Biochemical Pharmacology. Vol 23, pp. 873-877 Pergamon Press, 1974, Printed in Great Britain.

SUBCELLULAR DISTRIBUTION OF
A°-TETRAHYDROCANNABINOL IN RAT BRAIN

ROBERT W. CoLBURN, LORENZ K. Y. NG, Lotis LEMBERGER* and IrRwiIN J. KoPIN
Laboratory of Clinical Science, National Institute of Mental Health, Bethesda, Md. 20014, U.S.A.

(Received 6 April 1973 accepted 3 August 1973)

Abstract  A°-Tetrahydrocannabinol->H (A®-THC-3H), administered intracisternally. is dis-
tributed almost equally among particulate fractions of rat brain homogenates with only a
small proportion in the supernatant fraction. Similar distribution of A°>~THC-3H is found
when the drug is added directly to brain homogenates. Most of the metabolites of A”-THC-
3H. however, are found in the supernatant fraction, but synaptosomes retain significantly
greater amounts of polar metabolites than do other particulate fractions. After incubation
with synaptosomes in vitro, exceptionally high tissue/medium ratios were found for
A°-THC-*H accumulation. This accumulation was not prevented by metabolic inhibitors
and was not temperature dependent. The results indicate that significant amounts of A®-
THC and its polar metabolites can be concentrated in synaptosomes by nature of the drug’s
lipophilic properties.

A°-TETRAHYDROCANNABINOL has been shown to be a principal psychoactive com-
ponent of marijuana.'~* The availability of radiolabeled A°-THC of relatively high
specific activity has made possible studies of its metabolism and physiologic disposi-
tion,>~8 as well as its regional distribution in brain after parenteral administration
in animals.’'' We wish now to report studies on its subcellular distribution and the
characteristics of its accumulation by particulate fractions of rat brain.

METHODS

Tritiated A°-THC (20 pg. sp. act. 8:8 mCi/m-mole) suspended in 40 pl of a mixture
of rat scrum and polycthylene glycol (3:1 by volume) was administered to rats (150
200 g, male Sprague-Dawley) by intracisternal injection as described by Schanberg
et al.'? Two and one-half or 21 hr after injection, brains were rapidly removed,
cooled on ice and homogenized in 9 vol. of cold 0-32 M sucrose for subcellular frac-
tionation essentially by the method of Whittaker et al.'® The brain homogenate was
first centrifuged at 900 ¢ for 10 min to remove broken cells (P1). The supernatant
(S1) was then centrifuged at 22.000 g for 20 min, giving microsomes in the superna-
tant (S2) and myelin, mitochondria and synaptosomes in the pellct (P2). The S2 frac-
tion was further centrifuged at 100,000 g for 30 min to give a microsomal pellet (P3)
and supcrnatant (S3). The pellet P2 was resuspended in 10 ml of 0-32 M sucrose and
its various components were fractionated further by centrifugation at 50,000 g for
1 hr on a discontinuous sucrose density gradient. Fractions containing myelin (A),
synaptosomes (B) and mitochondria (C) were obtained. Aliquots of isolated tissue
fractions were dissolved in soluene 100 (Packard) 16 hr prior to the addition of the
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counting mixture (18% ethanol in toluene with 2-7% liquifluor) (New England Nu-
clear)and assayed for radioactivity by liquid scintillation spectrometry. In some cases,
a small hole was made at the bottom of the cellulose nitrate tube after sucrose gradi-
ent centrifugation and fractions were collected dropwise, consisting of 14 drops drops/
fraction. These fractions were assayed for radioactivity as described above.

A®°-THC and its metabolites in the different subcellular fractions were separated
by previously described extraction procedures.’-® The unchanged A°-THC was meas-
ured by extraction at pH 6'5 to 7-5 into 4 vol. of heptane containing 1-5% isoamyl
alcohol. Concurrent standards showed a recovery of 95 + 5 per cent of A*-THC
extracted into the heptane. The radioactivity in the organic phase was assayed by
liquid scintillation spectrometry. After extraction of A3-THC with heptane, relatively
polar metabolites which remained in the aqueous phase were extracted with ether.
Aliquots of the ether extract (containing principally 11-hydroxy and 8,11-dihydroxy
compounds) and the residual aqueous phase (containing the most polar metabolites)
were also assayed for radioactivity. The identity of the A9-THC-H measured in the
heptane extract was established by cochromatography with authentic A°-THC on
Eastman Silica gel chromatograms in a hexane—acetone (3:1) system.

