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Summary 

The potencies of (-)-trans-Ag-THC, (+)-trans-Ag-THC, (+)- 
cis-Ag-THC, ( - ) - t rans -AS-T~and  (+)-trans-AS-THC were compared 
in several d i f f e ren t  species. (-)-trans-Ag-THC was I00 times 
more potent than (+)-trans-Ag-THC in depressing schedule-control led 
responding in monkeys. The (+)- t rans isomers were less e f fec t i ve  
than the i r  corresponding ( - ) - t rans  isomers in the dog s ta t i c -  
ataxia test ,  but potency rat ios could not be determined due to a 
lack of dose-responsiveness of the (+)-trans isomers. However, 
i t  appeared that the i r  potency d i f fe red by at least ten fo ld.  
The potency of (+)-cis-A~-THC in the dog s ta t ic -a tax ia  test  was 
comparable to that of (+)-trans-&9-THC. The hypothermia in mice 
produced by the (-) isomers of trans-&9-THC and trans-&B-THC were 
9.1 and 30.4 times greater than that produced by the i r  respective 
(+)-isomers. Also, the potency ra t io  of the (+)- and ( - ) - t rans-  
&9-THC was 5.6 as measured by depression of spontaneous ac t i v i t y  
in mice. The magnitude of the potency rat ios of the THC stereo- 
isomers is dependent upon the species and the pharmacological 
test  used. 

(-)-trans-Ag-Tetrahydrocannabinol (THC) is the pr incipal  act ive ingredi 
ent in marihuana ( I ) .  The isomers of (-)-trans-Ag-THC include: (+)- t rans-  
A 9-, ( - ) - c i s -A  9- and (+)-cis-Ag-THC. The corresponding isomers of AS-THC 
also ex is t .  There is considerable in te res t  in pharmacological comparisons 
of stereoisomers since these data are useful in predict ing whether or not a 
drug is exert ing i ts  ef fects  through receptor mechanisms. There have been 
suggestions that cannabinoids produce the i r  behavioral ef fects through both 
nonreceptor (2) and receptor mechanisms (3). There is some evidence point- 
ing to s te reospec i f i c i t y  of cannabinoids. Edery et al .  (4) have reported 
that (-)-trans-Ag-THC is >20 times more potent than (+)-trans-~9-THC and 
that ( - ) - ~ - A S - T H C  is >4 times more potent than (+ ) - t r~ -AS-THC.  Jones 
et al .  (5),  using the mouse ring tes t ,  found that (-)-trans-Ag-THC was 13 
times more potent than (+)-trans-Ag-THC. In addi t ion,  Rosell et al .  (6) 
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reported that (-)-trans-ll-OH-Ag-THC was greater than 20 times more potent 
than (+)-trans-II-Oh-Z-A~--THC in i nh ib i t i ng  e lec t r ica l ly - induced contractions 
of the guinea-pig ileum. Unfortunately, not a l l  of the above experiments 
have been carried out using op t i ca l l y  pure isomers. We have used stereo- 
speci f ic  syntheses to prepare four opt ica l ly -pure stereoisomers of THC, and 
we report herein the i r  b io logical  a c t i v i t y  in several pharmacological test  
systems. 

Methods 

Drugs 

(+)-cis-&9-THC was synthesized as previously described by one of us (71. 
(+)-trans-A 9- and A~-THC were synthesized from (+)-m-pinene {{m}D22 + 47.1o 
(neat-~; > 98% pure, Aldrich Chemical Co.} according to the procedure of 
Mechoulam et a l .  (8). Al l  of the isomers were greater than 98% op t i ca l l y  pure 
( - ) - t r a n s - ~ - ~ n d  &9-THC were obtained from the National I ns t i t u te  on Drug 
Abuse. For b io logical  experimentation, the cannabinoids (I00 mg) were dis- 
solved in 1 ml of emulphor-ethanol ( I : I )  by sonication and appropriate d i l u -  
tions were made with sal ine. 

