
IAEA-TECDOC-649

Preparation of kits for
"7cm radiopharmaceuticals

c
INTERNATIONAL ATOMIC ENERGY AGENCY ^ /AV:

May 1992



The IAEA does not normally maintain stocks of reports in this series.
However, microfiche copies of these reports can be obtained from

INIS Clearinghouse
International Atomic Energy Agency
Wagramerstrasse 5
P.O. Box 100
A-1400 Vienna, Austria

Orders should be accompanied by prepayment of Austrian Schillings 100,
in the form of a cheque or in the form of IAEA microfiche service coupons
which may be ordered separately from the INIS Clearinghouse.



PREPARATION OF KITS FOR "Tcm RADIOPHARMACEUTICALS
IAEA, VIENNA, 1992
IAEA-TECDOC-649
ISSN 1011-4289

Printed by the IAEA in Austria
May 1992



FOREWORD

The safe practice of nuclear medicine requires the continuous supply of
high quality radiopharmaceuticals prepared under strict Good Manufacturing
Practices (GMP) guidelines. In some Member States radiopharmacies have
been established for the purpose of ensuring the production of high quality
products by following standardized preparation and quality control
procedures. These efforts have resulted in reducing costs and increasing
the efficiency of resource utilization.
There are, however, many other countries which are initiating programmes
for the local production of radiopharmaceuticals but which do not have the
experience and the necessary information for the formulation of
radiopharmaceutical kits. This drawback is being addressed by the Agency
through its Technical Co-operation Programme as well as the publication and
dissemination of relevant information.
The main purpose of this document is to provide basic guidelines for the
formulation of the most common 'first generation radiopharmaceutical kits'
for the benefit of scientists intending to start an in-house radio-
pharmaceutical programme. It also includes monographs describing quality
assurance procedures in an effort to strengthen the practice and
utilization of GMP concepts.
Thirteen "Tcm radiopharmaceuticals have been selected because of
their wide uses in the practice of nuclear medicine in developing
countries, and because of the relative simplicity of their kit formulation.
The manuals and monographs included in this document are based on the
experience accumulated over many years by the authors Dr. B. Johannsen from
the Nuclear Medicine Clinic of the Humbolt University, Berlin, Germany, and
Dr. D.V.S. Narasimhan from the Board of Radiation and Isotope Technology,
Bombay, India. It also incorporates the comments of several well known
experts in the field who have reviewed the document.
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1. INTRODUCTION

Due to a rare combination of nuclear and chemical properties, "Tcm
has come to be recognized as the workhorse of diagnostic nuclear medicine.
Two factors have contributed towards this unique position of "Tcm.
They are (a) availability of "Tcm from convenient generator systems
involving simple and reliable operations and (b) development of a variety
of kits for formulating a wide range of "Tcm radiopharmaceuticals in
the hospitals with assured safety and purity.
The objective of this document is to present to those who intend to launch
a kit preparation programme a set of preparation procedures and other
relevant information gathered during kit production over a period of more
than a decade, to serve as a good starting point. The manuals and
monographs included in the document are based on the experience gained in
two major centres. The publication of this material is intended to give a
typical example, and not the only possible procedure for preparing the
kits. Following the essentials of these kit preparation procedures, it is
always possible to make alterations to the composition of the kits. In any
case, it is strongly recommended that the potential user of the document
optimizes his kit preparation under the prevailing local conditions and
regulations.
This publication details preparation under Good Manufacturing Practices
(GMP) of thirteen widely used "Tcm radiopharmaceuticals and their
quality assurance practices.

The kits described here concern widely used "Tcm radiopharmaceuticals
which do not require a Single Photon Emission Computed Tomography (SPECT)
camera. These examples of the 'first generation' of kits are not very
intricate to prepare. Although it is advisable to have only one agent for
a given intended use, a few agents for each purpose, e.g. EHDP and MDP for
bone imaging, have been included in the document so that the reader can
have some flexibility in selecting a particular kit.
Eefs [1,2]

2. KITS FOR "Tcm RADIOPHARMACEUTICALS

2.1. Basic chemistry
The starting material for preparation of "Tcm radiopharmaceuticals
is "Tcm pertechnetate obtained from "Mo/"Tcm generators. The
specifications of "Tcm pertechnetate obtained through different
processes are described under several pharmacopoeia, such as United States
Pharmacopoeia (USP), British Pharmacopoeia (BP) or European Pharmacopoeia
(EP), and other documents. The radionuclidic impurities present in
"Tcm pertechnetate are carried over to the "Tcm radiopharmaceuticals
as well. The chemical and radiochemical purity of "Tcm pertechnetate
may have a direct influence on the labelling reactions. Variation on the
quality of "Tcm pertechnetate from different sources was a problem
sometimes encountered a decade ago. This has been largely overcome in
today's "Tcm generators. However, the compatibility of "Tcm
from different sources with kits still cannot be taken for granted and
should be tested for the kit procedures.



In essence, "Tcm radiopharmaceutical preparation is a complex
formation of a given ligand with "Tcm at a technetium oxidation
state lower than +7. The exact composition and structure of the
complex(es) formed are not known with certainty. In colloids or particles
the reduced "Tcm species are less defined and are stabilized rather
non-specifically. Depending on the reaction conditions, in some
"Tcm/ligand systems various complexes with different biological
behaviour may be formed. Hence, in all "Tcra labelling procedures
"Tcm pertechnetate is reduced to a reducing agent, followed by
formation of stable chelate complex(es) with the ligand, or by binding to
suitable particles. The reduction of 99icm pertechnetate in
preparing most of the "Tcm radiopharmaceuticals can be
advantageously carried out using stannous ions in view of its high
reduction efficiency, ease of handling and low toxicity.

The general scheme for reactions taking place in the preparation of
"Tcm compounds is given as follows:

Tc(V)
Tc04" + Sn+2/ligand ——> Tc(IV) complex(es) or polymers

Tc(III)
H20

red. hydrolyzed Tc
The amount of the ligand to be used for 93Tcm complex formation is
selected primarily to suppress hydrolysis completely and is based on the
toxicity data allowing for sufficient safety factor.
The sequence of steps in preparation of "Tcm radiopharmaceuticals
are: (a) preparation of the Sn(II) complex of the compound, (b) reduction
of "Tcm pertechnetate with Sn(II) complex with simultaneous binding
of the reduced "Tcm to the ligand compound.

Once the amount of this compound is fixed, the other conditions are
carefully standardized to get optimum radiochemical purity and
reproducibility. The important parameters that should be evaluated are:

amount of Sn(II) ions to be used
pH of the reaction
effect of trace impurities (e.g. A1+3, MoO^2)
heating, if necessary.

Since at the present moment no simple physico-chemical method is
established for separating the various components arising out of these
"Tcm complexing reactions, standardization is usually carried out
using Chromatographie methods in conjunction with biodistribution studies
in laboratory animals.
The reaction conditions once standardized should be meticulously followed
with appropriate quality control on all the ingredients used including
"Tcm pertechnetate.

2.2. Kit preparation
Kits contain, as the non-radioactive precursor of the "Tcm
radiopharmaceutical, sterile pretested essential ingredients for the simple
and convenient preparation of the radiopharmaceuticals in a closed system.
The most popular form of kits is based on stabilizing the stannous ligand
complex by freeze-drying against air oxidation and hydrolysis. Even though



other forms of kits like liquid or frozen solutions under inert atmosphere
have also been used, the freeze-dried kits have an advantage in their long
shelf-life, the procedural reliability and ease of reconstitution into a
clear solution, or suspension in case of labelled colloids or particles,
suitable for parenteral administration. The long shelf-life of the kits,
of the order of 6 months, makes it possible to carry out thorough quality
control before release for human use. Hence procedures for preparing
freeze-dried kits alone have been described here. The composition of the
kits for any particular preparation described in the literature vary
somewhat with respect to the amounts of ingredients, pH, and other
additives. Each one of them"could result in a product acceptable for the
intended use. A comparative study of such procedures with a view to
standardization of a single acceptable formulation has not yet been
attempted. The procedures given in this document have been used over many
years for kit preparation with acceptable results. Nevertheless, they
cannot be claimed as the only procedures or the best procedures.
Similarly, the "Tcm radiopharmaceuticals described here have been
included primarily with a view to help the beginner in the kit preparation
to start the programme and produce them with the resources easily
available. It is also to be kept in mind that many of these kits are
finding an increasing number of applications other than those originally
intended such as "Tcm pyrophosphate for myocardial infarct imaging,
"Tcm glucoheptonate for lung tumour imaging, and 99Tcm DTPA
for in vivo labelling of red blood cells. The same logic applies to the
analytical procedures described here and variations, such as in
Chromatographie systems and choice of animals, have been reported.

3. GOOD MANUFACTURING PRACTICES (GMP)
IN KIT PREPARATION

3.1. GMP in kit preparation

GMP is broadly defined as a comprehensive system, designed, documented and
implemented, and furnished with personnel and equipment such that the
finished products will be of a quality appropriate to their intended use.
GMP guidelines have been well documented and accepted for implementation in
conventional pharmaceutical industry. Consequently, 9?Tcm kit
preparation has also to be carried our according to these general
guidelines. This concerns the premises, equipment, hygiene, starting
materials, preparations, labelling and packaging, storage, the quality
control system, and documentation.
Besides implementing GMP, the preparation and use of the kits is, of
course, subject to legal regulations by national authorities.
3.2. Personnel
The personnel deployed for kit preparation and testing should be well
qualified and trained. They should be graduates in either chemistry or
pharmacy with additional training in radiochemistry and
radiopharmaceuticals.
In many places formal, regular training in these areas is not available.
It is often necessary to provide on-the-job training in centres producing
kits. A new recruit to the facility should be given adequate on-the-job



training before deploying for kit preparation. It is desirable to divide
the responsibilities for kit preparation and their quality control between
two independent persons.
3.3. Premises

Kit preparation must be performed in premises of defined cleanliness.
According to GMP, for the manufacturing 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 provided with air supply which is filtered through a
microbes retaining filter, and entered through an airlock. Hence,
provision of a laminar air flow (LAF) bench, which provides such an
atmosphere for preparing and dispensing of kit solutions, is essential. In
addition, the area in which the benches are installed should be designed
and maintained clean.

The typical premises for preparation of kits may consist of two rooms of
approximate size 4 m x 8 m each, and additional areas for packaging,
storage and service. An example is given in Fig. 1.
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FIG. 1. Typical plan for a kit preparation laboratory (8m X 8m).
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It is suggested that all preliminary work, such as cleaning and
sterilization of glassware, containers, closures, filters and preparation
of bulk solutions for the kits are performed in the room adjacent to the
kit preparation and dispensing room that is interconnected by hatches for
material transfer. All surfaces in the area should be designed to
facilitate cleaning and disinfection. To keep the contamination to a
minimum in the dispensing room, equipment should be reduced to the minimum
necessary. It is advisable to house equipment such as LAF benches,
freeze-drying unit, etc. in such a way that only the working areas are
accessible to the dispensing room.
A periodic sanitation programme for the premises indicating cleaning
procedures and cleaning intervals, such as given in Appendix A.I, should be
designed and implemented. The contamination level in the room as well as
dispensing areas should be monitored at regular intervals.
Ref. [3]

3.4. Equipment

In addition to standard laboratory equipment, such as work benches and
storage cabinets, essential equipment for kit preparation includes
LAF bench, freeze-dryer, deep-freezer, membrane filtration device,
microbalance, autoclave for sterilization and dry-air sterilizer.

3.4.1. Laminar air flow (LAF)' bench

Standard LAF benches, either of the vertical or horizontal air flow type or
others, can be used as far as they meet the requirements as outlined in
British Standard 5295 Class 1, which specifies that the particle count in
the environment shall not exceed a total of 3000 particles/m3 of a size
of 0.5 urn or greater and the greatest particle present in any sample
shall not exceed 5 urn. To achieve this the air supply to the LAF bench
should be filtered through HEPA filters with a minimum efficiency of
99.995%. LAF benches are also sometimes specified in terms of Federal
Standard 209A (1966) and NASA Standard NHB 5340.2 (1967) as Class 100,
i.e. less than 100 particles per cu. ft of size 0.5 urn or more. After
the installation of a LAF bench the conformation to the standard must be
verified prior to use in kit preparation.
The LAF bench should be disinfected before use by swabbing with an
appropriate disinfectant, e.g; aqueous alcohol. The performance of the LAF
bench should be regularly checked by measurement of air velocity and
periodical exposure of nutrient agar culture plate in the working area to
detect microbial contamination.
3.4.2. Membrane filtration device
Presterilized disposable membrane filtration (0.22 urn pore size) devices
or reusable filtration devices made of either plastic or glass or stainless
steel could be used. The membrane filter should be checked for leakage
("bubble point" test) and not be used more than once. For filtration of
nitrogen gas for purging solutions or for sealing the vials under nitrogen
atmosphere membrane filters meant for gas filtration should be used.
3.4.3. Freeze-drying
A shelf type freeze-drying unit capable of accommodating about 200 vials of
10 cc capacity each can be typically used. The unit should have facilities
for stoppering the vials under vacuum or nitrogen gas by mechanical means.
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The other operational features are: (i) mechanical condenser capable of
reaching a temperature of less than -40°C, (ii) an ice removing capacity of
more than 2 kg in 24 h operation, (iii) capable of retaining a vacuum of
less than 50 torr without load, (iv) facility for cooling and heating the
shelf from ~40°C to +40°C by a circulating fluid, (v) facility for
monitoring the above parameters as well as the product temperature.
On installation of the equipment, and each time prior to loading of the
samples, the freeze-dryer should be operated without load, and performance
of the machine with respect to the above parameters checked.

However, it should be mentioned that freeze-drying is an intricate process
and careful standardization of the various parameters are essential to get
a good product.
3.5. Containers and closures
3.5.1. Containers
For dispensing the kit formulations USP type-1 flint neutral borosilicate
glass vials of capacity 100 cc are commonly used. The vials should be
obtained from reputed sources and certified for conformity to USP
specifications (USP XII p.1571) or specifications in other reputed
pharmacopoeia. Cleaning and sterilizing protocols for the vials should be
established and followed. Brief specifications and a typical cleaning
protocol are given in Appendix A.2 to serve as a guideline.
Other glassware, such as beakers, measuring cylinders, graduated pipettes,
glass rods, filters, flasks, etc. made of good quality borosilicate glass
are used. They should also be cleaned and sterilized as per established
protocol such as given in Appendix A.2 for glass vials.
3.5.2. Rubber stoppers

Rubber stoppers with split ends for use in freeze-drying operations should
be purchased from reputed sources certified for conformity to the
biological and physicochemical tests described in USP XXII p.1533 or other
reputed pharmacopoeia. Cleaning and sterilizing protocols for rubber
stoppers should be established. Brief specifications and a typical
cleaning procedure are given in Appendix A.3 for guidance.

3.6. Process
The general formulation process for "Tcm kit preparation essentially
consists of the following simple steps:
(a) Weighing and dissolution of stannous chloride in dilute

hydrochloric acid.
(b) Weighing and dissolution of the ligand in water or dilute alkali.

(c) Addition of the required amount of stannous chloride solution to
the ligand solution with constant stirring.

(d) Adjustment of the pH to the required value using a pH meter.

(e) Sterilization of the above solution by membrane filtration
(0.22 urn).

12



(f) Dispensing of this solution aseptically into sterile vials.

(g) Freeze-drying.

The steps in the freeze-drying process are:
i. Introducing the vials containing the dispensed solution into the

freeze-dryer.
ii. Freezing the dispense_d solution - alternately this can be done

outside either in a d'eep-freezer or by immersing the vials into
liquid nitrogen and the frozen samples introduced into the
freeze-dryer.

iii. Cooling the condenser to less than -4Q°C.

iv. Evacuating the system to less than 0.1 torr*.

v. Providing controlled heat input to the product during freeze-drying
cycle.

vi. Sealing the vials under vacuum or under nitrogen gas in the
freeze-dryer after completion of the drying cycle.

