The Committee undertook the revision of the texts, based on drafts
prepared by consultants, which had taken into account developments in the
field. The revision concerned especially the procedures used in the detection
and measurement of radiation, including the newer techniques of radiation
spectrometry employing semiconductor devices, and difficulties arising in the
determination of radionuclidic and radiochemical purities. The “ Table of
physical characteristics of radionuclides - was expanded to include all
radionuclides mentioned in the monographs, including. radionuclidic
impurities.

The revised texts of Appendlces 13 and 13a are contalned in Annex 2,

2.2 Revision of ex1st1ng spec1ﬁcat10ns

The Committee considered .a number of proposals by consultants- for
revision of the existing monographs, together with certain amendments
made necessary by changes in Appendix 13, ““ Radioactivity ”’. The amend-
ments accepted included requirements -for- the radiochemical purity of
Cyanocobalamin ' (5?Co). and  of Cyanocobalamin (8Co) at expiry, more
explicit instructions for the assay of iodine-125 and mercury-197, and more
appropriate directives for pyrogen: testing of Iodinated (*I) Human Serum
Albumin Injection and Iodinated (1¥I) Human Serum Albumin Injection.
Of special note was the distinction made in the monograph on Sodium
Pertechnetate (*mTc) Injection between molybdenum-99 prepared by
neutron irradiation of molybdenum and molybdenum-99 derived from
uranium fission. ‘ :

The texts of the rev1sed monographs on radlopharmaceuucals are
reproduced in full in Annex 2, so that the proposed international require-
ments are readily available in a single document.

2.3 Proposed specifications for new radiopharmacéuticals '

The Committee considered several new draft monographs that had
been developed as a result of collaboration between a number of institutions
engaged in studies on radiopharmaceuticals and of consultations with
the appropriate experts and with the International Atomic Energy Agency.

Provisional specifications were adopted for the following radiopharma-
ceuticals :

Indium (*®®In) Chloride Injection
Indium (*®™In) Pentetate Complex Injection



Macrosalb (**2Tc) Injection
‘Technetium (**™T¢) Labelled Human Serum Albumin In]ectlon
Xenon (**¥Xe) Injection

A monograph on Technetium (*™=Tc) Pentetate Complex Injection was
also considered, but it was decided to defer adoption until a test could be
devised to indicate- with more certainty the presence of pentetic acid.

2.4 Future work

The Committee discussed the main directions of future work to be
carried .out in the field of specifications for radiopharmaceuticals.

It was recommended that consideration be given to the addition of
further sections to the general requirements for the radiopharmaceuticals
contained in Appendix 13, * Rad1oact1v1ty . dealing with the following
topics :

— operation of generator systems for production of radiopharmaceuticals ;
— requirements for application of the Limulus test for endotoxin, especially
for short-lived radiopharmaceuticals ; and

— requirements concerning volumes of injection in single-dose containers of
radiopharmaceuticals.

The Committee also recommended that in the course of further work
on monographs for new radiopharmaceuticals, priority should be given
to the following products :

— Indium (MIn) pentetate complex injection for application in cisterno-
graphy ;

— Technetium (**=Tc) sulfur colloid injection ;

— Technetium (**™Tc) tin pyrophosphate injection for use as a bone-
imaging agent.

3. FURTHER WORK ON QUALITY CONTROL
SPECIFICATIONS

In a resolution of the World Health Assembly,* the Director-General
was requested to continue work on analytical control specifications for
international acceptance to be published as they are completed. Hitherto

2 World Health Organlzatlon, Handbook of resoluttons and decisions of the World
Health Assembly and the Executive Board vol I 1948-1972, Geneva, 1973, p. 132
( Resolution WHA20.34). -~



this work has been accomplished by members of the Secretariat working
with consultants to produce drafts, which have-then been examined and
approved by the Expert Committee.

This procedure is demanding in time and resources and makes the above
resolution difficult to implement. Specifications cannot be provided as
quickly as needed because of the intervals between successive meetings
of the Committee. Moreover, it would seem more profitable for the Com-
mittee to deliberate on matters of general importance in quality control
than to spend time in discussing the details of specifications.

To comply with the above resolution the Committee recommended that
the Secretariat initiate certain procedures designed to produce an increased
flow of specifications. These procedures would ensure the establishment
by the Secretariat, working with members of the Expert Advisory Panel
on the International Pharmacopoeia and Pharmaceutical Preparations and
with other specialists, of :

— specifications for raw materials, comprising active and inactive ingre-
dients, in pharmaceutical products ;

— general methods and tests ﬁecessary to support such specifications ;
— chemical reference substances necessary to support such specifications.

When specifications have been developed in this way, in accordance
with the principles and priorities established by the Committee, and when
adequate consultations have been carried out amongst members of the
Expert Advisory Panel, established pharmacopoeia commissions, and other
appropriate interested parties, the specifications should be published in
accordance with the resolution quoted above. When the necessary reference
substances have been prepared they should be established after appropriate
consultations. : '

In certain other categories, namely general requirements for dosage
forms, and questions of broader general application, such as, for example,
the overall control of sterility, the Secretariat is encouraged to elaborate
proposals for discussion, and approval, by the Committee.

Work on specifications for individual preparations would be initiated
by the Secretariat only when specifically recommended by the Committee.

The selection of drugs for which internationally recommended quality
control specifications are to be established should be carried out by the
Secretariat in consultation with members of the Expert Advisory Panel, and
other specialists. It was recommended that priority should be given to
drugs that are widely used throughout the world, and that adequate weight
should be given to the therapeutic value of the selected drugs. High priority
would be accorded to drugs that are important in WHO health programmes.
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“Priority should also be given to drugs that are likely to contain impurities
arising from degradation or because of difficulties in manufacture.

4. INTERNATIONAL CHEMICAL REFERENCE SUBSTANCES

4.1 Reports from the WHO Centre

‘Reports ¢ from the WHO Centre for Chemical Reference Substances
were reviewed by the Committee.

4.1.1 Establishment of new reference substances

The Committee noted that in accordance with the authorization given
in its previous reports the following new International Chemical Reference
Substances had been established :

Aceclidine Salicylate Dicolinium Iodide

Allopurinol N,N’-Di-(2,3-xylyl)anthranilamide

3-Aminopyrazole-4-carboxamide Etacrynic Acid
Hemisulfate Etocarlide

Azathioprine : Haloperidol

Bendazol Hydrochloride Imipramine Hydrochloride

Benzobarbital Levodopa

Benzylamine Sulfate Mefenamic Acid

Benzylpenicillin Sodium Metazide

Betanidine Sulfate . Methaqualone

Bupivacaine Hydrochloride Rose Bengal Sodium

5-Chloro-2-methylaminobenzophenone Trimethylguanidine Sulfate

Diazepam

4.1.2 - Replacement of current reference substances

The Committee also noted that the following International Chemical
Reference Substances had been replaced by new batches :

Ampicillin Meticillin Sodium
Ampicillin Sodium Nafcillin Sodium
Ampicillin Trihydrate Propicillin Potassium
Chloramphenicol Tubocurarine Chloride
Cloxacillin Sodium Vitamin A Acetate
Estrone

a Unpublished documents WHO/PHARM/72.471, WHO/PHARM/73.475, and
WHO/PHARM/74.478. :
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4.1.3 Future work

The Committee was informed that work had been initiated to establish
the following reference substances in accordance with the authorization
given in its twenty-fourth report:

Chloracyzine Hydroc}ﬂoride o - Idoxuridine

Chlormerodrin Metformin Hydrochloride
Ecothiopate Iodide _ Tolnaftate

Fluphenazine Hydrochloride

The Committee noted that the WHO Expert Committee on Biological
Standardization had requested the WHO Secretariat to investigate the
possibilities of providing chemical reference substances for a number
of materials for which International Biological Standards and Reference
Preparations had been discontinued or were considered unnecessary.
It had been suggested that these materials could now be -adequately charac-
terized by physical and chemical methods alone. '

After discussing the problems involved, the Committee authorized
the establishment of the following chemical reference. substances when
needed for physwal or chemlcal tests in forthcommg new or rev1sed speci-
fications : : :

Anhydrotetracycline -, . o 4-Epitetracycline
Colecalciferol - - - . Ergocalciferol . -
Cyanocobalamin Tetracycline

4-Ep1anhydrotetracyclme

In reviewing a report on pecilocin, the Committee concluded that,
although the chemical structure had been elucidated and a relatively pure
material had been prepared, the composition of the commercially available
material was such that adequate quality control of the material was un-
likely to be achieved by chemical and physical means alone at the present
time. It was also noted that highly purified pecilocin appeared to be
unstable. Accordingly it was recommended that no International Chemlcal
Reference Substance be prepared. : .

The Committee noted that work carried out on reference substances of
phenoxymethylpenicillins and of ergotamine tartrate had revealed that the
monographs for these substances in the International Pharmacopoiea were
in need of revision. It also noted the importance of limiting the amount
of an inactive polymorphic form in certain preparations of chloramphenicol
palmitate and recommended the establishment of reference substances for
this purpose.

It was noted that the substantial increase in the rate at which new
specifications were to be produced (see item 3), and the need to establish
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further reference substances, would result in a considerable increase in the
work-load of the WHO Centre for Chemical Reference Substances.

4.2 General guidelines

General guidelines for the establishment, maintenance, and distribution
of chemical reference substances were considered by the Committee and its
recommendations appear in Annex 3 to this report. During the discussion
it was noted that some specialists considered that comparison with stand-
ardized reference spectra might replace the use of chemical reference
substances for identification tests based on infrared spectroscopy. For such
comparisons to be valid, it would be necessary to prescribe minimum require-
ments for the calibration of spectrophotometers and it was noted that
certain national and international Organizations had made recommenda-
tions for this purpose. The Committee asked that the feasibility of such
use of reference spectra be investigated and that due note be taken of estab-
lished recommendations for the calibration of infrared spectrophoto-
meters. Similar considerations might apply to other instrumental
techniques. -

It was noted that informal arrangements existed on a limited basis for
exchange of information relating to the establishment of reference substances
by various national and regional authorities. It was recommended that the
possibility of a more formal and worldwide exchange of such information
should be explored. In this connexion, it would be useful to compile a list of
substances available from various authorities, the purposes for which such
substances were offered, and the names of the issuing authorities. The
Secretariat was asked to investigate the possibility of producing and main-
taining an up-to-date list.

