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SHORT COMMUNICATIONS 

Perfusion of the isolated rat brain with [ 14C J-A’-tetrahydr~annabinol 

(Received 12 November 1976; accepted 4 March 1977) 

Considerable interest has focused on the biotransformation 
of Al-tetrahydrocannabinol (A’-THC), especially the meta- 
bolic pathway involving 7-hydroxylation [l]. It has been 
demonstrated that the 7-hydroxylated metabolite is as 
active as or more active than the parent compound [2-4] 
which has prompted suggestions that pharmacological 
effects arise only after A’-THC has been metabolically acti- 
vated [S-S]. It has been difficult testing this postulate, 
since A’-THC is rapidly 7-hydroxylated in most animals 
species [2,9,10], a conversion that is not blocked by meta- 
bolic inhibitors such as SKF-525A [2]. However, recent 
evidence has shown that synthetic cannabinoids lacking 
the 7 position exhibit behavioral and cardiovascular effects 
typical of A’- and A6-THC which does not support the 
7-hydroxy group as being a structural requirement for bio- 
logical activity [l 11. Several investigators have reported 
rather large ratios of A’-THC to 7-OH-A’-THC in brain 
at the time corresponding to peak behavioral activity 
[2,12,13], an additional fact which does not strengthen the 
metabolite theory. It would appear that psychoactivity 
could be attributed to both A’-THC and its metabolites, 
because Ai-THC satisfies all the structural requirements 
for central nervous system (CNS) activity [14]. Further- 
more, there is no direct evidence showing A.‘-THC to be 
inactive. Since it has been shown that the isolated perfused 
rat brain is a suitable model for studying the effects of 
drugs on the CNS [15,16], direct evidence for effects of 
A’-THC on the CNS could be obtained by using this tech- 
nique. In order to obtain meaningful results, there must 
be no conversion of A’-THC to 7-OH-A’-THC. Therefore, 
the purpose of the first set of experiments was to determine 
whether rat brain could metabolize A.‘-THC. A second set 
of experiments was designed to evaluate the effects of can- 
nabinoids on the electroencephalograms (EEG) of the iso- 
lated rat brain. 

Male Sprague-Dawley rats weighing 200-300 g were 
anesthetized with urethane (1.2 g/kg, intraperitoneally), and 
the isolated brain preparation described by Andjus er al. 
[17] was carried out without an interruption in the circula- 
tion to the brain. A closed circuit perfusion was done using 
apparatus I, as detailed by Fleck et al. [18]. The com- 
plete circuit consisted of a reservoir for the medium. piston 
pump, sintered glass filter, thermometer, manometer for 
controlling perfusion pressure, overflow with manometer, 
rat brain, and oxygenator. The medium was constantly 
oxygenated with 95% O2 + 5’ACOZ, and the temperature 
of the medium in the reservoir was kept at 37”. The per- 
fusion pressure was maintained between 110 and 120mm 
Hg, and the perfusion rate was between 2 and 4ml/min. 
Each brain was perfused with 1OOml of freshly prepared 
medium which was composed of 30% well-washy bovine 
red blood cells (RBC), 4% (w/v) bovine serum albumin, 
and 22 mM glucose in Krebs-Henseleit solution [19]. In 
all experiments, 10 ~1 of an ethanolic solution of drug was 
added to the perfusion medium which made a final drug 
concentration of 10-s M. The medium was oxygenated for 
approximately 20 min prior to perfusion of the brain. Bi- 
polar electrodes were placed in the parietal region of the 
skull and EEGs were recorded at each 5 min interval 
throughout the perfusion period. 

Radiolabeled A’-THC was used for the investigation of 
metabolism in situ. f’4Cl-A1-THC II mCi/m-mole was 
purified by thin-layer chromatography (T.L.6.) using Silica 
gel F plates which were developed three times with petro- 
leum ether-diethyl ether (19: 1). The purification was 
repeated in order to achieve a radiopurity greater than - 
95 per cent. In duplicate experiments,* isolated rat brains 
were perfused for 1 hr with medium containing f’&Cl- 
Ai-THC (IO-’ M). The spontaneous electrical act& ind>- 
cated that the metabolic and functional condition of the 
brain was normal throughout the perfusion period [16]. 
There were alterations in the EEG which were apparently 
drug induced (discussed later). Control experiments were 
also carried out to determine whether or not the drue was 
altered by the experimental conditions. In duplicate experi- 
ments, fi4C1-A’-THC was added to the medium and 
allowed to circulate for 1 hr and 20min without the pres- 
ence of a brain. 

