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Abstract-The tritium-labelled unnatural enantiomorph of A’-tetrahydrocannabinol 
(A’-THC) was synthesized. The ‘H-( +)-A’-THC had a specific activity of I.3 Ci,‘mmole and 
an optical purity of ca. 97”,,. The equipotent molar ratio for (f ) and ( -)-At-tetrahydro- 
cannabinolswasdetermined in mice by an established behavioural bioassay. The (+)-A’-THC 
was found to be significantly less potent than the laevorotatory Isomer, the mean potency 
ratio being 13 (95 per cent confidence limits: 7 and 24). Brain levels of (+)-A’-THC and its 
metnholites were measured in mice 20 min after intravenous injection of 3H-( +)-At-THC 
(2 mg kg) and were compared with the corresponding levels of (-I-A’-THC and its 
metabolites. With the exception of the concentrations of one metabolite. no statistically 
significant differences were observed between the mean levels of enantiomorphs of the 
cannabinoidsin the brain. In the case of the single metabolite (which was tentatively assigned 
thestructureof7-hydroxy-A’-THC) the brain level ofthe dextrorotatoryisomer was l,8-times 
higher than that of the laevorotatory isomer, a difference which was statistically significant. 
On incubation in vitro vvith an enriched mouse liver homogenate. (+ )-A’-THC was partially 
metabolized to more polar compounds; the principal metabolite was shown to be 
(+)-7-hydroxy-A’-THC. It was concluded that the differences in the psychopharmacological 
potencies in uiuo of the optical isomers of A’-THC are determined within the central nervous 
system and are not due to gross differences in metabolism or body distribution. 

THE PSYCHOPHARMACOLOGICAL effects of cannabis are attributable chieflyle to A’- 
trans-3,4_tetrahydrocannabinol (A’-THC), a compound which is optically active and 
which exists naturally only in the laevorotatory form (Ia). Recently, Edery et aL4 have 
found the synthetic enantiomorph, (+)-A’-THC (Ha). to be at least 20-times less 
potent than (-)-A’-THC in eliciting behavioural changes in rhesus monkeys, 

(-)-A’-THC is, however, rapidly metabolized in animals and mari-’ to a complex 
mixture of products which includes (-)-7-hydroxy-A’-THC (Ib). This major primary 
metabolite has been found to be strongly active pharmacologicallyE-” and to 
contribute significantly to the behavioural changes which are observed after admini- 
stration of (-)-A’-THC to mice. r2 The question therefore arises as to whether the 
difference in potency between optical isomers of AI’-THC is due to a true difference in 
the psychotropic activity of these molecules in the CNS, or to a major difference in 
the pattern of their metabolism or distribution in the body. 

* Present address: Faculty of Pharmacy. Box 6X04. I I3 86 Stockholm. Sweden 
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(Ia) R=H UIa) R = H 
(I b) R = OH (It b) R = OH 

Formulae of (-)- A’- THC (Ia), (+I - a’ -THC (ILo), (-) - 7 - hydroxy - 
a’-TliC (Ib) and (+) -7- hydroxy - A’-THC (IIb). 

To resolve this question we examined the relationship hctween the behaviour of 
mice and their brain levels of the A’-THC en~~ntimor~hs and their respective 
metabolites. Similar experiments with ( - )-A’-THC and its major mct~Ibolite have 
shown a correlation to exist between behaviour and brain levels of active 
cannabinoids.’ ‘.’ 3 

MATERIALS AND METHODS 

Dlu~smr?nr’cJagc~r?ts. Unlabelled ( -- )-A’-THC was isolated from tincture of cannabis 

B.P.C.” and “H-c - )-A’-THC (sp. act. 06 c‘i mmole) was synthesized as described 

elsewhere.’ ’ ( + )-A’-THC was syntilcsiz~d by the method of Mec~~ol~l~~n~ ct (I/.~“.’ ’ 
A mixture of cis and tram (+)-vcrbcnols, [~]f?‘~, = + 1 13 was prepared from 

