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Abstract. The cataleptogenic effect of A9-THC was com- 
pared to its discriminative stimulus effects in rats. The 
EDsos for the discriminative stimulus and catalepsy were 
0.8 and 4.0 mg/kg, respectively, while their time courses 
were very similar. The EDso of Ag-THC for catalepsy in 
experimentally naive rats was not different from that in 
rats trained with the drug discrimination procedure, in- 
dicating that the cataleptogenic effect was not apprecia- 
bly attenuated by long-term exposure to low doses of 
A9-THC. Pharmacologically, the catalepsy produced by 
A9-TttC more closely resembled that of haloperidol than 
of morphine, since anticholinergic pretreatment elimi- 
nated the A9-THC-induced catalepsy while pre-treat- 
ment with naloxone had no effect. Although the catalep- 
togenic effect of Ag-THC could be pharmacologically 
manipulated by anticholinergic pre-treatment, its dis- 
criminative stimulus effects were not changed in the same 
animals. These results demonstrate that distinctive mech- 
anisms of action exist for these cannabinoid-induced 
behaviors. 
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The myriad effects ascribed to the constituents of can- 
nabis, most specifically A9-tetrahydrocannabinol (A 9- 
THC), range from the well described psychoactivity to 
numerous pharmacological effects such as analgesia, 
anti-emetic and anti-convulsant effects. Since the behav- 
ioral effects of the cannabinoids are unique to this class 
of compounds, one would expect that the mechanisms 
responsible for these effects would be distinguishable 
from those mediating the behavioral effects of other 
centrally acting drugs. However, the central mechanisms 
that are involved in the actions of the cannabinoids 
remain ill-defined. 

Offprint requests to: B.R. Martin 

While several behavioral measures in laboratory ani- 
mals may be used to evaluate the actions of the cannabi- 
noids, the drug discrimination paradigm has proven to 
be an excellent predictor of psychoactivity (Weissman 
1978; Ford et al. 1984). It is also noteworthy that many 
compounds have been tested as putative blockers of the 
A9-THC discriminative stimulus, but there have been no 
reports of any successful antagonists (Browne and Weiss- 
man 1981). Catalepsy, on the other hand, is a behavior 
produced in several species by cannabinoids as well as 
many drugs. It has been especially well characterized in 
rodents as an effect of opiates and neuroleptics. In these 
two drug classes, catalepsy has been shown to be a 
pharmacologically distinguishable behavioral effect, 
which is mediated by distinct neural pathways and mech- 
anisms (Kuschinsky and Hornykeiwicz 1972; Ezrin- 
Waters et al. 1976; Barghon et al. 1981 ; Fujiwara et al. 
1985; Broekkamp et al. 1988; Consolo et al. 1988). Al- 
though opiate-induced and neuroleptic-induced cat- 
alepsy are distinguishable in many respects, their re- 
sponses to specific antagonists most directly demonstrate 
the involvement of distinctly different mechanisms. The 
catalepsy caused by morphine is blocked by the classical 
opiate antagonist naloxone, while that caused by neuro- 
leptics is not (Kuschinsky and Hornykeiwicz 1972). 
Further, the catalepsy of haloperidol is decreased by 
anticholinergics, while that of morphine is not (Costall 
and Naylor 1974; Ezrin-Waters et al. 1976). Although 
apomorphine, a D1-D2 dopaminergic agonist, decreases 
the catalepsy caused by both prototypic drugs, it appears 
to be much more effective in reducing the opiate rather 
than the neuroleptic catalepsy (Ezrin-Waters et al. 1976). 

Cannabinoids have also long been known to cause 
catalepsy in animals (Loewe 1946), and this effect has 
been the target of many studies. In brief, manipulations 
of systems such as the serotonergic (Fujiwara et al. 1985), 
cholinergic (Ukei 1980; Moss et al. 1987), adrenergic 
(Fujiwara et al. 1985; Kataoka et al. 1987), as well as 
prostaglandins (Coupar and Taylor 1982; Ono et al. 
1986) have all been implicated in having an effect on 
THC-induced catalepsy in rats. All studies seem to in- 
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d ica te  c a n n a b i n o i d  c a t a l e p s y  is a p r i m a r y  cen t r a l  effect  
w i t h  t he  e x c e p t i o n  o f  o n e  r ecen t  r e p o r t  in  m i c e  (Bur s t e in  
e t  al. 1989). 