Schedule-controlled behavior in monkeys 

Two male adult squi r re l  monkeys (Saimir i  sciureus, Santa Cruz, Bo l i v ia ,  
Primate Imports, Port Washington, N.Y.) with pr ior  experimental and drug 
h is tor ies  were used as subjects. I n i t i a l  free feeding weights were 975 and 
I060 g. Animals were maintained at approximately 85% of the i r  free feeding 
weight throughout the duration of the study. Diet consisted of Purina 
Monkey Chow and a da i ly  vitamin supplement. Animals were i nd i v idua l l y  housed 
in an isolated room with a 12 hr l ight -dark  cycle, Water was continuously 
avai lable in the home cages but not during experimental sessions. During 
experimental sessions the animals were placed in a primate chair 
with a res t ra in t  stock about the waist (9). The chair was equipped with a 
stimulus l i g h t ,  a response lever and an automatic feeder that delivered 97 
mg Noyes banana-flavored pe l le ts  into a trough. The animal and chair were 
placed in a l i g h t -  and sound-attenuating i so la t ion  chamber during the ex- 
perimental session with ven t i l a t i on  and sound masking provided by a fan. 
Solid state programming equipment, cummulative recorders and counters were 
located in an adjacent room. 

The animals had previously been trained on a var iable in terva l  (VI) 60- 
sec schedule. Prior to the onset of the study, sessions were conducted for 
3 weeks, 5 days per week in order to s tab i l i ze  responding. The length of 
the session was gradually increased from I0 to 60 min. At the end of the 
i n i t i a l  3 week period, experimental sessions were conducted 5 days a week 
for 1 hr at approximately the same time each day. Sessions were in a 5-day 
cycle with the data obtained on the 4th day used to determine baseline. The 
5th day of the cycle was the drug test  day. Doses were given in e i ther  
ascending or descending concentrations with each animal receiving each dose 
of both drugs one time. Vehicle in ject ions were also administered to each 
subject. Inject ions were given i.m. in a volume of 1 ml/kg 30 min. pr ior  to 
the s ta r t  of the session. One subject was tested with the ( - ) - t rans  isomer 
f i r s t ,  the other was tested with the (+)-trans isomer f i r s t .  In addit ion, 
each isomer was given in ascending doses to one monkey and descending doses to 
the other animal. 
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Overt behavior of dogs 

Mongrel dogs of e i ther  sex, weighing 10-20 kg, were observed for f i ve  
min. for degree of spontaneous a c t i v i t y ,  ga i t ,  t a i l - t uck ,  etc. The animals 
were then injected i . v .  with the cannabinoid and the i r  behavior rated 
according to the Walton (lO) s ta t i c -a tax ia  scale (Table l ) .  A typical  test 
session consisted of f i ve  animals that received e i ther  vehic le,  0.2 mg/kg 
of (-)-trans-Ag-THC, or one of three other cannabinoid treatments. Animals 
were used only once. Behavior was scored by three observers who were bl ind 
with regard to treatment. 

Table 1 

Quant i f icat ion of the Behavioral Effects 
Produced by Cannabinoids a 

Score Behavioral Effects 

0 no ef fect  

s l i gh t  depression of a c t i v i t y ,  
s l i gh t  s ta t i c  ataxia seen only 
a f te r  dog has been standina in 
one posit ion for 3-5 min 

walks with a prance-l ike place- 
ment of feet ,  exaggerated re f lex  
to a swinging hand, and s ta t i c  
ataxia a f ter  standing in one po- 
s i t i on  for 2-3 min 

t a i l  is often tucked, some loss of 
tone in hind legs as evidenced by 
a semi-squatting posi t ion,  s ta t i c  
ataxia more pronounced and seen 
a f te r  dog stands in one posit ion 
for I-2 min, and nodding may be 
observed 30-60 min a f te r  in ject ion 

marked s ta t i c  ataxia,  sways forward 
and backward and/or side to side, 
and almost f a l l s  a f ter  standing in 
one posit ion for 1 min 

cannot stand for  longer than 30 sec 
without almost f a l l i n g  and frequently 
plunges about 

l ies  prostrate on the f loor .  

abased upon modif icat ion of the rat ing scale described by Walton et a l .  ( I0 ) .  

