Pharmacology Biochemistry & Behavior, Vol. 40, pp. 503-507. © Pergamon Press plc, 1991. Printed in the U.S.A.

0091-3057/91 $3.00 + .00

PET Studies in the Primate Brain and
Biodistribution in Mice Using

(—)-5'-®F-A%-THC

A. CHARALAMBOUS,* G. MARCINIAK,* C.-Y. SHIUE,ti S. L. DEWEY, ¥
D. J. SCHLYER,} A. P. WOLF{ AND A. MAKRIYANNIS*!

*Department of Medicinal Chemistry, School of Pharmacy, University of Connecticut, Storrs, CT 06269-2092
fBrookhaven National Laboratory, Department of Chemistry, Upton, NY 11973
1Creighton University, Center for Metabolic Imaging, Omaha, NE 68108

CHARALAMBOUS, A., G. MARCINIAK, C.-Y. SHIUE, S. L. DEWEY, D. J. SCHLYER, A. P. WOLF AND A. MAKRI-
YANNIS. PET studies in the primate brain and biodistribution in mice using (—)-5'-'*F-A%-THC. PHARMACOL BIOCHEM
BEHAV 40(3) 503-507, 1991. —Cannabinoids, the active constituents of marijuana, are known to have many therapeutic proper-
ties; however, their exact mechanism of action is not well understood. In an effort to obtain more information concerning the
pharmacokinetics and biodistribution of psychoactive THC analogs we synthesized (—)-'®F-A%-THC and studied its biodistribution
in mice and baboon brains. The analog was obtained by nucleophilic fluorination of the ditriflate ester of (—)-5'-OH-A%-THC
with K'®F/Kryptofix followed by deprotection with LiATH, and purification with HPLC in 8% yield in a 90-min synthesis from
EOB. The uptake of (—)-5’-'®F-A®-THC in mouse tissue was high at 5 min, but radioactivity declined rapidly in almost all the
tissues studied. Following IV administration, (—)-5'-'"®F-A®%-THC uptake in baboon brain was similar in the basal ganglia, thala-
mus and cerebellum, and the clearance from these regions was relatively rapid. Also, a study from baboon plasma clearance of

(—)-5'-18F-A8-THC showed rapid metabolism of the analog.

(—)-5'-"®F-A%-THC Biodistribution PET

SINCE ancient times Cannabis sativa L. has been known for its
many therapeutic properties and has been widely used in various
preparations in folklore medicine (16). The active constituents
of the plant, the cannabinoids, have numerous pharmacolog-
ical properties including psychotropic effects, bronchodilation,
increased heart rate, reduced intraocular pressure, analgesia,
alteration of body temperature, anticonvulsant activity and
others. (5).

Because of their high lipophilicity, cannabinoids are expected
to partition preferentially in the hydrophobic component of the
membrane thus affecting membrane-related functions either through
lipid perturbation or through direct interaction with membrane-
associated proteins, at catalytic or noncatalytic sites. Indeed,
cannabinoids have been shown to affect a variety of membrane
preparations including membrane-associated enzymes (13), brain
synaptosomes (9), blood platelets (17), human lung fibroblasts
(2), and numerous membrane-associated receptors (13). To un-
derstand the effects of cannabinoids on the membrane we have
studied the topography, stereochemistry and dynamic features of
these drug molecules in the membrane using deuterium solid-
state NMR (11) and small angle x-ray diffraction (15).

Recently, it has been shown that at least some of the canna-

binoid effects are due to interactions with specific binding sites.
Evidence for such sites was obtained using the radioactive [*H]
CP-55,940 ligand, in cultured neuroblastoma cells (10) and in
rat brain synaptosomal membranes (4) in both of which canna-
binoids inhibit adenylate cyclase. Also, these sites have been vi-
sualized autoradiographically in the brain of several mammals
including man (8). Recently, a complementary DNA isolated
from the rat cortex has been cloned and expressed (14). This
c¢DNA encodes for a cannabinoid receptor whose mRNA is
found in cells and regions of the brain where the cannabinoid
binding sites have been visualized.

