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MOSS, D. E., S. B. McMASTER AND J. ROGERS. Tetrahydrocannabinol potentiates reserpine-induced hypokinesia. 
PHARMAC. BIOCHEM. BEHAV. 15(5) 77%783, 1981.--Delta-9-tetrahydrocannabinol (THC), a substance in marihuana, 
was found to produce a profound potentiation of reserpine-induced hypokinesia in rats as measured with a bar test. In these 
experiments, THC had no hypokinetic effect by itself but produced a more than 20-fold increase in the hypokinesia 
produced by reserpine. Reserpine-induced hypokinesia has been viewed as animal model of Parkinson's Disease. THC 
potentiation of reserpine-induced hypokinesia was observed to be both time- and dose-dependent (1 to 10 mg/kg THC). 
When administered by gavage to reserpine-pretreated subjects (7.5 mg/kg IP, 24 hours before), THC produced a potentia- 
tion of hypokinesia that developed fully within 1 hour, lasted at least 5 hours, and was absent by 12 hours after THC 
administration. This THC effect was slightly increased by physostigmine, a cholinesterase inhibitor, relatively unaffected 
by scopolamine, a muscarinic antagonist, and almost completely blocked by ethopropazine, an anticholinergic anti- 
parkinson drug. The effect was completely unaffected by naloxone. Insofar as reserpine has been used with some clinical 
efficacy in hyperkinetic movement disorders such as Huntington's disease and tardive dyskinesia, it may be that potentia- 
tion of reserpine's hypokinetic effect by a drug such as THC could greatly increase the clinical value of reserpine or related 
drugs in the treatment of these disorders. 
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T E T R A H Y D R O C A N N A B I N O L  (THC), along with other 
psychoactive constituents of marihuana, is reported to exert 
a variety of neurochemical effects, including actions on brain 
serotonin [15, 25, 26, 32], norepinephrine [15], dopamine 
[10,16], and acetylcholine [2, 7, 10, 22, 23, 33] metabolism. 
However,  without clear animal models of marihuana and 
THC action, it remains uncertain which, if any, of  THC's  
known pharmacological properties have functional signifi- 
cance, much less which, if any, underlie the compound's  
psychoactive effects. We describe here an animal model 
providing functional measures of  THC action on the nervous 
system. 

In order for such a model to be useful, a number of 
criteria need to be met. First, the paradigm should be based 
on a reliable, simple-to-observe behavior. Second, the ef- 
fects of THC on that behavior should be dose- and time- 
dependent. Third, the behavioral measure should involve 
neural systems with at least partially-defined physiologic and 
pharmacologic correlates. This provides a starting point for 
meeting a fourth requirement, namely that THC should 
interact with known agonists and antagonists of the system 
in a pharmacologically consistent manner. 

Reserpine has been reported to produce a reliable 
hypokinesia or cataleptic effect in rats that has been attrib- 

uted to monoamine depletion [5] in the nigro-striatal system 
[1,24]. The behavioral rigidity and hypokinesia of reser- 
pinized subjects has suggested a model for Parkinson's dis- 
ease [6,28]. When injected intracranially [12], and in one 
case after oral administration [8], THC has also been re- 
ported to produce hypokinesia or catalepsy. It seemed 
possible, therefore, that reserpine-induced hypokinesia 
would be a behavior sensitive to THC administration. 

The present experiments demonstrate a potent, easily ob- 
served effect of THC on reserpine-induced hypokinesia in 
rats. This effect is both dose- and time-dependent, and is 
more than 20-fold greater than that for THC or reserpine 
alone. Moreover, this action of THC is altered in a phar- 
macologically consistent manner by Parkinsonian agents 
presumed to act on nigro-striatal neurotransmission: the 
hypokinesia is potentiated by physostigmine, an anti- 
cholinesterase which exacerbates Parkinsonian symp- 
toms; it is not significantly altered by naloxone or by 
scopolamine, an anticholinergic with little utility in treatment 
of Parkinson's disease; and it is significantly reversed by 
ethopropazine (Parsidol), an anticholinergic anti- 
parkinsonian agent [3,31]. In addition to their relevance for 
studies on the pharmacology of marihuana and THC, these 
results strongly suggest that patients taking monoamine de- 
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pleting compounds or who exhibit symptoms of Parkinson's 
disease be specifically cautioned against the illicit use of 
marihuana or THC. 

