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Over the past two years the major interests in cyclotron-produced iso-
topes for radiopharmaceuticals have been in four main areas. These are:
(1) measurements of flow, primarily of blood flow in vivo I (2) measurements
of metabolism in vivos either of a whole organ, or parts of an organ; (3)
measurements of receptor binding or densities, generally neuroreceptors or
steroid receptors; and (4) isotopic generator systems.

While there is some overlap between these areas they will provide a
convenient classification system as a basis for discussion. This review
will, in general, only be concerned with work published during the past two
years. It should be noted that a complete review of all new radiopharmaceu—
ticals is beyond the scope of a simple article such as this, and only a
typical set of compounds can be discussed.

I. Tracers for In Vivo Measurements of Flow

The two major areas of interest in blood flow measurements are cerebral
blood flow and myocardial perfusion. In general, the principles are the
same but different techniques are used.

If a long lived, ex tractable tracer is used then the amount of tracer
present per unit volume is, in principle, equal to the product of the ex-
traction efficiency, the specific flow (Flow/Volume), and the mean concen-
tration of tracer during the extraction period. Unfortunately, the ex-
traction efficiency varies with flow rate, and there will also be some
redistribution of tracer with time. Nevertheless, this is a reasonable
approximation for strongly extracted tracers especially if the data is ob-
tained during the first pass of blood through the organ. For example,
myocardial perfusion estimates can be obtained from distributions of
Tl"*", Mn"*"*", and KT*~ ions by these techniques. In general, relative perfusion
of various areas of the myocardium can be obtained over longer time periods.
52Mn"H+" ancj 82j£k+ i o n s a r e new, generator produced isotopes which can be
used for this purpose (1,2).

Since these metal ions do not penetrate the blood brain barrier,
cerebral blood flow is generally measured by use of highly diffusible trac-
ers, whose concentration in the tissue builds up to an equilibrium value
proportionate to flow.

For constant infusion of the tracer into a volume V
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where C. = arterial concentration of tracer

F = flow rate in ml/min

Q = amount of activity at equilibrium

X = decay constant of the tracer = .693/t, /oo ' 1/2

X = (F/V)-Kw

K = average partition coefficient of the tracer

i.e.

and the subscripts A, T, v stand for aterial, tissue, and venous and CT

tissue concentration of tracer then
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The constant infusion technique was used by Subramanyan et ?1. (3) using
C15O2 (which converts to H2150 in the lungs) to measure cerebral blood flow
and has been used by the Hammersmith and other groups as well. An adapta-
tion cf this technique, using H2

150 infusion to reduce the radiation dosage
to the lungs has been made by Ruiz and Wolf (4) and Harper and Wickland (5).

Equation (2) is non-linear for small values of A and higher flow
rates. To circumvent this, Tilbury et al. (6) have tested the use of 19Ne
(t-j_/2 = 17.3 sec) for measurements of cerebral blood flow following inha-
lation, and Fazio et al. (7) have used caratid infusion of 81mKr Ctj/2 =

13 sec) for cerebral blood flow measurements.

A unique innovation to this area has come in the work of Kung,
Tramposch and Blau (8). They formed diamino compounds which were neutral in
the blood stream (pH 7.4) and charged in intracallular spaces (pH 7.0).
These could pass through the blood brain barrier into the cells, but were
not able to readily wash out. Therefore, they behave as cerebral analogs to
the positive ions used for myocardial perfusion studies. Should the uptake
of these compounds prove to be linear with flow these can be useful tools
for cerebral blood flow measurements and would provide a non-invasive, low
dose technique for the measurements.

A different, but potentially useful technique is the development by
Tewson and Welch (9) of [18F] fluoroethanol. They had hoped that this
compound would be extracted in a single pass and trapped for a long time



period. It is extracted rapidly by the brain and myocardium, but washes out
of the brain within 20 minutes. However, it may still be useful for cerebral
blood flow measurements as an injectable rare gas analog.

II. Tracers for In Vivo Measurements of Regional Metabolism

There is a large potential utility of measurements of regional metabo-
lism of glucose, oxygen, or other substrates. They can be used to determine
the real viability of ischemic tissue by measuring glucose or oxygen metabo-
lism. Measurements of the metabolic uptake of fatty acids in the myocardium
or araino acids in the pancreas establish the state of those particular
metabolic pathways, and that facet of organ viability.

Metabolic uptake of neur©transmitter precursors such as ^Br-bromodopa
and lsF-fluorodopa or one of the choline analogs can be related to the
metabolic activity of those particular neuron systems.