In concluding its discussion of this subject, the Committee recognized
the importance of WHO activity in work on the provision of chemical
reference substances and in fostering greater collaboration and unification
among various national and regional authorities responsible for issuing
reference substances. It urged that high priority be accorded to these
activities.

5. MICROBIAL CONTAMINATION
OF NON-STERILE DRUGS

The Committee examined a joint report ® by the Committee of Labora-
tories and Official Drug Control Services and the Industrial Pharmacists

e Journal mondial de la pharmacte, 15: 88 (1972) unpubhshed document WHO/
PHARM/74.477. )
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Section of the International Pharmaceutical Federation on the subject -

of microbial purity of non-sterile drugs. It noted with satisfaction the
continuing effort being applied to studies of this complex problem.

It was recognized that many variables, such as type of starting material,
manufacturing processes, and the type of dosage form, affect the level of
microbial contamination of finished products.

The Committee drew attention to the conclusion in the joint report that
preparations containing crude products of biological origin present the
greatest hazard, and that synthetic raw materials and purified biological
substances are generally less of a problem, although exceptions exist even in
these categories. , ,

The Committee accepted the recommendations made in the joint report
that preparations should be free of pathogenic bacteria, and that counts of
microorganisms present in finished products provide the most satisfactory
index of hygienic manufacture. In view of the imprecision inherent in such
estimates, occasioned both by the techniques utilized and by the non-
uniform distribution of microbial contamination, the Committee agreed that,
for the present, it was not possible to propose general requirements.

It seems likely that there will be variations in the magnitude of the
problems encountered in various regions, although no adequate information
was available. A single solution to the overall problem could not, therefore,
be advanced. The Committee advocated that this matter be subject to
constant vigilance by national control authorities and other interested
parties. '

6. QUALITY REQUIREMENTS FOR PLASTIC CONTAINERS

It was recommended in the twenty-fourth report ¢ of the WHO Expert
Committee on Specifications for Pharmaceutical Preparations that a study
be made of information and data available on the suitability of plastics as
materials for containers for drugs. 7

A comprehensive publication? on the subject was reviewed by. the
Committee. Because of the wide variety of types of container, it was
thought necessary to select certain categories for initial attention. The
Committee therefore recommended that provisional requirements for
plastic containers for pharmaceuticals be published as Annex 4 to this
report in order to encourage further work and that comments be invited.

@ WHO Technical Report Series, No. 487, 1972, p. 7.

b Cooper, Jack. Plastic containers for pharmaceuticals — testing and control, Geneva,
World Health Organization, 1974 (WHO Offset Publication No. 4).
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‘Tt contains test methodology and limits for plastic containers used for
infusions, injections, and ophthalmics. These items were accorded high
priority .in the conclusions described in the publication @ (page 25).

7. PHARMACEUTICAL ASPECTS OF DRUG EVALUATION
FOR REGISTRATION

A variety of information is required at the time of drug registration,
including pharmacological, toxicological, clinical, and pharmaceutical
data. The Committee reviewed the pharmaceutical information required.

The assembling of information on drugs is a cumulative process, which
follows the various phases of development from the primary drug substance
into a pharmaceutical preparation. The depth of detail on certain aspects
would, therefore, vary with the phase of development of the preparation.
The various aspects on which information is required are described in detail
in Annex 5.
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Annex 1

A. GOOD PRACTICES IN THE MANUFACTURE AND
QUALITY CONTROL OF DRUGS *

1. General considerations :

In the manufacture of drugs; overall control is essential to ensure that
the consumer receives -drugs of high quality. Haphazard operations
cannot be permitted in the manufacture of substances that may be necessary
to save life or to restore or preserve health.

Difficulties will undoubtedly aris¢ in establishing the necessary criteria
for the manufacture of drugs that will meet established specifications and
that can, therefore, be used with confidence. Recommended practices
for the manufacture of drugs of desired quality are set forth below. Adher-
ence to these practices, complementing the various control tests followed
from the beginning to the end of the manufacturing cycle, will contribute
substantially to the manufacture of consrstently uniform batches of high-
quality drugs.

The manufacturer must assume responsibility for the quality of the

drugs he produces He alone can avoid mistakes and prevent mishaps
by exercising adequate care in both his. manufacturmg and control pro-
cedures. :
The good practrces outhned below should be cons1dered as general
guides ; whenever necessary, they may be adapted to” meet individual
needs, provided the established standards of drug quality are still achieved.®
They are intended to -apply to the manufacturing processes (including
packaging and labelhng) used in the product1on of drugs in then‘ finished
dosage forms.

Sometimes. it occurs. that several ﬁrms cooperate in the productlon ,
(including packing and labelling) of the finished dosage forms of drugs.
It may also occur that a finished, packed, and labelled drug is repacked
and/or relabelled, giving it a new designation. It should be pointed out
that since such procedures constitute part of a manufacturmg operation,

* These requirements are a revised version of those published in WHO Oiﬁcral
Records, No. 176, 1969, pp. 99-104 (see this report, p. 5).

a Additional recommendations specifically applicable to b1010g1cal products are
set forth in a number of sets of Requirements for Biological Substances adopted by the
WHO Expert Committee on Biological Standardization and other WHO expert groups
and published in the WHO Technical Report Series.
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‘they should be subject to the relevant requirements of ‘those proposed
below.. - :

The requirements set forth herein are intended to apply primarily to
preparations for human administration. However, equal attention should
be- given to quality in the manufacture of veterinary preparations.

2. Definitions
For the purposes of this document, the following definitions are adopted.

Drug. Any substance or mixture of substances that is manufactured,
sold, offered for sale, or represented for use in (1) the treatment, mitigation,
prevention, or diagnosis of disease, an abnormal physical state, or the
symptoms thereof in man or animal; or (2) the restoration, correction,
or modification of organic functions in man or animal.

Manufacturing. All operations involved in the production of a drug,
including processing, compounding, formulating, filling, packaging, and
labelling. : :

Starting materials. All substances, whether active or inactive or whether
they remain unchanged or become altered, that are employed in the manu-
facture of drugs.

Batch. A quantity of any drug produced during a given cycle of manu-
facture. The essence of a manufacturing batch is its homogeneity.

Batch number. A designation (in numbers and/or letters) that identifies
the batch and that permits the production history of the batch, including all
stages of manufacture and control, to be traced and reviewed.

Quarantine. The status of a material that is set apart and that is not
available for use until released.

Quality control. All measures designed to ensure the output of uniform
batches of drugs that conform to established specifications of identity,
strength, purity, and other characteristics.

¢ Half-finished” product. Any material or mixture of materials that
must undergo further manufacture.
3. Personnel

Experts responsible for supervising the manufacture and quality control
of drugs should possess the qualifications of scientific education and practical
experience required by national legislation. Their education should include
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the study of an appropriate combination of () chemistry (analytical chem-
istry, biochemistry, etc.); (b) chemical engineering; (c) microbiology ;
(d) pharmaceutical sciences and technology ; (¢) pharmacology and toxi-
cology ; (f) physiology and histology ; and (g) other related sciences.
They should also have adequate practical experience in the manufacture
and quality control of drugs. In order to gain such experlence a preparatory
period may be required, during which they should exercise their duties
under professional guidance. The scientific education and practical expe-
rience of experts should be such as to enable them to exercise independent
professional judgement, based on the application of scientific principles
and understanding to the practical problems encountered in the -manu-
facture and quality control of drugs. '

Such experts should preferably not “have any interests outside the
manufacturer’s organization that (@) prevent or restrict their devoting the
necessary time to their assigned responsibilities or (b) may be considered to
entail a conflict of financial interest. Finally, they should be given full
authority and the facilities necessary to carry out their duties effectively.

In addition to the experts noted above, an adequate number of techni-
cally trained personnel should be available to carry out the manufacturing
and quality control operatlons in accordance with established procedures
and specifications. All personnel should be motivated towards the estab-
lishment and mamtenance of hlgh quahty standards

4. Premises

4.1 General

Drugs should be manufactured processed packaged labelled ‘and
tested in premises that are suitable for these purposes.
In determmmg the suitability of premises regard should be paid to:

(1) the compatlblhty of other- manufacturmg operatxons that may be
carried out in the same or adjacent premlses :

)} the adequacy of the workmg space, whlch should allow orderly and
logical placement of equipment and materials so as-to (¢) minimize the
* risk of confusion between different drugs or their’ components, (b) control
the poss1b111ty of -cross-contamination -by other drugs or substances, and

(¢) minimize the risk of omission of -any manufacturmg or control step;

(3) those physical aspects of the premises that could affect the quahty
and safety of products: buildings should be so designed and constructed
as to prevent the entry of animals and insects ; interior surfaces (walls,
floors and ceilings) should be smooth and free from cracks, should not
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~shed particulate matter, and should permit easy cleaning and if necessary
disinfection ;

(4) lighting, heating and ventilation and, if necessary, air conditioning
required to maintain a satisfactory temperature and relative humidity
that will not adversely affect the drug during manufacture and storage, nor
the accuracy and functioning of laboratory instruments.

4.2 Storage areas

The suitability of storage areas cannot be strictly specified in a manner
that meets all possible contingencies. However, the following principles
should be observed :

(1) storage areas should provide adequate space, suitable lighting, and
should be arranged and equipped to allow dry, clean, and orderly place-
ment of stored materials and products, whenever necessary under controlled
conditions of temperature and humidity ;

(2) such areas should provide for suitable and effective separation of
quarantined and other materials and products ;

(3) special and segregated areas should be available for storage of
(a) substances presentlng spec1a1 risks of fire and explosion ;

(b) hxghly toxic, narcotic, and- other dangerous drugs (these areas
should be adequately protected against theft) ;

(¢) rejected and recalled materials and products.

