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SUMMARY: Brain microsomes of mice, ra ts ,  guinea pigs and rabbits catalyzed 
the oxidation of ~8_ and Ae-tetrahydrocannabinol to the i r  monohydroxylated 
metabolites. The most prominent metabolite was the 4'-hydroxylated metabo- 
l i t e  on the pentyl side chain of the cannabinoids in a l l  species tested, ex- 
cept that the 5 ' -hydroxylat ion of Ag-tetrahydrocannabinol was most abundant 
in the guinea pig. These results are quite d i f fe rent  from the metabolic 
p ro f i le  of the cannabinoids with hepatic microsomes. ® 1988Ac~demicP ..... ~no. 

Several l ines of evidence have demonstrated that brain microsomes con- 

tain cytochrome P 450-dependent mixed function oxidases resembling those in 

the l i ve r  ( I -4 ) .  Although biological signif icance of the mixed function 

oxidase in the brain has not been established, the enzyme system may play 

an important role for regulating the a c t i v i t y  and t o x i c i t y  of cent ra l ly  

acting drugs. 

Tetrahydrocannabinol (THC), a psychoactive component of marihuana, is 

extensively metabolized with hepatic microsomes of animals including human 

(5-7). However, l imited attent ion has been directed to the metabolism of 

THC in brain. Christensen et al .  (8) and Jones et al .  (9) reported that no 

conversion of THC to metabolites was found with brain post mitochondrial 

f ract ions.  The present study reexamined the brain microsomal metabolism of 

A 8- and ~9-THC using d i f fe rent  species of animals. 

¶ To whom al l  correspondence should be addressed. 

0006-291X/88 

75 

$1.50 
Copyright © 1988 by Academic Press, Inc. 

All rights of reproduction in any form reserved. 



Vol. 157, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

MATERIALS AND METHODS 

NADP and 91ucose-6-phosphate were purchased from Boehringer Mannheim 
GmbH., and glucoSe-6-phosphate dehydrogenase (type V) and Fast Blue BB sa l t  
were from Sigma Chem. Co. Other chemicals used were best qual i ty  of com- 
mercial ly avai lable. &9-THC was pur i f ied from cannabis leaves as reported 
previously ( I0) .  &8-THC, 7~-hydroxy-AB-THC (7~-OH-~8-THC), 4'-OH-&8-THC 
and II-OH-&8-THC were prepared by the previous methods (11-14). 4'-OH- and 
5'-OH-&9-THC were supplied from National Ins t i tu te  on Drug Abuse. Male mice 
(ddN, 25-35 g), rats (Wistar, 200-350 g), guinea pigs (Hart ley, 300-350 g) 
and rabbits (2.5-3.5 kg) were used. Microsomes were prepared as previously 
described (15). Incubations were carr ied out with microsomes equivalent to 
I0 to 15 g of brain, 5 umol NADP, 50 umol MgCI2, 40 umol nicotinamide, 5 
~mol EDTA-2Na, 1.6 ~mol 48- or ~9-THC in dimethylsulfoxide, 500 ~mol pata- 
ssium phosphate buffer (pH 7.4) to make a f ina l  volume of I0 ml at 37 °C for 
60 min. The metabolite formed were extracted twice with 20 ml of ethyl 
acetate. After the evaporation of the solvent, the residue was dissolved in 
a small amount of ethyl acetate and subjected to the preparative th in- layer  
chromatography ( t . l . c . )  with a solvent system of n-hexane-acetone-diethyl- 
amine (20:10:1). THC metabolites were detected by spraying 0.1% Fast Blue 
BB sa l t .  The subsequent procedure for gas chromatography-mass spectrometric 
(GC-MS) analysis of THC metabolites was carried out by the previous method 
(7). GC-MS conditions were as fol lows: a JEOL GCG-06 gas chromatograph 
coupled with a JEOL JMS-DX 300 mass spectrometer and a JEOL JMS-DA 500 data 
system, column 5% SE-30 on Chromosorb W (60-80 mesh; 3 mm x 2 m), column 
temperature 250 °C, car r ie r  gas He 40 ml/min, ionizing energy 70 eV and 
ionizing current 300 ~A. The iden t i f i ca t ion  of THC metabolites was based 
on the comparison of the i r  retention times in GC and mass spectra with those 
of authentic samples (7B-OH-~LTHC, 4'-OH-~8-THC, II-OH-~8-THC, 4'-OH-~ 9- 
THC and 5'-OH-&9-THC) and the data reported by others (5'-OH-&8-THC)(16,17). 
The re la t ive  abundance of the metabolites ident i f ied  was calculated from 
peak areas of the metabolites on the mass chromatogram. 