T h e  p r e s e n t  s t udy  was  d e s i g n e d  to  i n v e s t i g a t e  w h e t h e r  
t he  c a t a l e p s y  i n d u c e d  by  A g - T H C  in ra ts  is m e d i a t e d  by  
m e c h a n i s m s  d i s t inc t  f r o m  t h o s e  o f  op ia t e s  o r  n e u r o l e p -  
tics. F u r t h e r ,  o u r  a i m  was  to  d e t e r m i n e  i f  A 9 - T H C ' s  
c a t a l e p s y  a n d  d i s c r i m i n a t i v e  s t imul i  a re  m e d i a t e d  by  
s imi la r  m e c h a n i s m s .  

Materials and methods 

Subjects. Male Sprague Dawley rats (Dominion Labs, Dublin, VA) 
were used for all experiments. The animals were individually housed 
in an animal room with a normal 12 h light/dark cycle and an 
ambient temperature of 20-22 ° C. Animals used in acute experi- 
ments for catalepsy determination weighed 250-300 g upon arrival. 
Food and water were continuously available, and the animals were 
tested within 3 weeks of their arrival. Rats that were trained to 
discriminate Ag-THC had free access to water but were maintained 
at approximately 300 g body weight by controlled feeding. 

Apparatus. Eight identical, two-lever operant chambers (Lafayette 
Instrument Co., Lafayette, IN) were used for the drug discrimina- 
tion component of the experiment. They were each housed in a 
sound attenuating chamber and ventilated by an exhaust fan, which 
also provided white noise during the sessions. The two response 
levers were located on the front panel of these chambers and 
separated by a food tray into which the reinforcement was delivered 
by means of an automated pellet feeder. The reinforcements con- 
sisted of 45 mg Bio-Serve TM rodent chow pellets (Frenchtown, 
N J). Each lever was illuminated by a 4 W light, which served 
as an exteroceptive cue to signal the start of a session. Two Commo- 
dore 64 TM micro-computers controlled reinforcement contingen- 
cies and recorded the data. 

Catalepsy was quantified by an adaptation of the mouse ring test 
(Pertwce 1972). Rats were placed on a wire ring (13 cm in diameter) 
with a wooden backboard (40 cm in diameter) attached to a ring 
stand approximately 60 cm above the bench top. Experienced ob- 
servers, using a stopwatch, recorded the time during a 5-min period 
in which the animal remained in a motionless or catatonic state. The 
catalepsy tests were conducted 30 rain from the time of injection for 
all but the time course experiments. Two rats were evaluated simul- 
taneously by one observer who was not informed of the treatment 
the animals had received. Results were recorded as seconds of 
immobility (maximum of 300). 

Drugs. A9-THC was obtained from the National Institute on Drug 
Abuse (NIDA) and dissolved in a 1:1 (v:v) mixture of absolute 
ethanol and Emulphor TM (GAF Corp., Linden, NJ) so that the 
concentration was 100 mg A9-THC/ml. Final drug concentrations 
were prepared daily by adding saline to this stock to form a clear, 
homogeneous suspension of emulphor:ethanol:satine (1:1 : 18). 
The injection volume for all drugs was 1 ml/kg body weight. Vehicle 
injections consisted of the emulphor:ethanol:saline (1:1 : 18). In 
order to administer a 30 mg/kg dose of A9-THC, it was necessary 
to adjust the vehicle to 1 : 1 : 4. When this vehicle was tested separate- 
ly in the discrimination colony, the drug-lever responses were found 
not to differ significantly from those obtained with the 1: 1:18 
vehicle (data not shown). 

The haloperidol was purchased from LyphoMed TM (Rosemont, 
IL). The concentration of this commercial solution was adjusted 
with distilled water/lactic acid (pH 3.0). The morphine sulfate 
(NIDA) was prepared in the same vehicle used for the cannabi- 
noids. 

Naloxone HC1, apomorphine HC1, atropine SO4, scopolamine 
methylbromide (MBr), and scopolamine HC1 were purchased from 
Sigma Chemicals (St Louis, MO) and, with the exception of apo- 

morphine, were prepared using the cannabinoid vehicle (1:1:18). 
The apomorphine HC1 required the addition of 0.2 mg/ml ascorbic 
acid and 0.25% butanol to the emulphor/ethanol (1 : 1) prior to the 
addition of saline. All drugs were prepared on the day of their use, 
and doses are expressed in terms of the salt where appropriate. 