(+)-z-pinene.” [x]:, = + 47”. according to the method of Whitham.‘” The mixture 
of (+)-verbenols was condensed with olivetol as described by Mechoulam et pi.“*’ ’ 
to give ( + )-A”-THC. and this tetrahydrocannabinol was then isomerized to ( + )-A’- 
THC by the tnethod of Petrzilka cut (I/.~’ The product, [xl’?,, = + 144 ‘. was obtained 
in an overall yield of 21 per cent from olivetol and was indistinguishable from natural 
(-)-A’-THC by the criteria of TLC. GLC, i.r. and n.m.r. spectroscopy and mass 
spectrometry. For administration to mice. A’-THC was dispersed with Tween 80 in 
0.9”$ w/v aqueous sodium chloride. A’-THC was injected into a lateral tail vein in a 
volume of 0.2 ml,‘25 g. The ambient tcmpcrature was 20 32 

3H-( +)-A’-rr_lC. “H-Dimethyl olivetol, spccihcally labelled in the I’ and 7’ posi- 

tionsof the pentyl side-chain, was obtained essentially as described previously. ls In the 
present synthesis. howcvcr. the starting material. I-(X5-dimethoxyphenyI)pent-I-ene, 
wascatalytically reduced+ in hexafluorohonzcncovcr IO”,, palladium on charcoal using 
IOO’i,, tritiLim gas and the product was thus obtained with a specific activity of > 50 Ci/ 
mmole. This higIl-~~ctivity OH-dimcthyl olivetol was diluted with L~n~abeiled material 
to give 5 mmoles at a specific activity of 1.3 Ci;lmmolc. After dcmethylation with boron 
tribromide, the resulting “H-olivetol was used in the preparation of 3H-( +)-A’-THC 
byareaction sequenceidentical to that reported’” for the synthesisof 3H-( -)-A’-THC 
except that (+ )-verbenol was used in place of (-)-verbcnol. The labelled product 
(sp. act. I.3 Ci/mmole) was obtained in an overall yield of I1 per cent from the 
3H-dimethyl olivetol and was indistinguishable from the unlabelled f +)-A’-THC by 
TLC, GLC and mass spectronletr~. The “H-t + )-A’-THC used in the present irr rircl 
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experiments was obtained after a further radiochemical dilution to a final specific 

activity of 0.6 Ci/mmole. 
Radiochemical and optical purity of lutwlkd trtrahq~d~ocnnnuhinols. Analysed by 

TLC and GLC, cu. 29/, of the tritium in the 3H-( -)-A’-THC was present as 3H-( --)- 
Ah-THC, and ccl. 31, of the label in the 3H-( + )-A’-THC was present as 3H-cannabinol. 
Since the reagents and conditions employed in the synthesis of labelled and unlabelled 
(+)-A’-THC were identical, optical data were obtained only for the unlabelled 
material and were assumed to apply to the tritiated product also. 

The unlabcllcd (+ )-A’-THC. judged to be chemically pure by GLC, had [Y]:,, = 
+ 144” which (by calculation from the literature values”‘,‘9 of - 157 and - 150.5 
for optically pure (-)-A’-THC) indicated an optical purity of (‘~1. 97”;,. This was in 
good agreement Lvith the optical purity of the (+)+pinene which was used as the 

starting material in the stereospecific synthesis: the pinene had [r]& = + 47 . which 
(assuming a value of + 51.5” for the pure cnantiomorph”‘) indicated an optical purity 
ofca. 96”,;. Recently a high value ( - 163.4 ) has been reported” for the specific rotation 

of ( -)-A’-THC. on the basis of which, the optical purity of our (+)-A’-THC was ELI. 
949:. Although the specific rotations we observed for natural and synthetic 
(-)-A’-THC’s were similar to those reported by Mechoulam LJ~ al.‘h and Petrzilka 

et al.‘“. there is obviously some doubt over the correct values for optically pure 
A’-tetrahydrocannabinol enantiomers. and thus it is difficult to assess the level of 
contamination of our ( + )-A’-THC by the ( - )-isomer. 