Body temperature of mice 

Male ICR mice (22-30 g) were housed in the laboratory for  24 hr before 
treatment. The ambient temperature of the laboratory varied from 21 to 24 o 
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from day to day. Rectal temperature was determined by a thermis tor  probe 
( inser ted  25 mm) and a telethermometer (Yel low Springs Instrument Co., 
Yel low Spr ing,  Ohio).  Readings were taken j u s t  p r i o r  to and I0 ,  20, 40, 60 
and 120 min a f t e r  i . v .  admin i s t ra t i on  of e i t h e r  veh ic le  or tes t  drug. 

~ontaneous a c t i v i t y  in  mice 

Mice were in jec ted  i . v .  w i th  e i t h e r  veh ic le  or tes t  drug and 5 min. l a t e r  
a pa i r  of mice from each group were placed in  a photocel l  a c t i v i t y  chamber 
(20 x 33 cm). Pairs of veh i c l e - t r ea ted  mice were placed in  two chambers which 
were run concur ren t l y  w i th  pai rs  of  THC-treated mice in four  other chambers. 
A f te r  the animals were placed in  the chambers, i n t e r r u p t i o n s  of the photocel l  
beams were recorded fo r  the time i n t e r v a l s  of 0 - I 0 ,  10-20, 20-30, 30-40, 40-50 
and 50-60 min. The resu l t s  were expressed as percent of cont ro l  and the 
ED50's and t h e i r  conf idence l i m i t s  were determined by the method of  L i t c h f i e l d  
and Wilcoxon ( I I ) .  

Resul ts 

Schedu le-cont ro l led  behavior in  monke~ 

The resu l t s  fo r  each subject  are presented separate ly .  Figure 1 shows 
the e f fec t s  of ( - ) -  and (+)-trans-Ag-THC on the rate of re inforcement  in both 
subjects .  Vehic le (V) had no e f f e c t  in  e i t h e r  subject .  ( - ) - t rans-Ag-THC 
produced a dose-dependent decrease in the rate of  re inforcement .  At doses 
of l mg/kg and g rea te r ,  almost complete suppression of behavior was seen in  
both subjects .  (+)- t rans-&9-THC, on the other hand, was i n a c t i v e  up to 30 
mq/kg in  both subjects on th i s  measure. 

Figure 2 represents the e f fec ts  on response ra te .  Again, veh ic le  had 
no e f f e c t  in  e i t h e r  sub jec t .  ( - ) - t rans-Ag-THC produced a dose-dependent 
decrease in  responding. The minimal r e l i a b l y  e f f e c t i v e  dose in  each sub- 
j e c t  was 0.3 mg/kg and almost complete suppression of responding was seen 
at a dose of 1.0 mg/kg and h igher .  At these doses observable behavioral  
e f fec ts  were also seen. The subjects sat slumped in  the primate cha i r ,  
emesis was f r equen t l y  observed and upon re tu rn ing  to t h e i r  home cage the 
subjects were t y p i c a l l y  unable to cl imb to t h e i r  perch. In monkey M279 
(+)-trans-&9-THC had no e f f e c t  on response rate at  doses up to 30 mg/kg. 
No over t  behavioral  e f fec ts  were observed from th i s  drug in t h i s  subject  at 
any dose. The potency r a t i o  between the isomers in  t h i s  subject  was greater  
than I00 to I .  In monkey M287 the data fo r  (+)-trans-Ag-THC were more 
va r i ab le .  At 30 mg/kg a c lear  e f f e c t  on response rates was seen. The e f f e c t  
was accompanied by observable d i f f i c u l t y  in  main ta in ing  an up r igh t  seated 
posture in the primate cha i r  and marked a tax ia  a f t e r  re tu rn ing  to the home 
cage. These over t  e f fec ts  were s i m i l a r  to those seen w i th  ( - ) - t rans-Ag-THC. 
The e f fec ts  of lower doses were w i t h i n  2 s . d . ' s  of the average basel ine re- 
sponse ra te .  (+)-trans-&9-THC doses were administered to t h i s  subject  in  a 
descending order and dur ing th i s  t es t i ng  basel ine response rates were increas-  
ing.  Thus, the e f fec ts  of 3 and I0 mg/kg were even less d i f f e r e n t  from con- 
t r o l  than are ev ident  in  the f i gu re .  We conclude tha t  the minimal ac t i ve  
dose of (+)-trans-&9-THC in  t h i s  subject  was 30 mg/kg, r e s u l t i n g  in  a 
potency r a t i o  between the isomers of about I00 to I .  