Drug discrimination training. Animals were trained to discriminate 
between an IP injection of A9-THC (3 mg/kg) and vehicle, given 
30 rain before being placed in the operant chambers. The protocol 
used for the training and testing of the discriminators generally 
followed established two-lever operant procedures (Weissman 
1978; J/irbe and McMillan 1979; Ford et ai. 1984; Martin et al. 
1984). Briefly, the animals were trained once a day in 10-rain ses- 
sions to respond on one of the two levers under a fixed ratio 10 
(FR10) schedule of reinforcement for a food reward, i.e., after 10 
successive presses on the correct lever. The correct lever was deter- 
mined by the preceding injection. During training sessions, only 
responses on the drug lever were reinforced after an injection of 
Ag-THC at 3 mg/kg (1 ml/kg.). The opposite lever was reinforced 
after an injection of the vehicle. Responses on the incorrect lever 
had the consequence of resetting the counter of the correct lever to 
zero and requiring ten consecutive correct responses before a re- 
ward was delivered. In order to speed the acquisition of the discrimi- 
nation, both levers as well as the differential stimulus were presented 
from the outset of training as the rats progressed from a continuous 
reinforcement schedule (FR1) to the FR10 (Overton 1979). Drug 
(D) and vehicle (V) training days were scheduled on a double 
alternation sequence (DDVVDD...).  In order to control for a 
possible lever bias, the lever assignments were counterbalanced 
across the colony. For half the colony, the left lever was paired with 
reward after A9-THC, whereas right lever reinforcement was paired 
with the Ag-THC injection for the other half of the colony. 

After approximately 25-30 successive pairings of drug or vehicle 
state with reinforcement on the appropriate lever, the rats reliably 
learned to discriminate between the two injections and consequently 
responded primarily (more than 80 %) on the appropriate lever. The 
acquisition of the discrimination was monitored by observing the 
lever on which the first FR (FFR) was completed. When an animal 
performed at a rate of eight out of ten correct FFRs, it was con- 
sidered eligible to be tested. The response rate (responses per 
second) was used as a measure of  non-specific CNS depression. 

Drug discrimination protocol. Test sessions differed from training 
sessions in that they were only 2 min long and completed FRs on 
either lever were reinforced. Stimulus control was assessed by per- 
formance on "check" sessions, which consisted of  test sessions 
preceded by an injection of one of the two training conditions 
(A9-THC 3 mg/kg or vehicle) with the requirements that the group 
average was more than 80% drug-lever responding for Ag-THC and 
less than 20% drug-lever responding for a vehicle "check". A 
"check" session of each control condition preceded each set of 
experimental manipulations, i.e., dose-response curves or antago- 
nist studies, and were used as the control points for that experiment. 
Stimulus control is even more dramatically shown by repetitive 
testing. In this testing protocol, the animals are injected with the 
vehicle and tested 30 rain later. At the conclusion of that 2-rain test 
session, they are removed from the operant chamber, injected with 
the training dose (3 mg/kg) of Ag-THC, and returned to their home 
cage. After 30 min they are retested when despite having been 
reinforced on the vehicle lever 30 min earlier, the animals predomi- 
nantly switch to the opposite (Ag-THC) lever. The high degree of 
stimulus control demonstrated in these tests allowed for the time 
course experiments to be carried out in one test day, after a single 
injection. For  this "repeat test" method of time course experiments, 
rats were tested at the time intervals indicated. Data collected from 
additional time course studies conducted with single tests at discrete 
time intervals between injection and test supported this method 
(data not shown, see also J/irbe et al. 1981). 

All test days were preceded by a minimum of 2 training days. 
Data from test sessions are presented as the percentage of total 
responses that were emitted on the drug lever as well as the response 



rate. Typical dose-response relationships were obtained for both 
discriminable stimulus (drug cue) and response rate suppression 
and expressed as EDso. The discriminative stimulus of Ag-THC has 
been shown to be pharmacologically specific in that the administra- 
tion of non-related drug classes results in a preponderance of vehi- 
cle-lever responses (Weissman 1978; Browne and Weissman 1981). 

Data analysis. The EDso values were estimated by least squares 
regression analysis of the log dose-response relationship. An ANO- 
VA with two-tailed Dunnett's t test statistic was used to compare 
group means of both discriminative stimulus and catalepsy data. 
Discriminative stimulus data for any particular test was included in 
the group means only if the animal had demonstrated stimulus 
control during the previous training day. This was determined 
according to the following criteria: FFR completed on the injec- 
tion-appropriate lever, more than 80% responding occurred on that 
lever, and the response rate was greater than 0.05 responses per 
second. However, data from the unconditioned behaviors (response 
rate and catalepsy) of all animals were included in the group means. 
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Fig. 1. Comparison of dose-response relationship of A9-THC - 
induced catalepsy. Experimentally naive animals (e) were tested 
30 min after an IP injection. The THC discriminators (o) were 
tested immediately following an operant test session at approxi- 
mately 33 rain after IP injection. Means + SEM of immobility (s) 
were determined for a minimum of nine animals/group of naive rats 
and 22 animals/group of THC discriminators 

Results  

Comparison of catalepsy and discriminative stimulus 
properties of A9-THC 

A dose  respons ive  s ta te  o f  immob i l i t y  was  obse rved  in 
expe r imen ta l ly  naive  ra ts  t r ea ted  wi th  A9-THC when  
p laced  on the r ings (Fig.  1). A m a x i m u m  ca te lepsy  o f  
a p p r o x i m a t e l y  55% ( a p p r o x i m a t e l y  165 seconds)  was 
o b t a i n e d  with  a dose  o f  30 mg/kg .  The  EDso  was deter-  
mined  to be 3.7 mg/kg .  