4.3 Special

For special purposes, such as the manufacture of drugs that are intended
to be sterile but cannot be sterilized in their final containers, separate
enclosed ‘areas, specifically designed for the purpose, should be provided.
These areas should be entered through an air-lock and should be essentially
dust-free and ventilated with an air supply through bacteria-retaining
filters giving a pressure higher than in adjacent areas. Such filters should
be checked for performance on installation and periodically thereafter.
‘All surfaces in manufacturing areas should be designed to facilitate cleamng
and disinfection.

Routine microbe counts of the air in the areas described above should
be carried out before and during manufacturing operations. The results of
such counts should be checked against established standards, and adequate
records of the counts should be maintained.
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For the manufacture of drugs that can be sterilized in their final con- -
tainers, the requirements given above are considered essential, with the
exception of mandatory sterilization of air supplies. The design of areas
used for this purpose should preclude the possibility that products intended
for sterilization could be mixed with, or taken to be, products already
sterilized. This may conveniently be effected by the use of double-ended
sterilization apparatus opening into separate and non-communicating
areas.

5. Equipment

Manufacturing equipment should be designed, placed, and maintained
in such a way as to

(1) be suitable for its intended use ;
(2) facilitate thorough cleaning wherever necessary ;

(3) minimize any contamination of drugs and their containers during
manufacture ; and : ‘

(4) minimize the risk of confusion or the omission of a processing step
such as filtration or sterilization. - a

Operating conditions within an apparatus used to sterilize products
should be monitored by means of recording devices, which should be
initially calibrated and checked at approved intervals by approved methods.
Suitable standardized microbiological indicators may be used to demonstrate
the adequacy of the sterilization process.

Manufacturing equipment and utensils should be thoroughly cleaned
and, when necessary, sterilized, and should be maintained in accordance
with specific written directions. When indicated, all equipment should be
disassembled and thoroughly cleaned, to preclude the carry-over of drug
residues from previous operations. Adequate records of such procedures
should be maintained. ' : :

Equipment used for aseptic filling should be checked at suitable intervals
by microbiological methods.® Weighing and measuring equipment used
in production and quality control should be calibrated and checked at
suitable intervals by appropriate methods.. Adequate records of such tests
should be maintained. :

@ This may be accomplished by conducting normal filling operations using suitable
sterile liquid bacteriological media or other media suitable for dry powder filling, as
the case may be, taking into consideration the risks of microbiological contamination of
the equipment. ‘ : ‘ : -
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“6. Sanitation

Manufacturing premises should be maintained in accordance with the
sanitary standards issued by the appropriate health authority.. They should.
be clean and free from accumulated waste, orderly, and free from vermin.
A written sanitation programme should be available, indicating :

(1) areas to be cleaned, and cleaning intervals ;

(2) cleaning procedures to be followed and, if necessary, equipment and
materials to be used for cleaning ; and

(3) personnel assigned to and responsible for cleaning operations.

Eating, smoking, and unhygienic practices should not be permitted in
manufacturing areas.

Sufficient. clean, well-ventilated toilet facilities, including facilities
for hand washing and rooms for changing clothes, should be available
near working areas for the use of manufacturing personnel.

7. Starting materials

An inventory should be made of all starting materials to be used at any
stage in the manufacture of drugs, and records should be kept of the sup-
plier, the origin (if possible), date of receipt, date of analysis, date of
release by the quality control department, and their subsequent use in
manufacture.

All such materials must be :
(1) identified, and their containers examined for damage ;
(2) properly stored in quarantine ;
(3) properly sampled by the quality control department ;

(4) tested for compliance with requirements (all materials should be
marked to indicate that they are undergoing testing) ; and

(5) released from quarantine by the quality control department by
means of written instructions.

Starting materials that are accepted or approved should be properly
and conspicuously labelled as such, and should then be transferred, if
necessary, to areas designated for the storage of such materials.

All rejected starting materials should be conspicuously identified as
such, and should be destroyed or returned to the supplier as soon as possible.
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8. Manufacturing operations

Manufacturing operations and controls should be carried out under the
supervision of experts, as specified in section 3.

8.1 Cleanliness. 7

Before any manufacturing operation is begun, a check should be made
to ensure that all apparatus and equipment to be used in the operatlon
has been cleaned and/or sterilized (see section 5).

8.2 Equipment_and containers - -

The contents of all vessels and containers used in manufacture and
storage between manufacturing stages must be identified by conspicuously
placed and clearly legible labels, bearing the name and/or identification
code of the processed materials and the necessary batch identification
data. Similar labels should ‘be attached to-mechanical manufacturing
equipment during its operation.

8.3 Precautions against contamination and confusion (mix-up)

All manufacturing operations should be confined to separate areas
intended for such purposes, with complete equipment used exclusively
in those areas, or measures should be taken to ensure that neither cross-
contamination nor confusion (mix-up) can occur.”

In manufacturing areas, clean working garments should be worn over,
or in place of, street clothing.

The manufacture of drugs intended to be sterile should be performed
in areas specially designed and constructed, as indicated in section 4.3.
Whenever the different operations are not physically separated, and there
is a possibility that unsterilized and sterilized products might be confused,
all containers of batches of products for sterilization should bear a clear
indication of whether or not their contents have been sterilized.

Products that undergo sterile operations should be protected from
contamination by using methods such as laminar-flow techniques, and
by ensuring that personnel wear clean, sterile gowns, head coverings, masks,
rubber gloves, and shoe coverings. Before dressing and entering sterile
areas, personnel must wash their hands with a suitable disinfectant.

All dust-producing operations involving hlghly potent substances,
partlcularly antlbIOtICS should be conducted in confined areas that are

@ The simultaneous manufacture, in adjacent areas that are not physically separated
of drugs that are similar in appearance should be avoided.
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‘provided with adequate exhaust systems or that are maintained under

appropriate pressure, so as to prevent cross-contamination. Adequate
precautions should be taken to prevent the recirculation of contaminated
air. :

8.4 Manufacturing personnel

No person known to be affected with a disease in a communicable
form, or to be the carrier of such a disease, and no person with open lesions
on the exposed surface of the body, should be engaged in the manufacture
of drugs. Manufacturing personnel should undergo periodic health checks.
In order to prevent any impairment of health caused by the handling of
hazardous or potent materials, manufacturing personnel should, whenever
necessary, wear protective clothing, shoes, headgear, dust masks, etc.,
and such protective clothing should remain in the area in which it is used.
In some instances, it may be necessary to have restrictions on the movement
of personnel to and/or from special working areas. ‘

8.5 Documents relating to manufacturing procedures

Documents ¢ relating to manufacturing procedures should be prepared
for each drug under the direct supervision of experts (see section 3) who
have the necessary authority. They should contain at least the following
information for each drug:

(1) its name and dosage form ;

(2) a description or identification of the final container(s), -packaging
material(s), and labels and, where applicable, of the closure(s) to be used ;

(3) the identity, quantity, and quality of each starting material to be
used, irrespective of whether or not it appears in the finished drug (the
permissible excess (*“ overage ) that may be included in a formulated batch
should be indicated) ;

(4) the theoretical yields to be expected from the formuiaﬁon at different
stages of manufacture and the permissible yield limits ; '

(5) detailed instructions for, and precautions to be taken in, manu-
facture and storage of the drug and of “ half-finished ” products ; and

@ Such documents should not be handwritten nor contain handwritten amendments
or comments. When necessary they should be rewritten and all outdated instructions
withdrawn, to avoid the possibility of re-use. They should be suitable for copying in a
manner that avoids any possibility of a transcription error.
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(6) a description of all necessary quality control tests and analyses to -
be carried out during each stage of manufacture, including the designation
of persons or departments responsible for or charged with the execution
of such tests and analyses.

8.6 Batch manufacturing records

Manufacturing records must provide a complete account of the manu-
facturing history of each batch of a drug, showing that it has been manu-
factured, tested, and analysed in accordance with the manufacturing
procedures and written instructions described in section 8.5. A separate
batch manufacturing record should be prepared for each batch of drug
produced, and should include the following information :

(1) name and dosage form ;

(2) date of manufacture ;

(3) batch identification ;

(4) complete formulation of the batch (see section 8.5, point 3);

(5) the batch number (or anaiytical control number) of each component
used in the formulation ;

(6) the actual yield obtained at different stages of manufacture of the
batch as compared with the theoretical yield (see section 8.5, point 4);

(7) a duly signed record of each step followed, precautions taken, and
special observations made throughout the manufacture of the batch ;

(8 a record of all in-process controls followed and of the results
obtained ;

(9) a specimen of the actual coded label used ;

(10) identification of packaging materials, containers, and, where
applicable, closures used;

(11) signature of the expert responsible for the manufacturing opera-
tions, and the date of his signature ;

(12) an analytical report showing whether the batch complies with the
prescribed specifications for the drug, dated and duly signed by the respon-
sible expert ;

(13) a record of the decision regarding the release or rejection of the
batch by the quality control department (see section 10.1(5)); and

(14) if the batch is rejected, a record of its disposal or utilization.
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8.7 Maintenance of batch manufacturing records

For reference purposes, all batch manufacturing records should be
retained for a specified period.

9. Labelling and packaging

Labelling and packaging materials, including leaflets, should be stored
and handled in such a way as to ensure that labels, packaging materials
and leaflets relating to different products do not become intermixed. Access
to such materials should be restricted to authorized personnel.

Prior to packaging and labelling of a given batch of a drug, the manu-
facturing and control records specified in section 8.6 should show that the
batch has been duly tested, approved, and released by the responsible
quality control expert. Prior to being issued, all labels for containers,
cartons, and boxes and all circulars, inserts, leaflets, etc., should be examined
and released as satisfactory for use by the designated person(s) (see- sec-
tion 10.1(4)). ,

To prevent packaging and labelling errors, a known number of labelling
and packaging units should be issued and, if required, coded. Such issuance
should be made against a written, signed request that indicates the quantity
and types required. ’

Upon completion of the packaging and labelling operation, a comparison
should be made between the number of labelling and packaging units
issued and the number of items labelled and packaged plus the number
of units not used. All coded unused units should be destroyed. Any
significant or unusual discrepancy in the numbers should be carefully
investigated.

