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Abstract

Applications of radiopharmaceuticals and labelled compounds in the field of

nuclear medicine in Egypt have increaed so rapidly in the last few years. At present, a

large number of hospitals are utilizing these radioisotopic techniques for both

diagnosis and treatment. The following production activities are taking place in the

Egyptian Radioisotope Production Laboratories. By utilizing the research reactor a

large number of radioisotopes which find wide applications in nuclear medicine were

produced, such as iodine-131, phosphorus-32, sodium-24, potassium-42 and

molybdenum-99 / technetium-99m generators. Gallium-67 , indium-Ill and

iodine-123 will be produced locally after installation of the cyclotron at the end of

1998. A large number of Tc-99m based kits for diagnostic medical applications have

been produced. Also, many radiopharmaceuticals labelled with iodine-131 were

produced. The radioisotope production laboratory is able to supply many hospitals

with the radioimmunoassay kits of the thyroid related hormones (T4, T3 and TSH).

Research and development activities are taking place in the field of monoclonal

antibodies and tumor markers with special consideration of AFP, CEA, PSA and

(3hCG.

Introduction:

Developments in the field of nuclear medicine increased extremely rapidly in the

last few years. This included radiopharmaceuticals for disagnostic and therapeutic

applications. A national radiopharmaceutical production programme has been laid

down and consequently went into implementation with full cooperation and technical

assistance by the International Atomic Energy Agency. The role of IAEA in the

Egyptian radiopharmaceutical production programme may be considered a successful

model for implementation in developing countries.
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The programme involves the following fields of production activities

- Reactor-Produced isotopes

- Cyclotron-Produced isotopes

- Radiopharmaceuticals.

- Radioimmunoassay kits for thyroid-related hormones

- Monoclonal antibodies production

- Tumor markers

1- Production of radioisotopes:

a- Reactor-produced Isotopes:

Egypt has at present two research reactors, the first is a 2 Mw, 2x10*^ n cm"^ s'1

reactor which was commissioned in 1961. The second is a 22 Mw, 3x10* n cm"^ s"

multipurpose type, which is capable among other functions to produce various types

of radioisotopes

Egypt was since the early sixties utilizing the the Russian 2Mw reactor and a

Norwegian-built radioisotope production plant to produce the following radio,

isotopes: Iodine-131, sodium-24, potassium-42, chromium-51, phosphorus-32 and

colloidal gold-198. At present, only 1-131 and P-32 are routinely produced while

other isotopes were being replaced by the ideal and widely used Tc-99m for

diagnostic nuclear medicine applications. As for the production of 1-131, the

Norwegian dry distallation method has been replaced in 1995, by the Hungarian

molten tellurium dioxide method.

The commissioning of Egypt's Second Research Reactor in January 1998, with

higher energy and flux, radioisotope production capabilities will be greatly enlarged

in terms of types and quantities of isotopes. This includes Co-60 sources (upto 50,000

Curie), Ir-192 needles, and molybdenum-99 in the gel form for Tc-99m generator

production. Moreover, the reactor is equipped with a boron neutron capture therapy

facilities where boron is normally injected and localized in the brain, where neutrons

are captured by boron with the consequence emission of alpha particles which

destroy the tumor cells in the brain.
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Mo-99 - Tc-99m chromatographic generator production cells have been installed

where imported fission Mo-99 has to be loaded on a small alumina chromatographic

columns. Up to 50 generators could be produced per batch .

From the economical point of view the column generator technology using fission

Mo-99 was found to be expensive. This is due to the high costs of the imported

Mo-99 which is mainly attributed to the fact that fission Mo-99 producers all over the

world are limited.

In the last years considerable efforts have been directed towards the gel generator

system for Tc-99m which combine the advantage of column generators and using the

inexpensive (n, y) produced Mo-99 using the research reactor. In this respect research

activities were devoted towards the use of insoluble and radiation resistant

radioactive molybdate gels as chromatographic column matrices.

A project for the production of Mo-99 - Tc-99m gel generators (gel in the form

of zirconium molybdate) has started through an IAEA TC project EGY/2/008 and a

contract has been signed with the Chinees Nuclear Power Institute for installation of

cells for the production of Mo-99 - Tc-99m gel generators which will utilize the

irradiation capabilities of Egypt's Second Research Reactor. The capacity of the

production cells is up to 200 Curie per batch. The production procedure will be

according to the guidelines of the GRP for radiopharmaceutical production.

b- Cyclotron-produced Isotopes.

A 20 MeV cyclotron, which is capable to accelerate charged hydrogen, deutrons

helium-3 and Helium-4 will be commissioned late 1998. This will represent a flexible

tool to produce a group of short lived isotopes for diagnostic medical applications.

Three production units are being installed for the production of iodine-123,

galium-67 and indium-111. These units are kindly implemented through an IAEA TC

project. The cyclotron facility will also accomodate a unit for fast neutron therapy.
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2- Production of Freeze Dried Technetium-99m Based Kits:

Research and development activities have been directed towards the production

of Tc-99m radiopharmaceuticals for imaging of brain, liver, splean, lungs, heart,

kidneys and skeleton. The Tc-99m based kits listed in Table (1) had been locally

produced. The products are prepared under aseptic conditions.