Overt behavior in  dogs 

The e f fec ts  of the stereoisomers on the over t  behavior of dogs is pre- 
sented in  Table 2. The ( - ) - isomers  produced dose re la ted  changes in  behavior 
as reported p rev ious ly  (12).  The e f fec ts  were usua l l y  maximal 30 min a f t e r  
i . v .  adm in i s t ra t i on .  At 0.2 mg/kg both ( - ) - t r a n s - A  ~- and &~-THC produced 
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Figure 1 

The effects of (+)- and (-)-trans-Ag-THC on rate of reinforce- 
ment in two squir re l  monkeys responding a var iable in terval  60 
sec schedule. The values at B represent the mean baseline 
reinforcement rate + 1 s.d. during the test ing of each drug. 
The values at V are-the effects of vehicle in ject ions.  The 
c i rc les represent the effects of (-)-trans-Ag-THC and the squares 
represent the ef fects of (+)-trans-AgLT-T~. 

the aggregate ef fects ( ta i l - tucked ,  s ta t i c  ataxia,  depressed a c t i v i t y ,  etc.)  
that normally t yp i f y  cannabinoids. The (+) unnatural isomers d i f fered from 
the (-)- isomers,  both quan t i t a t i ve l y  and q u a l i t a t i v e l y .  The (+)-isomers were 
considerably less active than the (-)- isomers. At doses less than 2.0 mg/kg 
the (+)-isomers were minimally e f fec t i ve  and lacked dose-responsiveness. 
Absence of dose-related effects by the (+)-isomers was due, at least in part,  
to v a r i a b i l i t y  not normally seen with the s ta t i c -a tax ia  test .  For example, 
0.2 mg/kg of (+)-trans-Ag-THC produced c lassical  cannabinoid actions in one 
animal but was almost completely devoid of a c t i v i t y  in the other two dogs. 

The (+)-isomer also d i f fered from the (-)- isomers in that the major effect 
seen was depression of spontaneous a c t i v i t y  rather than the usual composite of 
behavioral signs. Some animals did exh ib i t  the other signs (atax ia,  t a i l  
tuck, etc.)  but a l l  were never present in animals tested with the (+)-isomers. 
The dogs that received the higher doses of (+)-cis-&9-THC and (+)-trans-& ~- 
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Figure 2 

The e f fec ts  of (+) -  and ( - ) - t rans-Ag-THC on response rates in 
two squ i r r e l  monkeys responding on a va r i ab le  i n t e r v a l  60 sec. 
schedule. The values at B represent the mean basel ine re in fo rce -  
ment rate + l s.d.  dur ing the tes t i ng  of each drug. The values 
at V are the e f fec ts  of  veh ic le  i n j e c t i o n s .  The c i r c l e s  repre- 
sent the e f fec ts  of  ( - ) - t rans-A9-THC and the squares represent 
the e f fec ts  of (+)-trans-&~-THC. 

THC were p ros t ra te  w i t h i n  5- I0 min of the i n j e c t i o n  which made the observa- 
t i on  fo r  the other signs d i f f i c u l t .  There appeared to be no d i f f e rence  in  
the ( + ) - c i s -  and (+ ) - t rans  isomers. 