In attempting to provide more information concerning the
pharmacokinetics and biodistribution of psychoactive THC ana-
logs, we synthesized '®F-labeled (— )-5’-fluoro-A®-THC and stud-
ied its biodistribution in mice. Also, we obtained information on
its biodistribution in primate brain using positron emission to-
mography (PET). A preliminary report on these studies has al-
ready appeared (12).

We chose to work with (—)-5"-'8F-AS-THC for the follow-
ing reasons: a) The parent compound ( —)-A®-THC is among the
most psychoactive and stable constituents of marijuana, b) the
5’ position has been reported to be less prone to metabolic
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Scheme 1. Synthesis of (-)-5'{"®F1-a%-THC
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modifications (1) and ¢) '®F has a relatively long half-life when
compared to the available positron emitting radioisotopes. Fi-
nally, when biological testing of the *‘cold” (—)-5'-fluoro-A®-
THC derivative found it to be almost equipotent to the parent
compound (3), we felt confident in proceeding with the PET ex-
periments.

PET is a technique which can be very effective for studying
in vivo biochemical processes and the functional state of many
organs. The technique involves labelling the molecule of biolog-
ical interest with a short-lived positron-emitting radioisotope.
After intravenous injection or inhalation, the distribution and
concentration of the labeled molecule in regional tissues can be
monitored (7). More specifically, the radioisotopes are produced
in the cyclotron as small precursor molecules, K'8F in our case,
which because of their very short half-life (109.8 min for '®F)
must be rapidly incorporated into the molecule of biological in-
terest. Since the specific activity of the radioisotope is very high
(1.71 x 10° Ci/mmol for '8F), small concentrations of compound
are needed and, therefore, the compounds are synthesized in mi-
cromolar quantities. Finally, image reconstruction of the source
that generates the radioactivity demonstrates the regional distri-
bution and concentration of the radioactive molecule.

FIG. 1. Transaxial PET images taken 60 min after IV injection of (—)-5’-'*F-A®-THC and through the rostral (top left) caudal (bottom right) extent
of the baboon brain as described in the text.
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TABLE 1
TISSUE DISTRIBUTION OF (—)-5'-'*F-AS.THC IN MICE
Mean + S.EM.(n=4)
Time After Injection
5 Minutes 30 Minutes 60 Minutes
Organ &/Organ %/Gram &/Organ %/Gram &/Organ %/Gram
Brain 1.07 = 0.14 2.23 + 0.34 0.52 = 0.05 1.07 = 0.09 0.24 = 0.01 0.52 = 0.02
Blood - 2.65 = 0.21 - 2.27 £ 0.69 — 1.38 = 0.12
Heart 0.88 + 0.17 6.45 £ 1.10 0.19 = 0.03 1.53 £ 0.15 0.10 = 0.01 0.88 = 0.06
Lungs 0.81 = 0.12 4.82 = 0.74 0.39 = 0.17 1.72 £ 0.23 0.19 £ 0.05 1.15s £ 0.15
Liver 25.31 = 2.73 20.07 = 2.06 13.49 = 7.90 9.08 = 5.20 9.72 = 0.60 744 = 0.33
Spleen 0.41 = 0.07 2.85 = 0.43 0.16 = 0.04 1.07 = 0.09 0.10 = 0.01 0.67 = 0.09
Kidneys 3.17 = 0.46 7.33 = 0.85 0.75 = 0.16 1.86 = 0.26 0.41 = 0.02 1.04 = 0.08
Small Intes. 6.84 = 2.74 342 = 1.04 30.89 + 13.6 16.08 + 5.02 42.66 + 20.2 22.92 + 10.1
Femur — 1.38 = 0.31 — 1.50 = 0.19 — 1.65 = 0.26
Muscle - 2.57 £ 0.30 1.06 = 0.23 0.68 =+ 0.19
CHEMISTRY METHOD