Accumulation of labeled A>-THC by different tissue fractions was studied by a
method similar to that previously described.'* Each subcellular fraction was pre-
pared as described above and resuspended in buffer (made up of 118 mM NaCl,
47 mM KCl, 22 mM CaCl,, 1-18 mM MgSO,, 11 mM dextrose and 25 mM sodium
phosphate at pH 7-0) so that each 5-ml aliquot of tissue suspension gave an equiva-
lent of tissue derived from 70 mg of initial whole brain. For studies on uptake, ' *C-
A°-THC (sp. act. 6:0 mCi/m-mole) at the required concentration was added to the
tissue suspension at 4° with constant mixing. Effect of drugs on uptake of '*C-A°-
THC was examined by addition of the drug to the tissue suspension prior to addition
of the labeled A°-THC. After addition of '*C-A°-THC, tissue aliquots (5 ml) were
then transferred to cellulose nitrate centrifuge tubes and incubated at 4° or 37° for
20 min. After incubation, all tubes were cooled to 4° and centrifuged at 16,000 g for
10 min at 4°. An aliquot (100 ul) of the supernatant fluid was transferred to a vial
and its radioactivity assayed by liquid scintillation spectrometry. The remainder of
the supernatant fluid was discarded and the tissue pellet was rinsed once with 1 ml
of ice-cold buffer. The radioactivity accumulated in the pellet was then extracted by
homogenization with 250 ul of 0-4 N perchloric acid in 509, ethanol. The extracted
pellets were centrifuged at 900 g for 2 min at 4° and an aliquot (200 ul) of the extract
was transferred to a counting vial and the radioactivity determined by liquid scintil-
lation spectrometry. In each experiment, the weights of the tissue in each 5-ml aliquot
of the tissue suspensions were also determined. Tissue/medium ratios were calculated
from the cpm/g of tissue divided by the cpm/ml of supernatant fluid.

RESULTS
Two and one-half hr after intracisternal injection of A~ THC-3H, both A®*-THC
and its metabolites were present in the subcellular fractions of brain homogenates.
Slightly less than half of the total radioactivity was recovered as metabolites (Table
1). A°>-THC-*H was present mostly in the particulate fractions, whereas polar metab-
olites (residual fraction) were predominantly found in the supernatant fraction.
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TABLE 1. SUBCELLULAR DISTRIBUTION OF A>-THC->H AND METABOLITES AFTER
INTRACISTERNAL ADMINISTRATION*

3H-metabolites

A°-THC-3H

Heptane Ether

extract extract Residual
Broken cells (P1) 4816 + 186 1353 + 218 238 £ 15
Microsomes (P3) 358 + 29 23+ 11 107 + 74
Supernatant (S3) 293 + 58 27 1 2197 + 388
Myelin (A) 756 + 71 191 £ 35 204 + 6
Synaptosomes (B) 666 + 78 73 + 21 653 + 136
Mitochondria (C) 477 + 51 267 145 + 15

* Results are expressed in c¢pm recovered in each fraction from 1:7 g of
whole brain and are he means + S.E.M. of three experiments.

About 10 per cent of the unchanged A°-THC fraction and about 15 per cent of the
total metabolites were present in the synaptosomal fraction.

In some experiments, A°>-THC-*H was added directly to the whole rat brain in
vitro prior to homogenization and its subcellular localization compared with that
after intracisternal administration in vivo. As seen in Fig. 1, the subcellular distribu-
tion of the radiolabeled A°-THC was similar whether the isotope was given in vivo
or added to the whole brain during homogenization.

The accumulation of **C-A®-THC by brain subcellular fractions was studied in
vitro. Accumulation of labeled A°>-THC was not significantly different at 4° or 37°

T T T T T
[
l\
'|
A 1
5 1 !
pb 25 Hr 2]
oy 45=
o " x
24r \ o
> l‘ _4—N
£ || E
o~ \‘ S-
2 \ 433
s ?
S :
© -1 20
- |
(o]

4 8 12 16 20
FRACTION

FiG. 1. Sedimentation characteristics of A>-THC-H in homogenates of rat brain on discontinuous sucrose
gradients, A>THC-*H (20 pg) was injected intracisternally to rats in vivo and their brains were homog-
enized 2-5 or 21 hr later (@). In other experiments, equivalent isotope was added to rat brains in vitro
prior to homogenization (O). Fractions were obtained by piercing the bottom of the centrifuge tube and
15-drop samples were collected and assayed. Each result represents the average of three experiments.
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TABLE 2. ACCUMULATION OF 4C-A°-THC in vitro BY BRAIN SUBCELLULAR

FRACTIONS™*
Drug added
4° 37°
Tissue Control Control Quabaint DNP;
Myelin 319 + 30 238 + 21 217 + 15 243 + 29
Synaptosomes 591 + 99 557 + 39 626 + 51 546 + 24
Mitochondria 618 + 33 750 + 80 787 + 82 771 + 56

* Accumulation is expressed as the tissue/medium ratio (cpm/g tissue
divided by cpm/ml incubation medium). Each reswdt is the mean value
(+ S.E.M.)for four determinations. *#*C-A°-THC concentration, 1 x 107 M
(6:0 mCi/m-mole). -

t Ouabain concentration, 1 x 107° M.