All finished drugs should be identified by labelling that should bear,
clearly indicated, at least the following information :

(1) the-name of the drug;

(2) alist of the active ingredients, showing the amount of each present,
and a statement of the net contents, e.g., number of dosage units, weight or
volume ;

(3) the batch number assigned by the manufacturer ;
(4) the expiry date, if required (see 10.1 (8));

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

(6) directions for use, and warnings and precautions that may be
necessary ; and -
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(7) the name and address. of the manufacturer or the person responsible

for placing the drug on the market.

10. The quality control system

10 1 Quality control department ,

Every manufacturmg estabhshment must have a quahty control depart-
ment supervised by a.suitably qualified expert directly responsible to
management but independent of other departments.. The quality control
department should control all starting materials, monitor the quality
aspects of manufacturing operations, and control the quality and stablllty
of drugs.

The quahty control department should have the followmg principal
duties : : |

(1) to prepare detailed instructions, in writing, for carrying out each
test and analysis ;

(2) to release or reject - each batch of startmg materlal
(3) to release or reject * half-finished * products, if necessary ;

(4) to release or reject packaging and labellmg matenals and the final
contamers in which drugs are to be placed ; -

(5) to release or reject each batch of ﬁmshed drug that is ready for
distribution ;

(6) to evaluate the adequacy of the conditions under which starting
materials, * half-finished ” prchcts; and finished drugs are stored ;

(7) to evaluate the qﬁality and stability of finished drugs and, when
necessary, of starting materials and “ half-finished ” products ;

(8) to establish expiry dates -and shelf-life spemﬁcatlons on the basis
of stability tests related to storage cond1t1ons

(9) to establish, and when necessary revise, control procedures and
specifications ; and ~ = -

(10) to be responsible for the examination of returhed drugs, to deter-
mine whether such drugs should be released, reprocessed, or destroyed.
Adequate records of the disposition of such drugs should be maintained.

In order to fulfil its responsibilities, the quality control department
should take samples (e.g., of starting materials and finished drugs), accord-
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“ing to established procedures. The samples should be properly labelled,
and portions should be kept for future reference.

The quality control department should maintain adequate analytical
records concerning the examination of all samples taken. Such records
should include : '

(@) the result of every test performed, including observations and
calculations, relating to compliance with the established specifications ;

(b) the source of the specifications used ;

(c) the signature(s) of the person(s) who performed the quality control
procedures ; and

(d) a final review, the dec1s1on taken and a dated endorsement by a
duly authorized expert.

10.2  Quality control laboratory

The quality control department should have a laboratory available to
it. The laboratory should :

(1) be adequately staffed and fully equipped for performing all quahty
control tests and analyses required during and after manufacture ;*

(2) be supervised by a qualified expert (see section 3).

11. Self-inspection

In order to maintain strict adherence to all manufacturing procedures and
prescribed controls, it may be advisable for a firm to designate an expert or
a team of experts to conduct regularly scheduled inspections of its overall
manufacturing and control operations. However, this should not be taken
to mean that any firm that exercises self-inspection should be exempt from
the official inspections required by the laws and regulations of the country
in which it is located.

12. Distribution records

Adequate records should be maintained of the distribution of a finished
batch of a drug in order to facilitate prompt and complete recall of the
batch if necessary.

¢ If animal tests are necessary, the animals should be given adequate quarters and
care (for further information, see WHO Technical Report Series, No. 323, 1966, pp. 14,
16). The use of outside independent laboratories may be advisable for specialized and
complex analytical and biological procedures that require the use of costly equipment and
that can be performed only- by technicians with specialized training. ‘Such.laboratories
should be adequately staffed and fully equipped to perform such analyses.
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13. Complaints and reports of adverse reactions

Reports of injuries or adverse reactions resulting from the use of a drug
should be forwarded to the appropriate authorities. Complaints regarding
the quality of a drug, including any change in its physical characteristics,
must be thoroughly investigated. If they prove well-founded, appropriate
measures must be taken as soon as possible. The measures taken should
be recorded and filed with the original complaint.

B. CERTIFICATION SCHEME ON THE QUALITY OF
PHARMACEUTICAL PRODUCTS MOVING IN INTERNATIONAL
COMMERCE *

Part I — Certification of Pharmaceutical Products

1. For the purpose of this Certification Scheme * pharmaceutical
product ” means any medicine in its finished dosage form, intended for
human use, that is subject to control by legislation in the exporting Member
State and in the importing Member State.

2. A pharmaceutical product exported or imported under this Certi-
fication Scheme would be certified by the competent authority of the
exporting Member State on a Certificate of Pharmaceutical Products,
issued at the request of the interested party, to be sent to the competent
authority of the importing Member State, which. would decide to grant
or to refuse the authorization for sale or distribution of the certified product,
or to make the authorization conditional on the submission of supple-
mentary data.

3. The issue of the Certificate of Pharmaceutical Products would be
subject to the conditions required by the competent authority of the export-
ing Member State in order to certify that: o

(@) the product is authorized for sale or distribution within the exporting
Member State (if not, the reasons therefore would be stated on the
certificate) ; and .

(b) the manufacturing plant in which the product is ‘produccd is
subject to inspections at suitable intervals to show that the manufacturer

* This Certification Scheme is a revised and expanded version of that published in
WHO Official Records, No. 176, 1969, pp. 104-105 (see this report, p. 5).
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conforms to requirements for good practices in manufacture and quality
control, as recommended by the World Health Organization, in respect
of products to be sold or distributed within the country of origin or to
be exported.

A suggested layout of a Certificate of Pharmaceutical Products, with
explanatory notes, is attached.

4. If certificates of individual batches of products covered by a Certif-
icate of Pharmaceutical Products are required, such certificates could be
issued either by the manufacturer or by the competent authority of the
exporting Member State, according to the nature of the product and the
requirements of the exporting Member State or of the importing Member
State. The batch certificate would indicate the name and dosage form of
the product, the batch number, the expiry date and storage conditions,
a reference to the Certificate of Pharmaceutical Products, and a statement
that the batch conforms either to the requirements of the competent author-
ity for sale or distribution within the exporting Member State (with reference
to the authorization) or, as the case may be, to published specifications,
or to established specifications to be provided by the manufacturer. The
certificate could also include data on packaging, labelling, nature of
the container, the date of manufacture, results of analysis, and other
data.

Part I — Exchange of Information

1. Upon the request of the competent authority of the Member State
into which a pharmaceutical product covered by this Certification Scheme
is to be or has been imported, the competent authorlty of the exporting
Member State should provide :

(@) information on the implementation of the Requirements for Good
Practices in the Manufacture and Quality Control of Drugs as recom-
mended by the World Health Organization ; *

(b) information on controls of the product as exercised by the compe-
tent authority of the exporting Member State ;

(c) the names and functions of the persons designated to sign certificates
of individual batches of the product to be exported.

Information on general and specific standards of quality control of the
product to be exported, in so far as they are required to comply with legis-

@ Itis realized that in some countries this may require the consent of the manufacturer.
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1

lative provisions of the importing Member State, could also be supplied-
with the consent of the manufacturer. '

2. In the case of quality defects of products imported under this Certi-
fication Scheme that are considered to be of a serious nature by the importing
country, not attributable to local conditions and circumstances, and
appearing after the introduction of a particular batch into the importing
Member State, the competent authority should notify the occurrence,
together with the relevant facts, to the competent authority of the exporting
Member State that had issued the Certificate for the product concerned,
with a request to institute inquiries. Conversely, if the competent authority
of the exporting Member State ascertains serious quality control defects,
that competent authority should notify the competent authority of the
importing Member State.

Part VIII —'VParﬁcipating Member States

1. Each Memberr:Stat:e agreeing to participate in the Certification
Scheme should communicate (@) the name and address of its principal
authority to be considered as competent within the meaning of the Certi-
fication Scheme, and (b) any significant reservations relating to its participa-
tion, to the Director-General of the World Health Organization, who
would notify all other Member States.

2. Exporting Member-States participating in the -Certification Scheme
shall ensure that : ' : '

() “authorization for sale- or distribution of pharmaceutical products

is subject to appropriate testing measures, by the competent authority,

designed to ensure their quality, and that adequate laboratory facilities

are available for this purpose ; -

(b) the pharmaceutical industry is obliged to conform to requirements
for good practices in the manufacture and quality control-of drugs as
recommended by the World Health Organization ;

(c) the competent authority is empowered to conduct appropriate
investigations to ensure that manufacturers conform to the requirements
referred to in (b), including, for example, the examination of records
and the taking of samples; - -

(d) the inspectors of the services of its competent authority have

appropriate- qualifications and experience. o :

3. Exporting Member States participating in the Certification Scheme
should, whenever possible, ensure that the international nonproprietary
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“names, whenever available, are used in the description of the composition
of the product on the Certificates and, as far as possible, appear on the
labelling of pharmaceutical products to be exported under the Certification
Scheme.

CERTIFICATE OF PHARMACEUTICAL PRODUCT(S) %

" Name and dosage form of product: ... ______ N

Name and amount of each active ingredient : ® __.____..___._____________

Manufacturer, and/or when applicable, the person responsible for placing the product

on the market :

1t is certified that :

[J This product has been authorized to be placed on the market for use in this
country. '

[ This product has not been authorized to be placed on the market for use in this
country for the following reasons :

It is also certified that (a) the manufacturing plant in which the product is produced is
subject to inspection at suitable intervals, and (b) the manufacturer conforms to require-
ments for good practices in the manufacture and quality control, as recommended by
the World Health Organization, in respect of products to be sold or distributed within the
country of origin or to be exported (see Explanatory Notes overleaf). :

(signature of designated authority)

@ This form may be adapted to cover several products of the same manufacturer.

b Use, whenever possible, international nonproprietary names (INN) or national
nonproprietary names.
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Explanatory Notes

Certificate of pharmaceutical product(s)

This certificate is intended to define the status of the pharmaceutical
product and its manufacturer in the exporting country. It is issued by the
competent authority in the exporting country in accordance with the re-
quirements of the competent authority of the importing country. It may be
required by the importing country at the time of the first importation
and subsequently if confirmation or updating is required.

The requirements for good practices in the manufacture and quality
control of drugs mentioned in the certificate refer to the text * recommended
by the Twenty-second World Health Assembly in its resolution WHA22.50,
together with any modifications later adopted by the World Health Assembly.