The synthetic route that we followed for obtaining (~)-5'-
18E_A8.THC is shown in Scheme 1. (—)-5'-Hydroxyl-A®:-THC
was synthesized according to a literature procedure (18) and was
converted to the triflate diester through reaction with triflic an-
hydride in the presence of 2,6-lutidine, in methylene chloride at
0°C. Reaction of the ditriflate with K'8F and kryptofix in aceto-
nitrile at 80°C provided the (—)-5'-'8F-A%-THC triflic ester,
which was converted to the free phenol without further purifica-
tion using 1 M LiAlH, in ether solution. After acidification with
1 N HCI and ether extraction, the final product was purified us-
ing HPLC (Beckman Ultrasphere semipreparative silica gel col-
umn) and 5% ethyl acetate in hexanes as eluent; the yield was
8% for a 90-min synthesis from the end of bombardment (EOB).
Finally, the solvent was evaporated and the compound was dis-
solved in a 5:5:90 ethanol:emulphor:saline solution for a final
volume of 2.5 ml which after filtration through millipore was in-
jected in the animals.

Adult female mice (BNL strain, 26-31 g) received tail vein
injections of '®F-THC (24-72 uCi). At the appropriate times,
animals were sacrificed by cervical dislocation. Tissues were
rapidly removed, blotted free of excess blood, and counted for
total radioactivity.

Adult female baboons (Papio anubis, 13.5-15.0 kg) were
used for all PET studies and were prepared as described previ-
ously (6). Scanning was performed in a Computer Technology
Imaging (CTI) positron tomograph (model 931-08/12; 15 slice,
6.5 m slice thickness, full width at half maximum (FWHM).

Baboon Plasma Metabolite Analysis

After each injection of radioligand blood was sampled from
the femoral artery at 2.5-s intervals for the initial 2 min, via an
automatic blood sampling device. Subsequent samples were drawn
at discrete preselected time intervals up to the end of the study.
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FIG. 2. Time courses for (—)-5'-'*F-A'®-THC distribution in baboon brain.
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TABLE 2
ANALYSIS OF '*F RADIOACTIVITY IN BABOON PLASMA SAMPLE*

Min. After % of '3F Extracted % of '*F in MeOH % of Unchanged

Injection From Plasma as 'SF-THC ®E.THC
0.67 95 97.7 92.8
(92.7;97.2) (97.3; 98.1) (90.2; 95.4)
4 86.7 67.2 58.3
(86.6; 86.8) (62.0;72.3) (53.7; 62.8)
10 83.6 323 27.0
(83.3; 83.8) (27.7; 36.8) (23.1; 30.8)
30 82.4 17.9 15.0
(81.1; 83.7) (16.6;19.2) (13.5;16.1)
60 79.6 15.8 13.0
(77.2; 82.0) (12.8: 18.8) (10.0; 15.4)
120 76.9 15.3 12.0
(75.3;78.4) (11.8: 18.7) 9.0; 14.7)

*Plasma samples were extracted with 2 ml methanol.

Samples taken at 0.67, 4, 10, 30, 60 and 120 min postinjection
were analyzed for radioactive metabolite(s) and for unchanged
radioligand, by adding the plasma (50-200 pl) to 2 ml metha-
nol, sonicating, centrifuging and analyzing the supernatant by
HPLC. Authentic (—)-5'-F-A®-THC was added to the superna-
tant solution before HPLC. The retention time of (—)-F-A%-THC
in this system was 15 min.