To obtain a product of reliable and reproducible quality, the process
parameters should be continuously monitor3«' throughout the cycle. This
should be properly recorded in case of every batch. Deviations should be
avoided. A typical freeze-drying diagram showing the various parameters is
given in Fig. 2,
The normal lyophilization cycle is for 24 h. However, when the salt
concentration is high and when the volume taken in the vial is more than
1 mL it may be required to extend the cycle to 48 h. The physical
appearance of the final product would very much depend on the solid content
in the dispensing solution. A few people have also found addition of inert
substances like inositol, dextrose, etc., helpful in the freeze-drying
process.
It is expected that the product will be dry following the freeze-drying
cycle given under the individual procedures. A qualitative test should be
carried out approximately one week after freeze-drying, by observing the
kit contents. No change in the physical appearance of the product such as
shrinkage or water droplets should be seen. It is possible to determine
the moisture content in the kit by Karl Fischer titration (see Ref. [11]).
This may be carried out wherever the facilities permit.
3.7. Records and record keeping
Documentation of the various stages of the kit preparation including
maintenance of premises, raw materials and ligands, processing of the kits,
results of test procedures, and the supply of the kits is an essential
aspect of Good Manufacturing Practices. A master copy of the compilation
of all preparation procedures and testing methods for various kits as well
as their specifications should be prepared and made available for reference
to the personnel involved in the kit preparation and analysis. These
procedures may be periodically reviewed in the light of the in-house

* 1 torr = 1.333 x 102Pa.
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FIG. 2. Typical freeze-dtying cycle for Tc'"-EHDP (sample pre-frozen with liquid nitrogen).

experience and recent developments reported in the literature. Any
modification in the existing procedures should be introduced in routine
practice only after its satisfactory validation and should be authorized
preferably in writing by the most senior person in the unit. These should
be effectively communicated to all the persons involved in the kit
preparation work as well as the user.
Log books, preferably printed, giving details of kit processing should be
maintained. Typically this should include details of raw materials,
containers, glasswares, processing details, batch number, identification
numbers, history of use, test results and any other relevant information.
A representative production data sheet for kit for "Tcm DTPA is
given in Appendix A.4 for guidance. This may be suitably modified keeping
intact the essential information. Similar signed records of the results of
the tests as given in the individual monographs should also be kept.
The raw material chemicals, stock solutions and ligands for use in kit
preparation should preferably be given an in-house batch number after
acceptance by due analysis, the analysis date and the date beyond which it
is not recommended to be used. Complete record of their procurement, use,
analysis and disposal should be maintained in a log book. In addition to
the original label on the containers giving the manufacturer's batch
number, the in-house identification numbers for use in kit preparation such
as the batch number, date of analysis, name of the institutions, etc.,
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should be affixed on the container to clearly indicate that the reagent is
for use in radiopharmaceutical production. Since the quantities of
reagents and ligands used in kit preparation are small and, to avoid
contaminating the bulk reagents and ligands by frequent handling, it may be
advantageous to redistribute them in smaller vials, close them airtight and
store them safely. Once identified for use in kit preparation it is
preferable to store them in safe custody for exclusive use in kits,
avoiding mix-up with other chemicals.

3.8. Batch control samples

Sufficient number of samples from each batch should be kept aside under
safe custody during the lifetime of the product. In case of receipt of
complaints regarding the kit, the batch control samples can be used to
recheck the product quality and identify reasons for complaints.

3.9. Legal aspects

Since the kits for 99Tcm formulations are intended for use in humans,
it is expected that these should be subject to procedural clearances as
(radioactive) drugs in the respective countries. Efforts should be made to
involve the drug administration authorities and obtain clearances for the
regular human use of the kits either through existing procedures or by
forming appropriate committees of specialists consisting of drug control
authorities, radiopharmaceutical and radiation protection experts, and
nuclear medicine physicians tor scrutinizing and clearing human use of the
kits. The manuals and monographs presented here have been made also
keeping in mind this necessity to present the details of the kits for such
a clearance.

4. CHEMICALS USED IN KIT PREPARATION:
SPECIFICATIONS AND TESTING

4.1. Introduction
As per good manufacturing practices, it is necessary to set standards for
all the chemicals, reagents, and stock solutions used in kit preparation
and test each and every batch of these for conformity with the set
standards. It may be difficult to define unique standards for all the
chemicals and solutions for using in kit preparation even though in certain
cases it is reported that even commercially available high-purity chemicals
may not be adequately pure for kit preparation. The tracer levels in which
"Tcm is present and rather low levels of reducing agents used would
render the kits vulnerable to even traces of unknown impurities present in
starting materials. Identification of any such impurity and setting up
limits for them, for use in kit preparation can be expected to take place
only after documentation of a lot more data. Nevertheless, to comply with
GMP it is advantageous to adopt standards already available elsewhere for
chemicals and materials even though these standards alone many not assure
their suitability for use in kit preparation. Hence the approach suggested
here in general is to adopt standards from reputed pharmacopoeia for
chemicals and reagents described in them. If not, standards set for analar
reagent or guaranteed reagent are adopted or else specification is drawn
from sources such as Merck Index and manufacturer's data. Alternate
approaches for setting standards are always possible and the user, based on
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experience, could set his own standards with the guidelines described. The
need for setting standards for all starting materials and testing for
compliance for these standards are emphasized as part of GMP.
It is neither expected nor practical for a small scale kit producer to
carry out all the tests required. The tests can be done at another
approved laboratory equipped to carry out such tests. Where such
facilities are not available the materials should be procured from reputed
suppliers certified for conformity to the standards and certain minimum
tests such as physical appearance, colour, clarity of solutions,
identification and assay be Carried out by the user.

The shelf-life of the chemicals and ligands after testing is another
important factor which should be considered as a part of GMP. It is
desirable to fix the shelf-life of all the ingredients used in kit
preparation from the time of preparation or manufacture or from the time of
compliance testing as a part of GMP. Hence, in cases of chemicals having
limited stability, the shelf-life is fixed based on its stability. For
chemicals of pharmaceutical origin the expiry is prescribed by the
supplier. Many other chemicals and ligands used in kit preparation are
known to be useful over many years, when properly stored and used. Hence
while fixing the shelf-life for chemicals various factors such as the cost
of the material, the rate of use, chances of microbial contamination,
chemical and physical changes on storage, availability and storage
conditions should be carefully evaluated.

4.2. Chemicals
4.2.1. Water for injection (sterile)
Sterilized distilled water free from pyrogens is prepared by distilling
potable water from a neutral glass or metal still fitted with an efficient
device for preventing entrainment; the initial portion of the distillate
is rejected and the reminder is collected into sterile neutral type-I glass
vials (e.g. 100 cc capacity) sealed and immediately sterilized by heating
in autoclave without the addition of bactéricide. It is stored in single
dose containers. Standards and test details for water for injection are
given in pharmacopoeia (e.g. USP XXII p.1456).

The specifications in brief are:
Description: Clear, colourless odourless liquid; pH: 5-7; passes limit
tests for chloride, sulfate, ammonia, calcium, C02, heavy metals
oxidisable substances, total solid, pyrogens, sterility, bacterial
endotoxins and particulate matter.
Water for injection from commercial sources certified for conformity to
pharmacopoeial specifications may also be used.
After procurement it should be visually inspected for absence of coloured
substances and particulate matter.
Storage and packaging: It should be stored airtight, and clearly labelled
(see also 'Records and record keeping': Section 3.7) and used not longer
than 6 months after testing.
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4.2.2. Sodium chloride
NaCl
M.W. 58.44

The specifications for sodium chloride and test details are given in
pharmacopoeia such as USP XXII p.1255.
The specifications in brief are:
Description: Colourless cubic crystals or crystalline powder.
Solubility: Freely soluble in water, slightly in alcohol.

Identification: Test for sodium and chloride positive. Passes limit tests
for acidity or alkalinity, arsenic, loss on drying, barium, heavy metal,
iodide and bromine, sulfate, Ça, Mg, Iron, sodium ferrocyanide, and assay.
Commercial products from reputed sources certified for conformity to
pharmacopoeial specifications may also be used.

Storage and packaging: It should be stored airtight, clearly labelled (see
also 'Records and record keeping': Section 3.7) and used not longer than
1 year after testing.
4.2.2.1. Sodium chloride injection
Sodium chloride injection is prepared by dissolving 9 g of NaCl in 1 litre
water for injection, filtering, dispensing into sterile USP type-I glass
vials, sealing and sterilizing by autoclaving. The standards and test
details for sodium chloride injection is given in pharmacopoeia,
e.g. USP XXII p.1255.
The specifications in brief are:
Description: Clear colourless isotonic solution containing no
antimicrobial agents; pH 4.5-7.0.
Identification: Test for sodium and chloride positive. Passes limit tests
for iron, heavy metals, particulate matter, assay and pyrogens.
Commercial products from reputed sources certified for conformity to
pharmacopoeial specifications may also be used.

Storage and packaging: It should be stored airtight clearly labelled (see
also 'Records and record keeping': Section 3.7) and used not longer than
6 months after testing.
4.2.3. Hydrochloric acid

HC1
M.W. 26.46

The specifications of hydrochloric acid and the test procedures are
described in national and international pharmacopoeia, such as
USP XXII, p.1937.
The specifications in brief are:
Description: Clear colourless, fuming liquid with Sp. gravity 1.18.
Identification: Test for chloride positive. Passes limit tests for
bromide, iodide, free bromine or chlorine, sulfate and sulfite, arsenic,
heavy metals, residue on ignition and assay.
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Commercial products from reputed sources certified for conformity to
pharmacopoeia! specifications may also be used.
Storage and packaging: It should be stored closed and airtight, clearly
labelled (see also 'Records and record keeping': Section 3.7).

4.2.4. Stannous chloride
SnCl2.2H20
M.W. 225.65

For kit preparation, a product certified for conformity with standards as
Analytical Reagent or Guaranteed Reagent or of equal specification should
be used. The specifications and test procedures are given in Analar
Standards, UK VI edition, 1967, p.555.

The specifications in brief are:
Description: Colourless crystals.
Assay: Hot less than 97% SnCl2.2H20. Passes limit tests for
Insol. matter, sulfate, alkalis and other metals, ammonium, arsenic, iron,
lead.
Commercial products from reputed sources certified for conformity to these
specifications may also be used.
Storage and packaging: Storage and handling of the product has to be done
very carefully due to its vulnerability towards air oxidation and
hydrolysis. It is recommended that the assay test be periodically repeated
on the sample after the initial analysis. Store airtight protected from
light.. It should be stored clearly labelled (see also 'Records and record
keeping': Section 3.7).
4.2.5. Sodium hydroxide

NaOH
M.W. 40.00

Specifications and test details are given in pharmacopoeia (e.g. USP XXII
p.1980).
The specifications in brief are:
Description: White sticks, scales, pellets, which are.dry hard and
brittle, breaking with a crystalline fracture.
Identification: Test for Na positive.

Almost completely soluble in 1 part of water. When exposed to air, rapidly
absorbs moisture.
Passes limit tests for insoluble substances, organic matter, heavy metals,
potassium and assay.
Commercial products from reputed sources certified for conformity to
pharmacopoeial specifications can be used.
It should be stored in airtight, plastic containers clearly labelled (see
also 'Records and record keeping': Section 3.7) and used not longer than
1 year after testing.
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4.2.6. Sodium acetate
CH3COOKa.3H20
M.W. 136.1

Colourless crystals or a white crystalline powder which is efflorescent in
warm air and has a cooling, saline slightly bitter taste. It may have a
very faint odour of acetic acid.
Soluble in less than one part of water.

Specifications and test procedures for sodium acetate are given in
pharmacopoeia (e.g. USP XXII p.1250).
The specifications in brief are:
Identification: Test for sodium and acetate positive, pH of 5% solution
7.5-9.2. Passes limit tests for loss on drying, insoluble matter, Ca, Mg,
K, heavy metals, chloride, sulfate, As and assay.
Commercially available products certified for conformity to pharmacopoeial
specifications can be used.
Storage and packaging: It should be stored airtight, and clearly labelled
(see also 'Records and record keeping': Section 3.7).
4.2.7. Ascorbic acid (L-ascorbic acid)

C6H806
M.W. 176.13

Almost odourless, colourless crystals or a white or very pale yellow
crystalline powder with an acidic taste.

Soluble at 20°C in 3.5 parts of water, 5% solution has a pH 2.2 to 2.5.
m.p. About 190°C (decomposition).
The specifications and test procedures are given in pharmacopoeia
(e.g. USP XXII p.109).
The specifications in brief are: Passes tests for identification, specific
rotation and limit tests for residue on ignition, heavy metals and assay.
Commercially available products certified for conformity to pharmacopoeial
specifications can also be used.
Stored in airtight containers free from contact with metal, protected from
light, clearly labelled (see also 'Records and record keeping': Section 3.7),
4.2.8. Sodium thiosulphate

Na2S203.5H20
M.W. 248.2

Odourless, colourless monoclinic prisms efflorescent in warm dry air and
slightly hygroscopic in moist air. Soluble in less than one part of water.
Specifications and test procedures are given in pharmacopoeia
(e.g. USP XXII p.1269).
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The specifications in brief are:
Identification: Test for Na and thiosulfate positive. Passes limit tests
for loss on drying, As, Ca, heavy metals and assay.
Commercial products certified for conformity to pharmacopoeial
specifications can be used.

Storage and packaging: It should be stored airtight, clearly labelled (see
also 'Records and record keeping': Section 3.7).
4.2.9. Nitric acid

HN03
M.W. 63.01

Colourless liquid, fumes in moist air.

The specifications and test procedures are given in pharmacopoeia such as
USP XXII p.1952.
The specifications in brief are:
Identification: Test for N03 positive; passes limit tests for clarity
and colour, residue on ignition, chloride, sulfate, arsenic, heavy metals,
iron and assay.
Commercially available products certified for conformity to pharmacopoeial
specifications can be used.

Storage and packaging: It should be stored airtight, protected from light,
and clearly labelled (see also 'Eecords and record keeping': Section 3.7).
4.2.10. Normal human serum albumin
Human serum albumin is a clear amber to deep orange brown liquid and
contains up to 25% w/v protein and not more than 0.65 mmol sodium, not more
than 0.05 mmol potassium ions and not more than_0.1 mmol of citrate ions
per gram of protein. It has a pH 6.7 to 7.3. It is stored protected from
light at 2-5°C. It should not be used if it has become turbid or contains
a deposit.
Specifications and test procedures are given also in pharmacopoiea,
(e.g. USP XX p.18).
The specifications in brief are: Passes tests for sterility, freedom from
pyrogen, HB5Ag, and limit tests for sodium, albumin and Heme contents.
The albumin solution can also be prepared by dissolution of human serum
albumin dried for which standards are described in pharmacopoeia
(e.g. BP 1971). Dried human albumin is a cream coloured powder. When
dissolved in water for injection as stated on the label the solution
contains 24 to 26% w/v of protein. It should be used immediately after
reconstitution.
Human serum albumin available from reputed commercial sources certified for
conformity to pharmacopoeial standards can be used.
Storage and. packaging: It is stored protected from light at 2-5°C. It
should not be used if it has become turbid or contains a deposit. It
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should be stored clearly labelled (see also 'Records and record keeping':
Section 3.7) and not used beyond the expiry dates on the label.

4.2.11. 3.5% gelatin solution
Faint yellow coloured, clear solution suitable for infusion. Commercially
available 3.5% gelatin infusion product certified for sterility and
apyrogenicity can be used (e.g. Hemacell from Hoechst). The solution can
be redispensed into smaller lots in sterile vials under aseptic conditions.

The gelatin solution should be stored in single use airtight containers at
2-5°C, and be clearly labelled (see also 'Records and record keeping':
Section 3.7.). It should be used within 3 months of dispensing.
The gelatin solution can also be prepared by dissolution of gelatin powder
in water for injection dispensing into sterile vials and sterilizing by
acetelaning. Specification and test procedures of Gelatin powder are given
in pharmacopoeia (e.g. USP XXII p.1932).

The specifications in brief are: Passes tests for identification,
raicrobial limits, residue on ignition, odour and water insoluble
substances, S02, As, heavy metals.

Storage and packaging: Storage and handling of the gelatin powder have to
be done very carefully due to its vulnerability towards microbial
contamination. Store protected from light. It should be stored airtight,
and clearly labelled (see also 'Records and record keeping': Section 3.7).
4.2.12. Rhenium metal

Re A.W. 186.207

Black to silver grey, colourless metal.
High purity metal > 99.9%. Commercially available products certified for
purity can be used.
4.2.13. Polysorbate 80

Tween 80

Polysorbate 80 is an oleate ester of sorbitol and its anhydrides
copolymerized with approximately 20 moles of ethylene oxide for each mole
of sorbitol and sorbital anhydrides.