Of particular interest are the results of experiments by the Sloan
Kettering group showing high utilization rates of **C-glutaraic acid in
osteosarcomas and showing that these rates decreased proportionate to the
effectiveness of radiation therapy. A later study by the Brookhaven group
indicated that [*8F]-2-deoxy-2-fluoroglucose [FDG] was an indicator of
metabolic activity in soft tissue tumors.

A large number of research centers are using *8FDG or ^^C-glucose for
measurements of regional cerebral metabolism as a measure of brain function
in an effort to delineate the cerebral systems responsible for thought
•processes. Unfortunately, since inhibitary and excitory neuron systems are
closely packed in the same volume, simple metabolic measurements can be
misleading. Measurements of this type are more dependable when performed
with one of the specific neurotransmitter precursors.

The most commonly used tracer for metabolic measurements is [18F] 2-
deoxy-2-fluoroglucose (FDG) which was developed by the Brookhaven group (10,
11) and which has been used for metabolic measurements in brain (12), heart
(13) and tumors (14). Results of recent studies by Raichle et al. (15) and
by the Hammersmith group (16) have indicated that *^-glucose and 1502 also
may be useful metabolic tracers if sensitive, fast, counting equipment can
be used. This could be a very practical development since preparation of
13FDG is a difficult and tedious procedure as it is currently done.

Other types of radiopharmaceuticals for metabolic measurements which
were reported recently were the *23I-fatty acids (17) for measurements of
myocardial metabolism and 18FDG for tumor metabolic measurements (18), the
use of 123I labeled amines for studies of brain activity (it is likely that
these compounds are measuring a combination of flow and monoamine oxidose
activity (19)) and 18F-fluoro-ethanol (20) which may be of use in measurement
of alcohol dehydrogenase activity.



III. Measurements of Receptor Sensitivities

The need to obtain quantitative information is. important for steroid
receptors and neurotransmitter receptors. The importance of these measure-
ments liea in the belief that many diseases, and the drugs used to treat
these diseases, can effect the density of receptors and the binding affinity
of tnose receptors. There was an excellent review of. physiological and
pharmacological effects on neuroreceptors by Seeman et al. (21).

Receptors in neuron systems can be divided into two types, presynaptic
receptors and postsynaptic receptors. There is a great deal of data which
indicate that these receptors differ functionally and chemically.

The presynaptic receptor appears to serve as a mechanism for ending
transmission in the synaptic cleft. When it is "fired" it causes a loss
of permeability of the neuronal membrane which stops transmission into the
cleft and causes reabsorption of excess transmitter from the cleft. In
presynaptic dopamine (DA) receptors 3H spiroperidol is more readily displaced
by dopamine or apomorphine.

Postsynaptre receptors serve to pass the signal beyond the synaptic
cleft (generally by the release of cyclic AMP). In postsynaptic DA recep-
tors neuroleptic drugs displace 3H spiroperidol more readily.

In Parkinson's disease there is a breakdown of DA cell bodies in the
substantial nigra and a concordant loss of presynaptic receptors. In
Huntington't. Chorea there is a deterioration of the secondary, cholinergic
neurons in the striatum and a loss of DA postsynaptic receptors. There
is a reasonable amount of evidence suggesting that some DA receptor super-
sensitivity in the limbic system is part of the etiology of schizophrenia.

In addition, it has been found in animals that chronic treatment with
drugs that increase DA turnover causes a decrease in DA receptor density.
Conversely, chronic neuroleptic treatment causes an increase in receptor
density. However, data on these changes is sparse and incomplete. One
major use of y active neuroleptic analogs will be to measure these changes
in vivo.

The major technical problem in designing a radiopharmaceutical for
measures of receptor densities lies in the low concentration of physiolog-
ically active receptor sites, of the order of ten picomoles (10""*1 moles)
per gram of tissue. In addition, the receptor binding sites are sensitive
to the shape, charge distribution, and optical activity of the drug.
Several theoretical studies of receptor binding have been published. A
good, recent summary can be found in "Receptor Binding Radiotracers",
especially the chapter by Katzenellenbogen et al. (22).

In essence, in order to provide good localization a radiopharmaceutica3.
must have the appropriate lipid solubility to enter the organ of interest
and a high binding affinity to the neuroreceptor or steroid receptor.



In addi.ti.on, it must have a high ratio of specific to non-specific
binding. (We define specific binding as the saturatable., displaceable
attachment to physiologically active molecules and nou-specific binding a.s
all other attachments such as charge attraction, solutions, in iipids, etc.)
For infinately dilute solutions of the drug the specific binding ratio is
given by the ratio of binding affinities. However, since the specific
binding sites are so few, they soon become saturated and the ratio rapidly
decreases. For this reason the specific activity of the radippharmaceutical
is of major importance. For example, Kulmala et al. (23) showed that in rats
the specific/non-specific binding ratio for 77Br-p-bromospiroperidol was
8/1 at a specific activity of 8 Ci/mmole and 1/7 at a specific activity of
.08 Ci/mmole.

