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Chapter 11

RADIOPHARMACEUTICALS

R.D. Ganatra

Introduction

Speaking in April 1989, at the "Fifty Years with Nuclear Fission" conference, Rosalyn
Yalow observed that radionuclide procedures for medical diagnosis are received by more than
one-third of all patients in U.S. hospitals. Yalow, who received the Nobel Prize in 1977, for
her work on radioimmunoassays commented, that this was possible because after the World
War II, reactors made available much more abundant, and much less expensive supplies of
radionuclides. Today there are an estimated ten million nuclear imaging procedures,
performed each year, in just the United States, and the number is still growing. More than
30 000 therapy procedures are performed in the USA each year using radiopharmaceuticals.
Moreover, while the numbers continue to grow, so also do the variety of the procedures
being employed.

A weakness of nuclear medicine is related also to one of its strengths. Unlike other types
of imaging where only an instrument and the patient are required (e.g., with ultrasonics);
nuclear medicine requires a radiopharmaceutical. At the same time, the variety of
radiopharmaceuticals offers the ability to trace one or more particular functions of the human
body. This provides nuclear medicine with great versatility in detecting specific pathologies.
Various nuclear medicine studies are possible because of the localization of
radiopharmaceuticals in different organs.

Mechanisms of Localization

There are various ways in which a radiopharmaceutical localizes in an organ. In the
present day nuclear medicine, the emphasis is on the radiopharmaceuticals, which are
function-specific or pathology-specific.

(a) Physiological or metabolic: e.g. radioiodine in the thyroid gland,
radioiron in the bone marrow;

(b) Precursor-Product relationship: e.g. Labelled cholesterol for adrenal,
Selenomethionine for the pancreas;

(c) Pools: e.g. Blood pool as with labelled RBCs, Placenta;

(d) Particles: e.g. MAA Albumin for lungs, denatured RBCs for spleen,
labelled colloids for the reticuloendothelial system;

(e) Passage: e.g. hepatobiliary agents, labelled Hippuran for the kidneys;
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(f) Permeability: e.g. altered blood brain barrier for cerebral agents;

(g) pharmacological: e.g. localization of a drug at the site of action,
receptor binding of a labelled drug or a biochemical transmitter;

(h) immunological: e.g. labelled monoclonal.

It would be seen from the above list that truly metabolic agents are few. Most of the
biologically important substances have C, H, N, O as integral part of their structures, but
unfortunately all these radionuclides are produced in the cyclotron and they are all having
short half life. Metabolic agents can be prepared by ingenious chemistry, whereby a
technetium is introduced in a biologically important molecule. However, in such labelling,
it is necessary to ensure that the labelling procedure itself has not altered the functional
integrity of the compound. As the technetium has optimum physical characteristics for use
with the gamma camera, a large amount of research effort is directed towards labelling
suitable chemical moiety with Tc. The chemistry of Tc is quite complex and that has been
one of the limiting factors in the radiopharmaceutical research.

Distribution studies

The commonest and the easiest way of testing biological behaviour of a labelled
compound is a distribution study in experimental animals. Usually mice or rats are
commonly used for such a study. The labelled compound is administered to a set of animals.
They are sacrificed at various time intervals and all the organs taken out and counted in an
appropriate scintillation counter. The results of distribution study are expressed in a variety
of ways, all of which are not very meaningful.

(a) as % of the administered dose in an organ. This is the best way, when
evaluating a compound for scintigraphy.

(b) as % per gm of an organ. Useful for evaluation of toxicity.

(c) cpm / gm. For pilot studies, it may be acceptable but for batch to batch
comparison, it is not very ideal.

A compound is suitable for scintigraphy studies only if it achieves optimum concentration
during the effective life of the compound in the body.

Radioiodine

Iodine is a highly reactive chemical and as radioiodine has been used to label many
chemicals. However, the physical characteristics of l31I are far from satisfactory. The energy
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is very high for the thin crystal of the gamma camera. Its fairly long half life and the beta
radiation can give considerable radiation dose to the patient.

As I25I, it is quite suitable for the in vitro procedures. A large number of hormones,
vitamins and proteins have been labelled with this radionuclide for radioimmunoassays.
Cyclotron produced l23I has physical characteristics acceptable for the gamma camera and
many of the newer radiopharmaceuticals have been labelled with this radioisotope. However,
its short half life and its production in cyclotron has made it unavailable in many of the
developing countries.

Cows

A radionuclide generator (cow) has a parent radioisotope loaded in a suitable column
from which a daughter radionuclide is eluted by a simple chemical procedure (Fig. 11.1). In
the most widely used Mo-Tc generator, "Mo is the parent radionuclide, available on an
alumina column, from which the daughter product Tc is eluted by a passage of normal saline.
In another commonly used generator radioactive Tin is loaded on a zirconium column from
which II3Inm is eluted by passing dilute hydrochloric acid solution.

The use of short half life radionuclides in nuclear medicine is not an unmixed blessing.
Use of these radionuclides puts constraints on the chemical manoeuvring that can be done,
because the short half-life of a radionuclide limits the time available for processing,
transportation, storage and quality control. The greatest advantage of a radionuclides
generator is that it allows the use of short-lived radionuclides at long distances from the site
of production.

A radionuclide generator is nothing but a radioactive series in which a long-lived
radionuclide parent decays into a short-lived radionuclide daughter. Some examples of
commonly used generator systems are given below:

(a)

Half-life:

(b)

Half-life:

"Mo >

67hr

ll3Sn >

115d

"Tcm >

6hr

««3Inm >

1.67hr

" T c >

long

113In

stable.