Table (1) : Locally produced Tc-99m-based kits

Kit

Tc-99m-EHDP
Tc-99m-MDP
Tc-99m-DTPA
Tc-99m-Citrate
Tc-99m-GHA
Tc-99m-DMSA
Tc-99m-Phytate (precolloid)
Tc-99m-HSAM
Tc-99m-Sulfur colloid
Tc-99m-PYP

Application

Bone imaging agent
Bone imaging agent
Dynamic kidney scanning agent
kidney scanning agent
Dynamic kidney scanning agent
Static kidney imaging agent
Liver and spleen imaging agent
Lung imaging agent
Liver imaging agent
Bone imaging agent

The freeze dried kits for Tc-99m labelling are subjected to quality control tests

and measurements to ensure safty, efficancy, sterility, apyrogenicity, radiochemical

purity, stability and suitability for the intended purpose.

R and D activities are going on to design new organic entities suitable for

labelling with Tc-99m to be used as new radiodiagnostic agents and application in

defined organ imaging. Also, much more work on Tc-99m complexes in solution

appears to be necessary. In Table (2) are listed the Tc-99m based kits under study and

those that will be studied in future.
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Table ( 2 ) : Tc-99m-Base

Kit

Tc-99m-HIDA derivative
Tc-99m-MAG3

Tc-99m-ECD
Tc-99m-HM-PAO
Tc-99m-MIBI

kits under study

Application

Hepatobiliary imaging agent
For renal function study
For brain perfusion
For brain perfusion
For myocardial perfusion

1- Tc-99m-anti-CEA monoclonal Ab.
2- Tc-99m-receptor binding agents.

A well equipped laboratory for organic synthesis was installed in order to synthesize

most of the compounds listed in Table ( 2 ) .

3- Production of Radiopharmaceuticals Labelled with Radioiodine:

Under sterile conditions o-iodohippuric acid (OIH) is produced, for labelling with

iodine-131. I-131-0IHA is used in the nuclear clinics as a renal function measuring

agent. Also, cx-methyl tyrosine is produced and labelled with 1-131 as a diagnostic

agent in parkenson's disease. Experiments were carried out on the labelling of some

long chain fatty acids such as 16-bromohexadecanoic acid and 17-iodoheptadecanoic

acid with iodine-131 as imaging agent for heart muscle.

4- Production of Radioimmunoassay (RIA) Kits;

Radioimmunoassay (RIA) is considered now in Egypt as the most common and

main microanalytical technique for determination of minute quantities of biological

substances such as hormones, enzymes, serum proteins, vitamins and drugs.

Application of RIA techniques for "in-vitro" diagnosis has grown so rapidly in the

last few years in Egypt, that now about 38 laboratories are performing RIA activities

using various RIA kits which are imported from different companies in Europe and

USA. The most currently used RIA kits in these laboratories are those for thyroid

related hormones and sex hormones.
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The enzyme linked immuno sorbent assay(ELISA) technique has been introduced

in some laboratories in Egypt, however, its consumption is rather limited compared to

the RIA techniques.

Difficulties concering the use of RIA kits are mainly encountered from the

importation from different manufacturers. Many problems arise from importation

namelly, increae of costs, expenditure of foreign currency, transportation problems,

delay of delivery and finally changing from one supplier to another will seriously

affect reliability of the data obtained from the same laboratory or form different

laboratories using different brand for the same analyte. These facts revealed the

necessity of adopting a project with a fundamental objective of local production of

bulk reagents for various analytes which will make locally produced RIA kits

available in the Egyptian market with lower costs and ease of delivery.

Now a very well equipped RIA laboratory has been established and which is

routinely producing RIA kits for thyroid related hormones (T4 & T3 RIA kits and

TSH IRMA kits) which is regularly distributed to many RIA laboratories and

hospitals. All the components and reagents of the kits are prepared locally. R&D

activities have taken place to develope new and improved techniques for the

preparation of coated polystyrene tubes, polystyrene beads, cellulose particles and

magentizable particles. According to these R and D activities the RIA production

laboratory is able to produce coated tubes either by using first antibody or by double

antibody technique.

5- Tumor Markers:

Due to increased consumption of tumor markers in Egypt it has been found

necessary to start a national project aiming to produce bulk reagents for RIA tumor

markers specially those which find wide applications in our country. This of course

will effectively minimize the cost/test for patients and will allow overcoming the

logistics of importation of tumor marker kits which is very expensive and costs a lot

of foreign currancy.
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A project for tumor markers production using the isotopic techniques has been

adopted in coorperation with the IAEA (Tc project EGY/2/007) and four tumor

markers which are commonly used in Egypt have been choosen to start with. These

are AFP, CEA, PSA and |3hCG. Installation of laboratories and their procurement

with the essential equipments have started and five young scientists were sent abroad

for training in this field.

The consumption per year of these tumor markers in some specialized hospitals

utilizing either the isotopic on non-isotopic techniques are listed in Table (3).

Table (3): The approximate consumption rate/year (Assay tubes/year) of some tumor

markers in some specialized laboratories in Egypt during 1996.

AFP

Isotopic

6100

Non Isotopic

8000

CEA

Isotopic

700

Non Isotopic

8600

phCG

Isotopic

6200

Non Isotopic

6100

PSA

Isotopic

600

Non Isotopic

6600

UEKT (
left BLANK
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