There have been very few radiopharmaceuticals prepared which are
useful for neuroreceptor binding studies. 77Bc and 75Br-p-bromospiroperidol
has been used for in vivo imaging of dopamine receptors (.24) and a series
of compounds - ^C-entorphine, *1C-pimozide, and -C-Flunitrazepan (25)
have been prepared but not used successfully as yet for imaging neurorecep-
tors.

Several compounds have been used for imaging steroid receptors. The
most promising of these are 77Br-16a-bromoescradiol-176 (26) and 1:iC-17a-
methylestradiol (27).

IV. Radioisotope Generator Systems

A large number of new isotope generator systems have been tested.
The interest in these has been caused by the onset of new rapid techniques
for cardiac blood pool imaging or positron emission tomography. We will
discuss some of the characteristics of these systens and some of their
potential uses.

52Fe-52mMn. This generator was developed by Atcher et al. (28) and
consists of a source of 52Fe+3 bound to Dowex 50 ion exchange resin from
which the 5 2 mMn + + daughter is eluted with 9 M HCl. Generators delivering
several mCi of Ŝ mĵ -H- ±ons have been prepared. The yield is of the order
of 75% and the breakthrough of 52Fe is generally less than 10~5. The half
life of 52inMn is 23 minutes and of tha parent, 52Fe, is 8.3 hours.

Since Mn*~*" ions bind strongly to the myocardium this generator has
been primarily used for myocardial imaging. The major decay of ^2mMn
takes place by positron emission, however 1.434 MeV y-rays are emitted in
all decays; therefore this system is only useful for positron emission
tomography (PET).

Since Mn has many oxidation states its cos?]ex chemical behavior may
make this generator produced isotope suitable for a variety of radiopharma-
ceuticals .

1 •/3w-I73Ta. This generator (29) uses a source of 178W bound to anion
exchange resin and the *78Ta is eluted in dilute HCl. The yield is about
60% and the breakthrough is 10"1*. Sources of the order of several mCi
have been prepared. The 178W half life is 21.7 days and the l78Ta half



life is 9.3 mini ,es. Its primary use is for cardiac blood pool imaging.
The major radiations of 178Ta are Hf X-rays (55-65 keV) and the isotope
is ideal for use with fast, multiwire proportional counters.

62Zn-62Cu. This generator was constructed by Robinson et al. (30)
and uses an anion exchange column for the separation. The 62Zn half lifo
is 9.2 hrs and that of 62Cn is 9.8 min. The decay of 52Cn is primarily
by positron emission and its chemistry lends itself to forming a variety of
radiopharmaceuticals. The generator yield is 85% and the breakthrough of
o2Zn is less than 1CT5. This could be a useful tool for cariac bloxi pool
imaging with a PET system.

68Ge-68Ga. This generator has been commercially available for some
time. The commercial generators use sources of ^8Ge abosrbed on AI2O3 from
which the 68Ga is eluted by .005 M EDTA solution. The EDTA often interferes
with the production of radiopharmaceuticals incorporating the Ga and must
be destroyed. Several authors (30,31) have developed generator systems
delivering ionic 68Ga. One of these, by Schumacher and Maier-Borst uses a
pyrogallol ion exchange resin (30) eluted with 4.5 N HC1. Yields were high
and breakthrough was less than 10~5. The other generator (31) uses alumina
which when eluted with dilute NaOH or NasPO^ provides yields between 10%
and 40% with breakthrough of 10~5-10~6.

Several other new generators have been reported. These were for:
l77]if (t!/2 = 1.87 y) -

 172Ln (tx/2 = 6.7 d) (32) (however the y rays of
-72Ln would not be suitable for imaging with present equipment); 115Cd (t^/2 =

53.4 hrs) - 115mIn (t'1/2 = 4.5 hrs) (32) which may provide a useful substitute
for ^^In in labeling platelets; and a new, simply constructed generator for
the 81Rb-81mKr system (33).

These generator systems are for use in diagnostic studies. One new
generator, of importance for therapeutic studies was developed by Zucchini
and Friedman (34). This generator uses sources of 228Th (t^/2 =1.9 yrs)
and elutes either 212Pb (t^/2 = 1 0 n r s) o r 212Bi (tj/2 = 60.6 min). Both
of these isotopes are potent sources of alpha radioactivity and are eminently
suitable for isotopic therapy. One millicurrie of 212Pb delivers 232,000
Rad-ml of high LET dosage which can readily be localized in a small volume
of tissue?
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