METHOD 

Subjects 

Male Sprague-Dawley rats (250-300 gm) raised from 
Holtzman stock in the University of Texas at E1 Paso animal 
colony served as subjects. These animals were maintained 
on ad lib chow and water. The lighting in the animal colony 
was regulated automatically to come on at 1900 hours and go 
off at 0700 hours (i.e., reverse cycle). The ambient tempera- 
ture was maintained at 20-21 degrees Centigrade. 

Hypokinesia Behavioral Test 

Behavioral tests were conducted in a lighted room and 
began at 1300 hours. Subjects were placed in individual clear 
plastic observation chambers for a pretest period of 30 min. 
At the end of the pretest observation period, hypokinesia 
was measured using a bar test wherein the animal was placed 
in a standing position with its forepaws on a horizontal metal 
bar 9 cm above a metal platform. Both the metal bar and the 
metal platform were connected to an electronic touch sensor 
which operated a clock for automatically timing (to 0.1 sec) 
how long a subject stood at the bar. Rats were tested four at 
a time on four separate 12 cm wide bars. A maximum time of 
1800 sec (30 min) was allowed. Each rat was tested under 
only one drug condition. 

Drug Administration 

Reserpine was obtained in the commercial preparation of 
2.5 mg/ml (CIBA-GEIGY, N J). A dose of 7.5 mg/kg (volume 
of 3 ml/kg) was injected IP only once between 1300 hours and 
1500 hours the day before the behavioral test for 
hypokinesia. Fischer and Heller [9] have reported that the 
motor effects of reserpine develop shortly after injection, 
remain stable for 24 hours or more, than gradually diminish 
to normal after 48 hours. Rats were tested 22 to 24 hours 
after reserpine administration so that the effects would be 
stable at the time of testing. 

Delta-9-tetrahydrocannabinol (THC) was supplied by the 
Research Technology Branch of NIDA as a 200 mg/ml solu- 
tion in ethanol. The THC was prepared for gavage adminis- 
tration by diluting it 1:20 into olive oil, making a 10 mg/ml THC 
solution in olive oil with 5% ethanol. Five hours before the 
behavioral test, THC was administered in a dose of 10 
mg/kg. Garage was selected so that the THC could be reli- 
ably delivered, absorbed by a natural route, metabolized into 
whatever forms occur in vivo, and distributed into brain tis- 
sue through normal biological mechanisms. THC was given, 
in most experiments, five hours before the behavioral tests 
because, when administered by garage, THC produces large 
and highly reliable decreases in rectal temperature which 
peak approximately four hours after administration, remain 
constant for about two hours thereafter, and then return to 
normal over the next six hours (Moss, unpublished experi- 
ments). In order to equalize the effects of stress, handling, 
and ethanol, control animals not receiving THC were given 
an equal volume (1 ml/kg) of olive oil containing 5% ethanol 
by garage according to the same schedule as THC rats. 

Effects of THC on Reserpine-Induced Hypokinesia. 

THC and reserpine were administered and hypokinesia 

tested as described above. A total of 32 subjects were ran- 
domly assigned to one of four treatment conditions: THC 
plus reserpine, THC plus the reserpine vehicle, reserpine 
plus the THC vehicle, or THC and reserpine vehicles alone 
(N =8 per group). Data were analyzed by means of a 2-way 
ANOVA, with presence or absence of THC as one factor, 
and presence or absence of reserpine as the other factor. 