Batch certificates

If certificates of individual batches of products covered by a Certificate
of Pharmaceutical Products are required, such certificates could be issued
either by the manufacturer or by the competent authority of the exporting
Member State, according to the nature of the product and the requirements
of the exporting Member State or of the importing Member State. The
batch certificate would indicate the name and dosage form of the product,
the batch number, the expiry date and storage conditions, a reference to the
Certificate of Pharmaceutical Products and a statement that the batch
conforms to the requirements of the competent authority for sale or dis-
tribution within the exporting Member State (with reference to the authori-
zation) or, where appropriate, to published specifications or to established
specifications to be provided by the manufacturer. The certificate could
also include data on packaging, labelling, nature of the container, the
date of manufacture, results of analysis, and other data.

& WHO Official Records, No. 176, 1969, p. 99, Annex 12 (text also published in
Supplement 1971 to the Second Edition of the International Pharmacopoeia, Geneva,

World Health Organization, 1971, p. 99, Appendiyg 70). .
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Annex 2

SPECIFICATIONS FOR RADIOPHARMACEUTICALS *

Monographs - - Page Monographs : Page
Agquae Tritiatae (®H) Injectio . . . . 34 Natrii Iodidi (*31I) Solutio . . . . . 54
Auri (1%8Au) Colloidalis Injectio . . 35  Natrii Iodohippuratis (131I) Injectio . 55
Chlormerodrini (17Hg) Injectio . . . 36  Natrii Pertechnetatis (*®™Tc) Injectio . 57
Cyanocobalaminum (*’Co) . . . . . 38  Natrii Phosphatis (32P) Injectio . . . 60
Cyanocobalaminum (38Co) . . . . . 41  Rosei Bengalensis (131]) Natrici
Ferri (*°Fe) Citratis Injectio . . . . 42 Injectio . . . . .. ... .. 62
Indii (113®™]n) Chloridi Injectio . . . 43 L-Selenomethionini (*3Se) Injectio . . 65
Indii (113™In) Pentetatis Complexionis Seroalbumini Humani Iodinati (D
Injectio . . . . . ... ... 45 Injectio . . . . .. ... .. 66
Macrosalbum (131) Injectio . . . . 46 Seroalbumini Humani Iodinati D
o Injectio . . . . .. ..... 68
Macrosalbum (®®®@Tc) Injectio . . . 48 . . .
. - 51 L Seroalbumini Humani Technetio
Natrii Chromau—s (*1Cr) Injectio . . 50 (*™Tc) Signati Injectio . . . . . 7
Natrii Iodidi (12‘71) Solutio . . . . . 51 Xenonis (133Xe) Injectio ...... 73
Natrii Iodidi (!34]) Injectio . . . . . 53°
‘Appendices )
13. Radioactivity (1974 revision) . . . . . . . . . . . . . . . . .. PR £
13a. Table of physical characteristics of radionuclides (1974 revision) . . . . 90

List of reagents mentioned in the monographs on radiopbarmaceuticals . . A. ... 96

* Attention js drawn to the provisional nature of these appendices and monographs.
It should also be noted that they are intended to be used in conjunction with the second
edition of the International Pharmacopoeia (World Health Organization, Geneva, 1967),
the Supplement 1971, and the Specifications for Reagents mentioned in the Pharmacopoeia
(World Health Organization, Geneva, 1963). ’
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AQUAE TRITIATAE (CH) INJECTIO
Tritiated Water CH) Injection
1974 Revision

Tritiated Water (3H) Injection is a sterile solution of tritiated water CH)
in Water for Injection, which may be made isotonic w1th blood by the
addition of Sodium Chloride.

Tritium (®H) is a radioactive isotope of hydrogen and may be prepared by
neutron irradiation of lithium.

The content of tritium is not less than 90. 0 per cent and not more than

110.0 per cent. of the content of tritium stated on the label, at the reference
date stated on the label.

Not more than 0.1 per cent. of the total radioactivity shall be due to
radionuclides other than tritium at the reference date stated on the label.

The solution is sterilized by Method 1 — Heating in an autoclave de-
scribed under * Injectiones”” in Ph. Int. II.

The radloactrve half- l1fe of tritium (3H) is 12, 35 years.

Description. A~ clear, colourless solution.

Identification. . The sample is examined in a sultable 11qu1d scmtlllanon
counter, and the counts are determined for various settings of the discrim-
inator. The counts at each discriminator setting suitably corrected for
background are then plotted against the discriminator setting as an arbi-
trary abscissa. The shape of the curve so obtained is identical with that
obtained using a standardized tritium solution. Tritium is a pure beta
emitter, with maximum energy of 0.0186 MeV.

Radionuclidic purity. Comphes with the general requirements for radro-
nuclidic purity given in Appendix 13, “ Radioactivity » (1974 revision),
except that the radionuclidic purity shall be not less than 99.9 per cent.

Assay. Determine the radioactivity in suitable counting equrpment by
comparison with a standardized tritium solution or by measurement in an
instrument calibrated with the aid of such a solution.

Standardized tritium solutions are available from national standardizing
laboratories. '

Storage. Complies with the requirements stated under * Storage” in
Appendix 13, Rad10act1v1ty ” (1974 revision).

Labelling. Tr1t1ated Water (*H) Injection should be labelled as spec1ﬁed
under “ Labelling ” in Appendix 13 “ Radioactivity * (1974 revision).
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AURI (1%¥Au) COLLOIDALIS INJECTIO
Gold (1**An) Colloidal Injection
1974 Revision

Gold (*8Au) Colloidal Injection is a sterile colloidal solution of gold-198
stabilized with gelatin. It may be prepared by reducmg a salt of gold-198
with a suitable reducing agent, such as dextrose in alkaline solution, in the
presence of gelatin.

Gold-198 is a radioactive isotope of gold and may be prepared by the
neutron irradiation of gold under such conditions that not more than 5 per
cent. of the total radloactwlty is due to gold-199 at the reference date and
hour stated on the label.

The content of gold-198 is not less than 90.0 per cent. and not more than
110.0 per cent. of the content of gold-198 stated on the label, at the reference
date and hour stated on the label.

The solution is sterilized by Method 1 — Heating in an autoclave de-
scribed under: *“ Injectiones ”” in Ph. Int. II.

" The radioactive half-life of gold 198 is 2.70 days.

Description. A deep red, colloidal solution. About 80 per cent. of the
radioactivity is present in particles between 5 and 50 nm diameter, although
narrower ranges, within these limits (e.g., 5-10 nm or 20-40 nm), may be
specified. '

Identification. . The gamma-ray spectrum, measured in a suitable instrument,
is identical with that of a standardized gold-198 solution. The most prom-
inent gamma photon of gold-198 has an energy of 0.412 MeV. Allowance
must be made for the possible presence of gold-199 whose most prominent
gamma photon has an energy of 0.158 MeV and which decays with a half-
life of 3.13 days.

Reaction. pH 4.0 to 8.0.

Radionuclidic purity. Complies with the general requirements for radio-
nuclidic purity given in Appendix 13, “ Radioactivity ” (1974 revision).

Radiochemical purity. Carry out ascending paper chromatography as de-
scribed in Appendix 14, ““ Chromatography . Apply 10 pl of the sample
to the paper and develop for one hour with a mixture of 70 parts of acetone
R, 20 parts of water and 10 parts of saturated hydrochloric acid R. The
colloid remains at the starting-point and any soluble gold migrates with
the solvent front. Allow the chromatogram to dry in air and determine
the areas of radioactivity by a suitable method. The spot of soluble gold may
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be located by spraying with a mixture containing a 20 per cent. solution - .
of stannous chloride R, a 10 per cent. solution of potassium iodide R and
water in the proportion 10:2:88 ; this reagent gives a black colour with
soluble gold. Not less than 98 per cent. of the total radioactivity is in the
spot corresponding to colloidal gold.

Pyrogens. Complies with the Test for Pyrogens (Appendix 43), using
a quantity equivalent to 5 mCi at the reference date and hour stated on the
label per kg of the rabbit’s weight, but allowing the radioactivity to decay to
less than 50 pCi per kg of the rabbit’s weight before injection.

Assay. Determine the radioactivity in suitable counting equipment by
comparison with a standardized gold-198 solution or by measurement in an
instrument calibrated with the aid of such a solution.

Standardized gold-198 and gold-199 solutions are available from national
standardizing laboratories.

Storage. Complies with the requirements stated under “ Storage” in
Appendix 13, * Radioactivity ** (1974 revision).

Labelling. Gold (1Au) Colloidal Injection should be labelled as specified
under “ Labelling ” in Appendix 13, “ Radioactivity ” (1974 revision), the
label also stating the range of diameters, in nm, of the particles in which
about 80 per cent. of the radioactivity is present. -

Caution. Do not use Gold (18 Au) Colloidal Injection after eight days from the
date of standardization or if the colour is no longer deep red.

CHLORMERODRINI (**"Hg) INJECTIO
Chlormerodrin (1°”Hg) Injection
1974 Revision

cml*’JHg—CHz—ICH—CHz—NH—co—NHz

OCH3
C;H,,CIHgN,;O, Mol. Wt. 367.23
- Chlormerodrin (1*”Hg) Injection is a‘sterile‘ solution of 3-chloromercuri-
2-methoxypropylurea (¥"Hg), made isotonic with blood by the addition of
Sodium Chloride. ,
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- Mercury-197 is a radioactive isotope of mercury and may be prepared
by neutron irradiation of mercury-196 sufficiently low in mercury-202 to
ensure that the final content of mercury-203 is not more than 0.2 per cent.
of the total radioactivity at the reference date and hour stated on the label.
Mercury-197m may also be present. ' '

The content of mercury-197 is not less than 85 per cent. and not more
than 115 per cent. of the content of mercury-197 stated on the label, at the
reference date and hour stated on the label.

The specific activity is not less than 200 mCi per g of chlormerodrin at the
reference date and hour stated on the label.

The solution is sterilized by Method 1 — Heating in an autoclave or by
Method 3 — Filtration described under * Injectiones ” in Ph. Int. II.

The radioactive half-life of mercury-197 is 64.4 hours.

