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MARTIN, B. R., W. L. DEWEY, L. S. HARRIS, J. S. BECKNER, R. S. WILSON AND E. L. MAY. Marihuana-like activity 
of new synthetic tetrahydrocannabinols. PHARMAC. BIOCHEM. BEHAV. 3(5) 849-853, 1975. - ll-Methyl -As-, 
9-nor-AS-, and 9-nor-Ag-tetrahydrocannabinol (THC), newly synthesized cannabinoids which are not 11-hydroxyated in 
vivo, were tested for cannabinoid activity. AS ./,9.THC and each synthetic analog produced static ataxia in unanesthetized 
dogs, hypotension and bradycardia in anesthetized dogs, and decreased spontaneous activity in mice. All synthetic analogs 
tested produced a greater degree of tolerance to the behavioral effect in dogs than did AS.THC. 11-Methyl-AS-THC was 
more effective than A s-THC in decreasing spontaneous activity in mice, but was less active in producing the behavioral and 
cardiovascular effects in dogs. 9-nor-Ag-THC was less active than Ag.THC, but 9-nor-Aa-THC was as active as AS.THC in 
all observations. These results suggest that the 11-hydroxy metabolites of A 8- and Ag.THC are not solely responsible for 
the biological activity of tetrahydrocannabinols. 

11-hydroxy-A9 - T H C  11-hydroxy -Aa -THC 9-nor -A9 -THC 9-nor -A* -THC Metabolism of THC 
Tolerance 

A number of investigators have shown that A s and A9-THC 
are the psychoactive constituents of marihuana. Moreover, 
it has been postulated [12, 17, 19] that the l l -hydroxy  
metabolites of A s and A9-THC are largely responsible for 
their pharmacological activity. 

Lemberger [13] and Perez-Reyes [17] independently 
administered A9-THC to man and reported the rapid 
occurrence of 11-hydroxy-A9-THC in plasma. The appear- 
ance of the 11-hydroxy metabolite in plasma was temporal- 
ly related to the psychological effects experienced by each 
subject. It also has been reported that intravenous adminis- 
tration of l l-hydroxy-A9-THC, like A s and A9-THC, 
resulted in tachycardia and an intense psychological "high" 
[11, 12, 18]. In mice, 11-hydroxy-A9-THC was shown to 
be more active than A9-THC as measured by decreased 
spontaneous activity and an increased responsiveness to 
tactile and auditory stimuli [1].  In addition, Truitt [19] 
reported that AS-THC was converted to the l l -hydroxy  
metabolite and that 11-hydroxy-AS-THC was more active 
than A 8- or Ag-THC when administered to rats. These data 
suggest that A s- and A9-THC may owe a majority, or all, of 
their activity to the 11-hydroxy metabolites. One approach 
to testing this hypothesis was to determine whether 
cannabinoid activity existed in synthetic THC analogs that 
are neither hydroxylated at position eleven nor are metabo- 
lized to 11-OH derivatives in vivo. 

We have recently synthesized two new analogs of 
AS-THC [21] 9-nor-AS-THC and 11-methyl-AS-THC; and 
one new analog of A9-THC, 9-nor-Ag-THC; (Wilson and 
May, submitted for publication), the structures of which 
are presented in Fig. 1. The methyl group at position 11 of  
l l-methyt-AS-THC probably hinders conversion to the 
11-hydroxy analog. Absence of  the 11 position in 9-nor- 
AS-THC and 9-nor-A9-THC makes 11-hydroxylation impos- 
sible. 
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METHOD 

Cannabinoids produced static ataxia and other character- 
istic behavioral changes in dogs which were semiquantitated 
by the rating scale presented in Table 1. The maximum 
effect on behavior was seen within 30 min after an IV 
injection of  the drug. Three observers independently rated 
the behavior of  each dog, and the mean of their scores was 
recorded. For each dog, the independent scores never 
differed by more than one rank. 