The  d i sc r imina t ive  s t imulus  o f  A9-THC was also dose  
responsive .  The  EDso for  the  d i sc r imina t ive  s t imulus  
r anged  f rom 0.6 to  1.0 m g / k g  a m o n g  five different  g roups  
o f  t r a ined  ra ts  ( N =  8 /group)  used  for  the exper iment ,  
a n d  the EDs0 for  suppress ion  o f  response  ra te  was be- 
tween 8 a n d  11 mg/kg .  Poo l ing  all o f  these d a t a  y ie lded  
the p lo t  shown in Fig .  2. ( N =  40) in which  the EDs0 for  
the to ta l  d a t a  set was 0.78 4-0.09 for  d i s c r imina t ion  and  
9 . 5 2 + 0 . 4 8 m g / k g  for  response  ra tes  ( m e a n + S E M ) .  
Bo th  the  ca t a l epsy  and  the d i sc r imina t ive  s t imulus  dis- 
p l ayed  a very  s imi lar  t ime course ,  which  was a p p r o x i -  
ma te ly  80% m a x i m a l  wi th in  30 rain o f  in jec t ion  a n d  
p e a k e d  by  60 min  (Fig.  3). Then ,  % drug  choice  dec l ined  
sl ightly,  b u t  r e m a i n e d  a r o u n d  60 % for  up  to 6 h, whereas  
ca t a l epsy  scores a p p r o x i m a t e d  vehicle levels af ter  6 h. 
F u r t h e r  s tudies  have  shown the % d rug  choice  to decl ine 
to  30% by 8 h (da t a  no t  shown).  

Catalepsy measurement in rats trained to discriminate 
A9~THC 

In  o rde r  to  c o m p a r e  the  ca ta lep t i c  a n d  the d i sc r imina t ive  
s t imulus  p rope r t i e s  u n d e r  s imi lar  cond i t ions ,  b o t h  be- 
hav io r s  were  m e a s u r e d  in the  same  an ima l  by  p lac ing  the 
d rug  d i s c r imina t ion  ra ts  on  the ca t a l epsy  test  r ings im- 
med ia t e ly  af ter  being tes ted  in the  o p e r a n t  chambers .  The  
resul ts  d e m o n s t r a t e d  tha t  even af te r  receiving an  average  
o f  three  doses  o f  A9-THC (3 mg /kg )  pe r  week  for  m o r e  
than  a year ,  the  an ima l s  still  d e m o n s t r a t e  a c lear  ca ta lep-  
tic effect to A g - T H C  (Fig.  1). As  expec ted  f rom the cat-  
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Fig. 2. The dose-response relationship of A9-THC discriminative 
stimulus. Five groups of animals were injected with varying doses 
of A9-THC (N=40). Combined group means_+SEM of the re- 
sponse rate (o) and % drug-lever responses (0) are plotted 
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Fig. 3. Time course of A9-THC-induced catalepsy and discrimina- 
tive stimulus. Catalepsy (seconds of ring-immobility) was assessed 
in separate groups of naive rats administered a 10 mg/kg dose of 
A9-THC (A) or vehicle (a) N= 12 rats/group except for the first and 
last two groups which consisted of 6 rats each. The time course of 
the discriminative stimulus was determined in one group of eight 
trained rats following a single administration of the training dose 
(3 mg/kg) of A9-THC (El, % drug-lever response) using a repeated 
tests procedure. The means 4- SEM, are presented for all measures. 
All animals were tested at the indicated times after IP injection 
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Table 1. Comparison of catalepsy induced by morphine, haloperidol, and THC 

Treatment s (mg/kg, IP) Seconds immobile (Mean ± SEM) 

Controls 

Naloxone 1 34.0± 11.0 
Haloperidol vehicle 12.0 + 5.0 
Scopolamine 0.3 3.0± 2.0 
Atropine 10 8.0± 4.0 
Apomorphine 30 1.0 ± 1.0 
1 : 1 : 18 vehicle 17.0± 9.0 