Description. A clear, colourless solution.
Identification

A. The gamma-ray and X-ray spectra, measured in a suitable instrument,
are identical with that of a standardized mercury-197 solution apart from
any difference attributable to the presence of mercury-197m ; the most
prominent photon of mercury-197 has an energy of 0.069 MeV (corre-
sponding to the K X-ray of gold). The presence of a small amount of mer-
cury-197m may be revealed by its major gamma photon of 0.134 MeV ;
mercury-197m decays with a half-life of 24 hours.

B. The test for radiochemical purity described below serves also to identify
the product.

Reaction. pH 6.0 to 8.0.

Radionuclidic purity. Determine the radionuclidic purity after the decay of
mercury-197m and partial decay of mercury-197. The presence of mercury-
203 is shown in the gamma-ray spectrum by photons of 0.279 MeV. Mer-
cury-203 decays with a half-life of 46.6 days. The content of mercury-203
Is determined by comparison with a standardized mercury-203 solution.

Standardized mercury-203 solutions are available from national stand-
ardizing laboratories.

Radiochemical purity. Dilute the Chlormerodrin (**"Hg) Injection with
water to give a concentration of about 0.2 mCi in 1 ml and apply 5 ul to a
strip of chromatographic paper. Dissolve 0.001 g of chlormerodrin R in
1 ml of cold Sodium Chloride Injection and apply immediately 5 pl as a
second spot to the same strip of paper. Dissolve 0.001 g of mercuric chlo-
ride R in 2 ml of Sodium Chloride Injection and apply 5 pl as a third spot
to the same strip of paper. Allow to dry and develop the chromatogram
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by descending paper chromatography as described in Appendix 14, * Chro- -
matography ”, for about 3 hours, using a mixture of 80 volumes of ethanol
(95 per cent.) R 18.5 volumes of water, 1.5 volumes of strong ammonia R
and 1 g of sodium chloride R. Allow to dry and locate the spots due to

chlormerodrin and inorganic mercury on the strips by lightly spraymg o

the paper with a solution prepared by dissolving 0.2 g of dithizone R in
100 ml of ethanol (95 per cent.) R containing 2 v/v per cent. of acetic acid R.

Allow to dry and identify the spots corresponding to chlormerodrin (A)
and inorganic mercury (B). Determine the radioactivity of both spots and of
the rest of the paper stnp by a suitable method.: Not less than 90 per cent.

of the total rad10act1v1ty is in the spot A, not more than 2-per cent. of the
total radioactivity is-in-the spot B.

Assay. Determine the rad10act1v1ty using suitable counting equipment by

comparlson with a standardized mercury-197 solution or by measurement |

in an instrument calibrated with the aid of such a solution. If an ionization
chamber is used it should have a thin wall.

Standardized mercury-197 solu’uons are ava1lab1e from national stan-
dardizing laboratories. :

Storage. Complies with - the requirements stated under “ Storage ”
Appendix 13, “ Rad10act1v1ty ” (1974 rev1s1on)

Stability. Chlormerodrin (**’Hg) Injection decomposes gradually with an
accompanying decrease -of radiochemical purity. It is particularly liable
to undergo decomposition during the heating in an autoclave.

Labelling. Chlormerodrin (**”Hg) Injection should be labelled as speciﬁed
under “ Labelling” in Appendix 13, “ Radioactivity ” (1974 revision),
together with the information on the weight of chlormerodrin.

CYANOCOBALAMINUM (57Co)
- Cyanocobalamm (57Co)
- 1974 'Rev1s1on
Cyanocobalamm (*"Co) is vitamin B12 contalmng cobalt-57. It may be
produced by the growth of certain mlcro-orgamsms on a medium containing
cobaltous ion (¥7Co).

Cobalt-57 is a radioactive isotope of cobalt and may be produced by
irradiation of nickel with protons of suitable energy.

38



* The content of cobalt-57 is not less than 85.0 per cent. and not more
then 115.0 per cent. of the content of cobalt-57 stated on the label, at the
reference date stated on the label.

The specific radioactivity is not less than 0.5 pCi per pg of cyanocobala-
min at the reference date stated on the label.

Not less than 90.0 per cent. of the cobalt-57 is in the form of cyano-
cobalamin at the reference date stated om the label, and not more than
1.0 per cent. of the total radioactivity is due to cobalt-60 at the reference
date stated on the label.

The radioactive half-life of cobalt-57 is 270 days.

Description. A pink solid, supplied in sealed glass containers or in capsules,
or a clear, colourless to pink solution.

Identification. The gamma-ray spectrum, measured in a suitable instrument,
is identical with that of a standardized cobalt-57 solution ; the most promi-
nent gamma photon has an energy of 0.122 MeV.

Reaction. For Cyanoéobalamin (*’Co) supplied as a solution, pH 4.0
to 5.5.

Radionuclidic purity. Measure the gamma-ray spectrum in a suitable in-
strument calibrated against standardized solutions of cobalt-57 and cobalt-60
and determine the relative amounts of cobalt-57 and cobalt-60 present.
The presence of cobalt-60 is shown by gamma photons of 1.173 and
1.333 MeV. Cobalt-60 decays with a half-life of 5.27 years.

Radiochemical purity. To a quantity equivalent to 0.5 puCi at the reference
date stated on the label add 0.008 g of cyanocobalamin and suﬂiment
water to produce 25 ml.

Reserve 12 ml of the solution at a temperature between 2° and 10°,
protected from light (solution A).

Slurry a suitable carboxymethylcellulose (Whatman CM 23 carboxy-
methylcellulose is suitable) with 0.5 N hydrochloric acid, dilute with water,
allow to settle, reject the supernatant liquid, and wash the residue with
water until free from acid. Prepare a column of the adsorbant about 1 cm
in diameter and 4 cm long, pass the remainder of the cyanocobalamin
solution down the column, elute with water, and collect between 15 and
20 ml of the effluent. Extract the effluent with 2 ml of a mixture of 2 volumes
of carbon tetrachloride R and 1 volume of cresol R, wash the extract
with 2 quantities, each of 5 ml, of water, place in a centrifuge tube, add
dropwise a mixture of equal volumes of acetone R and ether R until pre-
cipitation begins, and allow to stand for about fifteen minutes. Centrifuge,
wash the precipitate with 2 quantities, each of 2 ml, of a mixture of equal
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volumes of acetone R and ether R and with 2 quantities, each of 2 ml, ~
of acetone R, and dissolve in 0.1 ml of water. With this solution prepare
a chromatogram by descending paper chromatography as described in
Appendix 14, “ Chromatography ”, using as the stationary and mobile
phases a mixture of 750 volumes of sec-butanol R, 270 volumes of water, and
1 volume of glacial acetic acid R. Use a piece of thick filter-paper 15 cm
wide and streak the solution along the pencil line for 9 cm. Allow elution
to proceed for eighteen hours, protecting the apparatus from light. Cut
out the pink zone of the paper, reject the edges, and elute the coloured
material by descending chromatography, using the smallest possible
volume of water and protecting the apparatus from light. Dilute the eluate
to 12 ml with water (solution B). '

For each solution, determine the radioactivity, using suitable counting
equipment, and the content of cyanocobalamin in the following manner :
dilute 6 ml to 50 ml with water, measure the absorbance of a 1-cm layer at
the maximum at about 361 nm and calculate the content of cyanocobalamin,
CgsHggCoN,,0,,P, taking 20.7 as the value of the absorptivity at the maxi-
mum at about 361 nm. ) ‘

The radioactivity per mg of cyanocobalamin for solution B is not less
than 90 per cent. of that for solution A.

Assay. Prepare a solution of the solid if necessary and determine the radio-
activity in suitable counting equipment by comparison with a standardized
cobalt-57 solution or by measurement in an instrument calibrated with the
aid of such a solution. '

Standardized cobalt-57 and cobalt-60 solutions are available from
national standardizing laboratories.

Storage. Cyanocobalamin (37Co) should be stored at a temperature not
exceeding 10° and protected from light. Other conditions of storage
should comply with the requirements stated under * Storage ” in Appen-
dix 13, “ Radioactivity * (1974 revision). -

Expiry date. Cyanocobalamin (7Co) decomposes gradually with an
accompanying decrease of radiochemical purity. The expiry date is not
later than 3 months after the reference date stated on the label and the
radiochemical purity at expiry should be not less than 80 per cent.

Labelling. Cyanocobalamin (¥Co) should be labelled -as specified under
“ Labelling ” in Appendix 13, ““ Radioactivity ” (1974 revision), the label
also giving the information on storage temperature.
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-CYANOCOBALAMINUM (*2Co)
Cyanocobalamin (33Co)

1974 Revision

Cyanocobalamin (%3Co) is vitamin B,, containing cobalt-58. It may be
produced by the growth of certain micro-organisms on a medium contalnlng
cobaltous ion (%8Co).

Cobal-58 is a radioactive isotope of cobalt and may be produced by
neutron irradiation of nickel.

The content of cobalt-58 is not less than 90.0 per cent. and not more than
110.0 per cent. of the content of cobalt-58 stated on the label, at the reference
date stated on the label.

Not less than 90.0 per cent. of the cobalt-58 is in the form of cyano-
cobalamin at the reference date stated on the label, and not more than
1.0 per cent. of the total radioactivity is due to cobalt-60 at the reference
date stated on the label.

The radioactive half-life of cobalt-58 is 70.8 days.

Description. A pink solid, supplied in sealed glass containers or in capsules,
or a clear, colourless to pink solution.

Identification. The gamma-ray spectrum, measured in a suitable instrument,
is identical with that of a standardized cobalt-58 solution ; the most prom-
inent gamma photons have energies of 0.511 and 0.811 MeV.

Reaction. For Cyanocobalamin (3Co) supplied as a solution, pH 4.0
to 5.5.

Radionuclidic purity. Measure the gamma-ray spectrum using an instrument
of adequate resolving power, calibrated against standardized solutions
of cobalt-58 and cobalt-60 and determine the relative amounts of cobalt-58
and cobalt-60 present. The presence of cobalt-60 is shown by gamma pho-
tons of 1.173 and 1.333 MeV. Cobalt-60 decays with a half-life of 5.27 years.