It is a clear yellowish or brownish yellow oily liquid with an odour
characteristic of fatty acids with a slightly bitter taste.
Miscible with water. 5% solution has a pH of 6 to 8.

Specifications and test procedures are given in pharmacopoeia
(e.g. USP XXII p.1968).

The specifications in brief are: Passes tests-for identification, specific
gravity, viscosity, water content, residue on ignition, As, heavy metals,
acid value, saponification value and hydroxyl value.

Commercial products certified for conformity to pharmacopoeial
specifications can be used.
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Storage and packaging: Store protected from light. It should be stored
airtight, and clearly labelled (see also 'Records and record keeping':
Section 3.7).
4.2.14. Disodium hydrogen phosphate

Na2HP04.2H20
M.W. 177.98

The specifications and test procedures for disodium hydrogen phosphate are
given in pharmacopoeia (e.g. USP XXII p.1265).

The specifications in brief are:
Description: White crystals, soluble in water.
Identification: Test for Na, P positive.
Passes limit tests for water insoluble substances, chloride, sulfate, As,
heavy metals, loss on drying and assay.
Commercially available products certified for conformity to pharmacopoeial
specifications can be used.

Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).
4.2.15. Sodium dihydrogen phosphate

NaH2Pd4.2H20
M.W. 156.0

The specifications and test procedures are given in pharmacopoeia
(e.g. USP XXII p.1266).

The specifications in brief are:

Description: Colourless crystals, slightly deliquescent.
Identification: Test for Na and P positive.
Passes limit tests for solubility, pH, As, Ça, AI and related elements,
heavy metals, chloride, sulfate and assay.
Commercially available products certified for conformity to pharmacopoeial
specifications can be used.
It should be stored airtight clearly labelled (see also 'Records and record
keeping': Section 3.7).

4.3. Ligands
4.3.1. Methylenediphosphonic acid (MOP)

M.W. 176.00
m.p. 197-200°C

For kit preparation, a commercially available product certified for more
than 97% purity should be used. Alternately MDP could be synthesized using
the procedure given in 4.3.1 Annex. On receipt of a new batch of the
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product the following tests are recommended to be performed in order to
accept or reject the batch for kit preparation:
Description: White crystalline powder.
Identification: Keeping in mind the final intended use, it is recommended
that the product be evaluated in terms of radiochemical purity and
biodistribution by preparing a kit and the corresponding "Tcm
radiopharmaceutical. It should meet the specifications for radiochemical
purity and uptake in individual organs as described in the monograph for
the "Tcm MDP injection (Section 6.2).
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).
Annex: Synthesis of methylenediphosphonic acid

(a) Methylenediphosphonic acid tetraisopropyl ester:
In a four-neck sulphurating flask fitted with stirrer, thermometer, gas
distribution tube and a reflux condenser (60 cm long), a mixture of 208 g
(1 mol) triisopropyl phosphite and 58 g (0.33 mol) freshly distilled
methylenebromide is heated in a metal bath, undet slow stirring and purging
nitrogen through the solution, to maintain 135°C inside the flask, keeping
the temperature in the condenser at 60°C. The temperature of the metal
bath is continuously increased over a period of 18 h to 170°C leading to an
inside temperature of 165°C. Isopropyl bromide formed during the reaction
is distilled off with a condenser fitted on top of the reflux condenser.
The residual mixture is then distilled at 12 torr and a temperature up to
100°C to remove the first portion. The residue is finally distilled in
vacuum.
Yield: 95%. b.p. 97-100°C. Colourless and odourless liquid.
(b) Methylenediphosphonic acid:

In a l L round-bottom flask fitted with a condenser, 100 g of
methylenediphosphonic acid tetraisopropyl ester"are mixed with 500 mL of
cone. HC1 AR grade. The solution is heated to reflux for 5 h. Then the
solvent of the filtered solution is evaporated under reduced pressure. The
residue is dissolved in 30 mL water. To the stirred solution 500 mL of
glacial acetic acid is added gradually, leading to crystallization of MDP
acid, allowed to stand for 12 h. The crystals are filtered, washed with
ether and dried at 70°C under vacuum till the weight remains constant.
Yield: 95%. m.p. 197-200°C. Colourless and odourless crystals.
31P-NMR (H20):k =17.8 ppm (s)

Ref. [4]

4.3.2. Ethane-l-hydroxy-1,1-diphosphonic acid (EHDP)
C2H807P2.H20
M.W. 224.1 (EHDP acid monohydrate)

Until now, the product has not been available commercially. Synthesis
routes and identity and purity tests of the product for use in kit
preparation have been published (Ref. [5]).
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For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to accept or reject the batch for kit
preparation:
Description: White powder.
Identification: Qualitative analysis by potentiometric titration of the
product in acid form with NaOH: Tribasic titration curve showing
equivalence points at pH 4.4, 8.5 and 10.7.

NMR spectrum: Characteristic triplet peak due to phosphorus splitting of
the methyl hydrogens.
Keeping in mind the final intended use, it is recommended that the product
be evaluated in terms of radiochemical purity and biodistribution by
preparing a kit and the corresponding "Tcm radiopharmaceutical. It
should meet the specifications for radiochemical purity and uptake in
individual organs as described in the monograph for the "Tcm EHDP
injection (Section 6.2).
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).
Annex: Synthesis of 1-hydroxy-l, 1 ethane-l-hydroxy-l,

1-diphonic acid monohydrate
(a) Crude product:
To a mixture of 27 mL water and 90 g acetic acid in a 400 mL four-neck
flask fitted with a gas inlet tube, thermometer, stirrer and a condenser,
137.4 g phosphorus trichloride is added dropwise over 60 min, resulting in
an increase of the temperature to about 40°C. The stirred mixture is
boiled. After 2 h the temperature will rise to 120°C. With continued
stirring at the same temperature water vapour is bubbled through the
mixture until the distillate becomes almost free of acid. The reaction
mixture is concentrated in a rotary evaporator to yield crystals of HEDP
monohydrate. The product is isolated by suction and twice washed with
ether.
Yield: 94%. Colourless crystals, faint odour of acetic acid.

(b) Purification of EHDP acid monohydrate:
75 g crude EHDP acid, containing traces of phosphorous and phosphoric acid,
are dissolved in 25 mL slightly warmed water. After cooling to room
temperature 200 mL of glacial crystallization will take place after
15 min. Stirring is continued for 1 h. The crystals are isolated under
suction, twice washed with a small volume of ether and dried at maximum
temperature of 40°C in a rotary evaporator to yield EHDP acid monohydrate.

Refs [4,6]
4.3.3. Tetrasodium pyrophosphate

Na4P207.10H20
M.W. 446.07

For kit preparation a product certified for conformity with standards as
analytical reagent or generated reagent or of equal specification should be
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used. The specifications and test procedures are given in Analar
Standards, UK VI edition, 1967.
The specifications in brief are:
Description: Colourless crystals, passes limit tests for insoluble matter,
pH of aqueus solution, chloride, sulfate, iron, heavy metals and assay.
Keeping in mind the final intended use, it is recommended that the product
be evaluated in terms of radiochemical purity and biodistribution by
preparing a kit and the corresponding "Tcm radiopharmaceutical. It
should meet the specifications for radiochemical purity and uptake in
individual organs as described in the monograph for the "Tcm
pyrophosphate injection (Section 6.2).
It should be stored airtight and clearly labelled (see also 'Records and
record keeping': Section 3.7).
4.3.4. Diethylenetriaminepentaacetic acid (DTPA)

Free acid
Bis-(2-aminoethyl)amine-N,N,N',N'',N''. pentaacetic acid
M.W. 393.35
m.p. 219-222°C

For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to accept or reject the batch for kit
preparation.

Description: White crystalline powder soluble in dil.

Identification: Keeping in mind the final intended use, it is recommended
the product be evaluated in terms of radiochemical purity and
biodistribution after preparing a kit and the corresponding "Tcm
radiopharmaceutical. It should meet the specifications for radiochemical
purity and uptake in individual organs as described in the monograph for
the "Tcm DTPA injection (Section 6,2).
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).
4.3.5. Sodium gluconate

Sodium salt of D-gluconic acid
M.W. 218.14
m.p. 206-209°C under decomposition (on dried sample)

For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to accept or reject the batch for kit
preparation.
Description: White crystalline powder, freely.soluble in water.
Identification: Keeping in mind the final intended use, it is recommended
that the product be evaluated in terms of radiochemical purity and
biodistribution after preparing a kit and the corresponding "Tcra
radiopharmaceutical. It should meet the specifications for radiochemical
purity and uptake in individual organs as described in the monograph for
the "Tcm gluconate injection (Section 6.2).
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Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).

4.3.6. Sodium glucoheptonate
Sodium salt of alpha-D-glucoheptonic acid
M.W. 248.18
m.p. 171°C under decomposition (on dried sample)

For kit preparation, a product certified for more than 97% purity should be
used. On receipt of the product the following tests are recommended to be
performed in order to accept or reject the batch for kit preparation.
Description: White crystalline powder, freely soluble in water.
Identification: Keeping in mind the final intended use, it is recommended
that the product be evaluated in terms of radiochemical purity and in
biodistribution after preparing a kit and the corresponding "Tcm
radiopharmaceutical. It should meet the specifications for radiochemical
purity and uptake in individual organs as described in the monograph for
the 99Tcm glucoheptonate injection (Section 6.2).

Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).

4.3.7. Dimercaptosuccinic acid
meso-2,3-dimercaptosuccinic acid
M.W. 182.21
m.p. 196-198°C

For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to release or accept the batch for kit
preparation.
Description: White crystalline powder.
Identification: Spot test: SH positive.
Assay: lodometric titration.
Keeping in mind the final intended use, it is recommended that the product
be evaluated in terms of radiochemical purity and biodistribution after
preparing a kit and the corresponding "Tcm radiopharmaceutical. It
should meet the specifications for radiochemical purity and uptake in
individual organs as described in the monograph for the "Tcm DMSA
injection (Section 6.2).
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7) in a light-resistant
container at 2-4°C.

4.3.8. N-(2,6-diethylacetanilido)iniinodiacetic acid
EHIDA, Diethyl HIDA
M.W. 322.40
m.p. 185-186°C

Until now, the product has not been available commercially. Synthesis
routes and identity and purity tests of the product to be used as ligand in
kit preparation have been published (Refs [7,8]). (See 4.3.8 Annex.)
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For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to accept or reject the batch for kit
preparation.
Description: Colourless crystalline needles.
Identification: RMR spectral data: (DMSQ-d6)e = 1.09 (t;6H,CH3-),
2.50 (q;4H,Ph-CH2-), 3.51 (s;2H,-CO-CH2-N); 3.4(s;4H,-N-CH2-COO),
7.06 (m;3H,arom. protons), 9.32 ppm(s; 1H,-NH-).
IR data (KBr): 1545 (carboxy), 1675 (carbonyl), 3020 (arom. CH),
3320 cm-1 (-NH-).

Keeping in mind the final intended use, it is recommended that the product
be evaluated in terms of radiochemical purity and in biodistribution after
preparing a kit and the corresponding "Tcm radiopharmaceutical. It
should meet the specifications for radiochemical purity and uptake in
individual organs as described in the monograph for the "Tcm EHIDA
injection (Section 6.2).
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7)
Annex: Synthesis of EHIDA
5 g of nitrilotriacetic acid (NTA) are suspended in 70 mL of dry pyridine
in a 350 mL round-bottomed flask fitted with a nitrogen inlet tube, water
condenser coupled to a calcium sulphate drying tube and a thermometer. The
flask is heated in an isomantle provided with a regulator. The suspension
is warmed till the nitrilotriacetic acid is completely dissolved. After
cooling 3.3 mL of acetic anhydride is rapidly introduced and the contents
are heated at 100°C for l h to get the NTA monoanhydride.

After cooling to about 50°C, 4 cc of 2.6 diethylaniline is added. The
contents are then heated at 100°C for 1 h. The reaction mixture is then
cooled and the pyridine is evaporated off in a rotary vacuum evaporator
with heating at 60°C in a water bath. The yellow, oily residue obtained is
taken up in 30 mL of D.D. water or 5 N NH^H and washed twice with equal
volume of solvent ether. The resulting solution is treated as follows with
activated charcoal for decolorising. It is then acidified with a few drops
of cone. HG1 to a pH of 1 checked by a narrow range pH paper. The
precipitate obtained is centrifuged, and resuspended in 30 mL of double
distilled (D.D.) water. A few drops of l N NaOH is added to completely
dissolve the precipitate. The solution is acidified with cone, HC1 again,
and the precipitate obtained is separated by centrifugation. This
dissolution and precipitation step is repeated twice more. The final
precipitate obtained is dissolved in hot 85% ethanol and crystallized.
This is recrystallized from 85% ethanol or 85% methanol. The product is
finally dried in the oven at 100°C followed by drying in vacuum.
4.3.9. Bromo HIDA

3-bromo-2,4,6-trimethyl HIDA
Mebrofenin, trimethyl-bromo HIDA
M.W. 322.40
m.p. 175°C (decomp.)

Until now, the product has not been available commercially. Synthesis
routes and identity and purity tests of the product to be used as ligand in
kit preparation have been published (see Annex below) (Ref. [9]).
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For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to accept or reject the batch for kit
preparation.

Description: White to pale brown powder.

Identification: NMR spectral data (DMSO-do)e = 1.97 (3H), [Ar-CH3] ;
2.12 (3H), [Ar-CH3]; 2.4 (3H), [Ar-CH3]; 3.5 (2H) [-N-CH2-CO-] ;
3.83 (4H) [-N(CH2>2; 7.1 (1H) [Ar-H].

IR data (in Nujol): 3420 (weak); 1690-1750 cm"1.

Keeping in mind the final intended use, it is recommended that the product
be evaluated in terms of radiochemical purity and biodistribution after
preparing a kit and the corresponding "Tcm radiopharmaceutical. It
should meet the specifications for radiochemical purity and uptake in
individual organs as described in the monograph for the "Tcm bromo
HIDA injection.
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).

Annex: Synthesis of 3-bromo-2,4,6-trimethyl HIDA (bromo HIDA).

Mebrofenin is prepared by the condensation of nitrilotriacetic acid
anhydride with 3-bromo mesidine.

(a) 3-bromo mesidine:
To 50 mL of cone. HC1 kept stirring in an ice bath 12 mL of mesidine is
added dropwise to get a yellowish suspension of mesidine hydrchloride. To
this suspension 4.5 mL of bromine dissolved in 60 mL of cone. HC1 is added
gradually keeping the contents of the flask stirring in the ice bath. The
stirring is continued for 1 h. The flask with contents is removed from the
ice bath and warmed over a steam bath for half an hour with intermittent
shaking to avoid frothing. The precipitate is filtered over Whatman filter
paper and air dried. It is then dissolved in 900 mL of hot water. Liquid
ammonia is added till the solution is alkaline as checked by pH paper.
This aqueous solution is shaken with ether in a separating funnel to
extract the 3-bromo mesidine. The ether is evaporated off in a water bath
leaving behind a brown liquid.

On adding benzene to the above and refrigerating, crystals of 3-bromo
mesidine appear. The crystals melt at room temperature and hence are
carefully filtered in cold conditions rapidly. After washing the crystals
with chilled hexane, the precipitated crystals are brought to room
temperature when it melts and is collected in a round bottom flask. NMR in
CDC13 of 3-bromo mesidine shows three distinct peaks due to the three
CH.3 groups as compared to the two peaks in mesidine.

(b) Bromo HIDA:
The reaction is carried out in a round bottom flask fitted with a
condenser, CaCl2 guard tube and a moisture free nitrogen inlet and heated
in an oil bath under dry conditions in nitrogen atmosphere. Initially
100 g of nitrilotriacetic acid is dissolved in 80 mL dry pyridine by
heating to 50°C. An aliquot of 8 mL of acetic anhydride is added to the
reaction mixture and heated to 100°C for l h and left at room temperature
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overnight. The contents are diluted with 400 mL of chloroform. The
chloroform layer is repeatedly washed with 10% HC1 solution followed once
by water. After passing through anhydrous Na2S04, chloroform is
distilled off on a steam bath. A solid residue of bromo HIDA is left
behind which is redissolved in chloroform, treated with decolorising
charcoal, filtered, concentrated, mixed with hexane and allowed for
crystallization at 4°C overnight. The crystals of bromo HIDA obtained are
separated and purified by two more crystallizations from chloroform/hexane.