Interactions 

Cataleptogen 
Morphine 10 110.0 ± 28.0 b 
Morphine 30 230.0± 41.0 b 
Haloperidol 1 213.0 ± 13.0 b 

Haloperidol 3 254.0 ± 11.0 b 

THC 10 156.0± 21.0 b 

+ Antagonist 
Morphine 10 + naloxone 1 
Morphine 30 + naloxone 1 
Haloperidol 1 + scopolamine 0.3 
Haloperidol 1 + atropine 10 
Haloperidol 1 +apomorphine 10 
Haloperidol 1 + apomorphine 30 
Haloperidol 3 + scopolamine 0.3 
Haloperidol 3 + atropine 10 
THC 10 + naloxone 1 
THC 10+ scopolamine 0.3 
THC 10+atropine 10 
THC 10 + apomorphine 30 

60.0 ± 11.0 
52.0± 9.0 
98.0 ± 5.0 

114.0± 11.0 b, ° 
129.0± 35.0 b, ° 
54.0 ± 36.0 

129.0:t: 12.0 b, c 
161.0±29.0 b, c 

174.0:t: 6.0 u 
15.0:k 9.0 
6.0± 3.0 

153.0 ± 39.0 b 

a Rats were injected with cataleptogen 30 min prior to testing 
Antagonists were given 10 min prior to the cataleptogen 
Data are presented for a minimum of 6 rats per treatment 

b p < 0.05 compared to control 
c p <  0.05 compared to the cataleptogen alone 

alepsy experiments performed with the experimentally 
naive rats, higher doses were required for product ion of  
catalepsy than for the discriminative stimulus. In this 
group of  discriminators the EDso for catalepsy was 
4.4 mg/kg, while the EDso for discriminative stimulus 
was 0.98 mg/kg (data not shown). When comparing the 
catalepsy of  naive rats to that  seen after drug discrimina- 
tion straining, the A9-THC effect in the latter appeared 
to be slightly at tenuated at the two highest doses. How- 
ever, the EDsos were 3.6 and 4.4 mg/kg in the naive and 
discrimination trained rats, respectively. 

Comparison of catalepsy induced by Ag-THC, morphine, 
and haloperidol 

In order to determine whether the catalepsy induced by 
A9-THC could be distinguished f rom that  produced by 
other drugs, several agents were evaluated for their abil- 
ity to modify the catalepsy induced by haloperidol, mor-  
phine, and A9-THC in experimentally naive rats (Table 
1). Morphine at doses of  10 and 30mg/kg  produced 
statistically significant catalepsy. The opiate antagonist  
naloxone effectively blocked the morphine-induced cat- 
alepsy when administered 10 min before. Naloxone itself 
failed to produce catalepsy. Haloperidol  at doses of  1 and 
3 mg/kg produced profound catalepsy. The dopaminer-  
gic agonist apomorphine  produced a dose-dependent 
at tenuation of  the haloperidol-induced catalepsy. Addi- 
tionally, the catalepsy of haloperidol was reduced by 
pre-treatment  with the anticholinergics scopolamine and 

atropine. These agents were then evaluated under the 
same experimental conditions for their effects on cat- 
alepsy induced by 10 mg/kg A9-THC. Scopolamine and 
atropine, which were effective in reducing the catalepsy 
of haloperidol, completely abolished the catalepsy seen 
with A9-THC. However,  neither naloxone nor apomor-  
phine had any effect on Ag-THC-induced catalepsy. 

Differential effects on the cataleptic and discriminative 
stimulus properties of A9-THC 

In order to determine whether the same mechanism was 
responsible for both catalepsy and the discriminative 
stimulus, naloxone, haloperidol, apomorphine,  scopol- 
amine, and scopolamine MBr were evaluated for their 
effect on these A9-THC-induced behaviors in the same 
animal (Table 2). For  possible alterations in the discrimi- 
native stimulus, the challenge drug was given 10 rain 
prior to a dose of  1 mg/kg A9-THC. Although this dose 
is one third of  the training dose, it approximates  the 
EDso for the discriminative stimulus. Thus, the drug- 
lever response seen with this dose is usually quite vari- 
able. However,  this dose provides optimal  conditions to 
test drug interactions when it is not known if a leftward 
or rightward shift of  the dose response curve will be 
produced. 