Radiochemical purlty Carry out the test for radiochemical purlty de-
scribed under “ Cyanocobalaminum (3’Co) ™.

Assay. Determine the radioactivity in suitable counting equipment by
comparison with a standardized cobalt-58 solution or by measurement
in an instrument calibrated with the aid of such a solution.

Standardized cobalt-58 and cobalt-60 solutions are available from
national standardizing laboratories.
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~ Storage. Cyanocobalamin (3Co) should be stored at a temperature not -

exceeding 10° and protected from light. Other conditions of storage should
comply with the requirements stated under * Storage ” in Appendix 13,
“ Radioactivity > (1974 revision).

Expiry date. Cyanocobalamin (*Co) decomposes gradually with an
accompanying decrease of radiochemical purity. The expiry date is not
later than 3 months after the reference date stated on the label and the
radiochemical purity at expiry should be not less than 80 per cent.

Labelling. Cyanocobalamln (53Co) should be labelled as spemﬁed under
“ Labelhng » in Appendix 13, * Radioactivity ” (1974 revision), the label
also giving the information on stroragertemperrature

FERRI (%Fe) CITRATIS INJECTIO
. Ferric Citrate (59Fe)'1nje¢tion '
' 1974 Revision

Ferric Citrate (59Fe) InJectlon is a sterile solution containing iron-59
in the ferric state, 1 per cent. w/v of Sodium Citrate, and sufficient Sodium
Chloride to make the solution isotonic with blood. _

Iron-59 is a radioactive isotope of iron and may be prepared by neutron
irradiation of iron-58 sufficiently low in iron-54 to ensure that the final
content of iron-55 is not more than 2 per cent. of the total radioactivity
at the reference date stated on the label.

The content of iron-59 is not less than 90.0 per cent. and not more than
110.0 per cent. of the content of iron-59 stated on the label at the reference
date stated on the label.-

The specific rad10act1v1ty is not less than 1 mCi per 0. 001 g of iron at the
reference date stated on-the label.

The solution is sterilized by Method I — Heatmg in an autoclave de-
scribed under “ Injectiones ” in Ph. Int. II. The addition of a bacterlo-
static agent to this preparation is not recommended.

The radioactive half-life of iron-59 is 44.6 days.

Description. A clear, colourless or faintly orange-brown solution.

Identification

A. The gamma-ray spectrum, measured in a suitable instrument, is ident-
ical with that of a standardized iron-59 solution; the most prominent
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-~ gamma photons have energies of 1.099 and 1.292 MeV. Although iron-55
may be present, it emits only an X-ray of 0.006 MeV and this will not
normally be detected. The radioactive half-life of iron-55 is 2.7 years.

B. Yieldé reaétién B réharactérisrt:irc of citrates (see Appendix 4).
Reaction. pH 6.0 to 8.0.

Radionuclidic purity. Complies with the general requirements for radio-
nuclidic purity given in Appendix 13, * Radioactivity ” (1974 revision).

Total iron. Complies with the Limit Test for Iron (Appendix 27), a volume
equivalent to 40 pCi of iron-59 at the reference date stated on the label
being used.

Assay. Determine the radioactivity in suitable counting equipment by
comparison with a standardized iron-59 solution or by measurement in an
instrument calibrated with the aid of such a solution.

Standardized iron-59 solutions are available from national standardizing
laboratories. ‘

Storage. Complies with the requirements stated under “ Storage” in
Appendix 13, ““ Radioactivity ” (1974 revision).

Labelling. Ferric Citrate (*Fe) Injection should be labelled as specified
under “ Labelling ” in Appendix 13, *“ Radioactivity > (1974 revision).

INDII ({3mIn) CHLORIDI INJECTIO
Indium (M'3mIn) Chloride Injection

Indium (*3mIn) Chloride Injection is a sterile solution of indium-113m
in the form of complexes of trivalent indium in 0.04 N aqueous hydro-
chloric acid. It may be injected intravenously using appropriate precau-
tions.

Indium-113m is a radioactive isotope of indium formed by radioactive
decay of tin-113. Tin-113is a radioactive isotope of tin and may be produced
by the neutron irradiation of tin enriched in tin-112.

The content of indium-113m is not less than 90.0 per cent. and not
more than 110.0 per cent. of the content of indium-113m stated on the
label, at the reference date and hour stated on the label.

Not more than 0.01 per cent. of the total radioactivity shall be due to
radionuclides other than indium-113m, except that tin-113 may be present
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to the extent of 0.05 per cent., all calculated to the time of administration. . .
The Indium (3= In) Chloride Injection may be prepared from a genera-

tor containing tin-113. Such generators are commonly designed to operate

under aseptic conditions to give a sterile product. If the solution is prepared

by other means it may be sterilized by Method 1 — Heating in an autoclave,

or by Method 3 — Filtration, described under “ Injectiones ” in Ph. Int. II.
A suitable bacteriostatic agent, such as Chlorocresol 0.1 per cent., may

be present. - ‘ ‘ :
The radioactive half-life of indium-113m is 99.5 minutes.

Description. A clear, colourless or faintly yellow solution.

Identification. The gamma-ray spectrum measured with a suitable instru-
ment is identical with that of a standardized indium-113m solution. The
gamma photon of indium-113m has an energy of 0.392 MeV. Alternatively
a standardized solution of tin-113 in equilibrium with indium-113m may
be employed, making appropriate allowance for the photons due to the
tin-113. '

Reaction. pH 1.3 to 1.5.

Radionuclidic purity. Retain a sample of the injection for a sufficient
length of time to allow indium-113m to decay to a sufficiently low level to
permit the detection of radionuclidic impurities. All measurements of
radionuclidic impurities are to be expressed at the time of administration
of the injection.

Tin-113. The presence of tin-113 is revealed by its gamma-ray and X-ray
spectrum. Tin-113 emits 2 gamma photon with an energy of 0.255 MeV
(emitted in only 2.1 per cent. of disintegrations), but the most prominent
photon is the K X-ray of indium of 0.024 MeV. The radioactive half-life
of tin-113 is 115 days. Not more than 0.05 per cent. of the radioactivity
shall be due to tin-113. '

Other radionuclidic impurities. The gamma-ray spectrum of the retained
sample of the injection should be examined for the presence of other radio-
nuclidic impurities which should, where possible, be identified and quanti-
fied. The total radioactivity due to these other radionuclidic impurities
should not exceed 0.01 per cent. of the total radioactivity of the sample.

Assay. Determine the radioactivity with suitable counting equipment by
" comparison with a standardized indium-113m solution or by measurement
in an instrument calibrated with the aid of such a solution. A good approxi-
mation may be obtained using an ionization chamber and employing a
standardized solution of tin-113 in equilibrium with indium-113m, provided
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- that the ionization chamber has a lining thick enough to absorb the
0.024 MeV X-ray (1 mm thickness of brass is sufficient).
 Standardized solutions of indium-113m and of tin-113 are avallable
from national standardizing laboratories.

Storage. Complies with the requirements stated under * Storage” in
Appendix 13, ““ Radioactivity ” (1974 revision).

Labelling. Indium (23®In) Chloride Injection should be labelled as specified
under “ Labelling” in Appendix 13, * Radioactivity ” (1974 revision).

Caution. Indium (M3=) Chloride Injection should be administered by slow
intravenous injection.

INDII (13mIn) PENTETATIS COMPLEXIONIS INJECTIO
Indium (*'*mIn) Pentetate Complex Injection

Indium (3™In) Pentetate Complex Injection is a sterile solution of
indium-113m complexed with pentetic acid [N, N-bis[2-[bis(carboxymethyl)-
amino]ethyl]-glycine], which is present in excess.

The content of indium-113m is not less than 90.0 per cent. and not
more than 110.0 per cent. of the content of indium-113m stated on the
label, at the reference date and hour stated on the label.

Not less than 95 per cent. of the total indium-113m is present as indium
(13=]n) pentetate complex.

The injection may be prepared from sterile starting materials under
aseptic conditions or may be sterilized by Method 3 - Filtration, described
under “Injectiones ” in Ph. Int. II.

The radioactive half-life of indium-113m is 99.5 minutes.

Description. A clear, colourless or faintly yellow solution.

Identification

A. Complies with the test for identification described under ** Indii (**"In)
Chloridi Injectio ”.

B. The test described below under the heading *“ Radiochemical purity
serves to indicate the chemical nature of the product.

Reaction. pH 4.0 to 8.0.

Radionuclidic purity. Complies with the requirements for radionuclidic
purity described under *“ Indii (*3®In) Chloridi Injectio ™.
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Radiochemical purity. Carry out ascending paper chromatography as ---

described in Appendix 14, “ Chromatography ”. Apply 5 pl of the sample
to the paper and develop for two hours with a mixture of 50 ml-of ethanol
(95 per cent.) R, 125 ml of water, and 0.1 ml of strong ammonia R. The
cationic indium remains at the starting point and the indium (3™In)
pentetate complex has an Rf of about 0.9. Allow to dry and determine the
areas of radioactivity by a suitable method. Not less than 95 per cent. of
the total radioactivity is in the spot correspondmg to the indium (113mIn)
pentetate complex. . :

Assay. Carry out the ““ Assay ” as described under * Indii (llsmIn) Chloridi
Injectio .

Storage. Complies with the requirements stated under “Storage” in
Appendix 13, “ Radioactivity ” (1974 revision).

Labelling. Indium (*¥™In) Pentetate Complex Injection should be labelled
as specified under Appendix 13, * Radioactivity ” (1974 revision).

 MACROSALBUM (%1) INJECTIO
Macrosalb (**'I) Injection
1974 Revision '

SYNONYM : ‘Seroalbumini Humani Todinati (81I) Macroaggregati Injectio

Macrosalb (3311) Injection is a sterile suspension of human serum albumin
that has been jodinated with iodine-131 and has been denatured in such a
manner as to form insoluble aggregates. The aggregates are suspended
in a saline solution isotonic with blood. It 1s suitable for intravenous
administration.

The human serum albumin employed shall contain not more than 5 per
cent. of globulins and shall comply with the national regulatlons of the
country in which the Macrosalb (*3) Injection is employed. The human
serum albumin used for this preparation should have been suitably treated
to prevent the transmission of serum hepatitis (e.g., by heating in an aqueous
solution for 10 hours at 59.5° to 60.5°).