4.3.10. Phytate. nonasodium hydrate
Nonasodium salt of phytic acid (meso inositol hexaphosphoric acid)
M.W. 857.78

For kit preparation, a product certified for more than 97% purity should be
used. On receipt of a new batch of the product the following tests are
recommended to be performed in order to accept or reject the batch for kit
preparation.

Description: White powder.

Identification: Keeping in mind the final intended use, it is recommended
that the product be evaluated in terms of radiochemical purity and
biodistribution after preparing a kit and the corresponding "Tcm
radiopharmaceutical. It should meet the specifications for radiochemical
purity and uptake in individual organs as described in the monograph for
the "Tcm phytate injection (Section 6.2).
Storage and packaging: It should be stored airtight and clearly labelled
(see also 'Records and record keeping': Section 3.7).
4.3.11. Human serum albumin (HSA) microspheres

Until now, the product has not been available commercially. Preparation
procedures and purity tests of the product to be used in kit preparation
have been published. On receipt of a new batch of the product the
following tests are recommended to be performed in order to accept or
reject the batch for kit preparation.

Description: White or pale yellow spherical particles, insoluble in water.
Test of particle size distribution: The size of at least 100 particles
suspended in mineral oil will be examined under a light microscope.
Greater than 90% of the particles should be between 5 and 90 urn and with
no particle greater than 150 urn.

Keeping in mind the final intended use, it is recommended that the product
be evaluated in terms of radiochemical purity and biodistribution after
preparing a kit and the corresponding "Tcm radiopharmaceutical. It
should meet the specifications for radiochemical purity and uptake in
individual organs as described in the monograph for the 99Tcm HSA
microsphere injection (Section 6.2).

Storage and packaging: The microspheres should be stored at 2-10°C, and
clearly labelled (see also 'Records and record keeping': Section 3.7).
Annex: Two procedures for preparation of HSA microspheres.
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Method 1:
The microspheres will be obtained by spheridization of an aqueous solution
of human serum albumin and subsequent heat denaturation at 120-130°C. The
spheridization of the albumin solution will be carried out in an air-driven
spinning disc aerosol generator. In a typical run about 25 mL of a 10% HSA
solution will be allowed to drop on the spinning disc at the rate of
0.5 mL per min from a. constant pressure head. _The dispersed aerosol
droplets of albumin will be dried by allowing to fall under gravity over a
distance of about three feet. The dried particles will be collected in a
petri dish and subjected to heat treatment in an oven at 120-130°C for
2-3 h. The particles will be then sealed in a sterile vial and stored
under refrigeration.
Method 2:
Microspheres will be prepared by heat denaturation of an emulsion of
aqueous albumin solution in vegetable oil. The apparatus consists of a one
liter capacity beaker kept in a heating mantle. Both the mechanical
stirrer and the heating arrangement are favourably controlled by
dimmerstats. To 500-600 mL of clear vegetable oil, e.g. olive oil, 4 mL of
20% HSA solution is added through a 23 gauge needle and syringe with
constant stirring. Emulsification is achieved by vigorous and continuous
stirring. The temperature of the emulsion is raised slowly in about half
an hour's time to 140-160°C, and is maintained at 140-160°C for 1 h.
During this period, the albumin droplets are partially dehydrated and
denatured. The suspension is cooled to room temperature rapidly, and
diluted with 500 mL of n-heptane and filtered through a Whatman filter
paper with suction. The microspheres are retained over the filter and are
washed repeatedly with n-heptane to remove traces of oil. They are then
dried by sucking air through the filter paper. The bulk of the recovered
microspheres are passed through a 200 mesh sieve (75 urn pore size) to
remove larger particles and are stored in sealed vials in a refrigerator.
Réf. [10]

5. MANUALS FOR THE PREPARATION OF
"Tcm RADIOPHARMACEUTICAL KITS

5.1. Introduction

This Section describes procedures (manuals) for kit preparation with a
batch size of 100 vials. The batch size can be both decreased or increased
by proportional decrease or increase in the reagent volumes. However,
while increasing the batch size over 500 or so it has been observed that
special precautions are needed, such as cooling the reaction mixture after
addition of stannous chloride, purging with inert gas and dispensing into
precooled vials. In-process control of stannous ions becomes particularly
important.

Shelf-life of the kits and formulations: The freeze-dried kits obtained by
the procedures described are expected to have a shelf-life of six months.
However, it would be necessary to determine practically the shelf-life of
the kits under local conditions. Hence it is recommended that while
undertaking the supply of kits, in the initial stages a few kits are
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retained for collecting the stability data on kits. It is also advisable
to imitate some improper handling of the kits, as it might occur during
transportation or storage by applying stress conditions, such as enhanced
temperature or exposure to light, to a few batch control samples and test
them.
Quality assurance programme in kit preparation: Since the kits for
"Tcm formulations are meant for intravenous administration in humans
just like any pharmaceutical, a well designed quality assurance programme
is necessary, keeping in mind the scale of operations and their intended
use in small volumes, as only diagnostics should be implemented. Since the
"Tcm radlopharmaceuticals are compounds of very low concentration
and unknown molecular structure, an unequivocal analysis with conventional
chemical methods cannot be performed. Hence, the quality assurance
programme would involve clear description of the raw materials, premises,
facilities, equipment, preparation procedures, product control and
documentation. The batch size should include sufficient samples for all
the control tests, taking into account the possibility of their
repetition. Batch control samples should be maintained through the
shelf-life of the batch for examining the complaints received , if any,
about the quality of the product. Proper record should be maintained of
the complaints on improper quality of the product which should be
investigated and remedial measures taken.
Similarly, the shelf-life (in vitro stability) of the "Tcm
formulations obtained using the kits is recommended to be determined
experimentally using the locally available "Tcm pertechnetate and
prevailing conditions. The shelf-life indicated in the monographs is not
very rigid and should be taken as a guideline only.

99 m5.2. Kits for Tc radlopharmaceuticals
q q rn5.2.1. Kit for Tc MDP injection

Batch size: 100 vials (100 mL dispensing solution).
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Methylenediphosphonic acid (MDP)
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection
vi. Ascorbic acid

ACCESSORIES

i. Sterilized glassware (beakers, pipettes,
measuring cylinders, etc.)

ii. Sterilized vials, split-type rubber clo_sures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools

Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
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Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride
dihydrate will be dissolved in 0.5 mL of cone, hydrochloric acid and warmed
if necessary to get a clear solution. Final volume will be made to
5 mL with water for injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.
KIT PREPARATION

1. 500 mg of MDP and 50 mg ascorbic acid will be dissolved in
approximately 80 mL of water for injection. 2 N sodium hydoxide
solution will be added to get a clear solution, if required.

2. 0.62 mL of the stannous chloride solution will be added dropwise.
3. The pH of the solution will be adjusted to about 6 to 7 by dropwise

addition of 2 N sodium hydroxide solution.
4. The final volume will be adjusted to 110 mL with water for

injection.
5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with dry, sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized for

24 h.

8. The vials will be sealed under vacuum or under dry, filtered
nitrogen gas.

9. The vials will be stored at 2-10°C with the following label affixed
to it:

Kit for "Tcm MDP injection
Code: .... Batch No.: .... Cons. No.: ....
5 mg of MDP
0.5 mg of SnCl2.2H20
0.5 mg of ascorbic acid
To be stored at 2-10°C
Expiry date : .........

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human uae.

Ref. [12]
O u m5.2.2. Kit for Te EHDP injection

Batch Size: 100 vials (100 mL dispensing solution)
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CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. 1-hydroxy-l, 1 ethane-l-hydroxy-1, 1-diphosphonic acid monohydrate

(EHDP)
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools
Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
±10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.
KIT PREPARATION

1. 1.0 g of EHDP will be dissolved in appr. 80 mL water for
injection. Sufficient 2 N sodium hydroxide solution will be added
to get a clear solution.

2. 1.25 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to about 6 to 7 by dropwise
addition of 2 N sodium hydroxide solution.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with sterilized rubber closures.

7. The vials will be transferred to a freeze-dryer and lyophilized for
24 h.

8. The vials will be sealed under vacuum or under dry, filtered
nitrogen gas.
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9. The vials will be stored at 2-10°C with the following label affixed
to it:
Kit for "Tcm EHDP injection
Code: .... Batch No.: .... Cons. No.: ....
10 mg of EHDP
1 mg of SnClz.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

Refs [13-20]
9 9 m5.2.3. Kit for Te pyrophosphate in.iection

Batch size: 100 vials (100 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Pyrophosphate decahydrate, tetra sodium salt
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection

ACCESSORIES

i. Sterilized glassware ( beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools

Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.
KIT PREPARATION

1. 1.0 g of tetra sodium pyrophosphate decahydrate will be dissolved
in about 80 mL water for injection and warmed if necessary to get a
clear solution.
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2. 1.25 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to about 6 to 7 by dropwise
addition of 2 N sodium hydroxide solution.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered polution will be dispensed in 1 mL quantities into

sterilized vials and fitted with dry, sterilized rubber closures.

7. The vials will be transferred to a freeze-dryer and lyophilized for
24 h.

8. The vials will be sealed under vacuum or under dry, filtered
nitrogen gas.

9. The vials will be stored at 2-10°C with the following label affixed
to it:
Kit for "Tcm pyrophosphate injection
Code: .... Batch No.: .... Cons. No.: ....
10 mg of pyrophosphate (as decahydrate)
1 mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

Q Q Tft5.2.4. Kit for Te DTPA injection
Batch size: 100 vials
(100 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)

i. Diethylenetriaminepentaacetic acid (DTPA)
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with

0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools
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Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.

Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (See Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.

KIT PREPARATION

1. 3.5 g of DTPA will tie mixed with about 5 mL of 2 N sodium
hydroxide solution and 5 mL water for injection. The solution
will be mixed well and warmed if necessary to get a clear
solution. Volume will be adjusted to.appr. 80 mL with water for
injection.

2. 2,50 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to about 6 to 7 by
dropwise addition of 2 N sodium hydroxide solution.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with dry, sterilized rubber closures.
7. The vials will be transferred to a freêze-dryer and lyophllized

for 24 h.
8. The vials will be sealed under vacuum or under dry, filtered

nitrogen gas.
9. The vials will be stored at 2-10°C with the following label

affixed to it:
Kit for "Tcm DTPA injection
Code: .... Batch No.: .... Cons. No.: ....
35 mg of DTPA
2 mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.
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99 in5.2.5. Kit for Tc gluconate injection
Batch size: 100 vials (200 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)

i. Gluconate, sodium salt
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn

filter
iv. Aluminium caps
v. Capping and decapping tools
Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.
KIT PREPARATION

1. 20 g of sodium gluconate will be dissolved in approximately 160 mL
water for injection.

2. 1.25 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to about 6 to 7 by
dropwise addition of 2 N sodium hydroxide solution.

4. The final volume will be adjusted to 200 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 2 mL quantities into

sterilized vials and fitted with dry, sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized

for 48 h.
8. The vials will be sealed under vacuum or under dry, filtered

nitrogen gas.
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9. The vials will be stored at 2-10°C with the following label affixed
to it:

Kit for "Tcm gluconate injection
Code: .... Batch No.: .... Cons. No.: ....
200 mg of sodium gluconate
1 mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

99 m5.2.6. Kit for Tc glucoheptonate in.iection
Batch size: 100 vials (200 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Glucoheptonate, sodium salt
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hxdroxide
v. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with

0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools

Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.

KIT PREPARATION

1. 20 g of sodium glucoheptonate will be dissolved in approximately
160 mL water for injection.

2. 1.25 mL of the stannous chloride solution will be added dropwise
with stirring.
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3. The pH of the solution will be adjusted to about 6 to 7 by dropwise
addition of 2 K sodium hydroxide solution.

4. The final volume will be adjusted to 200 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 2 mL quantities into

sterilized vials and fitted with sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized for

48 h.
8. The vials will be sealed under vacuum or under dry, filtered

nitrogen gas.
9. The vials will be stored at 2-10°C with the following label affixed

to it:
Kit for 99lcm glucoheptonate injection
Code: .... Batch No.: .... Cons. No.:
200 mg of sodium glucoheptonate
I mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

5.2.7. Kit for 99Tcm DMSA injection
Batch size: 100 vials (100 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. 2,3—dimercaptosuccinic acid (DMSA)
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hxdroxide
v. Water for injection
vi. Ascorbic acid

ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber clasures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools
Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
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Solution of statuions chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.

KIT PREPARATION

1. 100 mg of DMSA and 10 mg ascorbic acid will be added to about 45 mL
water for injection. 2.5 mL of 2 N sodium hydroxide solution is
added dropwise with stirring, for complete dissolution. A further
30 mL of water for injection will be added. The pH is adjusted to
about 7 with l N hydrochloric acid (1:10 dilution with water for
injection).

2. 0.5 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to 2.5 by dropwise addition
of 2 N hydrochloric acid.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. ' The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with dry, sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized for

24 h.

8. The vials will be sealed under vacuum of under dry, filtered
nitrogen gas.

9. The vials will be stored at 2-10°C with the following label affixed
to it:
Kit for 99Tcm DMSA injection
Code: .... Batch No.: .... Cons. No.: ....
1 mg of DMSA
0.4 mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

Q q rn5.2.8. Kit for Te EHIDA injection
Batch size: 100 vials (100 mL dispensing solution)
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CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)

i. N-(2,6-diethylacetanilido)iminodiacetic acid (EHIDA)
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools
Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In—process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.

KIT PREPARATION

1. l g of EHIDA will be dissolved in about 40 mL of water for
injection and 2 mL of 2 N sodium hydroxide solution to get a clear
solution. Then pH will be adjusted to 7-8 with l K hydrochloric
acid.

2. 0.5 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted, with l N hydrochloric acid
or 2 N sodium hydroxide solution, to 5.5 to 6 using a pH meter.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized for

24 h.

8. The vials will be sealed under vacuum or under dry, filtered
nitrogen gas.
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9. The vials will be stored at 2-10°C with the following label affixed
to it:
Kit for "Tcm EHIDA injection
Code: .... Batch No.: .... Cons. No.: ....
10 mg of EHIDA
0.4 rag of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

Ref. [21]
99 in5.2.9. Kit for Tc Bromo HIDA injection

(3-bromo-2,4,6-trimethyl acetanilido iminodiacetic acid)
Batch size: 100 vials (100 mL dispensing solution)

CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Bromo HIDA, N-(2,4,6-trimethyl-3-bromoacetanilido)iminodiacetic acid
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools
Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.
KIT PREPARATION

1. 1.0 g of bromo HIDA will be added to 80 mL water for injection.
5 mL of 2 N sodium hydroxide solution will be added to get a clear
solution.
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2. 0.25 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to about 6.0 to 6.5 by
dropwise addition of 2 N sodium hydroxide solution, using a pH
meter.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized

for 24 h.
8. The vials will be sealed under vacuum or under dry, filtered

nitrogen gas.
9. The vials will be stored at 2-10°C with the following label

affixed to it:
Kit for "Tcm bromo HIDA injection
Code: .... Batch No.: .... Cons. No.: ....

10 mg of bromo HIDA
0.2 mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

Ref. [22]
99 in5.2.10. Kit for Tc phytate injection

Batch size: 100 vials (100 mL dispensing solution)

CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Sodium phytate
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Sodium hydroxide
v. Water for injection

ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with 0.22 urn

filter
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iv. Aluminium caps
v. Capping and decapping tools

Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.

Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.

2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.

KIT PREPARATION

1. l g of sodium phytate will be dissolved in about 80 mL of water
for injection.

2. 1.25 mL of the stannous chloride solution will be added dropwise
with stirring.

3. The pH of the solution will be adjusted to about 6 to 7 by
dropwise addition of 2 N sodium hydroxide solution.

4. The final volume will be adjusted to 100 mL with water for
injection.

5. ' The solution will be sterilized by filtration.
6. The filtered solution will be dispensed in 1 mL quantities into

sterilized vials and fitted with sterilized rubber closures.
7. The vials will be transferred to a freeze-dryer and lyophilized

for 24 h.
8. The vials will be sealed under vacuum or under dry, filtered

nitrogen gas.
9. The vials will be stored at 2-10°C with the following label

affixed to it:
Kit for 99mTc phytate injection
Code: .... Batch No.: .... Cons. No.: ....