As demonstrated by the dose-response curve of  A 9- 
T H C  itself, the accuracy and/or  reliability of  drug dis- 
crimination results is directly related to the response rate. 
Typically, low response rates associated with high doses 
reflect the result of  averaging the response rates of  ani- 
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Table 2. Pharmacological interactions with the effects of THC on % drug lever selection, response rate, and catalepsy (mean 4-SEM) 

Treatment" (mg/kg, IP) % Drug lever responding b Responses/second b Seconds 
immobile ~ 

Vehicle 16.04- 14.0 0.854-0.09 24.0:t: 6.4 
Apomorphine 0.1 5.0 4- 1.5 (N = 5) 0.43 4- 0.14 24.0 i 11.0 
Apomorphine 1 44.04- 31.4 (N=2) 0.084-0.05 d 9.04- 7.6 
Apomorphine 10 1.04- 1.0(N=I) 0.04:t=0.03 a 1.04- 1.1 d 
Vehicle 12.04- 10.6 0.604- 0.08 10.04- 4.0 
THC 1 31.0+ 14.5 0.774-0.13 36.04- 11.0 
Naloxone 1 10.0:k 4.7 0.41 + 0.09 11.1 4- 5.7 
THC 1 +naloxone 1 28.0+ 14.4 0.514-0.07 51.04- 13.0 
Vehicle 36.0+20.3 0.60+0.13 18.04- 3.8 
THC 1 31.04- 14.5 0.77+0.13 36.0+ 11.0 
Haloperidol 0.1 38.0 ± 18.1 0.92 + 0.07 Not tested 
THC 1 + haloperidol 0.1 66.0 + 16.8 0.64 + 0.11 24.0 4- 8.2 
THC 1 31.0+ 14.5 0.77+0.13 36.04- 11.0 
THC 1 + scopolamine 0.3 68.0 + 16.0 (N = 5) 0.65 4- 0.13 56.0 + 11.0 
THC 10 83.04- 16.5 (N=4) 0.534-0.17 86.0+ 17.8 
THC 10+ scopolamine 0.3 77.04- 4.5 0.08 :k 0.04 d 7.0+ 2.4 d 
THC 30 28.0+ 0 (N = 1) 0.174-0.15 124.04-26.0 
THC 30 + scopolamine 0.3 No responding 0.03 = 0.0 (N= 1) 54.0 4- 15.0 d 
THC 1 39.04-17.9 1.114-0.06 14.04- 5.9 
THC 1 + scopolamine 3 58.0 + 14.0 (N= 5) 0.08 + 0.03 d 1.0 + 0.6 

THC 1 39.0+ 17.9 1.11 4-0.06 14.0+ 5.9 
THC 1 + scopolamine MBr 1 67.04- 20.7 0.38 + 0.07 d 76.0 + 24.0 d 
THC 10 83.04- 16.5 0.534-0.17 86.04- 17.8 
THC 10+scopolamine MBr 10 99.0:t: 1.5 (N=3) 0.144-0.09 91.04-21.0 

"Antagonists were injected 10 rain prior to THC 
b N= 6-8, except where noted otherwise 

c Measured 3340 min after injection of THC 
alp< 0.05 compared to controls 

mals whose behavior  is completely disrupted (i.e., not 
lever pressing) with those animals who are still re- 
sponding. Therefore in Table 2, only the animals that  re- 
sponded greater than 0.05 responses per second are in- 
cluded in the % drug-lever responding column and the N 
is noted. The difference between this number  and the N 
reported for the two unconditioned measures (responses 
per second and seconds immobile) is the number  of  
animals not  responding sufficiently to complete one FR. 
The data shown in this table were collected f rom five 
separate groups of  discriminators over an average of  15 
days. 

Naloxone tested alone at 1 mg/kg for possible agonist 
actions in the drug discrimination paradigm resulted in 
vehicle-lever responding (Table 2). When this dose of  
naloxone was administered prior to 1 mg/kg A9-THC, 
the % drug-lever responding was comparable  to that  o f  
1 mg/kg A9-THC alone. Naloxone failed to alter A 9- 
THC-induced catalepsy which was consistent with the 
findings in the experimentally naive rats. 

Scopolamine exerted a similar effect on cannabinoid- 
induced catalepsy in both  discriminating and naive rats. 
Scopolamine (0.3 mg/kg) abolished the cataleptogenic 
effects of  10 mg/kg A9-THC and not surprisingly a dose 
of  3.0 mg/kg blocked the catalepsy produced by 1 mg/kg 
A9-THC. Interestingly, the low dose of  scopolamine ap- 
peared not to eliminate the catalepsy produced by 1 mg/kg 
A9-THC. This effect of  the lower dose of  scopolamine 
seemed somewhat  idiosyncratic in that  it antagonized the 
catalepsy produced by the 10 mg/kg A9-THC but  not the 