Animals and Procedure 

Cardiovascular experiments were conducted with mon- 
grel dogs of either sex weighing between 8 and 12 kg and 
responses were recorded on a Grass Model 5 polygraph. The 
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FIG. 1. Structures of As- and Ag-tetrahydrocannabinol (THC) and 
their newly synthesized analogs and important metabolites. 

dogs were anes the t i zed  wi th  sod ium p e n t o b a r b i t a l  (30 
mg/kg, IV), and the  left  f emora l  vein was cannu la t ed  to 
al low in t ravenous  admin i s t r a t i on  of  drugs. Arter ia l  pressure 
was recorded  f rom the  left  femora l  a r te ry  t h r o u g h  a 
cannula  c o n n e c t e d  to a S t a t h a m  pressure t ransducer .  Mean 
arterial  pressure was calcula ted by  s um m i ng  the  diastol ic  
pressure and  one- th i rd  of  the  d i f ference  be t w een  systol ic 
and  diastolic pressures.  Hear t  rate was ob t a ined  f rom an 
EKG recording  using fine needle  e lec t rodes  inser ted 
t h rough  the  skin. The THC vehicle was admin i s t e red  to all 
animals,  before  admin i s t r a t i on  of  the  cannab ino id .  Animals  
were given only  one dose of  one c a n n a b i n o i d  due to the  
drug's  long du ra t ion  of  act ion.  The m a x i m u m  percen t  
change in mean  ar ter ia l  b lood  pressure and hear t  rate 
(usually 30 rain af ter  the  in jec t ion)  was d e t e r m i n e d  for 
each animal.  

A lb ino  mice (Swiss-Webster,  Dubl in  Farms,  2 0 - 2 5  g) 
were used to examine  the  effects  of  these cannab ino ids  on  
spon t aneous  act ivi ty.  A pair of  mice were placed in each 
pho toce l l  act ivi ty c h a m b e r  I0 or 90 rain af te r  the  IP 
in jec t ion  of  vehicle or drug. Act iv i ty  levels were accumu-  
lated for  the  nex t  15 rain. Uncor re la t ed  sample means  were 
compared  s tat is t ical ly  by  apply ing  S t uden t  t tests. 

The  tail-flick m e t h o d  of  D ' A m o u r  and  Smi th  [ 3 ] ,  as 
modi f ied  by  Dewey et  al. [ 4 , 5 ] ,  was used to de t e rmine  the  
analgesic act ivi ty of  the  cannab ino ids  in mice. Analgesic 
response was calculated by  the  m e t h o d  of Harris and 
Pierson [10]  and  expressed as percen t  m a x i m u m  possible 
effect  (pe rcen t  MPE). 

The  p h e n y l q u i n o n e  wr i th ing  tes t  of  Pearl and  Harris 
[16] was used in the  present  exper imen t s .  In mice,  an SC 
in jec t ion  of  the  cannab i no i d  was fo l lowed by an IP 
in jec t ion  of  p - p h e n y l q u i n o n e  (2 mg/kg)  10 rain later.  The  
n u m b e r  of  squirms observed wi th in  a 1 rain per iod at 1/3, 
1, 4, and  8 hr  a f te r  in jec t ion  of  p - p h e n y l q u i n o n e  was 
recorded.  

The effect  of  the  cannab ino ids  on ba rb i t u r a t e - i nduced  
sleeping t ime was measured  in mice. Sod ium hexoba rb i t a l  

TABLE 1 

Q U A N T I F I C A T I O N  OF THE BEHAVIORAL 
PRODUCED BY CANNABINOIDS* 

EFFECTS 

Score Behavioral Effects 

0 no effect 

slight depression of activity, slight static 
ataxia seen only after dog has been standing 
in one position for 3 -5  min 

walks with a prance-like placement of feet, 
exaggerated reflex to a swinging hand, and 
static ataxia after standing in one position 
for 2 -3  min 

tail is often tucked, some loss of tone in 
hind legs as evidenced by a semi-squatting 
position, static ataxia more pronounced and 
seen after dog stands in one position for 
1 - 2  rain, and nodding may be observed 
30-60  rain after injection 

marked static ataxia, sways forward and 
backward and/or side to side, and almost falls 
after standing in one position for 1 min 

cannot stand for longer than 30 sec without 
almost falling and frequently plunges about 

6 lies prostrate on the floor 

*Based upon a slight modification of the rating scales 
described by Walton etal.  I20] and Dewey etal. [6] 

(100  mg/kg)  was in jec ted  IP at 1/3, 1 ,4 ,  and  8 hr  af ter  the  
IP in jec t ion  of  vehicle or cannab ino id .  Mice were used on ly  
once.  The  sleeping t ime  was the  t ime  be tween  loss and  
regaining of  the  r ight ing reflex. 