Since the l im i t ed  supply of (+)- isomers r e s t r i c t e d  the number of high 
doses tha t  could be tes ted,  there were i n s u f f i c i e n t  data fo r  determinat ion of 
exact dose- ra t ios .  However, i t  is  ev ident  tha t  the (+)- isomers are less 
ac t i ve  than the ( - ) - i somers ,  probably by ten f o l d .  

Body temperature in  mice 

The ( - ) - t r a n s  isomers of A 8- and Ag-THC produced dose-re lated decreases 
in  body temperature s i m i l a r  to those described by Haavik et a l .  (13).  Hypo- 
thermia was observed at  a l l  t ime points  and maximum e f fec ts  were always 
found at e i t h e r  40 or 60 min a f t e r  the i n j e c t i o n .  The (+)- isomers also pro- 
duced hypothermia tha t  was temporal ly  s i m i l a r  to the ( - ) - i somers .  The maxi- 
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Cannabinoid 0.2 

(-)-trans-Ag-THC 3(5) 

(+)-trans-£9-THC I(3) 

(+)-cis-Ag-THC I(2) 

(-)-trans-£~-THC 2(2 

(+)-trans-&8-THC I ( I  

Table 2 

Effects of the Stereoisomers on 
Overt Behavior in Dogs a 

Dose mq/kg 

0.4 0.5 1 .O 1.25 

4 b 

3(3) 

I(2) 

0(3) I(2) 

5 b 

O(1) I(3) 

l (1) 

2.0 

l (1)  

0(3) 

3(I)  

4.0 

6( I )  c 

5.0 

6( I )  c 

aAnimals were scored as described in Table I .  Mean scores were 
presented with the number of animals in parenthesis. 

bData presented in reference 12. 

Cprostrate, other cannabinoid ef fects were not seen. 

mum hypothermia produced by the stereoisomers is presented in Table 3. The 
vehicle produced a s l i gh t  decrease in temperature at I0 min but by 40 or 
60 min this hypothermia was approximately 0.5 °. Potency rat ios were calculated 
according to an unsymmetrical-dose p a r a l l e l - l i n e  assay because of unequal 
repl icates and lack of log-dose spacing (14). The mean potency ra t io  of (+)- 
trans-£9-THC to (-)-trans-£9-THC was 9.1 with 95% confidence l im i ts  to l i e  
between 5.9 and 15.4. The dose-response l ines did not deviate from pa ra l l e l -  
ism. The mean potency ra t io  of (+)-trans-AS-THC to (-)-trans-A~-THC was 30.4 
with 95% confidence l im i t s  of 22.3 and 48.4. 

S~ontaneous a c t i v i t y  in mice 

The stereoisomers of trans-Ag-THC decreased spontaneous a c t i v i t y  in a 
s im i la r  fashion. The maximum ef fec t  was observed during the time period of 
0-I0 min. a f ter  each isomer and spontaneous a c t i v i t y  returned to control 
levels a f te r  50-60 min. Since maximal effects were observed at 0-I0 min., 
data during this time period were used to calculate potency ra t ios .  Although 
the time courses were s im i la r ,  the potency of the isomers d i f fered as shown 
in Table 4. The ED50 (95% confidence l im i t s )  for (-)-trans-Ag-THC was 2.6 
mg/kg (1.3-5.1) and 14.6 mg/kg (9.1-23.5) for (+)-trans---3~ -THC. The potency 
ra t io  of the ED50's was determined to be 5.6. The l imi ted supplies of the 
other isomers did not permit the i r  evaluation. 