1 mg/kg A9-THC. In general, the 1 mg/kg dose of  A 9- 
T H C  produces only minimal or threshold levels of  cat- 
alepsy in which antagonism in the form of a further 
reduction is less easily measured. Administrat ion of  a 
combinat ion of  scopolamine (0.3 mg/kg) and A9-THC 
(10 mg/kg) produced a relatively high degree of  drug- 
appropriate  responding, al though the response rate was 
severely depressed. A high dose of  scopolamine (3 mg/  
kg) was then paired with a 1 mg/kg dose of  A9-THC to 
determine whether a reversal of  the discriminative stim- 
ulus was possible. Again, the operant  behavior was 
severely disrupted; however, those animals responding 
did so primarily on the drug lever. Finally, a 0.3 mg/kg 
dose of  scopolamine was combined with the minimally 
cataleptogenic dose of  1 mg/kg A9-THC in an a t tempt  to 
maintain adequate response rates. Response rates were 
adequate, but there was no antagonism of  the A9-THC 
cue. Scopolamine MBr at 1 mg/kg, when combined with 
1 mg/kg A9-THC resulted in 67% drug lever responding, 
which was not  significantly different f rom that  produced 
by A9-THC alone. When this dose of  scopolamine was 
paired with a cataleptogenic dose of A9-THC (10 mg/kg), 
the operant  responding was disrupted and the animals 
displayed a level of  catalepsy comparable  to that ob- 
tained with A9-THC alone. 

Apomorphine  was also tested for THC-like discrimi- 
native stimulus properties. The lowest dose (0.1 mg/kg) 
resulted in obvious vehicle-lever selection, al though there 
was some rate suppression. At  a 10-fold higher dose the 
animals were severely disrupted, but there was evidence 
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of some drug-lever responding in two rats. This modest 
drug-lever responding produced by apomorphine 
prompted the testing of a higher dose which was found 
to completely inhibit responding. Apomorphine and 
scopolamine were unique in that their response rate ef- 
fects were coupled with parallel changes in the catalepsy 
times of the rats. Haloperidol (0.1 mg/kg) neither sub- 
stituted for Ag-THC nor prevented the perception of its 
cue when tested as an antagonist. Interestingly, the com- 
bination of inactive doses of haloperidol and A9-THC 
failed to result in a level of catalepsy significantly dif- 
ferent from that of vehicle. 

Discussion 

The potency of Ag-THC in our drug discrimination col- 
ony agrees well with published results from other two- 
lever operant paradigms (Weissman 1978; Browne and 
Weissman 1981). The time course for Ag-THC's cue was 
somewhat longer than that reported by J/irbe et al. 
(1981). The initial decline in drug-lever responding re- 
ported at 2 h in that study was also apparent in our 
animals. However, our rats demonstrated an inter- 
mediate level of drug-appropriate responses for ap- 
proximately 6 h after the injection, whereas J~irbe et al. 
(1981) found that A9-THC-treated animals were re- 
sponding almost exclusively on the vehicle lever by 4 h. 
The longer time course found in the present study using 
the repeated test procedure (J/irbe et al. 1981) was ob- 
served after single injections of Ag-THC as well (data 
not shown) and therefore was probably not a function 
of the repeated test procedure itself. The difference 
in time course between studies could be due to sever- 
al factors which include animal strains, type of rein- 
forcement and test duration. 

The cataleptic response of rats to A9-THC was dose 
related, and the potency of Ag-THC was in general agree- 
ment with previously published values (Ukei 1980). Fur- 
thermore, this response was not significantly altered by 
long-term treatment of rats with Ag-THC as evidenced 
by the catalepsy seen in the drug discriminating colony. 
Likewise, tolerance did not appear to develop to the 
discriminative stimulus. Both in our laboratory as well 
as several reports in the literature, rats have been used 
long term without an appreciable effect on the potency 
or efficacy of A9-THC as a discriminative stimulus. It 
must be pointed out that studies which have addressed 
the question of cannabinoid tolerance utilized higher 
doses, and the schedule of administration was not inter- 
mittent such as it typically is for drug discrimination 
colonies. 

As with the time course of the discriminative stimulus, 
the duration of the catalepsy observed in this study dif- 
fers from literature values. Fernandes et al. (1974) report- 
ed that Ag-THC-induced catalepsy peaked at 2 h and 
returned to control levels by 4 h. This time course is 
substantially different from that observed in the present 
study, especially since the dose of Ag-THC used was 

twice that used here. However, the studies differ in that 
Fernandes et al. conducted catalepsy testing during the 
dark phase of the animal's light/dark cycle and they 
employed the "bar test" rather than the '°ring test". 
Habituation or a practice effect to the ring test would not 
be an explanation of the longer time course of this study, 
since separate groups of naive rats were used for each 
time point. 