"Ru

stable:

In a generator, the daughter radionuclide is being continuously produced by the decay
of the parent radionuclide. The daughter product also undergoes decay at its own decay rate.
If the half-life of the parent radionuclide is longer than the half-life of the daughter
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radionuclide, in due course, an equilibrium is established between the parent and the daughter
radionuclides. In a state of equilibrium, the ratio of the two radionuclides becomes constant.
In fact, it appears that the daughter apparently decays with a half-life of the parent. (Fig.11.2)

Once equilibrium is established, the two radionuclides can be separated only by chemical
means. In a typical Mo - Tc generator, the column is filled with alumina, the "Mo is loaded
on the column as sodium molybdate, and the eluting solution is normal saline. The elute is
in the form of sodium pertechnetate. The Molybdenum loaded in these generators is
produced either by bombardment of molybdenum with neutrons in a reactor or by fission of
MSU in a reactor. Molybdenum produced by fission is carrier free and has a very high
specific activity. On the other hand, "Mo produced by neutron irradiation has low specific
activity.

The following characteristics of a generator define its suitability for clinical use.

(a) the elution process should be convenient and quick.

(b) The efficiency of a generator is defined in the following manner:

amount of activity eluted
Efficiency = X 100

Total daughter activity on the column

(c) Parent breakthrough, as low as possible .

(d) Radiation Shielding: the generator should be properly shielded for-the
safety of nuclear medicine personnel.

(e) Specific concentration: This is defined as the number of mCi per
millilitre of the elution. In dynamic studies, it is important to have a
small concentrated bolus.

"Tcm has a short half life of six hours and its physical characteristics are very suitable
for use with gamma camera. The parent "Mo has a half life of 67 hours, which makes it
necessary to obtain it twice a week. For those countries, which depend on their supply of
radiopharmaceuticals on foreign countries, this kind of frequent import against foreign
exchange, is a big hassle.

In the case of tin - indium generator, the parent has a long half life of 280 days and the
daughter product has a short half life of only 100 minutes. Unfortunately, the physical
characteristics of '"In"1 are not very suitable for use with the gamma camera. Its gamma
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energy of 394 keV is too high for the thin crystal of the gamma camera. Otherwise, the long
half life of the parent requires its import only twice a year. As the demand for this generator
is very low, its commercial cost is quite high. The total cost of weekly import of Tc
generator is comparable to twice a year import of the Indium generator.

The generators commonly used for clinical work have a longer half life parent and a
short half life daughter radionuclide. There can be inverse cows, where daughter has a
longer half life than the parent but there is no practical advantage of using this type of a cow.
The former type provides a convenient source of a short half life radionuclide in the nuclear
medicine department. The use of this type of cow has virtually revolutionized the present day
nuclear medicine.

With the use of a generator, it is necessary to obtain the generator and kits containing
non-radioactive chemicals. The radioactive elute and the kit are mixed together prior to its
use in the nuclear medicine department itself. This puts the responsibility of the quality
control of the final preparation on the user. A radiopharmacy thus becomes an integral part
of a nuclear medicine unit. The kits are usually very simple to prepare but the attendant
quality control guarantee make them quite expensive. There is a tendency on the part of the
developing countries to lower the recurring cost of the kits by producing them in the hospital
radiopharmacy itself. With a trained staff, it is not a difficult task. More attractive approach
in a developing country is that of a central radiopharmacy, where several laboratories in a
large city or in a country, pools their resources together to set up a central radiopharmacy
as a collective venture. The subsequent chapter deals with this kind of venture extensively.
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Ideal properties of a radiopharmaceutical

= the compound should trace some identifiable biological process;

= the radionuclide label should not alter the biological behaviour of the
radiopharmaceutical;

= target to non - target ratio should be high to permit good imaging;

= the radionuclide should have physical characteristics, like the energy of the
photon, which are acceptable to the imaging device. For use with gamma
camera, a monochromatic gamma energy between 100 and 300 keV is preferable.

= effective half life of the radiopharmaceutical should be such that it permits
gathering of all possible information. It should not be unduly long so that the
radioisotope remains in the body, long after all the requisite information is
obtained.

= the carrier amount associated with the radiopharmaceutical should not be such that
it produces undesirable side effects.

Nuclear medicine's primary role has shifted over the years; a shift that demands new
radiopharmaceuticals for dynamic functional studies. The early imaging was the observation
of an essentially static event: the monitoring of radioactive "tracers" after they had
distributed throughout the body. Today's techniques emphasize the observation of the tracers,
while they are moving through the body; consequently, today's methods are better able to
discern whether the body's organs are functioning as they should. Research, too, has
benefitted from these changes. The ability to image static and dynamic aspects of
physiological functions has opened up a number of new areas of research.

The developing countries have not realized as much of the benefits of nuclear medicine
as have the developed nations. The needs of the developing countries are for the simpler
nuclear medicine work procedures and for the less complicated equipment. However,
radiopharmaceutical research is one area where developing countries can contribute a lot
because investment in terms of men and money is not very high for this purpose.

Nuclear medicine now influences, to a lesser or a greater extent, all branches of
medicine. It now plays an important role in maintaining and improving the health of millions
of people, and that this role is still expanding.
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Fig. 11.1 Schematic diagram of a radionuclide generator
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Rg. 11.2 Decay curve of "Mo and "Tc™ in the generator, showing that after few half
lives, an equilibrium is reached between the parent and the daughter
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