At the end of perfusion, brains were homogenized in 
saline using a Teflon pestle tissue grinder. The perfusion 
medium was centrifuged at lOCOg for 20min to obtain 
“plasma” and red blood cells. NCS solubilizer (Amersham! 
Searle) was used to digest whole brain homogenate (0.5 ml), 
plasma (0.1 ml), and red blood cells (0.1 ml) for liquid scin- 
tillation spectrometry. Radioactivity was extracted from 
plasma, red blood cells and whole brain homogenates by 
shaking with equal volumes of petroleum ether (three 
times) followed by equal volumes of diethyl ether (three 
times). All extracts (an amount containina 2~dis.jmin~ 
were co-chromatographed on T.L.C. plates with A’iTHd 
and 7-OH-A’-THC standards. usine two svstems comnar- 
able to those previously described [ZO]: A*-THC was 
quantitated on Silica gel F plates (impregnated with 
dimethylformamide) by developing twice with petroleum 
ether-diethyl ether (9 : 1). 7-OH-A’-THC was quantitated 
on Silica gel F plates by developing once with petroleum 
ether-diethyl ether (1 : I). The areas containing the stan- 
dards were localized by spraying the plates with Fast Blue 
B (0.1% in 2 N sodium hydroxide). I-cm sections of the 
Silica gel were scraped into vials ~o?taining 10 ml of scin- 
tillation mixture (0.4% diphenyloxazole and 0.01% 1,4-bis 
[2-(~methyl-S-phenyi-oxazoIy)3 benzene) in toluene. The 
samples were counted utilizing external standardization for 
quench correction. 

In the brain perfusion experiments. the radioactivity was 
distributed as follows: 10 per cent in brain, 46 per cent 
in plasma, and 44 per cent in red blood cells. In the control 
experiments 48 per cent of the radioactivity was in plasma 
and 52 per cent in red blood cells. The extraction removed 
80 per cent of the radioactivity from brain, 96 per cent 
from plasma and only 20 per cent from red blood cells. 
Comparable amounts of radioactivity were extracted from 
the control plasma as well as the control red blood cells. 
The major portion of the plasma radioactivity was con- 
tained in the petroleum ether extract, whereas the radio- 
activity extracted from brain and RBCs was equally 
divided between the petroleum ether and diethyl ether frac- 
tions. Extraction with both petroleum ether and diethyl 
ether has been reported to effectively remove A’-THC, 
7-OH-A’-THC, and other metabolites from brain homo- 
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Fig. 1. Electroencephalograms of the isolated rat brain recorded after a perfusion of 20min. Since 
tracings from bipolar leads (parietal region) are usually symmetrical and synchronous, only one EEG 
channel for each drug is shown. In the control experiment. no drug was added to the perfusion medium. 
N = the number of experiments carried out per group, and only the recording most representative 
of the group is presented. The results were consistent for each group with one exception. One EEG 

recording in the A’-THC group was similar to control. 

genates and plasma [13,21]. The radioactivity remaining 
in both control and experimental RBCs was probably due 
to a protein-cannabinoid complex. since blood apparently 
lacks the ability to metabolize A’-THC to polar metabo- 
lites. 