The profile of A9-THC catalepsy more closely resem- 
bled that of haloperidol than that of morphine. Firstly, 
the anticholinergics such as scopolamine and atropine 
reduced both A9-THC and haloperidol catalepsy. These 
agents have been reported to be ineffective against the 
catalepsy of opiates (Kuschinsky and Hornykeiwicz 
1972; Costall and Naylor 1974; Ezrin-Waters et al. 
1976). Secondly, the dopaminergic agonist apomorphine 
had no effect on A9-THC-induced catalepsy up to the 
highest dose tested (30 mg/kg). Ezrin-Waters et al. (1976) 
reported that apomorphine abolished the catalepsy of 
morphine with doses less than 10 mg/kg, while doses of 
100 mg/kg were required to completely block that of 
haloperidol. 

The direct comparison of the effect of various treat- 
ments on the discriminative stimulus and catalepsy of 
A9-THC in the same animals reveals that while catalepsy 
can be pharmacologically manipulated by scopolamine 
and apomorphine, the discriminative stimulus cannot. 
Notably only one of these behaviors is associated with 
reinforcement while the other is not, which may have 
important behavioral consequences. It is known with 
regard to the development of tolerance for example, that 
the reinforcement density hypothesis predicts tolerance 
will develop more easily to the rate disrupting effects of 
a drug when this effect interferes with obtaining rein- 
forcement (Schuster et al. 1966; Ferraro 1978). The result 
of pre-treatment with scopolamine on the discriminative 
stimulus is in keeping with the results previously reported 
for atropine (Browne and Weissman 1981). To our 
knowledge scopolamine has not been tested in a THC 
binding assay, however, many in vitro interactions of 
THC with the cholinergic system are known (Friedman 
et al. 1976; Dewey 1986). Haloperidol and naloxone have 
also been reported to be devoid of Ag-THC discrimina- 
tive stimulus blocking effects (Browne and Weissman 
1981). The testing of apomorphine for agonist activity 
extends the results of Bueno et al. (1976) to the two-lever 
food-reinforced operant paradigm. 

Intuitively, one would expect that a decrease in re- 
sponse rate under operant conditions might be due to a 
central depressive effect of the treatment. Indeed, the 
pattern seen with A9-THC itself is in keeping with this 
assumption. As the dose is increased the response rate 
decreases and the catalepsy times increase indicating 
more pronounced immobility. However, the results ob- 
tained with apomorphine and scopolamine suggest that 
a decrease in operant responding does not necessarily 
imply a general depressant action on all central func- 
tions. The discriminators tested with these drugs had 
catalepsy times comparable to vehicle-treated rats and 
yet were not responding in the operant chambers. 
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Finally, the results with scopolamine MBr indicated 
that  this anticholinergic, which does not  readily cross the 
blood-brain barrier, was unable to at tenuate the 
discriminative stimulus of  A9-THC or its cataleptogenic 
properties. I t  was not  surprising that  the peripherally 
acting anticholinergic did not  affect the discriminative 
stimulus in light of  the fact that  the centrally acting 
compound  had no effect. However,  the lack of  effect on 
catalepsy indicated this behavior was also centrally 
mediated. The idea that  drugs act on the central nervous 
system to produce catalepsy is supported by numerous 
studies in which the catalepsy produced by of  A9-THC 
and other drugs in rats has been induced by intracerebral 
routes of  administration, as well as altered by brain 
lesions (Gough and Olley 1977, 1978; Ukei 1980; Ka-  
taoka  et al. 1987). Recently, Burstein et al. (1989) 
proposed a peripheral mechanism of  action for the cat- 
aleptogenic effect ofcannabinoids  in mice which involved 
the eicosenoid prostaglandins. While the findings with 
scopolamine MBr support  the notion that  the cannabi- 
noids are acting directly on brain, the possibility that a 
peripheral mechanism exists, which scopolamine MBr 
does not  block, has not  been excluded. With respect to 
the discriminative stimulus however, Browne and Weiss- 
man (1981) have reported that  the pre- t reatment  of  their 
rats with aspirin, a prostaglandin synthesis inhibitor, did 
not block the Ag-THC discriminative stimulus. 

Al though cannabinoid receptors have been hypothe-  
sized to exist, it has only been recently that  a cannabinoid 
binding site has been identified (Devane et al. 1988; 
Herkenham 1990) and cloned (Matsuda et al. 1990). 
Efforts designed to determine the functional significance 
of  this binding site are complicated by the multitude of  
centrally mediated cannabinoid effects. Consequently, 
evidence of  cannabinoid effects responding distinctly to 
pharmacologic  manipulat ions aid in the elucidation of  
mechanism of  action. The results reported here show that  
the discriminative stimulus and catalepsy caused by 
Ag-THC are mediated by two distinct mechanisms. 
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