Potency ratio qf( + ) und( - )-A’-trtrah!,d~ocarlrllrhirlols ir7 mice. The relative pharma- 
cological potency of (+) and (-)-A’-THC’s in mice was determined by a 2 + 2 
symmetrical dose assay” using the ring test.‘” The “immobility indices”‘3 of male 
albino mice (23-27 g, Tuck strain No. 1) were determined about 1.5 hr before injection 
of either unlabelled (+ )-A’-THC (6.0 or 30.0 mg.‘kg) or unlabelled (-)-A’-THC 

(0.4 or 2.0 mgikg). The dose of the vehicle. Tween 80, was 60 mg/kg. The immobility 
indices of the mice were rcdctcrmined 15 min after injection of the cannabinoidsand an 

analysis of variance was carried out upon the results. 

CorrcJlatim qf the hchtrio~r~~ of’rnicc~ with twtrir7 /ew/.s oJ’c,NnrlLlhirfoic(.s. The methods 
employed in this experiment have been reported in detail in earlier papers.“.‘3 The 
immobility indices of male albino mice (23-27 g) were determined about 1.5 hr before 
injection of either ( +) or ( -) 3H-A’-THC (dose 2 mgjkg). The dose of Tween 80 was 
10 mg,/kg. Fifteen min after injection. the immobility index of each mouse was 
redetermined and the mouse was killed with carbon monoxide. Blood (0.5-1.0 ml) was 
then removed by intracardiac puncture. Individual whole brains were removed, 
weighed and then rinsed and homogenized in 0.1 M phosphate buffer (pH 7.4). After 
extraction of the homogenates with ethyl acetate. A’-THC and its metabolites in 
the extracts were assayed by chromatography on silica-impregnated paper and 

liquid scintillation counting as reported previously.“.’ 3 Unless otherwise stated, 
differences between groups of data were evaluated by Student’s t-test (P > or ~0.05) 
and limits of error are expressed as the standard error of the means. 

The in vitro rwtaholisr~~ qf‘( +)-A’-TMC. (+)-A’-THC was oxidized in vitro by a 
mouse liver preparation similar to the rat liver system reported previously.” 32.4 g of 
chopped liver (from 28 male albino mice. NMRI strain. 20-25 g) were homogenized 
in 250 ml of ice-cold 0.1 M phosphate buffer (pH 7.4) containing magnesium chloride 
(0.013 M). and the homogenate was centrifuged at 10.000 ~1 for 10 min. To the 



supernatantwereaddedglucose-6-phosphate (770 mgf. NADP(300 mg)and glucosu-h- 
phosphate dehydrogcnase (100 units) dissolved in 20 ml of phosphate buffer. “H-t + )- 
A’-THC (50 mg, sp. act. I.3 mCi;mmole) was dispersed ultrasonically with Twecn SO 
(100 mg) in 10 ml of phosphate buffer and the dispersion was incubated with the 
microsome preparation for 3 hr at 37 . The incubate was then cxtractrd with 

petroleum spirit (hp. 60 X0’ ; 3 x 300 ml) followed by diethyl cthcr (3 x 300 ml). 
The analysis and pL~ri~c~~tion of the two fractions were ~tccomplisllcd as ticscribed in 

Results. 

RESULTS 

Potr~c~* urtio yf’( + ) am/ ( - ) A’-frrr.trlz!‘tl~o~~~~~~‘~~j~~~~~,s. The immobility indicts of 
mice I5 min after intravenous injection of either (+ )-A’-THC (6.0 or 300 mg~kpl 01 

(-)-A’-THC (0.4 or 2.0 mgikg) are shown in Fig. 1. The laevorotator> isomer was 
much more potent than the dextrorotatory isomer. the mean potency ratio being 13. 
An analysis of variance shouied that (I ) the slope of the two-dose response plots did 
not deviate significantly from parallelism (P > 0.05); and (2) for each optical isomer. 
the mean immobility index at high dosage was significantly greater than at low dosage 
(P < 0.05). In addition. Fisher’s F-test showed that the variances of the foul 
experimentalpointsin theassaydidnotdiffersignificantlyfromoneanother (P > 0~05). 
A symmetrical 2 + 2 dose analysis’” showed the 95 per cent confidence limits on the 
potency ratio to lie at 7 and 24. 

