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SUMMARY: Rabbit liver microsomes were found to catalyze
oxidation of 11-hydroxy-A8-tetrahydrocannabinol to 11-oxo-
a8-tetrahydrocannabinol. This enzyme reaction required
NADPH and molecular oxygen, and it was partially inhibited
by CO. Pyrazole, potassium cyanide and sodium azide showed
no effect on this oxidation, but SKF-525 A caused a signifi-
cant inhibition. Thus, it is concluded that this enzymatic
reaction is mediated by a mixed function oxidase involving
cytochrome P-450.

It is well known that a°-tetrahydrocannabinol (a2-THC),
an active component of marihuana, is metabolized to 11-

hydroxy-A°-THC (11-0H-a%-THC) and further to a°

-THC-11-0ic
acid (1,2). Possible precursor of Ag-THC-11-oic acid was
thought to be 11—oxo-A9-THC, which was established recently

as metabolite of Ag

-THC with rat liver microsomes (3).
Generally, oxidation of alcohol to aldehyde is catalyzed by
dehydrogenases such as alcoho]l dehydrogenase. In spite of
that, few examples were reported that oxygenase catalyzed
an oxidation of primary or secondary alcohol to aldehyde or
ketone, respectively (4-6). Since 11-OH-A9-THC has still
high lipophilic property, it seems to interact with micro-

somal membrane. In fact, we recently reported that 11-0H-

A8-THC, a metabolite of AB-THC interact with rabbit 1iver
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microsomes (7). It is therefore conceivable that both 11-
OH-A2-THC and 11-0H-A%-THC are oxidized to 11-ox0-a°-THC and
11-0x0—A8-THC, respectively, by microsomal mixed function
oxidase. Present study was investigated in order to estab-
lish this possibility with rabbit liver microsomes using
]1-0H-A8-THC as the substrate. This metabolic pathway invo-
tving 1i-hydroxylation seems very important, because it is
suggested that the pharmacological effects of THCs arise
after its metabolic conversion to 11-0H-THCs which are more

active than the parent compounds (8,9).
MATERIALS AND METHODS

NADPH and dansylchloride were obtained from Sigma
Chemical Co. 2-Diethylaminoethyl-2,2-diphenylvalerate
(SKF-525 A) was kindly sugp]ied by Smith & Kline French Lab.
11-0H-48-THC and 11-0x0-A8-THC were prepared as described in
the previous report (10). Adult, male albino rabbit (2.0-
2.5 kg) were used in this study and they were fasted for 24
hr prior to sacrifice. Cobaltous chloride (CoCl2-6H20) was
administered subcutaneously at a dose of 20 mg/kg, twice a
day for 3 days. Microsomes were prepared as previously report-
ed (7). Incubations were carried out with microsomes equi-
valent to 0.2 g of Tiver, 50 ug of 11-0H-A8-THC in 10 41 of
acetone, 0.5 mM NADPH, 10 mM MgC12, 4 mM nicotinamide and
100 mM potassium phosphate buffer, pH 7.4, to make a final
volume of 1.0 ml for 10 min at 37°. The reaction was termi-
nated by addition of 0.2 M KC1-0.2 N HC1 and extracted twice
with 5 ml of ethylacetate. The extract was dansylated by
modified method of Just et al. (11). The dansylated product
was submitted to thin-Tayer chromatography (TLC) with the
solvent system of benzene-hexane-ethylacetate (20:10:10) and
few drops of mercaptoethanol in comparison with the authentic

dansylated 11-oxo0-a8-THC (Rf 0.37} in darkness. After spray-
ing of isopropanol-triethanolamine (4:1), the area correspond-
ing to the dansylated 11-o0x0-A8-THC was scraped off under an
ultraviolet lamp and extracted with 4 m1 of chloroform con-
taining 0.1 % mercaptoethanol. Dansylated 11-0x0-A8-THC in
the extract was determined fluorophotometrically with exci-
tation at 360 nm and emission at 515 nm by Hitachi MPF-4
fluorescence spectrophotometer. Recovery of 11-ox0-A8-THC
from the incubation medium was quite Jow (55-60 %), but
rather constant. Microsomal protein and cytochrome P-450
were determined according to the methods of Lowry et al. (12)
and of Omura and Sato (13), respectively.

RESULTS AND DISCUSSION

When incubated with Tiver microsomes of rabbit as des-

cribed above, 11-0H-A8—THC was found to be oxidized to 11-
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Fig. 1 Cofactor requirement on 11-0x0-A8-THC formation with
rabbit liver microsomes. Each cofactor was used at

concentration of 0.5 mM. Figures represent the mean
+ S.E. of 4 determinations.

oxo—A8—THC by TLC examination. Maximum rate of this reaction
was observed at pH range from 7.4 to 8.0 of the incubation
medium, In addition, this enzyme reaction required reduced
forms of pyridine nucleotides, of which NADPH was much more
potent than NADH as a cofactor (Fig. 1). Synergism of two
cofactors was not seen in this experimental condition.

As shown in Table I, the reaction proceeded only slightly
under nitrogen atmosphere, indicating the requirement of
oxygen. This low activity was very likely due to a small
amount of remaining oxygen. Furthermore, replacement of air
with mixed gas phase of CO and oxygen (4:1) caused loss of the
activity (58 %). The effects of various enzyme inhibitors are
also indicated in Table I, Although microsomal preparation
contained residual alcohol dehydrogenase and catalase, addi-
tion of 1 mM pyrazole, a potent alcohol dehydrogenase in-
hibitor (14), to the incubation medium did not change the
activity. 1In addition, neither 1 mM KCN nor NaN3, both of

which are the strong inhibitors of catalase (15,16), de-
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Table 1. Effects of inhibitors on 1]-oxo—A8-THC formation
with rabbit liver microsomes.

Concentration Relative activity?
(mM) to control (%)

pyrazole 1 102

KCN 1 109

NaN3 1 86

SKF-525 A 1 35
; [c0]/[02]=4

carbon monoxide in the gas phase 42
. 100 % in the

nitrogen gas phase 14

a Reaction medium was the same as described in Materials
and Methods except for CO and N2 gas phase experiments,
scales of which were 5 times as large as that of Materi-
als and Methods.

Table 11. Effect of pretreatment with CoCl, on 11-0x0-48-THC
formation with rabbit liver microsomes.

Control CoCl2
11-0x0-48-THC formed? 152 + 12 1M+ 6"
Cytochrome P-250° 0.81 + 0.03 0.47 + 0.01”7"

a p moles 11-0x0-48-THC formed / min / mg protein
b n moles cytochrome P-450 / mg protein

* Significantly different from the control (p<0.05)
* Significantly different from the control (p<0.01)
Results represent the mean + S.E. of 3 animals.

*

creased the actjvity. On the other hand, Table 1 also demon-
strates the significant inhibition by SKF-525 A. These
findings strongly suggested that this microsomal oxidation
was mediated by neither alcohol dehydrogenase nor catalase,
but by a mixed function oxidase involving cytochrome P-450.
The mode of reaction was resemble to that of sg-called micro-
somal ethanol oxidizing system (MEOS) but different in res-

pect of inhibition with SKF-525 A (5,17). Involvement of
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cytochrome P-450 in this microsomal oxidation was further

supported by the pretreatment study with CoC]Z, a known

inhibitor of cytochrome P-450 synthesis (18,19). Namely,

the formation of 11-oxo-A8-THC was significantly reduced with

a concomitant decrease of cytochrome P-450 content, as summa-

rized in Table II.
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