10 mg of sodium phytate
1 mg of SnCl2.2H20
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.
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99 m5.2.11. Kit for Tc sulphur colloid injection
Batch size: 100 kits with 3 components each
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Sodium dihydrogen orthophosphate dihydrate
ii. Disodium hydrogen orthophosphate dihydrate
iii. Sodium thiosulfate pentahydrate
iv. Hydrochloric acid
v. Sodium hydroxide
vi. Water for injection
vii. Nitric acid
viii. Rhenium metal
ix. 3.5% gelatin solution (infusion solution for intraveneous

administration)
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted

with 0.22 urn filter
iv. Aluminium caps
v. Capping and decapping tools

Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.
0.3 N hydrochloric acid solution: 2.8 mL of cone, hydrochloric acid will
be diluted to 100 mL with water for injection.
Solution of sodium thiosulphate, 10% (w/v): 5.0 g sodium thiosulphate
pentahydrate will be dissolved in about 40 mL of water for injection.
Final volume will be made to 50 mL with water for injection.
Solution of rhenium, 2.0% (w/v): (This solution is optional. The kit can
be prepared omitting this component also if the presence of Re is not
desired).
300 mg of rhenium metal will be dissolved in about 0.3 mL of cone, nitric
acid. The solution will be warmed for 4-5 min and pH adjusted to about 7
using 2 N sodium hydroxide solution. Final volume will be adjusted to
15 mL with water for injection.
Phosphate buffer, pH 7.4: 13.6 g of disodium hydrogen orthophosphate
dihydrate and 1.2 g of sodium dihydrogen orthophosphate dihydrate will be
dissolved in 80 mL of water for injection. Final volume will be adjusted
to 100 mL with water for injection.

KIT PREPARATION

Component A:
1. The 0.3 N hydrochloric acid solution [stock solution (a)] will be

dispensed in 0.5 mL quantities into sterilized vials and fitted
with sterilized rubber closures. The vials will then be
sterilized in an autoclave.
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2. The following label will be affixed to it:

Kit for "Tcm sulphur colloid injection
Code: .... Batch No.: .... Cons. No.: ....
Component A (Reaction vial)
0.5 mL solution of dilute hydrochloric acid
Expiry date: ....

Component B :
1. 130 mL of 3.5% (w/v) gelatin solution

15 mL of the solution of sodium thiosulphate, 10% [stock solution
(b)] and 8 mL of the rhenium solution [stock solution (c)] will be
mixed well in a beaker. (The kit can also be prepared without
rhenium carrier by omitting addition of this component).

2. The solution will be dispensed in 1 mL quantities into sterilized
vials and fitted with sterilized rubber closures. The vials will
then be sterilized in an autoclave.

3. The following label will be affixed to it:
Kit for "Tcm sulphur colloid injection
Code: .... Batch No.: .... Cons. No.: ....
Component B
1 mL solution containing gelatin, thiosulphate and perrhenate
Expiry date: ....

Component C:

1. The phosphate buffer, pH 7.4 [stock solution (d)] will be
dispensed in 1 mL quantities into sterilized vials and fitted with
sterilized rubber closures. The vials will then be sterilized in
an autoclave.

2. The following label will be affixed to it:
Kit for "Tcm sulphur colloid injection
Code: .... Batch No.: .... Cons. No.: ....
Component C
1 mL phosphate buffer pH 7.4
Expiry date: ....

The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine until
the analytical and biological tests are completed and the batch is declared
released for human use.

99 m5.2.12. Kit for Te HSA macroaggregates injection
Batch size: 100 vials
(50 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)
i. Human serum albumin (HSA) solution, 25%
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
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iv. Sodium hxdroxide
v. Sodium acetate
vi. Water for injection
ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Water bath, magnetic stirrer
iii. Sterilized vials, split-type rubber closures
iv. Sterilized membrane filtration assembly fitted with

0.22 urn filter
v. Aluminium caps
vi. Capping and decapping tools
Preparation of stock solutions: These solutions should be prepared just
prior to kit preparation.

Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
2 N sodium hydroxide solution: 2 g of sodium hydroxide will be quickly
weighed and dissolved in 25 mL of water for injection.

KIT PREPARATION

1. 500 mg of sodium acetate will be dissolved in 40 mL water for
injection. 0.8 mL of 25% HSA solution will be added and mixed
gently.

2. 125 L of the stannous chloride solution will be added dropwise
with gentle stirring.

3. The pH of the solution will be adjusted-to 5.5 by dropwise
addition of l N hydrochloric acid.

4. The final volume will be adjusted to 50 mL with water for
injection.

5. The solution will be heated at 80°C on a water bath for 10 min
with stirring. A white suspension of albumin aggregates will be
formed.

6. Keeping the suspension stirring, 0.5 mL aliquots will be dispensed
into sterilized vials and fitted with dry, sterilized rubber
closures.

7. The vials will be transferred to a freeze-dryer and lyophilized
for 24 h.

8. The vials will be sealed under vacuum or under dry, filtered
nitrogen gas.
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10.

The vials will be stored at 2-10°C with the following label
affixed to it:
Kit for "Tcm HSA macroaggregates (MAA) injection
Code: .... Batch No.: .... Cons. No.: ....
2 mg of macroaggregated albumin
0.1 mg of SnCl2.2H20
10 mg sodium acetate
To be stored at 2-10°C
Expiry date: ....
The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

5.2.13. 99Kit for Tc HSA microsphere in.lection

Batch size: 100 vials (100 mL dispensing solution)
CHEMICALS
(according to their specification in the corresponding MONOGRAPHS)

i. Human serum albumin (HSA) microspheres
ii. Stannous chloride dihydrate
iii. Hydrochloric acid
iv. Polysorbate 80
v. Sodium pyrophosphate decahydrate
vi. 0.9% sodium chloride injection,
vii. Sodium chloride
viii. Water for injection

ACCESSORIES

i. Sterilized glassware (beakers, pipettes, measuring cylinders, etc.)
ii. Sterilized vials, split-type rubber closures
iii. Sterilized membrane filtration assembly fitted with

0.22 urn filter
iv. Mini ultrasonic bath
v. Aluminium caps
vi. Capping and decapping tools
Preparation of stock solutions:
prior to kit preparation.

These solutions should be prepared just

Solution of stannous chloride, 8% (w/v): 400 mg of stannous chloride will
be dissolved in 0.5 mL of cone, hydrochloric acid and warmed if necessary
to get a clear solution. Final volume will be made to 5 mL with water for
injection.
In-process control: lodometric titration (see Appendix B.I). Acceptable:
10% deviation of the theoretical value.
Polysorbate 80 solution: 0.4 mL of polysorbate 80 (wetting agent) will be
dissolved in about 80 mL water with 900 mg sodium chloride. The final
volume will be made up to 100 mL with water for injection. Solution will
be sterilized in an autoclave.
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Solution of pyrophosphate, 12%: 1.2 g of sodium pyrophosphate decahydrate
will be dissolved in 10 mL of water for injection.
KIT PREPARATION
1. To 10 mL of sodium pyrophosphate solution 1.5 mL of the stannous

chloride solution will be added dropwise with stirring. The pH
will then be adjusted to about 2 by dropwise addition of
l K hydrochloric acid. The solution will be sterilized by
membrane filtration.

2. l g of denatured HSA microsphores will be suspended aseptically in
the solution of step #1.

3. The suspension will be sonified for about 10 min and then heated
in a boiling water bath for 10-15 min.

4. After cooling, the. suspension will be transferred on the filter of
a membrane filter assembly and rinsed well with polysorbate 80
solution.

5. 100 mL 0.9% sodium chloride solution "will be added to the residue
and the microspheres suspended in the saline solution.

6. The suspension will be dispensed in 1 mL quantities into
sterilized vials and fitted with dry, sterilized rubber closures.

7. The vials will be transferred to a freeze-dryer and lyophilized
for 24 h.

8. The vials will be sealed under vacuum or under dry, filtered
nitrogen gas.

9. The vials will be stored at 2-10°C with the following label
affixed to it:
Kit for "Tcm HSA microsphere injection
Code: .... Batch No.: .... Cons. No.: _. .. .
10 mg of albumin microspheres coated with tin(II)
To be stored at 2-10°C
Expiry date: ....

10. The details of the complete history of the batch will be properly
documented in a log book. The batch will be kept under quarantine
until the analytical and biological tests are completed and the
batch is declared released for human use.

6. MONOGRAPHS OF KITS AND THEIR QUALITY CONTROL

6.1. Introduction
Quality assurance is a "comprehensive system, designed, documented and
implemented, and furnished with personnel and equipment such that finished
products will be of a quality appropriate to their intended use". In
accordance with this general rule, quality control of the kits is only the
final step in a sequence that involves comprehensive quality assurance in
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terms of material input control, written instructions on all starting
materials, and signed reports on all materials and processes, as well as
proper in-process control and supervision of the various preparation steps.
As for the quality control of the kits themselves, proof of their
appropriateness with the intended use ultimately will be provided in
biodistribution studies of the corresponding kit-prepared "Tcm
radiopharmaceuticals. Specifications for the reconstituted "Tcm
radiopharmaceuticals prepared by adding pertechnetate solution to a kit
vial, have been published in monographs in national and international
pharmacopoeias. The following specifications of "Tcm kits and
"Tcm radiopharmaceuticals are primarily based on the British
Pharmacopoeia 1988, European Pharmacopoeia, and the United States
Pharmacopoeia (USP XX).
Quality control of kits also includes, of course, test of appropriate
physical appearance, pH of reconstituted solution, determination of
stannous ions, test of sterility and apyrogenicity, as well as in vitro
stability of the "Tcm radiopharmaceuticals.

99 m6.2. Kits for Tc radiopharmaceuticals
go m6.2.1. Kit for Tc MDP injection

Description: Kit for "Tcm MDP .injection is a sterile, pyrogen-free,
lyophilized solid contained in a multidose vial. The kit, when used with
"Tcm sodium pertechnetate for injection according to the instruction
of the kit, would give a sterile and pyrogen-free solution intended for
bone scintigraphy after intravenous injection.
Contents of a kit vial:

5 mg of MDP
0.5 mg of SnCl2.2H20
0.5 mL ascorbic acid
as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:
i. The amounts of stannous chloride and MDP in the vial would be

arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.

ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm MDP prepared with the kit will be
taken as an identification test for the kit.
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pH: The pH of the non-radioactive preparation obtained by dissoving the
kit content in 3 mL of saline will be between 6 and 7 as measured by a pH
meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.

Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution in rabbits (see Appendix B.6). The product should be tested to
be pyrogen-free before release for human use.
Formulation of 99Tcm MDP injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).
1. The kit vial is allowed to attain ambient temperature after

removing from refrigerator.
2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be

added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
"Tcm MDP injection
Batch No.: ..... Date: ..... Vol.: .....
Activity/mL: ..... at .....
Do not use later than ..... hours

Description: "Tcm MDP injection is a sterile and pyrogen-free,
clear colourless solution. It contains a "Tcm product of MDP in
solution containing MDP, SnCl2.2H20, ascorbic acid and NaCl of a
not well defined chemical composition.
pH: Will be between 6 and 7 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm MDP will remain at the
origin and "Tcm pertechnetate will move with an Rf value of about
0.9-1.0. In system (ii) "Tcm MDP and "Tcm pertechnetate will
migrate to the front whereas reduced hydrolyzed "Tcm will remain at
the origin. The radioactivity corresponding to "Tcm MDP will be not
less than 95% of the total activity.
Ref. [24]
Biological distribution: This will be done in rats as described under
Appendix B.7. At 2 h post injection the percentage of radioactivity in the
femur will not be less than 2% of the injected activity, that in the liver
not more than 0.6% per g and in the kidney not more than 1 per g.
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Routine test of appropriate biological behaviour will alternatively or
supplementärily be done, if facilities permit, in rabbits using a gamma
camera. 99fcm MDP will localize in the skeleton. There will also be
significant activity in the kidneys and bladder without significant
activity seen concentrating in liver, stomach, thyroid gland or in other
areas.
Storage:

i.

ii.

The non-radioactive kit for 99Tcm MDP injection will be
stored at 2-10°C (in refrigerator).

The radioactive formulation "Tcm MDP injection will be
stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)

i. The kit will be used not later than 6 months after satisfactory
completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm MDP injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

6.2.2. Kit for 99Tcm EHDP injection
Description: Kit for "Tcm EHDP injection is a sterile,
pyrogen-free, lyophilized solid contained in a multidose vial. The kit,
when used with "Tcm sodium pertechnetate for injection according to
the instruction of the kit, would give a sterile and pyrogen-free solution
intended for bone scintigraphy after intravenous injection.
Contents of a kit vial:

10 mg of EHDP
1.0 mg of SnCl2.2H20

- as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:

i. The amounts of stannous chloride and EHDP in the vial would be
arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.

ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium 99Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.
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ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm EHDP prepared with the kit will
be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 6 and 7 as measured by a pH
meter (see Appendix B.4),
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation obtained with sterile pyrogen-free 0.9% NaCl solution in
rabbits (see Appendix B.6). The product should be tested to be
pyrogen-free before release for human use.
Formulation of "Tcm EHDP injection:

The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operation).
1. The kit vial is allowed to attain ambient temperature after

removing from refrigerator.
2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be

added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
"Tcm EHDP injection
Batch No.: .... Date: .... Vol.: ....
Activity/ml,: .... at ....
Do not use later than .... hours

Description: "Tcm EHDP injection is a sterile and pyrogen-free,
clear colourless solution. It contains a "Tcm product of EHDP in
solution containing EHDP, SnCl2.2H20, and NaCl of a not well
defined chemical composition.
pH: Will be between 6 and 7 as checked by pH paper (see Appendix B.4)

Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm EHDP will remain at the
origin and "Tcm pertechnetate will move with an Rf value of about
0.9-1.0. In system (ii) "Tcm EHDP and 99Tcm pertechnetate
will migrate to the front whereas reduced hydrolyzed "Tcm will
remain at the origin. The radioactivity corresponding to 99Tcm EHDP
will be not less than 95% of the total activity.
Biological distribution: This will be done in rats as described under
Appendix B.7. At 2 h post injection the percentage of radioactivity in the
femur will be not less than 2% of the injected activity, that in the liver
not more than 0.6% per g and in the kidney not more than 1% per g.
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Routine test of appropriate biological behaviour will alternatively or
suppleraentarily be done, if facilities permit, in rabbits using a gamma
camera. "Tcm EHDP will localize in the skeleton. There will also
be significant activity in the kidneys and bladder without significant
activity seen concentrating in liver, stomach, thyroid gland or in other
areas.

Storage:

i. The non-radioactive kit for 99Tcm gjjDP injection will be
stored at 2-10°C (in refrigerator).

ii. The radioactive formulation 99Tcm EHDP injection will be
stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)

i. The kit will be used not later than 6 months after satisfactory
completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm EHDP injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

99 m6.2.3. Kit for Te pyrophosphate injection
Description: Kit for "Tcm pyrophosphate injection is a sterile,
pyrogen-free, lyophilized solid contained in a multidose vial. The kit,
when used with "Tcm sodium pertechnetate for injection according to
the instruction of the kit, would give a sterile and pyrogen-free solution
intended for skeletal imaging after intravenous injection.

Contents of a kit vial:

10 mg of pyrophosphate, sodium salt
1 rag of SnCl2.2H20
as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:

i. The amounts of stannous chloride and pyrophosphate in the vial
would be arrived at from the production parameters by closely
monitoring and double-checking the amount of starting materials in
the kit preparation, and the volumes.

ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:

i. A non-radioactive formulation of the product will be carried out
using 0.9% Nad solution instead of sodium 99Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear, colourless
solution.
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ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm pyrophosphate prepared with the
kit will be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 5 and 8 as measured by a pH
meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% KaGl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.
Formulation of "Tcra pyrophosphate injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).

1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
99Tcm pyrophosphate injection
Batch No.: .... Date : .... Vol.: ....
Activity/mL: .... at ......
Do not use later than .... hours

Description: "Tcm pyrophosphate injection is a sterile and
pyrogen-free, clear colourless solution. It contains a "Tcm product
of pyrophosphate in solution containing pyrophosphate, SnCl2,2H20,
and NaCl of a not well defined chemical composition.

pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).

Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm pyrophosphate will remain
at the origin and "Tcra pertechnetate will move with an Rf value of
about 0.9-1.0. In system (ii) "Tcm pyrophosphate and "Tcm
pertechnetate will migrate to the front whereas reduced hydrolyzed
"Tcm will remain at the origin. The radioactivity corresponding to
"Tcm pyrophosphate will be not less than 95% of the total activity.

Biological distribution: This will be done in rats as described tinder
Appendix B.7. At 2 h post injection the percentage of radioactivity in the
femur will be not less than 2% of the injected activity, that in the liver
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not more than 0.6% per g and in the kidney not more than 1% per g. Routine
test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, in rabbits using a gamma
camera. "Tcra EHDP will localize in the skeleton. There will also
be significant activity in the kidneys and bladder without significant
activity seen concentrating in liver, stomach, thyroid gland or in other
areas.
Storage:
i. The non-radioactive kit for "Tcm pyrophosphate injection

will be stored at 2-10°C (in refrigerator).

ii. The radioactive formulation "Tcm pyrophosphate injection
will be stored at room temperature (about 23°C) with adequate
shielding.

Expiry: (See Section 5.1, note on shelf-life)

i. The kit will be used not later than 6 months after satisfactory
completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm pyrophosphate injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

6.2.4. Kit for 99Tcm DTPA injection

Description: Kit for "Tcm DTPA injection is a sterile, pyrogen-
free, lyophilized solid contained in a multidose vial. The kit, when used
with "Tcm sodium pertechnetate for injection according to the
instruction of the kit, would give a sterile and pyrogen-free solution
intended for imaging the renal excretionary system after intravenous
injection.
Contents of a kit vial:

35 mg of DTPA
2 mg of SnCl2.2H20
as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:

i.

11.

iii.

The amounts of stannous chloride and DTPA in the vial would be
arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.

The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I) or the iodometric method as used for
in-process control. The average value of stannous chloride should
be not less than 80% of the expected value.
The method of estimating DTPA in the kit by complexometric
titration has been published (Ref.[l]), and may be carried out if
facilities permit.
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Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% KaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear, colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm DTPA prepared with the kit will
be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit contents in 3 mL of saline will be between 5 and 8 as measured by a pH
meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a nonradioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.
Formulation of "Tcm DTPA injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).
1. The kit vial is allowed to attain ambient temperature after

removing from refrigerator.
2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be

added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
99Tcm DTPA injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours

Description: "Tcm DTPA injection is a sterile and pyrogen-free,
clear colourless solution. It contains a "Tcm complex of DTPA in
solution containing DTPA, SnCl2.2H20 and NaCl of a not well defined
chemical composition.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm DTPA will remain at the
origin and "Tcm pertechnetate will move with an Rf value of about
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0.9-1.0. In system (ii) "Tcm DTPA and "Tcm pertechnetate
will migrate to the front whereas reduced hydrolyzed 99Tcm will
remain at the origin. The radioactivity corresponding to 93fcm
will be not less than 95% of the total activity.
Biological distribution: This will be done in rats as described under
Appendix B.7. At 2 h post injection the combined percentage of
radioactivity in urine and bladder will be at least 85% of the injected
activity. Less than 1% of the injected activity will be seen in the liver.
Routine test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, in rabbits using a gamma
camera. Serial images obtained starting immediately after injection will
show uptake of "Tcm DTPA injection by the kidney and clearance into
the bladder with no significant activity remaining in the kidney or seen
concentrating in liver, stomach, thyroid gland or in other areas.

Storage:

i. The non-radioactive kit for "Tcm DTPA injection will be
stored at 2-10°C (in refrigerator).

ii. The radioactive formulation "Tcm DTPA injection will be
stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 5 months after kit
production.

ii. The radioactive formulation "Tcm DTPA injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

6.2.5. Kit for gluconate injection
Description: Kit for "Tcm gluconate injection is a sterile,
pyrogen-free, lyophilized solid contained in a multidose vial. The kit,
when used with "Tcm sodium pertechnetate for injection according to
the instruction of the kit, would give a sterile and pyrogen-free solution
intended for kidney imaging after intravenous injection.

Contents of a kit vial:

200 mg of gluconate, sodium salt
1 mg of SnCl2.2H20
as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:
i.

11,

The amounts of stannous chloride and gluconate in the vial would
be arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.
The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.
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Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a 99Tcm gluconate prepared with the kit
will be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 5 and 8 as measured by a pH
meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.

Formulation of "Tcm gluconate injection:

The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).

1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
"Tcm gluconate injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours

Description: "Tcm gluconate injection is a sterile and pyrogen-
free, clear colourless solution. It contains a "Tcm product of
gluconate in solution containing gluconate, SnCl2.2H20, and NaCl of
a not well defined chemical composition.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4),
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm gluconate will remain at
the origin and 99fcm pertechnetate will move with an Rf value of
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about 0.9-1.0. In system (ii) "Tcm gluconate and "Tcm
pertechnetate will migrate to the front whereas reduced hydrolyzed
"Tcm will remain at the origin. The radioactivity corresponding to
"Tcm gluconate will be not less than 95% of the total activity.
Biological distribution: This will be done in rats as described under
Appendix B.7. At l h post injection the percentage of radioactivity in the
kidneys will be not less than 15% of the injected activity, that in the
liver and the gastrointestinal tract not more than 5% each. The sum of the
activities in the kidneys, urine and bladder must be greater than 75%.
Routine test of appropriate biological behaviour will alternatively or
supplementärily be done, if facilities permit, in rabbits using a gamma
camera. The kidneys and bladder will be vizualized clearly l h post
injection with "Tcm gluconate. Significant activity will not be
seen concentrating in liver, stomach, thyroid gland or in other areas.

Storage:

i. The non-radioactive kit for "Tc™ gluconate injection will
be stored at 2-10°C (in refrigerator).

ii. The radioactive formulation "Tcm gluconate injection will
be stored at room temperature (about 23°C) with adequate
shielding.

Expiry: (See Section 5.1, note on shelf-life)

i. The kit will be used not later than 6 months after satisfactory
completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm gluconate injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

6.2.6. 99 mKit for Tc glucoheptonate injection
Description: Kit for "Tcm glucoheptonate injection is a sterile,
pyrogen-free, lyophilized solid contained in a multidose vial. The kit,
when used with 99^cm sodium pertechnetate for injection according to
the instruction of the kit, would give a sterile and pyrogen-free solution
intended for kidney imaging after intravenous injection.
Contents of a kit vial:

200 mg of glucoheptonate, sodium salt
1 mg of SnCl2.2H20

- as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:
i. The amounts of stannous chloride and glucoheptonate in the vial

would be arrived at from the production parameters by closely
monitoring and double-checking the amount of starting materials in
the kit preparation, and the volumes.
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ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the .product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm glucoheptonate prepared with the
kit will be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 5 and 8 as measured by a pH
meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a nonradioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use,
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6).
The product should be tested to be pyrogen-free before release for human
use.

Formulation of "Tcm glucoheptonate injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).

1. The kit vial is allowed to attain ambient temperature after
removing from refregirator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
"Tcm glucoheptonate injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours

Description: S9jcm glucoheptonate injection is a sterile and
pyrogen-free, clear colourless solution. It contains a "Tcm product
of glucoheptonate in solution containing glucoheptonate,
SnCl2.2H20, and NaCl of a not well defined chemical composition.
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pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm gluconate will remain at
the origin and "Tcm pertechnetate will move w_ith an Rf value of
about 0.9-1.0. In system (ii) 99Tcm glucoheptönate and ^Tc™
pertechnetate will migrate to the front whereas reduced hydrolyzed
"Tcm will remain at the origin. The radioactivity corresponding to
"Tcm glucoheptönate will be not less than 95% of the total activity.
Biological distribution: This will be done in rats as described under
Appendix B.7. At l h post injection the percentage of radioactivity in the
kidneys will be not less than 15% of the injected activity, that in the
liver and the gastrointestinal tract not more than 5% each. The sum of the
activities in the kidneys, urine and bladder must be greater than 75%.
Routine test of appropriate biological behaviour will alternatively or
supplementärily be done, if facilities permit, in rabbits using a gamma
camera. The kidneys and bladder will be vizualized clearly l h post
injection with "Tcm glucoheptönate. Significant activity will not
be seen concentrating in liver, stomach, thyroid gland or in other areas.
Storage:
i.

ii,

The non-radioactive kit for "Tcm glucoheptönate injection
will be stored at 2-10°C (in refrigerator).

The radioactive formulation "Tcm glucoheptönate injection
will be stored at room temperature (about 23°C) with adequate
shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm glucoheptönate injection
is recommended to be used as early as possible but not later than
4 h after preparation.

6.2.7. Kit for 99Tcm DMSA injection

Description: Kit for "Tcm DMSA injection is a sterile, pyrogen-
free, lyophilized solid contained in a multidose vial. The kit, when used
with "Tcm sodium pertechnetate for injection according to the
instruction of the kit, would give a sterile and pyrogen-free solution
intended for renal scintigraphy after intravenous injection.

Contents of a kit vial:
1 mg of DMSA
0.4 mg of SnCl2.2H20

- 0.1 mg ascorbic acid
- as a complex mixture of not very clearly defined chemical

composition

62



Assay for main ingredients in the vials:

i. The amounts of stannous chloride, ascorbic acid and DMSA in the
vial would be arrived at from the production parameters by closely
monitoring and double-checking the amount of starting materials in
the kit preparation, and the volumes.

ii. The amount of stannous chloride will _also be assayed in two vials
by the colorimetric procedure using mblybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear, colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm DMSA prepared with the kit will
be taken as an identification test for the kit.

iii. DMSA identity test:

Dissolve the contents of a kit vial in 1 mL 3 N NaOH. Upon
addition of a few drops of freshly prepared 1% solution of sodium
pentacyanonitrosylferrat (III) in water a deep violet colour
occurs.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 2 and 4 as measured by a pH
meter (see Appendix B.4).

Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product shoul'd be tested to be sterile
before release for human use.

Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to.be pyrogen-free before
release for human use.

Formulation of "Tcm DMSA injection:

The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).

1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.
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3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
99Tcm DMSA injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours

Description: "Tcm DMSA injection is a sterile and pyrogen-free,
clear colourless solution. It contains a "Tcm product of DMSA in
solution containing DMSA, SnCl2.2H20, ascorbic acid and NaCl of a
not well defined chemical composition.
pH: Will be between 2 and 4 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 hours, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent. In system (i) "Tcm DMSA will remain at the
origin and "Tcm pertechnetate will move with an Rf value of about
0.9-1.0. In system (ii) "Tcm DMSA will migrate to the front whereas
reduced hydrolyzed "Tcm will remain at the origin. The
radioactivity corresponding to "Tcm DMSA will be not less than
95% of the total activity.
Biological distribution: This will be done in rats as described under
Appendix B.7. At l h post injection the combined percentage of
radioactivity found in the kidneys will be at least 40% of the injected
activity. The ratio of uptake in kidney to that of liver and spleen taken
together will be more than 6:1.
Routine test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, in rabbits using a gamma
camera. Both kidneys will be clearly vizualized l h post injection and
significant activity may be seen in the bladder, with no significant
activity seen concentrating in liver, stomach, thyroid gland or in other
areas.
Storage:
i. The non-radioactive kit for "Tcm DMSA injection will be

stored at 2-10°C (in refrigerator).

ii. The radioactive formulation "Tcm DMSA injection will be
stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm DMSA injection is
recommended to be used as early as possible but not later than 4 h
after preparation.
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g g m6.2.8. Kit for Te EHIDA injection

Description: Kit for "Tcm N-(2,6-diethylacetanilido)iminodiacetic
acid (EHIDA) injection is a sterile, pyrogen-free, lyophilized solid
contained in a multidose vial. The kit, when used with "Tcm sodium
pertechnetate for injection according to the instruction of the kit, would
give a sterile and pyrogen-free solution intended for hepatobiliary imaging
after intravenous injection.
Contents of a kit vial:

10 mg of EHIDA
0.4 mg of SnCl2.2H20

- as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:
i. The amounts of stannous chloride and EHIDA in the vial would be

arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.

ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcra EHIDA prepared with the kit will
be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 5 and 8 as measured by a pH
meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.

Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.

Formulation of "Tcm EHIDA injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).

65



1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of 99Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well.
The contents will be allowed to stand for 30 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation"such as:

"Tcm EHIDA injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL:•.... at ....
Do not use later than .... hours

Description: "Tcra EHIDA injection is a sterile and pyrogen-free,
clear colourless solution. It contains a "Tcm product of EHIDA in
solution containing EHIDA, SnCl2.2H20, and NaCl of a not well
defined chemical composition.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by paper electrophoresis using 0.05 M barbital buffer
pH 8.6 on Whatman 3 mm paper (see Appendix B.3) at a voltage gradient of
10 V/cm for 2 h. "Tcm EHIDA migrates 11-13 cm, 99Tcm
pertechnetate 16-18 cm under these conditions. The radioactivity
corresponding to "Tcm pertechnetate will be not more than 5% of the
total activity.

Biological distribution: This will be done in rats as described under
Appendix B.7. At 30 min post injection the percentage of radioactivity in
the intestine will be not less than 70% of the injected activity, that in
the bladder and urine not more than 15%, in the kidney not more than 2.5%
per g and in the liver not more than 1% per g.
Routine test of appropriate biological behaviour will alternatively or
supplementärily be done, if facilities permit, in rabbits using a gamma
camera. Serial images starting immediatedly after injection will show
rapid clearance from the blood, liver uptake, and excretion into the
intestine.
Storage:
i. The non-radioactive kit for "Tcm EHIDA injection will be

stored at 2-10°C (in refrigerator).
ii. The radioactive formulation "Tcm EHIDA injection will be

stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm EHIDA injection is
recommended to be used as early as possible but not later than 4 h
after preparation.
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99 ni6.2.9. Kit for Tc bromo HIDA in.lection
Description: Kit for "Tcm N-(2,4,6-trimethyl-3-bromoacetanilido)-
iminodiacetic acid (bromo HIDA) injection is a sterile, pyrogen-free,
lyophilized solid contained in a multidose vial. The kit, when used with
"Tcm sodium pertechnetate for injection according to the instruction
of the kit, would give a sterile and pyrogen-free solution intended for
hepatobiliary imaging after intravenous injection.
Contents of a kit vial:

10 rag of bromo HIDA
0.3 mg of SnCl2.2H20

- as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:
i. The amounts of stannous chloride and bromo HIDA in the vial would

be arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.

ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm bromo HIDA prepared with the kit
will be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 5 and 8 as measured by a
pH meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.4). The product should be tested to be pyrogen-free before
release for human use.
Formulation of "Tcm bromo HIDA injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).
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1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to stand for 30 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation' such as:

"Tcm bromo HIDA injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours

Description: "Tcm bromo HIDA injection is a sterile and
pyrogen-free, clear colourless solution. It contains a "Tcm product
of bromo HIDA in solution containing bromo HIDA, SnCl2.2H20, and
NaCl of a not well defined chemical composition.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).

Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by paper electrophoresis using 0.5 M buffer pH 8.6 on
Whatman 3 mm paper (see Appendix B.3) at a voltage gradient of 10 V/cm for
2 h. 99Tcm bromo HIDA migrates 11-13 cm, "Tcm pertechnetate
16-18 cm under these conditions. The radioactivity corrresponding to
"Tcm pertechnetate will be not more than 5% of the total activity.
Biological distribution: This will be done in rats as described under
Appendix B.7. At 30 min post injection the percentage of radioactivity in
the intestine will be not less than 70% of the injected activity, that in
the bladder and urine not more than 15%, in the kidney not more than 2.5%
per g and in the liver not more than 1% per g.