RESULTS AND DISCUSSION 

The t . l . c ,  analyses of ethyl acetate extracts of brain microsomes in 

a l l  aniaml species incubated with 48- or Ag-THC showed Fast Blue BB-positive 

spots mainly located with Rf values corresponding to authentic monohydroxy- 

lated metabolites of THCso After the preparative t . l . c . ,  the metabolites 

were extracted with ethyl acetate. The extracts were t r imethy ls i l y la ted  and 

then subjected to GC and GC-MS. Typical gas chromatograms and mass spectra 

of A 8- and ~9-THC metabolites formed with mouse brain microsomes are shown in 

Fig. I .  M-I of ~8-THC had a retention time of 7.9 min and the metabolite 

was ident i f ied  as 2-TMS-4'-OH-~LTHC by i t s  mass spectrum [m/z 474 (M +, I00 

%), 391 (49%), 330 (36%) and 117 (22%)]. M-II of &8-THC had a retention time 

of 10.2 min and was ident i f ied  as 2-TMS-5'-OH-AS-THC [m/z 474 (M +, 100%), 

391 (67%) and 330 (61%)]. These spectra and the retention times of GC were 

ident ical  with those of the authentic sample. M-I of &9-THC had a retention 
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Fig. 1 Gas chromatogarms and mass spectra of  TMS der iva t i ves  
of AS-THC and A9-THC metabol i tes formed wi th mouse 
brain microsomes 
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time of 8.0 min and was i den t i f i ed  as 2-TMS-4'-OH-A9-THC [m/z 474 (M +, I00 

%), 459 (48%), 391 (19%), 330 (14%) and 117 (33%)]. M-II of Ag-THC had a 

retent ion time of 10.4 min, The metaboli te was i den t i f i ed  as 2-TMS-5'-OH- 

~9-THC [m/z 474 (M +, I00%), 459 (63%), 391 (22%) and 315 (70%)]. 

The experiments with ra t ,  guinea pig and rabbi t  brain microsomes were 

carr ied out in the s im i la r  manner. The resu l ts  are summarized in Table I .  

I t  revealed that 4'-OH-&8-THC and 4'-OH-Ag-THC were the most abundant meta- 

bo l i tes  of THCs formed with brain microsomes of a l l  animal species except 

for  guinea pig. 5'-OH-~9-THC was the most abundant metabolite of &9-THC 

with guinea pig brain microsomes. 5'-OH-A9-THC was also formed with mouse 

and rabbi t  brain microsomes to lesser extents. Other metaboli tes i den t i f i ed  

were 5'-OH-ALTHC ( rabb i t ) ,  II-OH-&8-THC ( ra t ,  guinea pig and rabbi t )  and 

7B-OH-&8-THC ( ra t  and guinea pig) .  

The present study c lea r l y  demonstrated that brain microsomes of mouse, 

ra t ,  guinea pig and rabbi t  are capable to metabolize 48- and &9-THC to the i r  

monohydroxylated metabolites mainly on the pentyl side chain. Although i t  

has been reported that mouse brain preparation could not metabolize &9-THC 

(8,9) ,  the discrepancy between the resu l t  of the present study and e a r l i e r  

reports may be due to the enzyme volume used in the both studies. The meta- 

bol ic  p ro f i l es  of THCs in brain microsomes were quite d i f f e ren t  from those 

Table I Relative peak areas on mass chromatogram of TMS derivatives 
of ALTHC and Ag-THC formed with brafn microsomes 

Substrates Metabolites Mouse Rat Guinea pig Rabbit 

AS-THC 

Ag-THC 

4'-OH-~LTHC I00 I00 I00 I00 

5'-OH-~LTHC 13 a )  __ 80 

II-OH-ALTHC - -  40 64 78 

7~-OH-~°-THC - -  31 88 - -  

4'-OH-~9-THC I00 I00 82 I00 

5'-OH-~9-THC 60 - -  I00 25 

a) not detected (I0 < ). 
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in hepatic microsomes (5-7), but re la t ive ly  similar to those in lung (16, 

18). l l-Hydroxylation is known to be the most predominant route of THC 

oxidation with hepatic microsomes of almost of animal species including 

human. In contrast, 4'-OH-~9-THC has been reported to be the most abundant 

metabolite of ~9-THC by lung preparations. I t  is now clear that di f ferent 

forms of cytochrome P 450 are present in hepatic microsomes of animals (19, 

20). The metabolic prof i le of drugs with microsomes is ,  therefore, de- 

pendent on the extent of specific forms of cytochrome P 450 in the micro- 

somes. Recently, there have been several reports concerning the extent of 

cytochrome P 450 in brain microsomes (21,22)~, although none is known to what 

extent the specific forms of cytochrome P 450 are in the brain. The d i f fe r -  

ence in the metabolic profi les of THCs between hepatic and brain microsomes 

seems to ref lect  the difference in the extent of the specific forms of 

cytochrome P 450. 

In conclusion, THCs are hydroxylated mainly at the 4'-posi t ion with 

brain microsomes of animals to form 4'-OH-~8-THC and 4'-OH-Ag-THC. Pharma- 

cological significance of THC metabolism in the brain must be elucidated, 

because the metabolites idenfi f ied are known to have some pharmacological 

ac t i v i t y  (14,23). 
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