~~#~i.~~ ~?~~l~~~ iecels qf’enuntiomo~phic A’-THC’s ami i~l~tilb~lit~.s. The l-~~dio~~ctivit~ 

present in the brains of mice 20 min after injection of either ‘H-( + )-A’-THC or 
‘H-( -)-A’-THC was resolved into four components as described previously.‘” No 
qualitative difference was observed between the cannabinoids present in the brain after 
administrationof( +)-A’-THC and those present after administration of ( - )-A’-THC. 
Thus the chromatograms of the brain extracts obtained from mice in.jected \vith “H- 
(+ )-A’-THC showed peaks of radioactivity at the R,-values of authentic ( - )-A’- 
THC. ( - )-7-hydroxy-A’-THC. and a third. uncharacterizcd. component tcrmcd the 
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FIG. 1. The effect of (-)-A’-THC (0.4 or 2.0 mg:kg) or (+)-A’-THC (60 or 30.0 mg:‘kg) on the mean 
immobility indices (& S.E.M.) of groups of six mice. Measurement commenced 15 min after intra- 
venous injection. The cannahinoids were dispersed in physiological saline h) Taeen X0 idosc in till 

cases: 60 mg:kg). 
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FI<,.~. Mean bt-ain conccntrations( z S.E.M.)ofcnantiomorphicA’-THC’sand their mctabolitea measured 
20 min after intravenous administration to groups of six mice of either ‘H-( ~ )-A’-THC (Cl, 2 mgkg) or 
‘H-( +)-A’-THC (m. 2 mgkg). The concentrations of cannabinoids are expressed in nmolqg of wet 
brain tissue (left-hand ordinate). The mean immobility indices (& S.E.M.) measured immediately before 

dctcrmination of brain levels arc aI50 shoun (right-hand ordinate). 

“polar metabolite”. A further fraction of the radioactivity in the brain was not 

extractable into ethyl acetate. The mean brain levels of the enantiomorphic forms 
of these four components arc illustrated in Fig. 2. There was no significant difference 
between the two groups of mice in the mean total brain concentrations of A’-THC 
and metabolites (P > 0.1) and. with the exception of the concentrations of (+) and 
( -) “7-hydroxy-A’-THC’s”, there was no significant difference in the brain levels of 
the individual enantiomorphic cannabinoids. The mean brain level of putative (+)-7- 
hydroxy-A’-THC was. however, 1.8-times higher than that of the corresponding 
laevorotatory metabolite (P < 0.001). The mean immobility indices of the groups 
following treatment with 2 mg/kg of (+) and (-) A’-THC’s were. respectively. 
19 k 6 and 52 + 7. The difference between the indices was significant (P < 0.01). 

T/W in vitro rnc~taholisn~ sf( +)-A’-THC. Small aliquots of the petrol and ether 
extracts obtained after the in vitro incubation of 3H-(+)-A’-THC with the mouse 
liver preparation were chromatographed on Silica gel G (solvent: diethyl ether-petrol 
7:3). The distribution of radioactivity on the chromatograms indicated that the 
cannabinoid content of the petrol fraction consisted essentially of unchanged (+ )-A’- 