The T.L.C. data showed no evidence for brain metabo- 
lism since the plasma and RBC extracts from the brain 
experiments were identical to those from the control ex- 
periments. Greater than 90 per cent of the radioactivity 
on each T.L.C. plate corresponded to the A’-THC region, 
while the remaining areas contained approximately 1 per 
cent each. Thin-layer chromatography of the brain extracts 
did not indicate the presence of metabolites. Approxi- 
mately 90 per cent of the radioactivity in both petroleum 
ether and diethyl ether extracts corresponded to the 
A’-THC region which showed that not all of the A’-THC 
was removed by the petroleum ether extraction. The 
remainder of the radioactivity on the T.L.C. plates was 
not confined to a particular area but appeared to be due 
to retention of [‘%Z]-A’-THC by other material. To 
further insure that trace amounts of 7-OH-A’-THC were 
not present in the brain extracts, the petroleum ether and 
diethyl ether extracts from both brains were pooled and 
chromatographed on Sephadex LH-20 columns 1221. 
Ninety-five per cent of the radioactivity applied to the 
column was eluted in the A’-THC region (4&50ml) and 
no radioactivity appeared in the region (6&150ml) of 
monohydroxylated metabolites [22]. 

There was no evidence for metabolism of A’-THC by 
rat brain in situ, which agrees with that previously reported 
for preparations in uitro 17,231. However. our data disagree 
with that reported for the intact monkey brain [24]. These 
investigators reported that A’-THC could be 7-hydroxy- 
lated in the intact monkey brain on the basis that, follow- 
ing an intraventricular injection of radiolabeled A’-THC, 
the ratio of 7-OHA’-THC to A’-THC was higher in blood 
samples taken from the left internal jugular vein than in 
samples from the right common carotid artery. Lack of 
agreement between the isolated rat brain and the intact 
monkey brain could be due to a species difference or to 
methodology. 

In a second set of experiments, isolated rat brains were 
perfused with simplified blood that contained either A’- 
THC, 7-OH-A’-THC, cannabinol (CBN) or ethanol (10 PI), 
whereas control experiments were performed without the 
addition of a drug to the medium. The EEGs were evalu- 
ated visually and without knowledge of the treatment. 
Electroencephalograms recorded after 20 min of perfusion 
are presented in Fig. 1. The control, ethanol and CBN 
groups were similar in that they exhibited predominantly 
beta activity and were generally devoid of particular wave 
forms. The ineffectiveness of ethanol was probably due to 
its initial low concentration which was probably reduced 
further by evaporation during the oxygenation period pre- 
ceding perfusion. Clear EEG changes were found through- 
out the perfusion period when A’-THC and 7-OH- 
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A’-THC had been added to the perfusion medium. These 
changes were characterized by high amplitude bursts and 
a decrease in frequency which agreed with the EEG 
activity of intact animals treated with A’-THC [25]. The 
EEG pattern produced by A’-THC and 7-OH-A’-THC 
may be associated with psychoactivity since CBN, a 
psychotomimetically inactive cannabinoid[26], failed to 
produce these distinct alterations. However, an extensive 
series of experiments with a quantitative automatic evalu- 
ation of the EEGs would be necessary in order to deter- 
mine the potency ratios of these cannabinoids. 

In conclusion, we have shown that, even in the absence 
of metabolism, A’-THC is capable of altering the EEG 
of rat brain which supports the hypothesis that both 
A’-THC and its metabolites contribute to the psycho- 
activity of cannabis. Furthermore, a disproportionate 
amount of CNS activity in the rat cannot be attributed 
to 7-OH-A’-THC on the basis that it is formed at or near 
its locus of action. 

Acknowledgements-This research was supported by the 
Deutsche Forschungsgemeinschaft and the Swedish Medi- 
cal Research Council. The technical assistance of Miss V. 
Lucas is gratefully acknowledged. 

Department of Pharmacognosy. 
Faculty of Pharmacy, BMC, 
S-751 23 Uppsala, Sweden 

Institut ftir Pharmakologie 
und Toxikologie 

BILL MARTIN* 

STIG AGURELLt 

JOSEF KRIEGLSTEIN 

im FB Pharmazie und Lebensmittelchemie, 
Philipps-Uniuersitiit Marburg (Lahn). 
Federal Republic of Germany 

Neuro-Psychiatrische Klinik. HUBERT RIEGER 
Uniuersitiit Mainz, 
Federal Republic of Germany 

REFERENCES 

1. S. H. Burstein, in Marihuana (Ed. R. Mechoulam), p. 
167. Academic Press, New York (1973). 

2. E. W. Gill and G. Jones, Biochem. Pharmac. 21, 2237 
(1972). 

3. L. Lemberger, R. Martz, B. Rodda, R. Farney and H. 
Rowe, J. clin. Invest. 52, 2411 (1973). 

* Present address: Department of Pharmacology, Medi- 
cal College of Virginia, Richmond, V 23298, U.S.A. 

t Also at Astra Llkemedel AB, S-151 85 SSdertllje. 
Sweden. 