Dogs were given t r i t ium-labe led  Ag-THC (35 #Ci/0 .5  mg 
Ag-THC/kg)  in t ravenous ly ,  and were sacrificed 30 min af ter  
in ject ion.  In order  to  iden t i fy  Ag-THC metabol i tes ,  p lasma 
and  brain  h o m o g e n a t e s  were ex t rac ted  wi th  pe t ro l eum 
e the r  and  subsequen t ly  wi th  d ie thyl  e ther .  These  ex t rac t s  
were spo t t ed  on  p recoa ted  th in- layer  plates and developed 
in c h l o r o f o r m : a c e t o n e  (1 : 1) for  90min .  Areas correspond-  
ing to Ag-THC and  its metabo l i t e s  were scraped in to  l iquid 
sc in t i l la t ion  vials and  c o u n t e d  for radioact iv i ty .  

The vehicle for all cannab ino ids  was a mix ture  of  
E m u l p h o r  (EL-620) ,  e thanol ,  and  saline [2 ] .  One h u n d r e d  
mg of  drug was dissolved in one ml of  a 1:1 mix tu re  of  
E m u l p h o r  and  e thanol .  Proper  d i lu t ions  were made  wi th  
saline. 
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TABLE 2 

MAXIMUM BEHAVIORAL EFFECTS OF CANNABINOIDS AND THEIR ANALOGS ON OVERT BEHAVIOR IN DOGS* 
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Acute]" 
Dose 

(mg/kg) A9 -THC 9 - n o r  -A9  -THC A 8 -THC 9-nor-2~ s -THC 1 i-Methyl -As -THC 

0.1 

0.2 

0.4 

0.8 

1.0 

1.6 

2.0 

3.0 

0 (1)§ 0 (1) 

3.3 (2) 1.3 (3) 0 (1) 

4 (2) 2.3 (2) 2 (2) 

5.3 (2) 

4 (1) 

0.6 (2) 0 (1) 

1 (2) 0 (1) 

2 (2) 0.6 (1) 

4 (4) 1 (1) 

5 (2) 

2.3 (2) 

3.3 (2) 

Dose 
(mg/kg) 

1.0 

3.0 

Chronic:~ 

48 -THC 
Percent 

Day 1 Day 5 Tolerance Day 1 

5.3 (2) 3 47 3.6 (2) 

9-nor-  A 8 -THC 11-Methyl-A s -THC 
Percent Percent 

Day 5 Tolerance Day 1 Day 5 Tolerance 

13 70 

3.3 (2) 1 78 

*Quantitated by the dog static-ataxia rating scale (Table 1). 
].Acute animals received one intravenous injection. 
:~Chronic animals received five daily intravenous injections. 
§The mean score of all animals tested is presented with the number tested in parentheses. 

RESULTS 

The acute effects of Aa-THC, A9-THC and their 
synthetic analogs on overt dog behavior (Table 1) are 
presented in Table 2. The data indicate that A9-THC was 
more potent than 9-nor-Ag-THC whereas AS-THC and 
9-nor-Aa-THC were about equally active over the range of 
doses tested. 11-Methyl-Aa-THC exhibited difinite cannabi- 
noid properties, although only at higher doses. Tolerance 
has been reported to develop to the behavioral effects of 
cannabinoids when administered chronically to dogs [6] 
and other laboratory animals [7,14]. A a-, 9-nor-AS-and 
11-methyl-AS-THC each were administered intravenously 
to 2 dogs daily for 5 consecutive days. By Day five, 47 
percent tolerance developed to the behavioral effects of 
AS-THC, 70 percent to 9-nor-AS-THC, and 78 percent to 
11-methyl-AS-THC (Table 2). 

Acute intravenous administration of these cannabinoids 
to anesthetized dogs produced decreases in heart rate and 
blood pressure which were maximal within 30 min and 
subsided after 1 to 2 hr. Due to a very limited supply of 
9-nor-A9-THC, only one dose (1.0 mg/kg) was given. The 

cardiovascular effects were similar to those observed in dogs 
receiving 1.0 mg/kg of A9-THC. The dog receiving 9-nor- 
A 9-THC had a decrease in blood pressure of 31 percent and 
a decrease in heart rate of 42 percent, while the dogs 
receiving A9-THC had a mean drop in blood pressure of 46 
percent and a mean drop in heart rate of 39 percent. Three 
groups of 3 dogs received 2.4 mg/kg of either A s_ , 
9-nor-A 8-, or 11 methyl-AS-THC. Again, AS-THC and 
9-nor-AS-THC were equipotent. Both produced a 44 
percent decrease in heart rate; while AS-THC caused a 52 
percent decrease in blood pressure, and 9-nor-AS-THC 
caused a 51 percent decrease in blood pressure. 11-Methyl- 
AS-THC was much less active, producing only a 9 percent 
decrease in heart rate and no change in blood pressure. 