THC (R, 0.X9) whereas the ether fraction contained a maJor metabolite (R,0.35) 
in addition to unchanged A’-THC. The latter fraction was evaporated irl LYI~LW at 30 
and purified by column chromatography on Florisil (25 g). eluting initially with 20”,, 
diethyl ether in petroleum spirit (b.p. 60-80”) and then with 40”; ether in petrol. Un- 
metabolized ( + )-A’-THC was eluted rapidly and was followed, considerably later. bq 
the metabolite. Evaporation of the fractions containing the metabolite gave 25 mg of 
a residue which consisted of large quantities of non-radioactive lipoidal material in 
addition to the cannabinoid. The material was further purified by preparative TLC 
(fluorescent Silica gel G ; ether-petrol 7: 3) and the metabolite was eluted with diethyl 
ether (2 x 10 ml). Evaporation of the solvent gave 2.8 mg of metabolite which was, 
however. contaminated with Silica gel. Final purification was achieved by extraction 
with the n.m.r. solvent CDCl, followed by filtration. 



The isolated mntcrial, which was ~1. W”,, pure by the criteria of TLC on alumina 
(solvent: I *I0 v:‘v ~~~ctl~~~nol in chl(~roforIli) and GLC (?“,, SE 30 ~ltr~lph~l~e on Gas 
ChromQ).showed tt~cchromatographicmobility.colourroactionwith Fast Blue B and 
retention time of authentic (-)-7-hydroxy-A’-THC. The n,m.r. spectrum (CDCI,: 
Varian ,460 spectrometer-)~\;asalmost indistinpuish:tblc from that reported” for ( - j-7- 
hydroxy-A’-THC’:i.c.itwassimilat-tothut of( -t )-Al-THC‘cxccpt that the three-proton 
signal due to the methyl group at C, (ci = 1.68) was absent and there occurred instead 

a two-proton resonance ( -c‘&,OH) at (5 = 4W. The mass spectrum of the major 
component, obtained by GC MS on nn LKB 9000 instrument. was essentially the 
sameasthntof(-)-7-hydroxy-A’-THC:m~e3.10(20percent)~15(5),312(17),300(30). 
299 (100). 269 (13). 231 (77). The major i/z ciao mctaholite of (+)-A’-THC was thus 
idcntic~~l with authentic (-)-7-l~~:droxy-A’-‘.~~~C by the criteria of TLC. GLC. n.m.r. 
and mass spectromctry and the former compound was therefore assigned the structure 

of ( + J-7-hydroxy-A’-THC (IIh). 
A minor radioactive component (ctr. 1 O”,, of the total). which was rcsolvttble from 

(+)-7-llydroxy-A’-THC by TLC and GLC on the systems described above. had a 

retention time and mass spectrum [m:‘e 330 (8 per cent). 312 (53). 297 (100~. 296 (20). 

295 (43). 219 (19), 214 (24)] quite similar to those obtained for (-)-6/J-hydroxy-A’- 
THC”‘” under the same conditions. This component was, however, readily resolved 
from (-)-6[1-hydroxy-A’-THC by TLC on alumina and thus was shown not to be 
(+ ~6~~-ll~droxy-A’-THC. The compound may be a genuine it? t‘ir~ ni~t~bolit~ of 

{ +)-A’-THCor, less probably. an artefact formed from ( -I- )-7-hydroxy-A’-THC. The 
occurrace of the molecular ion at m’e ?3O suggests that this component is another 
mono-oxygen~tt~d derivative of A’-THC. However the lack of sufficient matcrinl and 
the absence of ~~ppro~ri~ttc reference c~~rnp~~ul~ds did not allow the identity of this 

minor componeiit to bc established. 

Edery clr ~11.’ have reported that (-)-A’-THC is considerably more potent than 
f +)-A’-THC in ~roducillg beh~viour~ll changes in rhesus monkeys. The object of the 
present work was to test whether this diRerace in potency reflects a true difference in 
activity in tho CNS between the two isomers, rather than lowered lcvcls in the CNS of 
active (+ ) cannabinoids caused for example by a failure of the liver to form active 
(+ 1 metaholites or by a particularly rapid degradation of the (+ 1 compounds. 