1 DNP concentration, 1 x 10”4 M.

and was not affected by metabolic inhibitors such as ouabain or dinitrophenol
(DNP) (Table 2). The tissue/medium ratios in all cases were found to be exceedingly
high (Table 3).

The characteristics of A°>-THC-*H accumulation by synaptosomes were further
examined at different A°-THC concentrations. The amount of A°-THC accumu-
lation in tissues relative to the A°>~THC concentration in the incubation medium was
very high in all cases and remained unchanged with increasing concentrations of A°-
THC at both 4° or 37° (Table 3).

DISCUSSION

Our findings provide direct evidence that A°-THC, as well as its metabolites, are
concentrated, presumably as a consequence of physical properties rather than physio-
logic processes, by particulate fractions of brain with exceptionally high affinity.
Tissue concentration of A°>-THC and metabolites exceeds by several hundred-fold
the concentration in the medium. In all cases the accumulation process is not tem-
peratureor energy dependent and is non-saturable over the concentration range exam-
ined. If there is a specific localization in vivo which is not reflected in these studies,
such localization must be rapidly reversible since the distribution of A°>-THC added
to brain homogenates in the cold paralleled that seen after administration in vivo.
Such characteristics of accumulation most likely reflect the partition coefficient of
the drug which has a reported octanol-water partition higher than most of the bar-
biturates.!®

TaBLe 3. AccumuLATION OF A°-THC BY RAT BRAIN

SYNAPTOSOMES*
14C.A%-THC 4° 37°
3x 1077 650 + 72 541 + 42
1 x10°¢ 632 + 101 633 + 50
1x1073 575 + 82 562 + 13

* Accumulation is expressed as the tissue/medium ratio
(cpmy/g tissue divided by cpm/ml incubation medium). Each
result is the mean value (+ S.E.M.) for four determinations.
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The results of these studies are consistent with the lipophilic nature of A*>-THC

as shown previously by other investigators.'® The lipophilic properties of A°>~THC

may explain in part its persistence in brain after acute

91117 or chronic'®

administration. The high affinity of this drug for membrane components of brain
may be of potential significance in the long-term effects of this drug. Whether its ac-
cumulation at synaptosomal sites could contribute to its psychoactive effects after
acute administration remains to be elucidated.

REFERENCES

. H.TIsBELL, C. W. GORODETZSKY, D. JasiNski, U. CLAUSSEN, F. voN SPuLAK and F. KORTE, Psychophar-

macologia 11, 184 (1967).

. L. E. HOLLISTER, R. K. RicHARDS and H. K. GILLESPIE, Clin. Pharmac. Ther. 9, 783 (1968).

3. L E. Waskow, I. E. OLsson, C. SaLzMAN and M. M. KaTz, Archs gen. Psychiat. 22, 97 (1970).

. L. LEMBERGER, J. L. WEIss, A. M. WATANABE, I. M. GALANTER, R. J. WYATT and P. V. CARDON, New

Engl J. Med. 286, 685 (1972).

. S. AGURELL, I. M. NILssoN, A. OHLssoN and F. SANDBERG, Biochem. Pharmac. 18, 1195 (1969).

H. A. KLAUSNER and J. V. DINGEL, Life Sci. 10, 49 (1971).
L. LEMBERGER. S. D. SILBERSTEIN. J. AXELROD and 1. J. KoPIN, Science, N.Y. 170, 1320 (1970).

. L. LEMBERGER, N. TAMARKIN, J. AXELROD and I J. KoPIN, Science, N.Y. 173, 72 (1971).

. J. M. LayMAN and A. S. MILTON, Br. J. Pharmac. Chemother. 42, 308 (1971).

. S, AGURELL, I. M. NiLssoN, A. OHLssoN and F. SANDBERG, Biochem. Pharmac. 19, 1333 (1970).

. B. T. Ho, G. E. FRITCHIE, P. M. KRALIK, L. F. ENGLERT, W. M. MclIsaac and J. I. IDaNPAAN-HEIK-

KILA, J. Pharm. Pharmac. 22, 538 (1970).

. S. M. SCHANBERG, J. J. SCHILDKRAUT and L. J. KOPIN, J. Pharmac. exp. THer. 157, 311 (1967).
. V. P. WHITTAKER, I. A. MICHAELSON and R. J. A. KIRKLAND, Biochem. J. 90, 293 (1964).

K. Y. NG, R. W. CoLBURN and 1. J. KOPIN, J. Pharmac. exp. Ther. 183, 316 (1972).

L.
. E. W.GiLL, W. D. M. PatoN and E. G. PERTWEE, Nature, Lond. 228, 134 (1970).
D.

S. Kreuz and J. AXELROD, Science, N.Y. 179, 391 (1973).

. C.J. MIRras, in Hashish: Its Chemistry and Pharmacology (Ciba Foundation Study Group No. 21), pp.

37-53. J. & A. Churchill, London (1964).