The data presented in Table 3 show that there was a 
significant reduction in spontaneous activity of mice 10 
minutes after they had received an acute IP injection of 10 
or 20 mg/kg of Aa-THC and each of the synthetic THC 
analogs. Both A 8- and A9-THC produced significant hypo- 
activity at 90 min after injection. These rodent studies 
showed that 9-nor -As-, 9-nor -A9-, AS-and A9-THC had 
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TABLE 3 

EFFECT OF ANALOGS ON SPONTANEOUS ACTIVITY OF MICE* 

Drug N 10 mg/kg~" N 20 mg/kgt N 10 mg/kg~ 

Vehicle 21 160 -+ 13 22 145 ± 9 

Ag-THC 16 111 ± 23 11 148 ± 23 

AS-THC 10 95 -+ 15 a 11 90 ± 13 a 

9-nor-AS-THC 11 117 ± 16§ 11 90 ± 15 a 

9-nor.z~9-THC 6 86 -+ 11 b 6 88 ± 24§ 

ll-methyl-A8-THC 10 57 _+ 9 b 11 54 ± 9 b 

12 181 -+ 22 

6 87 -+ 31§ 

6 28 ± 6 b 

*Number of interruptions of photocell recorded for 15 min (mean ± S.E.) 
tAnimals placed in activity chamber 10 min after injection and interruptions accumulated for 15 rain 
:~Animals placed in activity cages 90 min after injection and interruptions accumulated for 15 min 
§Significantly different from vehicle by Student t-test (p<0.05) 
aSignificantly different from vehicle by Student t-test (p<0.01) 
bSignificantly different from vehicle by Student t-test (p<0.001) 

similar effects on the activity of mice, and that 11-methyl- 
AS-THC was somewhat more potent. Since A 8 , and A9 THC 
were less active 10 min after injection apparently, the 
synthetic analogs had a quicker onset of action compared 
with A 8 or A9THC. Mice were injected IP with 1 or 10 
mg/kg, of ~8., A9THC or one of the analogs and were 
tested at 20 min, 1, 4, and 8 hr in the tailflick, hot-plate, 
phenylquinone writhing and hexobarbital potentiation 
tests. Mice were tested only once. There were no significant 
differences between control and test measures for any test 
at any time. 

Dogs were injected with 3H-A9-THC and sacrificed at 
the time of maximum behavioral effects. Brain homogenate 
and plasma were extracted with petroleum ether and 
diethyl ether, and resultant extracts were examined by 
thin-layer chromatography. At the time of peak behavioral 
activity, 46 percent of  the extractable radioactivity in brain 
was due to unchanged A9-THC and only 10 percent was 
due to 11-OH-A 9-THC. Further, a somewhat similar ratio 
of A9-THC to 11-OH-A9-THC was observed in plasma. 
These data a~greed favorably with the mouse brain concen- 
tration of  A~-THC and of 1 I-OH-Ag-THC at the time of 
peak behavioral activity as reported by Gill et al. [8]. 

DISCUSSION 

It is noteworthy that compounds structurally related to 
the cannabinoids which cannot be converted to 11-hydroxy 
metabolites have previously been examined [4]. Some of 
these compounds exhibit pharmacological properties which 
may be similar to the tetrahydrocannabinols. However, the 
structures of all these compounds are sufficiently different 
from the tetrahydrocannabinols to preclude an assumption 
of a common mechanism or site of action. Herein lies the 
significance of the compounds examined in the present 

research, i.e., the only deviation from the natural tetra- 
hydrocannabinol structure involved removal of the 
11-methyl (9-nor-Ag-THC and 9-nor-AS-THC) or the addi- 
tion of methyl at the 11-position (11-methyl-AS-THC). 
Presumably these latter compounds are structurally similar 
enough to A 9- and AS-THC to have similar properties of 
distribution and receptor occupation. All of the normal 
routes of in vivo tetrahydrocannabinol metabolism not 
involving the 11-position would appear to be available to 
these compounds since the naturally occuring A 8 or A 9 
double bond in these synthetic analogs is retained. Virtually 
all known metabolic transformation of  the cyclohexene 
ring occur at the double bond itself [9] or at position 
allylic to the double bond: positions 11 and 7 in AS-THC 
and positions 11 and 8 in A 9-THC [ 1 ]. 