7. H. D. Christensen, R. D. Freudenthal, J. D. Gidley, 
R. Rosenfeld, G. Boegli, L. Testino, D. R. Brine, C. 
G. Pitt and M. E. Wall, Science, N.E 172, 165 (1971). 

8. 

9. 

10. 
11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

L. Lemberger, R. E. Crabtree and H. M. Rowe, Science, 
N.Y. 177, 62 (1972). 
S. Agurell, J. Dahmen. B. Gustafsson, V.-B. Johansson, 
K. Leander, I. Nilsson, J. L. G. Nilsson, M. Nordqvist, 
C. H. Ramsey, A. Ryrefeldt, F. Sandberg and M. Wid- 
man, in Cannabis and Its Deriuatioes (Eds W. D. M. 
Paton and J. Crown), p. 16. Oxford University Press, 
London (1972). 
M. E. Wall, Ann. N.I: Acad. Sci. 191, 23 (1971). 
B. R. Martin, W. L. Dewey, L. S. Harris and J. Becker, 
Pharmac. Biochem. Behau. 3, 849 (1975). 
W. M. McIsaac, G. E. Fritchie, J. E. Idlnpgln- 
HeikkilSi, B. T. Ho and L. F. Englert. Nature, Land. 
239, 593 (1971). 
B. R. Martin, W. L. Dewey, L. S. Harris and J. 
Beckner, J. Pharmac. exp. Ther. 196, 128 (1976). 
R. Mechoulam, N. K. McCallum and S.. Burstein, 
Chem. Reo. 76, 75 (1976). 
G. Krieglstein, J. Krieglstein and R. Stock, Naunyn- 
Schmiedebergs Arch. exp. Path. Pharmak. 275, 124 
(1972). 
J. Krieglstein and R. Stock, Psychopharmacologia 35, 
169 (1974). 
R. K. Andjus, K. Suhara and H. A. Sloviter, J. appl. 
Physiol. 22, 1033 (1967). 
V. W. Fleck, J. Krieglstein and W. Urban, Arzneimittel- 
Forsch. 22, 1225 (1972). 
J. Krieglstein and R. Stock, Biochem. Pharmac. 24, 
1579 (1975). 
A. Ryifeldt, C. H. Ramsay, I. M. Nilsson, M. Widman 
and S. Agurell, Acta pharm. suecica 10, 13 (1973). 
J. C. Schoolar, B. T. Ho and V. S. Estevez, in Mari- 
huana: Chemistry, Biochemistry, and Cellular Eflects 
(Ed. G. G. Nahas), D. 63. Sorinaer. New York (1976). 
k. Fonseka, M. wihman and < Agurell. J. Ch;oma;. 
120, 343 (1976). 
G. Jones, M. Widman, S. Agurell and J.-E. Lindgren, 
Acta pharm. suecica 11, 283 (1974). 
Z. Ben-Zvi, J. R. Bergen, S. Burstein, P. K. Sehgal and 
C. Varanelli, in Pharmacoloav of Marihuana (Eds. M. 
C. Braude and S. Szara), p. 6% R&en Press, Nkw York 
(1976). 

25. W. D. M. Paton, A. Rev. Pharmac. 15, 191 (1975). 
26 R. Mechoulam. Science, N.y 168, 1159 (1970). 

4. M. Perez-Reyez, M. C. Timmons, M. A. Lipton, H. 
D. Christensen, K. H. Davis and M. E. Wall. Experien- 
tia 29, 1009 (1973). 

5. R. Mechoulam, Science. N.Y. 168, 1159 (1970). 
6. Z. Ben-Zvi, R. Mechoulam and S. Burstein. J. Am. 

them. Sot. 92. 3468 (1970). 


