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Radiochemistry plays a major role in modern nuclear medicine, particularly
in the development of tracers for Positron Emission Tomography (PET) and
Single Photon Emission Computed Tomography (SPECT). These tools are used
_to measure regional biochemical, physiological and pharmacological functions.
Radiochemistry is involved in the measurement of nuclear data for optimal radio-
isotope production, the design of suitable targets for high beam current
production processes, the synthesis of suitable precursors for labeling, the
desig'n.and production of radiopharmaceuticals as well as their quality control.
One can distinguish between two types of medical radionuclides according
to their uses: - »

= Diagnostic radionuclides ,

- for SPECT requiring a dominant ~-line with high detection efficiency for
present day crystal detectors, i.e. with main ~y-energies between about 70
and 250 keV, such as 99MT¢, 123) 201y

- for PET positron emitters such as 11C, 13N, 150, 18¢

» Therapeutic radionuclides for endotherapy
- B~-emitters, e.g. 87cu, 90y, 131} 153gy
- a-emitters, e.g. 2128i, 21zt
- Auger electron emitters, e.g. the EC nuclides 31cr, 79se, 77Br, 125

In this review we shall consider some recent advances in cyclotron
produced diagnostic tracers for PET and SPECT.

The approach to modern diagnostic tracers involves the followmg natural
physioclogical pathways:

e blood flow

metabolism

enzyme activity
neurotransmitter biochemistry
antibody antigen reactions



This means natural substrates and biomolecules as well as drugs have to
be labeled with short lived PET and SPECT tracers with high specific activity
(no-carrier-added). Examples will be given of n.c.a. precursors and labeling
chemistry with special emphaSis on.amino acids, dopamine receptor ligands and
fatty acids including their application in brain and heart research.

Looking at the recent development of 18F-radiopharmaceuticals, one
clearly recognizes an increase in 18F-anal»og tracers. Next to the work horse
2.1 8FDG, which is now available in large quantities by a convenient nucleophilic
route, many other metabolic tracers have been produced and evaluated.
Fluorinated amino acids are becoming important. The half life of fluorine-18 is
more compatible with the relatively slow kinetics of protein synthesis than that of
carbon-11. Furthermore, the metabolic behavior of such analog tracers as
2-[18F]ﬂuorotyrosine is simpler than that of 1 cjabeled amino acids. It has been
shown that this analog tracer is incorporated into proteins just as natural amino
acids, and that quantitation sems to be possible via a 3-compartment model. It is
expected that the measurement of amino acid transport and protein synthesis
rates are not only of interest with respect to tumor grading and tumor therapy but
also to the diagnosis of other cellular degenerations. The 1231.amino acid analog
tracer for SPECT is L-3-[123[Jiodomethyltyrosine. This tracer is not incorporated
into proteins, but it can be used to measure transport of amino acids. It has
already found applications in tumor research.

In the area of cardiology, quantitation of B-oxidation is desirable. The
current 11c- and 18F-labeled fatty acids do not fulfil this goal. New 18F jabeled
fatty acid analogs are expected to fill this gap. Thia fatty acids which act as false
substrates and/or inhibitors of B-oxidation may be suitable for solving the
problem. :

In the field of receptor ligands fluorine-18 labeled products and analog
tracers play an increasing role due to the longer half life and the relative ease of
obtaining high specific activity. A large number of 18k jabeled butyrophenone
neuroleptics have been prepared and evaluated. A direct 18F-for-NOQ nucleophilic
displacement at the nitro precursor of the neuroleptic itself now allows the
preparation of n.c.a. products in good yields in a one-step reaction.

PET is also.a powerful tool in drug research. It can be used to quantitatively
measure the regional pharmacokinetics of a positron emitter labeled drug at the
site of action in primates without pharmacodynamical effects. This includes the
elucidation of enantiomeric selectivity of centrally active agents. Examples of this
application will also be given. '