All of the synthetic analogs in this study produced 
hypoactivity in mice similar to that caused by A 8 and 
Ag-THC. However, although data is not included, it 
appeared that all the synthetic compounds had a shorter 
onset of action than did A9-THC. The analogs had similar 
behavioral and cardiovascular properties when administered 
to dogs, even though 11-methyl-AS-THC was much less 
active. Since l l-methyl-AS-THC was very effective in 
producing hypoactivity in mice, but had little effect on the 
cardiovascular system of the dog, it was obvious that more 
than one paradigm was necessary in order to establish 
cannabinoid activity. The pharmacological activity of these 
synthetic analogs clearly indicates that 11-hydroxylation 
was not a prerequisite for cannabinoid activity. 

An interesting question was raised as to why a greater 
degree of tolerance developed to the behavioral effects of 
9-nor-AS-THC and 11-methyl-AS-THC than to AS-THC. 
One possible explanation is that the active form of the two 
synthetic compounds may persist for a longer period than 
that for AS-THC in dogs. This is possible because Aa-THC 
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is k n o w n  to  be me t abo l i z ed  to the  inac t ive  9 -ca rboxy  -Aa-  
THC [ 1 5 ] .  There fore ,  9 -nor -Aa-THC and  1 1 -methy l  -Aa-  
THC may  persist  longer  in an act ive fo rm in the  b o d y  t h a n  
Aa-THC because  m a t a b o l i c  deac t iva t ion  b y  convers ion  to  
9 -ca rboxy  c o m p o u n d s  m ay  no t  be avai lable to  t hem.  

In re la ted  expe r imen t s ,  dogs were  given rad io labe led  
A 9-THC and  were sacr i f iced at  the  t ime  o f  peak  behaviora l  
act ivi ty .  The  ma jo r  po r t i on  of  the  rad ioac t iv i ty  in b ra in  and  
p lasma c o r r e s p o n d e d  to u n c h a n g e d  A9-THC wi th  the  
r e m a i n d e r  divided a m o n g  1 1-OH-Ag-THC, 8fl-OH-Ag-THC, 
80~-OH-Ag-THC, 8, l l -DiOH-Ag-THC,  and  more  polar  
metabo l i t e s .  P robab ly  very  l i t t le  of  the  behav iora l  ac t iv i ty  
was due to the  8-OH -Ag-THC metabo l i t e s  since i t  has been  
d e m o n s t r a t e d  t ha t  they  are m u c h  less active in s ta te  
d e p e n d e n t  s tudies  ( u n p u b l i s h e d  resul ts)  and  in p r o d u c i n g  
psychologica l  " h i g h s "  in  man  [ 1 8 ] .  These  da ta  ind ica te  
t ha t  Ag-THC i tself  may  be active since it  was p resen t  in 

h igh c o n c e n t r a t i o n s  in b ra in  when  pha rmaco log ica l  e f fec ts  
were at  a m a x i m u m .  

The  results  of  the  p resen t  inves t iga t ions  show t h a t  
c a n n a b i n o i d s  which  can no t  be conve r t ed  to an 1 1 -hydroxy  
me tabo l i t e  have similar  pha rmaco log ic  profi les  to  A s-  and  
Ag-THC in mice and  dogs. However ,  these  data  do  n o t  
p rec lude  the  poss ib i l i ty  t ha t  o t h e r  me tabo l i t e s  of  these  
newly  syn thes ized  cannab ino id s  may  exh ib i t  some behav-  
ioral  ac t iv i ty .  I t  appears  t ha t  c a n n a b i n o i d  act iv i ty  of  A s-, 
Ag-THC can be due to the i r  pa ren t  c o m p o u n d  even t h o u g h  
some o f  the i r  me tabo l i t e s  also have c a n n a b i n o i d  act ivi ty.  
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