Routine test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, i-n rabbits using a gamma
camera. Serial images starting immediatedly after injection will show
rapid clearance from the blood, liver uptake, and excretion into the
intestine.
Storage:
i. The non-radioactive kit for "Tcm bromo HIDA injection will

be stored at 2-10°C (in refrigerator).
ii. The radioactive formulation "Tcm bromo HIDA injection will

be stored at room temperature (about 23°C) with adequate
shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm bromo HIDA injection is
recommended to be used as early as possible but not later than 4 h
after preparation.
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99 III6.2.10. Kit for Tc phytate injection
Description: Kit for "Tcm phytate injection is a sterile, pyrogen-
free, lyophilized solid contained in a multidose vial. The kit, when used
with "Tcm sodium pertechnetate for injection according to the
instruction of the kit, would give a sterile and pyrogen-free solution
intended for the reticulo-endothelial system imaging after intravenous
injection.
Contents of a kit vial:
- 10 mg of phytate, sodium salt

1.0 mg of SnCl2.2H20
as a complex mixture of not very clearly defined chemical
composition

Assay for main ingredients in the vials:
i. The amounts of stannous chloride and phytate in the vial would be

arrived at from the production parameters by closely monitoring
and double-checking the amount of starting materials in the kit
preparation, and the volumes.

ii. The amount of stannous chloride will also be assayed in two vials
by the colorimetric procedure using molybdate and cyanate
solutions (see Appendix B.I). The average value of stannous
chloride should be not less than 80% of the expected value.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
contents should dissolve readily giving a clear colourless
solution.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm phytate prepared with the kit
will be taken as an identification test for the kit.

pH: The pH of the non—radioactive preparation obtained by dissolving the
kit content in 3 mL of saline will be between 5 and 8 as measured by a
pH meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.

Formulation of "Tcm phytate injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).
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1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to react for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:

"Tcm phytate injection
Batch No.: .... Date : .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours
Mix well before use

Description: "Tcm phytate is a sterile and pyrogen-free clear
colourless solution. It contains a "Tcm complex of phytate in
solution containing phytate, SnCl2.2H20 and NaCl of a not well
defined chemical composition.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4)
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro-stability
every hour up to 4 h, by thin-layer chromatography on silica gel plates
using (i) acetone or freshly distilled methyl ethyl ketone and (ii) water
or saline as solvent (see Appendix B.2). In system (i) "Tcm phytate
will remain at the origin and "Tcm pertechnetate will move with an
Rf value of about 0.9-1.0. In system (ii) "Tcm phytate will migrate
to the front whereas reduced hydrolized "Tcm will remain at the
origin. The radioactivity corresponding to "Tcm phytate will be not
less than 95% of the total activity.
Biological distribution: This will be done in mice as described under
Appendix B.7. At 30 min post injection the percentage of radioactivity in
the liver and spleen will be not less than 80% of the injected activity.
Less than 5% of the injected activity will be seen in the lungs.
Routine test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, in rabbits using a gamma
camera. Images obtained 30 min after injection will show clear
visualization of the liver with no significant uptake in kidneys, stomach,
thyroid gland or in other areas.

Storage:
i. The non-radioactive kit for 99Tcm phytate injection will be

stored at 2-10°C (in refrigerator).

ii. The radioactive formulation "Tcm phytate injection will be
stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 7 months after kit
production.
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ii. The radioactive formulation "Tcm phytate injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

99 m6.2.11. Kit for Tc sulphur colloid injection
Description: Kit for "Tcm sulphur colloid injection is a set of
reagent vials as specified on the labels of the vials which, when used with
"Tcm sodium pertechnetate for injection according to the instruction
of the kit, would give a sterile and pyrogen-free suspension intended for
imaging the reticuloendothelial system after intraveneous injection.
Components of the kit:
Component A:
A vial containing a clear, colourless solution of 0.5 mL of
0.3 N hydrochloric acid.
Component B:
A vial containing a clear, pale yellow solution of 29.9 mg gelatin, 10 mg
sodium thiosulphate pentahydrate and 1 mg rhenium* as sodium perrhenate in
1 mL (* optional).
Component C:
A vial containing a clear colourless solution of 136 mg
Na2HP04.2H20 and 12 mg in 1 mL Na2HP04.2H20 in 1 mL.

Assay for main ingredients in the vials:
The amounts of main ingredients in Components A, B and C will be arrived at
based on production parameters by monitoring and double-checking the amount
of starting materials in the kit preparation, and the volumes.
Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation. The
resulting product will be a colloidal suspension (brownish when Re
is present),

ii. The results of radiochemical purity and biodistribution tests taken
together for a "Tcm sulphur colloid injection prepared with
the kit will be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation will be between 5 and 8 as
measured by a pH meter (see Appendix B.4).
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
'preparation made with sterile pyrogen-free 0.9% N/C1 solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.
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Formulation of "Tcm sulphur colloid injection:

The formulation should be carried out without opening the kit components
using aseptic practices. The transfer should be carried out using sterile
preferably disposable syringes and needles.
(Appropriate radiation shielding should be provided during operations).
1. 2 to 3 mL of "Tcm sodium pertechnetate injection will be

added to the vial containing Component A.
2. To the above vial 0.5 mL of Component B will be added. The

contents will be mixed well and heated in a boiling water bath
(vent needle without connection to the solution) for about 5 min
until a colloidal suspension is formed.

3. The vial will be cooled and 0.5 mL Component C will be added to the
vial and mixed well.

4. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:
"Tcm sulphur colloid injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Use before .... hours
Shake well before use

Description: "Tcm sulphur colloid injection is a sterile,
pyrogen-free colloidal suspension of a not very clear chemical composition,
stabilized by gelatin suitable for intraveneous administration.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical and for the evaluation of its in vitro stability
every hour up to 4 h, by ascending paper chromatography using 85% v/v
aqueous methanol on Whatman No. 1 paper (see Appendix B.2). "Tcm
sulphur colloid will remain at spotting point and "Tcm pertechnetate
will move with an Rf value of about 0.6. The radioactivity corresponding
to "Tcm sulphur colloid will be not less that 92% of the total
activity.
Biological distribution: This will be done in mice as described in
Appendix B.7. At 30 min post injection the combined percentage of
radioactivity in liver and spleen will be more than 80% of the injected
activity. Less than 5% of the injected activity will be seen in the lungs.
Storage:
i. The non-radioactive kit for "Tcm sulphur colloid injection

will be stored at room temperature (appr. 23°C). Shake well before
use.

ii. The radioactive formulation "Tcm sulphur colloid injection
will be stored at room temperature with adequate shielding.
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Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 3 months after satisfactory

completion of all the quality control tests or 4 months after kit
production.

ii. The radioactive formulation "Tcm sulphur colloid injection
is recommended to be used as early as possible but not later than
4 h after preparation.

go m6.2.12. Kit for Tc MAA injection

Description: Kit for "Tcm macroaggregated albumin (MAA) injection
is a sterile, pyrogen-free, lyophilized solid contained in a multidose
vial. The kit, when used with "Tcm sodium pertechnetate for
injection according to the instruction of the kit, would give a sterile and
pyrogen-free suspension intended for lung perfusion imaging after
intravenous injection.
Contents of a kit vial:
- 2 mg of macroaggregated albumin (MAA)

0.1 mg of SnCl2.2H20
- 10 mg sodium acetate
- as a complex mixture of not very clearly defined chemical

composition
Assay for main ingredients in the vials:
The amounts of stannous chloride, sodium acetate and MAA in the vial would
be arrived at from the production parameters by closely monitoring and
double-checking the amount of starting materials in the kit preparation,
and the volumes.
Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation, giving
white suspension.
An aliquot of this sample examined under optical microscope will
show particles in the range of 50 urn.

ii. The results of radiochemical purity and biodistribution tests
taken together for a "Tcm MAA prepared with the kit will be
taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by reconstituting
the kit content in 3 mL of saline will be between 5 and 8 as measured by a
pH meter (see Appendix B.4).
Particle size determination: The contents of one kit will be reconstituted
with 3 mL of 0.9 RaCl solution and shaken well. The contents will be drawn
into a plastic syringe through a 23 gauge needle and reinjected into the
vial to dispense the particles well. A drop of the suspension will be
placed on a haemocytometer and examined under an optical microscope.
Alternatively, this sample may be on a glass slide and size measured using
a precalibrated eyepiece. Sizes of 100 particles at random will be
measured.' The particles will be in the range of 5 to 90 \m. No particle
with more than 150 urn size will be seen.
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Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.
Formulation of "Tcm MAA injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).
1. The kit vial is allowed to attain ambient temperature after

removing from refrigerator.
2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be

added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as

"Tcm MAA injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours
Mix well before use

Description: "Tcm MAA is a sterile and pyrogen-free suspension
suitable for intravenous administration of human serum albumin turned into
aggregates of size 5 to 90 um by heat denaturation. The particles may
settle down on storage and will be resuspended on vigorous shaking.

pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by paper chromatography using 85% methanol as solvent
(see Appendix B.2). "Tcm MAA remains at the origin. Pertechnetate
migrates with an Rf value of about 0.6. The radioactivity corresponding to
"Tcm pertechnetate will be not more than 5% of the total activity.
To determine the radioactivity associated with particles, 1 mL
representative aliquot of "Tcm MAA will be centrifugated or filtered
through a membrane filter to separate the supernatant liquid. The
particles will be washed twice with 3 mL aliquots of 0.9% NaCl solution.
The supernatant and washing will then be pooled together and measured for
radioactivity. It should not contain more than 10% of the total activity.

Biological distribution: This will be done in rats as described under
Appendix B.7. At 10 min post injection the percentage of radioactivity in
the lungs will be not less than 80% of the injected activity, that in the
liver not more than 5%.
Routine test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, in rabbits using a gamma
camera. The image will show the lungs with no significant activity
concentration seen concentrating in liver, stomach, thyroid gland or in
other areas.
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Storage:
i. The non-radioactive kit for "Tcm MAA injection will be

stored at 2-10°C (in refrigerator).

ii. The radioactive formulation "Tcm MAA injection will be
stored at room temperature (about 23°C) with adequate shielding.

Expiry: (See Section 5.1, note on shelf-life)
i. The kit will be used not later than 6 months after satisfactory

completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm MAA injection is
recommended to be used as early as possible but not later than 4 h
after preparation.

6.2.13. Kit for Te HSA microsphere injection

Description: Kit for "Tcm human serum albumin (HSA) microsphere
injection is a sterile, pyrogen-free, lyophilized solid contained in a
multidose vial. The kit, when used with "Tcm sodium pertechnetate
for injection according to the instruction of the kit, would give a sterile
and pyrogen-free suspension intended for lung perfusion imaging after
intravenous injection.
Contents of a kit vial: 10 mg HSA microspheres of 5 to 90 urn size,
coated with about 0.1 mg of SnCl2.2H20.

Assay for main ingredients in the vials:
The amounts of stannous chloride and HSA microspheres in the vial would be
arrived at from the production parameters by closely monitoring and
double-checking the amount of starting materials in the kit preparation,
and the volumes.

Identification of the kit:
i. A non-radioactive formulation of the product will be carried out

using 0.9% NaCl solution instead of sodium "Tcm
pertechnetate in the procedure described under formulation, giving
white suspension.
An aliquot of this sample examined under optical microscope will
show particles in size range of about 50 urn.

ii. The results of radiochemical purity and biodistribution tests taken
together for a "Tcm HSA microspheres prepared with the kit
will be taken as an identification test for the kit.

pH: The pH of the non-radioactive preparation obtained by reconstituting
the kit content in 3 mL of saline will be between 5 and 8 as measured by a
pH meter (see Appendix B.4).
Particle size determination: The contents of one kit will be reconstituted
with 3 mL of 0.9% NaCl solution and shaken well. The contents will be
drawn into a plastic syringe through a 23 gauge needle and reinjected into
the vial to disperse the particles well. A drop of the suspension will be
placed on a haemocytometer and examined under an optical microscope.
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Alternatively, this sample may be on a glass slide and measured using a
precalibrated eyepiece. Sizes of 100 particles at random will be
measured. The particles will be within the range of 5 to 90 urn. No
particle of more than 150 jam size will be seen.
Sterility: Sterility tests will be performed using a non-radioactive
preparation as described above, using sterile pyrogen-free 0.9% NaCl
solution (see Appendix B.5). The product should be tested to be sterile
before release for human use.
Pyrogen test: Pyrogen tests will be carried out using an inactive
preparation made with sterile pyrogen-free 0.9% NaCl solution in rabbits
(see Appendix B.6). The product should be tested to be pyrogen-free before
release for human use.
Formulation of "Tcm HSA microsphere injection:
The formulation should be carried out using aseptic practices.
(Appropriate radiation shielding should be provided during operations).

1. The kit vial is allowed to attain ambient temperature after
removing from refrigerator.

2. 2 to 3 mL of "Tcm sodium pertechnetate injection will be
added to the kit contents and mixed well. The contents will be
allowed to stand for 10 min.

3. The vial will be fixed with a label with a radioactive symbol and
giving the details of the formulation such as:

"Tcm HSA microsphere injection
Batch No.: .... Date: .... Vol.: ....
Activity/mL: .... at ....
Do not use later than .... hours
Mix well before use

Description: "Tcm HSA microsphere injection is a sterile and
pyrogen-free suspension suitable for intravenous administration of HSA
turned into microspheres of size 5 to 90 urn by heat denaturation. The
particles may settle down on storage and will be resuspended on vigorous
shaking.
pH: Will be between 5 and 8 as checked by pH paper (see Appendix B.4).
Radiochemical purity: This will be determined shortly after preparation of
the radiopharmaceutical, and for the evaluation of its in vitro stability
every hour up to 4 h, by paper chromatography using 85% methanol as solvent
(see Appendix B.2). 99£cm HSA microspheres remains at the origin.
Pertechnetate migrates with an Rf value of about 0.6. The radioactivity
corresponding to "Te111 pertechnetate will be not more than 5% of the
total activity.
To determine the radioactivity associated with particles, 1 mL
representative aliquot of "Tcm HSA microspheres will be
centrifugated or filtered through a membrane filter to separate the
supernatant liquid. The particles will be washed twice with 3 mL aliquots
of 0.9% NaCl solution. The supernatant and washings will then be pooled
together and measured for radioactivity. It should not contain more than
10% of the total activity.
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Biological distribution: This will be done in rats as described under
Appendix B.7. At 10 min post injection the percentage of radioactivity in
the lungs will be not less than 80% of the injected activity, that in the
liver not more than 5%.
Routine test of appropriate biological behaviour will alternatively or
supplementarily be done, if facilities permit, in rabbits using a gamma
camera. The image will show the lungs with no significant activity
concentration seen concentrating in liver, stomach, thyroid gland or in
other areas.
Storage:
i. The non-radioactive kit for 99Tcm HSA microsphere injection

will be stored at 2-10°C (in refrigerator).
ii. The radioactive formulation "Tcm HSA microsphere injection

will be stored at room temperature (about 23°C) adequate shielding.
Expiry: (See Section 5.1, note on shelf-life)

i. The kit will be used not later than 6 months after satisfactory
completion of all the quality control tests or 7 months after kit
production.

ii. The radioactive formulation "Tcm HSA microsphere injection
is recommended to be used as early as possible but not later than
4 h after preparation.
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Appendix A
ANCILLARY PROCEDURES

A.I. TYPICAL PROTOCOL FOR CLEANING AND DISINFECTING PREMISES

1. The floors of the laboratory will be cleaned daily by mopping with
a disinfectant solution such as dettol (or other disinfectants as
specified in authorized disinfectant list).

2. The walls, the bench tops and doors will be cleaned similarly once
a week.

3. The equipment such as freeze-drying units will be cleaned by
wiping with aqueous alcohol regularly once a week and just prior
to use.

Monitoring:
i. Nutrient agar plates will be exposed for l h at a few places in

the room and the dispensing area.
ii. Sterile fluid thioglycolate medium or tryptocase soya broth will

be filled and sealed in sterile vials under the same conditions as
kit preparations. They will then be incubated to check for
microbial growth.
This should be carried out prior to preparation of each batch of
kits and record of the results maintained.

A.2. SPECIFICATIONS AND CLEANING OF GLASS VIALS
(Specimen)

Specifications for glass vials

Type: Type I - neutral borosilicate vials of high hydrolytic resistance
(uncoloured). Test limit: Powdered glass test. Less than 0.02N acid. For
details of test see USP XXII p.1571.

Note: Conformity to these specifications in a batch of glass vials can be
confirmed by a certified laboratory.

Cleaning of glass vials:

Batch No.: ..... Capacity: ..... Date: .....
1. ..... No. of ..... capacity flint vials are cleaned with 0.1%

Teepol by brushing individually or by ultrasonic cleaning for
30 min.