The content of iodine-131 is not Iess than 90.0 per cent., and not more
than 110.0 per cent., of that stated on the label, at the reference date and
hour stated on the Iabel
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‘The content of iodine-131 is usually within the range 0.15 to 1.5 mCi/ml
and the specific activity is usually in the range 0.1 to 2.0 mCi/mg of iod-
inated albumin.

The radioactivity is virtually all present in particles with mean dimensions
in the range 10 to 100 microns, and no particle shall have a dimension
greater than 150 microns.

The product is prepared under strict aseptic conditions because terminal
sterilization is not practicable. A suitable bacteriostatic agent, such as
benzyl alcohol R 0.9 per cent. v/v, shall be present.

The radioactive half-life of iodine-131 is 8.06 days.

Description. A dilute suspension of white or faintly yellow parncles which
may settle on standmg

Identification

A. Complies with the test for identification described under “ Natrii
TIodidi (**'I) Solutio .

B. The test for soluble radioactivity below serves to characterize the phys-
ical nature of the product.

Reaction. pH 5.0 to 8.5.

Radionuclidic purity. Complies with the general requirements for radio-
nuclidic purity given in Appendix 13, ‘° Radioactivity (1974 revision).

Soluble radioactivity. Place a measured volume of Macrosalb (131]) Injection
in a centrifuge tube, and determine the net radioactivity in a suitable
counting assembly. Centrifuge at 1000 g or more for a minimum of 5 min-
utes. Separate the supernatant liquid by aspiration, and determine its
net radioactivity in a suitable counting assembly. Not more than 5 per
cent. of the radioactivity in the original sample is found in the supernatant
liquid after centrifugation.

Microscopic examination. Observe the size distribution of a representative
sample contained in a suitable chamber by optical microscopy using a
micrometer attachment, or by reference to a haemocytometer grid. No
particle shall have a dimension greater than 150 pm.

Biological distribution. Inject a suitable volume into the tail vein of.each of
3 rats, using a hypodermic needle of a minimum of 0.32 mm internal bore
size. After a period of 5 minutes observe the distribution of radioactivity
in the animals by any suitable means, such as dissection and measurement
of radioactivity in the organs, or by an external measurement technique.
In no animal shall there be less than 90 per cent. of the administered dose
in the lungs.
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Pyrogens. Complies with the Test for Pyrogens (Appendix 43), using a -

quantity corresponding, at the reference date and hour stated on the
label, to not less than 25 pCi per kg of the rabbit’s weight.

Assay. Determine the radioactivity in suitable counting equipment by com-
parison with a standardized iodine-131 solution or by measurement in an
instrument calibrated with the aid of such a solution. The method chosen
should take cognizance of the fact that the product is a suspension.

Standardized iodine-131 solutions are available from national stan-
dardizing laboratories. —

Storage. Macrosalb (13lI) Injection should be stored at a temperature
between 2° and 10°. Other conditions of storage should comply with the
requirements stated under “ Storage ” in Appendix 13, “ Radioactivity ”
(1974 revision).

Labelling. Macrosalb (31I) Injection should be labelled as specified under
“ Labelling ” in Appendix 13, “ Radioactivity ” (1974 revision), the label
also giving the information on storage temperature.

MACROSALBUM (*=Tc) INJECTIO
Macrosalb (°*2Tc) Injection

Macrosalb (**Tc) Injection is a sterile suspension of human serum
albumin that has been labelled with technetium-99m and has been denatured
in such a manner as to form insoluble aggregates. It is suitable for intra-
venous administration.

The human serum albumin employed shall contain not more than 5 per
cent. of globulins and shall comply with the national regulations of the
country in which the Macrosalb (*™Tc) Injection is employed. The human
serum albumin used for this preparation should have been suitably treated
to prevent the transmission of serum hepatitis (e.g., by heating in an aqueous
solution for 10 hours at 59.5° to 60.5°). .

The content of technetium-99m is not less than 90.0 per cent. and not
more than 110.0 per cent. of that stated on the label, at the reference date
and hour stated on the label.

The specific activity of the preparation is not less than 1.0 mCi of
technetium-99m per mg of macroaggregated human serum albumin at the
time of administration.
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- - . The radioactivity is virtually all present in particles with mean dimen-
sions in the range of 10 to 100 pm, and no particle shall have a dimension
greater than 150 pm.

The product is prepared under strict aseptic conditions because terminal
sterilization is not practicable. It may contain antimicrobial, reducing,
chelating, and stabilizing agents, buffers, and nonaggregated human serum
albumin. :

The radioactive half-life of technetium-99m is 6.02 hours.

Description. A dilute suspension of white or faintly yellow particles, which
may settle on standing.

Identification

A. Complies with the test for identification described under ““ Natrii
Pertechnetatis (***Tc) Injectio . s )

B. The test for soluble radioactivity below serves to characterize the
physical nature of the product.

Reaction. pH 4.0 to 7.0.

Radionuclidic purity. Complies with the requirements for radionuclidic
purity described under * Natrii Pertechnetatis (*™Tc) Injectio ”.

Soluble radioactivity. Place a measured volume of Macrosalb (**™Tc)
Injection in a centrifuge tube and determine the net radioactivity in a
suitable counting assembly. Centrifuge at 1000 g or more for a minimum
of 5 minutes. Separate the supernatant liquid by aspiration, and deter-
mine its net radioactivity in a suitable counting assembly. Not more than
10 per cent. of the radioactivity in the original sample is found in the super-
natant liquid after centrifugation.

Microscopic examination. Observe the size distribution of a representative
sample contained in a suitable chamber by optical microscopy using a
micrometer attachment, or by reference to a haemocytometer grid. No
particle shall have a dimension greater than 150 pm.

Biological distribution. Inject a suitable volume into the tail vein of each
of 3 rats using a hypodermic needle of a minimum of 0.32 mm internal
bore size. After a period of 5 minutes, observe the distribution of radio-
activity in the animals by any suitable means, such as dissection and meas-
urement of radioactivity in the organs, or any external measurement tech-
nique. In no animal shall there be less than 80 per cent. of the administered
dose in the lungs.
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Pyrogens. Complies with the Test for Pyrogens- (Appendix 43), using a -
quantity corresponding, at the reference date and hour stated on the label, .
to not less than 250 pCi per kg of the rabbit’s weight.

Assay. Determine the rad10act1v1ty in suitable countmg equ1pment by
comparison with a standardized technetium-99m solution or by measure-
ment in an instrument calibrated with the aid of such a solution. The
method chosen should take cognizance of the fact that the product is a
suspension.

Standardized solutions of technetium-99m are avallable from national
standardizing laboratories.

Storage. Macrosalb (**Tc) Injection should be stored at a temperature
between 2° and 10°. Other conditions of storage should comply with the
requirements stated under ““ Storage ” in Appendix 13, “Radioactivity ”
(1974 revision). '

Labelling. Macrosalb (***Tc) Injection should be labelled as specified
under “ Labelling” in Appendix 13, ‘ Radioactivity ” (1974 revision),
the label also giving the information on storage temperature.

NATRII CHROMATIS (5*Cr) INJECTIO
Sodlum Chromate (*'Cr) Injection
1974 Revision

Sodium Chromate (*1Cr) Injection is a sterile solution of sodium chro-
mate (51Cr) made isotonic with blood by the addition of Sodium Chloride.

Chromium-51 is a radioactive isotope of chromium and may be prepared
by the neutron irradiation of chromium, either of natural isotopic composi-
tion or enriched in chromium-50.

The content of chromium-51 is not less than 90.0 per cent. and not
more than 110.0 per cent. of the content of chromium-51 stated on the
label, at the reference date and hour stated on the label.

The specific activity is not less than 20 mCi per mg of chromium at the
reference date and hour stated on the label.

The solution is sterilized by Method 1 - Heating in an autoclave described
under “ Injectiones ” in Ph. Int. II.

The radioactive half-life of chromium-51 is 27.7 days.

Description. A clear, coloutless or faintly yellow solution.
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- Identification. The gamma-ray spectrum, measured in a suitable instrument,
is identical with that of a standardized chromium-51 solution ; the most
prominent gamma photon has an energy of 0.320 MeV.

Reaction. pH 5.0 to 8.0."

Radionuclidic purity. Complies with the general requirements for radio-
nuclidic purity given in Appendix 13, * Radioactivity ” (1974 revision).
Radiochemical purity. Carry out ascending paper chromatography as
described in Appendix 14, “ Chromatography . Apply about 10 pl of the
sample to the paper and immediately develop for one hour with a mixture
of 5 parts of water, 2 parts of ethanol (95 per cent.) R and 1 part of strong
ammonia R. The cationic chromium remains at the starting-point and the
chromate ion has an Rf of about 0.9. Allow the chromatogram to dry in
air and determine the areas of radioactivity by a suitable method. Not
less than 90 per cent. of the total radioactivity is in the spot corresponding
to the chromate ion. o

Total chromate. Not more than 100 ug per mCi of chromate ion at the
reference date and hour stated on the label. R

Determine the content of chromium by measuring the absorbance
of a 1-cm layer of the solution at 370 nm and calculating the result from
the absorbance of a 0.00017 per cent. w/v solution of potassium chromate R
adjusted to pH 8.0 by the addition of sodium bicarbonate R.

Assay. Determine the radioactivity in suitable counting equipment by
comparison with a standardized chromium-51 solution or by measurement
in an instrument calibrated with the aid of such a solution.

Standardized chromium-51 solutions are available from national
standardizing laboratories.

Storage. Complies with the requirements stated under Storage > in
Appendix 13, ““ Radioactivity ” (1974 revision).

Labelling. Sodium Chromate (*Cr) Injection should be labelled as specified
under “ Labelling ” in Appendix 13, *“ Radioactivity ” (1974 revision).

NATRII IODIDI (1%51) SOLUTIO
Sodium Iodide (*2°I) Solution
1974 Revision ’ |
Sodium Todide (*#%I) Solution is a solution suitable for oral administra-

tion containing sodium iodide (*25I). It also contains sodium thiosulfate
or other suitable reducing agent. S ,
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