lJsing the mouse ring test. an assn> tvith which limits of error can be obtained. WC 

coniirmcd that ( - )-A’-THC was considerably tnorc potent than the unnatural ( f ) 
isomer. The mean potency ratio was 13 (9.5 per cettt confidence limits: 7--24). Since tho 
(+)-A’-THC which was used in the assay was not absolutely optically pure. theso 
figures represent minimLlm values for the relntivc potency of the pure en~tiltioiners. A 
major part of the apparent activity of the ( + ) isomer could hc attributed to its small 

content (w. -i”,,) of the ( - 1 isomer. 
The resultsobtained with the tritiated isomers further confirmed the higher activity 

of ( -)-A’-THC. The mean immobility index of the group of mice which had received 
“H-( -)-A”-THC (2 mgi’kg) was sig~li~c~~ltly higher than that of the group which had 
received 3H-( + )-A”-THC at the same dose. Tho mean total brain concentrations of 
cnnn;thinoids. however. did not difl’er significantly. Further. with the exception of the 
contcntration ofthc motubolitc with the chromatogrnphic l~rc~pcrticsof7-l~~droxl;-A’- 
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THC. there were no significant differences between the brain concentrations of 

individual cannabinoids. The mean brain concentration of putative (+)-7-hydroxy- 
A’-THC in the group of mice treated with (+)-A’-THC was I.&times higher than 
thatof ( - ) metabolite in the second group. This difference could be due to: (I )a slightly 
faster hepatic monohydroxylation of (+)-A’-THC relative to that of ( -)-A’-THC; or 
(2) slower metabolism of the (+ ) isomer beyond the initial monohydroxylation or (3) 
a more rapid transport of ( + )-7-hydroxy-A’-THC to the brain from the liver (and other 
sites of metabolism) perhaps as a result of different binding in the plasma.2” 

Though the major metabolite in the brains of mice injected with (+ )-A’-THC had 

the same chromatographic properties as (-)-7-hydroxy-A’-THC, this alone was not 
conclusive evidence of its structure. Consequently. the metabolism of (+)-A’-THC 

was investigated in vitro using an enriched mouse liver homogenate. The principal 
metabolite isolated from the preparation was shown to be (+)-7-hydroxy-A’-THC 
by TLC, GLC, n.m.r. and mass spectrometry. This result indicates that the pattern of 
metabolism of (+ )-A’-THC by mouse liver irl P~WO is essentially the same as that” of 

(-)-A’-THC. and supports the proposition that (+ )-7-hydroxy-A’-THC is the 
principal metabolite of ( + )-A’-THC in the mouse brain. 

The results obtained i/l rim with the tritiated A’-THC enantiomorphs indicate, 
therefore, that the marked difference in the pharmacological potencies of these two 

isomers is not accounted for by a difference in amount of cannabinoids in the brain. 
The only detectable difference was in the brain levels of the isomeric 7-hydroxy- 
A’-THC’s. However. since ( -)-7-hydroxy-A’-THC is pharmacologically more potent 
in the mouse brain” than (-)-A’-THC. and since the brain concentration of 
(+)-7-hydroxy-A’-THC was higher than the corresponding concentration of (-)-7- 
hydroxy-A’-THC. the difference in the levels of these mctabolite enantiomorphs 
cannot explain, but rather accentuates. the difference observed in the irl citlo activities 

of ( + ) and ( - )-A’-THC’s. 
It is concluded therefore that the difference in the pharmacological activities of 

the A’-THC enantiomorphs in mice is attributable neither to major differences in 
the structures of their metabolites, nor to a failure of the dextrorotatory canna- 
binoids to appear in the brain. However, the difference in activity could be 
accounted for either by a difference in the pattern of distribution within the CNS 
or. alternatively, by a genuine difference in the pharmacological potency of the two 
isomers at their site of action. Since major differences in the brain distribution of 
these highly lipophilic and closely similar cannabinoids are unlikely, the second 
explanation would seem to be more plausible. These results thus support the 
hypothesis that cannabisactivity is highly dependent on chemical structure and that a 
stcreospccific molecular interaction is involved in its psychotropic action. 
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