2. Then they are cleaned in running tap water to remove Teepol.

3. After this, they are all immersed in 15% v/v nitric acid (C.P.)
and kept overnight.
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4. Next day they are removed from acid and washed to remove acid
completely.

5. At this stage, they are checked with indicator paper to confirm no
acid contamination in the vials.

6. Then these vials are individually rinsed twice with D.D. water and
kept inverted in a clean container and sterilized by dry heat at
180°C for 2 h or 160°C for 6 h.

A.3. SPECIFICATIONS AND CLEANING OF RUBBER CLOSURES
(Specimen)

Specifications for rubber closures for kit preparation

Description: Elastomeric plugs made of synthetic rubber with a split end
suitable for use in freeze-drying operations. They are available in
different colours.
Test limits: Meets requirements of tests for Acute systemic toxicity and
intracutaneous reactivity, turbidity, reducing agents, heavy metals pH
change and total extracts as given in USP. The test details are given
USP XXII p.1533.

Note: Conformity to these specifications in a batch of rubber closures can
be confirmed by a certified laboratory.

Cleaning of rubber closures:
Batch No.: ..... Capacity: ..... Date:
1. ..... Nos. of rubber closures are cleaned with tap water to remove

visible dust and extraneous particles.
2. Then they are immersed in 1% Teepol solution and scrubbed

thoroughly.
3. These are rinsed with tap water until these are completely free

from Teepol.
4. These are soaked in 10% w/v sodium hydroxide solution and allowed

to remain overnight.
5. Next day these are removed from alkali and washed with running tap

water until these are free from alkali.
6. Further these closures are soaked in 20% v/v hydrochloric acid and

allowed to remain for 24 h.
7. Next day the acid is drained off completely and these rubber

closures are washed wih D.D. water until acid is completely
removed (rinsing is checked for absence of any acidity).

8. These are rinsed with double distilled water and are put in
cleaned beakers and then kept in a hot air oven at 70°C for drying.

9. They are then stored in a clean atmosphere.

80



10. For use in kit preparation, they are sterilized by one of the
following methods:

Sterilization:
i. Radiation sterilization: Seal in polythene bags and sterilize by

gamma radiation (2.5 Mrad dose).
ii. Autoclaving: Rinse with double distilled water, seal in

polypropylene bags and autoclave at 15 p.s.i. (121°G) for 30 min.
To be used within one week after autoclaving.

A.4. PRODUCTION DATA SHEET
(Specimen)

Production Data Sheet
Kits for "Tcm DTPA injection

Code ..... Batch No. ..... Date .....
Details of materials used:
No. Description Batch No. Supplier Analysis
1. DTPA

2. Stannous chloride
dihydrate (SnCl2.2H20)

3. Hydrochloric acid (HC1)
4. Water for injection
5. Sodium hydroxide

Glassware,vials and
rubber closure

Details of preparation:
i• Preparation of stannous chloride solution:
Weight of SnCl2.2H20
Volume of cone. HC1 used
Volume of water for injection
Total volume
Concentration of
SnCl2.2H20 per mL

In-process control: Value of Sn(II)
(Limit: )
ii. Preparation of DTPA solution;
Weight of DTPA taken :
Volume of 2 N NaOH :
Volume of water for injection :
Total volume :
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iii. Preparation of kit component:
Volume of solution taken from i.
Volume of solution taken from ii.
Volume of 2 N HCL or 2 N NaOH

(added to adjust the pH)
Total volume

pH of standard buffer
(Expected: )
pH of final solution

Mode of sterilization:
Aseptic filtration through
millipore 0.22 urn filter

Dispensing details:
Volume of solution dispensed in

each vial
Total number of vials dispensed
Above vials with the solution
were freeze-dried under aseptic
conditions

Freeze-drying process:

Machine parameters without load
Condenser temperature
Vacuum
Minimum shelf temperature
Vials introduced into the dryer at
Time taken for freezing
Vacuum put on at

h
h
h

Freeze-drying parameters during the cycle:

Time ..... Cond.Temp ..... Vacuum Shelf-Temp. .....
Product-Temp. : .....
Drying terminated at :..... h
Vials sealed under : ..... Vacuum/nitrogen

Batch details;

Total number of vials/kits from
this batch

Sample label fixed on the
containers

Total number of vials
randomly kept aside for QC

Expiry date
Processed by
Cross-checked by

82



Consignment details

SI Cons. Order Ho. of kits
No. No. Consignee No. requested/supplied Remarks

Test results

99 m
Kit for Te DTPA;

1. Description:
2. Amount of ingredients

i. DTPA per vial (calculated)
ii. Sn(II) content (calculated)

Sn(II) content (assayed)
3. Identification:
4. pH:
5. Sterility test:
6. Pyrogen test:

99 m
Kit for Tc DTPA formulation:

1. Description:
2. Radiochemical purity:
3. Biological distribution:
4. Boscan:
The batch complies/does not comply with standards,
Released/not released for human use.

Signature :
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Appendix B
ANALYTICAL TECHNIQUES

B.I. Sn(II) DETERMINATION IN KIT QUALITY CONTROL

1. Photometric assay;
Prepare the following solutions:
i. Molybdate solution (0.1 mg Mo/roL)

21.46 mg Na2Mo04 p.a. in 100 mL dist. water
ii. 1.5 M thiocyanate solution:

14.5776 g KSCW (pure) in 100 mL water
iii. Sn(II) standard solution (1 mg Sn(II)/mL:

190.1 mg SnCl2.2H20 p.a. in 100 mL 0.2 N HC1
iv. 3 M HC1:

128 mL cone. HC1 (36%) diluted to 500 mL with distilled water
v. Sample:

Dissolve the contents of one vial of the kit to be analysed in
5 mL saline.

vi. Blank solution:
Combine 3.5 mL 3 M HC1, 0.5 mL Na2Mo04 solution and 0.5 mL
1.5 M KSCN solution, adjust volume to 5 mL with distilled water.

Procedure:
Combine 3.5 mL 3 M HC1, 0.5 mL Na2Mo04 solution, 0.5 mL 1.5 M KSCN
solution and either 0.5 mL sample (reconstituted kit) or 5, 10, 15, 20 and
25 urn Sn(II) standard solution to obtain the standard curve, adjust
volume to 5 mL with distilled water.

Shake until solution turns orange.
After 15 min, register extinction at 460 nm (1 cm cuvetter) against blank
solution.
2. lodometric analysis in-process control
Procedure:

Add 1 mL 1.5 N HC1 and two drops of starch indicator to 5 mL sample or
blank solution, titrate with 0.0015 M iodine solution.
1 mL iodine solution = 0.564 mg SnCl2.2H20.
Assay of Sn(II) in stock solution:
To 50 ul of 8% SnCl2.2H20 solution add 50 ul of 5N HC1, two
drops of starch indicator. Titrate with 0.01 M iodine solution until blue
colour develops.
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B. 2. THIN-LAYEß AND PAPER CHROMATOGRAPHY

For evaluation of radiochemical purity of kit formulated "Tcm
radiopharmaceuticals, ready-made commercially available silica gel
thin-layer chromatography sheets coated on plastic or aluminium foils that
could be cut into smaller strips can be used. These are normally available
in larger sizes than required and are carefully cut into smaller ones. In
a typical experiment 1 cm x 15 cm strips are used in duplicate.
About 10 u.1 of the "Tcm formulation containing sufficient activity
to give about one hundred thousand counts per min, so that significant
counting loss cannot occur while counting in a well type scintillation
counter, is spotted at 2 cm from the bottom end of the TLC strip. The
"Tcm formulations are to be spotted without dilution while making
sure that the layer of the coating material is not disturbed while
spotting. The point of spotting, markings for cutting of the strips and
the solvent front could be made with pencil at the side of the strip so
that they do not come into direct contact with the sample during spotting
and development. No special drying of the spotting is necessary. The TLC
strips with the radioactive spot on it will be kept in the developing tank
so that the lower tip of the strip is dipped into the developing solvent.
Care should be taken not to immerse the sample spotted into the solvent. A
Chromatographie tank of glass, of a size commensurate with the strips to be
used and with a tightly fitting lid will be suitable for development. The
strip is supported on the side of the container and the solvent allowed to
develop by capillary action. The strip is then removed and air-dried at
room temperature. It is then cut into 1 cm strips, carefully transferred
to plastic or glass test tubes and counted in a well type scintillator.
The activity distribution along the strip is plotted on linear graph paper
and examined for the peaks. The Rf values of the peaks are calcualted as
follows:

distance from origin to peak maximum
Rf = ————————————————————————————————————

distance between front and origin
The percentage of activity associated with a peak is calculated by adding
up the counts in all the tubes constituting the peak and finding out its
percentage of the total counts of all the tubes. Several variations to
this basic procedure are possible, such as in the size of the sheet, type
of tank, developing distance, use of inert atmosphere, and automatic
scanners which could be used if facilities permit.
Ascending paper chromatography:
For paper chromatography of kit prepared "Tcm radiopharmaceuticals,
commercially available chromatography rolls or sheets are used.
Normally, the paper will be supported from the top and held straight by
attaching an inert weight such as a small glass rod to the bottom.

The paper strips used are typically 2.5 cm x 30 cm in size. The chromatograms
are developed until the solvent front reaches 20 cm. The paper is air-dried
and the activity in different zones quantitated as given under TLC. Here
also, several variations to the basic technique in the size of paper, type of
developing container, developing distance, use of inert atmosphere, and
automatic scanners are possible.
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B.3. PAPER ELECTROPHORESIS

The apparatus consists essentially of an appropriate power source and an
electrophoresis assembly. The compartments of the tank are filled with the
electrolyte buffer solution described under the individual monograph. The
levels are equalized by a siphon.
The paper strips, marked with a pencil at the point of spotting, are moistened
with the same buffer solution. The excess buffer solution is removed from the
strips by pressing them between two sheets of absorbent paper. The moistened
strips are then mounted on the frame and connected via paper links to the
compartments of the electrodes. The tank is closed with the lid and the power
supply is switched on and adjusted to give the desired potential gradient,
usually 10 volts per cm. The system is then switched off, the lid removed and
the "Tcm sample is spotted on the strip along a line at the point
marked for it. The lid is then replaced and the current switched on. After
electrophoresis for the time indicated in the corresponding monographs, the
current is switched off, the paper strips removed and air-dried. The
detection and quantification of radioactive components are performed as
described under TLC and Paper Chromatography.
B.4. MEASUREMENT OF pH

By pH meter:
The pH meter consists of a glass electrode, a reference calomel electrode (a
combined electrode having both) connected to a meter for poteniometric
measurement of pH value of aqueous solutions. The pH meter should be operated
as described in the manufacturer's instruction manual. The pH meter will be
calibrated using standard buffers.

0.05 M Potassium hydrogen phthalate buffer pH 4.0
0.05 M Sodium tetraborate buffer pH 9.2
0.05 M Phosphate buffer pH 7.4

For measuring the pH of a sample the glass electrode is immersed into the
solution and pH reading measured.
By pH paper:
For small volumes of radioactive preparations such as 99Tcm
formulations, the pH can be approximately determined by pH papers. The pH
will be measured by placing a drop of the sample over a universal pH paper
(0-10). Another measurement will similarly be made using a narrow range
pH paper in the range indicated. A counter check on the paper used will be
made using a drop of a suitable buffer in the pH range measured.
B.5. TEST FOR STERILITY

Tests for sterility on kits for "Tcm radiopharmaceuticals are carried
out as described in national pharmacopoiea (e.g. British Pharmacopoiea 1988,
Appendix XVIA, p.A191) for injectable preparations. While preparing a batch
of kits sufficient allowance should be made to "spare the stipulated number of
vials for sterility testing. The numbers required for testing are also given
in the respective national pharmacopoiea. Typically for a batch not exceeding
100 vials, 10% of 4 vials, whichever is greater, are taken for testing.
Similarly, for a batch consisting of 100 to 500 vials 10 vials are taken. Two
randomly selected kits may be reconstituted with 1 mL sterile saline each
which are then pooled together. One mL each from this pooled solution may be
used for testing in two 15 mL culture media. Similar schemes for sampling as
per guidelines in pharmacopoiea may be adopted to suit local needs.
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The test is carried out in two media: (a) fluid thioglycollate medium and
(b) soya bean casein digest medium. The media may be prepared conveniently
from dehydrated mixtures commercially available, following the manufacturer's
guidelines. The incubation is done for 14 days at 30-35°C for fluid
thioglycollate medium and at 20-25°C for soya bean casein digest medium. At
intervals during the incubation period and at its conclusion, the media are
examined for macroscopic evidence of microbial growth. If no evidence of
growth is found, the preparation being examined passes the test for
sterility. It is advisable not to use the kit production area for sterility
testing. This should be done in a separate area. The test could also be
carried out at other approved laboratories.
B.6. TEST FOR APYROGENICITY

The general method for pyrogen testing in rabbits is described in
pharmacopoiea (e.g. USP XXII p.1515). The test involves the measurement of
the rise in body temperature of the rabbits following the intravenous
injection of a sterile solution of the substance being examined. For
"Tcm kits the pyrogen testing method given in USP XX can be adopted.
It is assumed that the entire contents of the kit vial will be injected into a
70 kg human subject or that 1/70 of the total contents per kg will be
injected. The freeze-dried kits will be reconstituted with a measured volume
of 0.9% sodium chloride injection. For the rabbit pyrogen test inject l/7th
of the vial content of the kit per kg of the body weight into each rabbit.
The maximum dose per rabbit is the entire contents of the single kit. The
total injected volume per rabbit is not less than 1 mL and not more than 10 mL
of the solution. In case of "Tcm sulphur colloid kit, the test may be
carried out using an inactive preparation of "Tcm sulphur colloid
prepared using 0.9% sodium chloride injection instead of "Tcm
pertechnetate.
The test for pyrogen can be carried out in reputed institutions other than the
kit producers and the product certified to be free of pyrogen.
The Limutes amoebocyte lysate (LAL) test for bacterial endotoxins described in
USP XXII p.1493 can also be used as a convenient laboratory test. However,
the possibility of chemical interference from kit reagents on the test results
should be kept in mind.
B.7. BIODISTRIBUTION STUDIES

In accordance with general guidelines for animal experiments, consideration
should be given to the appropriateness of experimental procedures, species of
animals used, and number of animals required. Biodistribution studies are
performed in an area outside the kit preparation room by staff well trained in
that technique. In handling animals for experiments, the guidelines issued by
national and international agencies should be followed. Even though
desirable, it may not be always practical for a small scale kit producer to
maintain his own animal house. The tests may be then carried out in
co-operation with another institute or agency having appropriate facilities.
Rats and mice weighing 140-200 g and 18-25 g, respectively, and in healthy
condition, will be used for these experiments. " The set of animals used in
each experiment should be of the same sex, strain, flock and of about the same
weight. The "Tcm formulations which should not exceed 0.3 mL in the
case of mice and 0.5 mL in the case of rats containing the appropriate amounts
of radioactivity depending upon the sensitivity of the measuring device used,
is injected into the tail vein of the animals. Care should also be taken to
keep the amount of chemicals injected at the same level on a per kg basis as
is used in human beings since one may encounter abnormal biodistribution if
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too much of the chemical is injected. After the time interval stipulated
under each monograph, the animals will be sacrificed and in addition to the
collected urine, the liver, lungs, spleen, kidneys, stomach, intestine, femur,
bladder with urine, and thyroid gland will be removed and placed in containers
for counting. They may be weighed if the data required are to be expressed on
a per g basis. In the case of blood, a measured aliquot will be weighed and
counted. Total activity in blood is calculated assuming the blood to be a
certain percentage (usually 7%) of the body weight. The total activity
injected may be calculated either from the net activity of the syringe (minus
the activity at the injection site in the tail) or by adding the count rate in
the individual organs plus the carcass.
For scanning, healthy adult rabbits will be injected through the ear vein with
"Tcm formulation containing activity and chemicals proportional with
their body weight to the expected human dose in a volume not exceeding 3 mL.
After the appropriate time interval indicated in the individual monographs,
the rabbits will be anaesthetized and a whole body gamma camera or scanner
image of the rabbit will be taken in the posterior and anterior views using a
multipurpose collimator. For serial imaging, the injection will be made under
the camera.
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