RESULTS

Table 1 shows the time course distribution of (—)-5''*F-A8-
THC in mice, expressed as % of injected radioactivity per organ
as well as per gram of tissue. The uptake of the compound was
highest at 5 min, with the liver, kidneys, small intestines and
brain having the highest amounts of drug (20.07=2.06,
7.33+0.85, 3.42+1.04 and 2.23%0.34% of injected dose/g
organ respectively). Radioactivity declined rapidly to approxi-
mately 25% of its peak value after 60 min in all tissues with the
exception of the liver where it decreased to 37%. The small in-
testine was the only tissue where radioactivity increased seven
hundredfold, indicating high concentration of THC in the feces.

All PET studies were performed in adult female baboons.
Figure 1 shows the distribution of (—)-5'-'SF-A®-THC in the
primate brain 60 min after IV injection of the drug. These series
of images represent horizontal slices of the baboon’s skull and
brain and they are separated from each other by 6.5 mm. The
top of the figure represents the top of the skull and the bottom
represents its basis. Areas that are colored deep red are areas
high in radioactivity, while areas colored in purple have little
radioactivity.

Uptake of the cannabinoid was analyzed from a series of im-
ages such as those described above, being taken from time 0 of
the injection up to two hours from injection time. The images
also allowed evaluation of the rate of accumulation as well as
that of the clearance of the radioactivity in the various areas of
the brain. The results are shown in Fig. 2. Uptake of the drug
was similar in the basal ganglia, thalamus and cerebellum. The
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basal ganglia can be seen as the yellow area at the second row
of images (Fig. 1), while the cerebellum is the lower yellow
colored area in the third row of images (Fig. 1). Figure 2 shows
that the drug accumulates rapidly (1.5% of injected dose/cc in 6
min) and is rapidly cleared (0.05% of injected dose/cc in 90
min) from these brain areas. The radioactivity at the base of the
skull, seen as the deep red colored area in the third row of im-
ages in Fig. 1, identifies perhaps the sella turcica, which is a
bony structure near which lies the pituitary. In this area radioac-
tivity increased rapidly and then remained constant with time
(2.3% of injected dose/cc in 12 min 2.5% of injected dose/cc in
90 min). This was explained as an indication of in vivo deflu-
orination.

The fate of the drug in the animal was also studied through
plasma analysis of the injected radioactivity. Table 2 shows the
results obtained. It can be seen that with increasing time, the
amount of dissociated '®F radioactivity decreases (second col-
umn) but not as drastically as the amount of 18F associated with
the cannabinoid and its metabolites (third column) or (—)-5'-
18E_AR-THC itself (fourth column). These results demonstrate
relatively rapid metabolism of the drug associated mainly with
defluorination. After 10 min, roughly only one-third of cannab-
inoid and its metabolites are still intact.

DISCUSSION

To our knowledge, (—)-5'-'8F-A®-THC is the first cannab-
inoid positron-emitting derivative synthesized to date. This mol-
ecule was designed for visualizing cannabinoid binding sites in
the primate brain using positron emission tomography imaging
and was also used to study cannabinoid biodistribution in mice.

The results from the PET experiments discussed here show a
number of similarities with those obtained by autoradiographical
visualization of cannabinoid receptors in the brain using [*H]
CP-55,940. Both methods demonstrated the presence of cannab-
inoid binding sites in the basal ganglia and cerebellum. How-
ever, we also find some differences between the data from the
two types of imaging methods. For example, our PET data do
not reveal high localization of binding sites observed in the au-
toradiographic experiments. Conversely, the PET results show
high concentration in the area of the thalamus while autoradiog-
raphy reveals only modest binding there.

The results obtained from the PET experiments on the distri-
bution of cannabinoid receptors in the brain do not distinguish
between specific and nonspecific cannabinoid binding sites and
in all likelihood represent the combined sum of the two. This
could be due to the relatively low affinity of this natural can-
nabinoid when compared to that of [*H] CP-55,940, which was
the ligand used in the autoradiographic studies. PET experiments
being currently planned will make use of ligands having higher
affinities for the cannabinoid binding sites and should serve to
refine the data described in this publication.
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