Discussion 

The (-)- t rans- isomers of THC were more e f fec t i ve  than the unnatural 
isomers in a l l  the pharmacological tests.  The greatest degree of stereo- 
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Table 4 

E f fec t  of  the Stereoisomers of A9-THC on 
Spontaneous A c t i v i t y  in  Mice a 

Percent of  Vehicle 

Dose (mg/kg) (-)-Ag-THC (+)-&9-THC 

2 59 (6)  - - -  

4 34 (8)  - - -  

6 25 (5)  - - -  

8 12 (7) - - -  

lO - - -  75 (6) 

20 - - -  25 (7) 

3o  - - -  14  (5) 

40 - - -  4 (8) 

aRepresents a c t i v i t y  fo r  0- I0  min. a f t e r  i . v .  admin i s t ra t i on .  
The veh ic le  t reated animals (N=32 pai rs  of mice) had I03 + 7 
(mean + SE) i n t e r r u p t i o n s  of the pho toce l l s .  Results are ex- 
pressed as % cont ro l  w i th  the number of  pairs per group i n  parenthesis .  

s p e c i f i c i t y  was observed in the monkey where the potency r a t i o  of (+) -  to 
( - ) - t rans-Ag-THC was at  leas t  lO0. Edery et a l .  (4) also found ( - ) - t r a n s -  
Ag-THC to be cons iderably  more potent than-(-+~-trans-A9-THC in the rhesus 
monkey but no est imate of potency r a t i o  could be made since the doses of the 
isomers tested never d i f f e r e d  by more than I0-20 f o l d .  There was less stereo- 
s p e c i f i c i t y  in  the dog s t a t i c - a t a x i a  tes t  than in the schedu le -con t ro l led  
behavior of  monkeys. The unnatural  isomers, both cis and t rans,  were less 
e f f e c t i v e  than the corresponding natura l  isomer at a l l  doses tested.  At very 
high doses, the unnatural  isomers produced p ros t ra t i on  that  may have resu l ted 
from a genera l i zed ,  nonspec i f i c  depression of the cent ra l  nervous system. The 
unnatural  isomers also produced the c lass ica l  s t a t i c - a t a x i a  tha t  is unique fo r  
cannabinoids.  However, th i s  e f f e c t  was only seen in approximately one of  
three animals and occurred independent of  dose. This v a r i a b i l i t y  was not seen 
wi th  the natura l  isomers, nor has i t  been observed p rev ious ly  ( lO,  12, 15, 16) 
I t  is  not possib le to ca l cu la te  potency ra t i os  from these data but a conserva- 
t i ve  est imate would be a t en - f o l d  d i f f e rence .  

The THC's also exh ib i t ed  less s t e r e o s p e c i f i c i t y  in mice than in monkeys. 
In a d d i t i o n ,  the e f fec ts  on hypothermia appeared to be more s te reospec i f i c  
than those on spontaneous a c t i v i t y .  Jones et a l .  (5) had p rev ious ly  reported 
( - ) - t rans-A~-THC to be 13 times more ac t i ve  than (+)-trans-Ag-THC in the mouse 
r ing  tes t .  However, they were concerned about t h e i r  potency est imate since 
t h e i r  (+)- isomer contained approximately 3% of the ( - ) - i somer .  We have shown 
tha t  unnatural  isomers which are probably I00% pure ( s te reospec i f i c  synthesis)  
are also ac t i ve  in  the mouse and are approximately one-tenth or o n e - f i f t h  as 
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active as the natural isomers. Also, these low potency rat ios would not be 
altered even i f  the unnatural isomers contained 2-3% of the (-)- isomer. 

I t  appears that the degree of pharmacological s te reospec i f i c i t y  of the 
cannabinoids depends upon e i ther  species or pharmacological e f fect  used or a 
combination of both. I t  may be that the actions of THC in the monkey, as 
measured by changes in schedule-controlled behavior, represent interact ions 
only with a spec i f ic  receptor, whereas the actions in the dogs and mice may 
represent a composite of receptor and nonreceptor mechanisms. I t  would be 
highly improbable that a l l  the various actions of any drug would be mediated 
through receptors. 

Potency rat ios of stereoisomers d i f f e r  with respect to species, test sys- 
tem and the indiv idual  laboratory for most drugs, not jus t  for the cannabi- 
noids. Jacquet et a l .  (17) have proposed two types of opiate receptors based 
upon the i r  observations in d i f f e ren t  test  systems. Nicot ine's stereospeci- 
f i c i t y  also spans a wide range (potency rat ios of 2-I00) depending upon the 
experimental conditions (18). 
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