Tests of THC Dose-Dependence 

A total of 51 rats were reserpinized, given THC by ga- 
vage, and tested for hypokinesia as described above. How- 
ever four different doses of THC were employed: 0.0 mg/kg, 
1.0 mg/kg, 5.0 mg/kg, and 10.0 mg/kg. Data were analyzed by 
means of a I-way ANOVA, with THC dose as the single 
factor. 

Time-Dependence of THC EfJFcts 

A total of 16 rats were reserpinized, given 10 mg/kg THC 
by gavage, and tested for hypokinesia as described above. 
However, THC was administered either 1 hour, 2 hours, 12 
hours, or 24 hours before hypokinesia testing (N=4 per 
group). The time of testing was held constant at 1300 hours 
to minimize variability due to circadian effects. 

Interaction with Parkinsonian Drugs and with Naloxone 

A total of 45 rats were reserpinized, given 10 mg/kg THC 
by gavage, and hypokinesia tested as described above. Re- 
serpine was administered 24 hours and THC 2 hours before 
the behavior test. These subjects were then assigned to one 
of four drug treatments. The first group (N=9) received 2,0 
mg/kg scopolamine hydrobromide IP 15 min before the be- 
havior test. The second group (N=8) received 30 mg/kg 
ethopropazine IP 15 min before testing. The third group 
(N=4) received 1 mg/kg naloxone IP 15 min before testing. 
This dose of naloxone has been shown to reverse endorphin- 
induced catalepsy [4,17]. The fourth group received 0.5 
mg/kg physostigmine 15 min before behavior testing. This 
amount produces 80% inhibition of rat brain acetylcholines- 
terase in vivo 15 min after IP administration (Moss, unpub- 
lished experiments). Because we suspected possible prob- 
lems with ceiling effects in studying physostigmine potentia- 
tion of THC-reserpine hypokinesia, the anticholinesterase 
was administered at four different THC doses. The latter 
were the same as, and comparisons were made to, the doses 
used in studies of THC dose-dependency (see above). 

RESULTS 

Izffe('ts of THC on Reserpine-Induced Catalepsy 

As expected, reserpine alone produces hypokinesia, with 
average time on the bar being 38.6-+30.8 sec as compared to 
a 2.9-+0.8 sec average for vehicle-alone control rats (Fig. 1). 
THC alone does not produce hypokinesia (mean time on the 
bar -+SEM=I.8-+0.3 sec). However, giving THC to reser- 
pinized rats produces profound hypokinesia more than 20- 
fold greater (921.9-+ 174.7 sec) than that for reserpine alone 
(Fig. 1). Thus, the 2-way ANOVA reveals highly significant 
main effects of THC, F=24.68, p<0.001 and reserpine, 
F=28.98, p<0.001, plus a highly significant interaction be- 
tween the two drugs, F=24.82, p<0.001. Computation of w 2 
[14] shows that these three effects account for 75.8% of the 
variance. 
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FIG. 1. Effect of THC on reserpine-induced catalepsy. The undrug- 
ged control animals (CON) had a mean time of 2.9 sec while the 
THC treated animals (THC) had a mean time of 1.8 sec. Comparison 
of the reserpine treated animals (RES) and THC/reserpine treated 
animals (RES and THC) shows the magnitude of the THC potentia- 
tion of reserpine-induced catalepsy. All groups contained 8 animals 
and the error bars represent one SEM. 

FIG. 2. Dose- and time-dependence of THC effects. The shaded 
area (mean_+SEM) represents the effect of 10 mg/kg THC adminis- 
tered at various times before the tests for catalepsy. The open sym- 
bols at 5 hours show the effect of various doses of THC. Animals 
were tested only in one time or dose group. The results obtained at 
24 hours were identical to those observed at 12 hours and are, there- 
fore, not shown. All groups contained 4 animals except those at 5 
hours which contained 8 animals. 

Dose- and Time-Dependence of THC Effects 

Figure 2 illustrates the hypokinet ic  effect of  10 mg/kg 
T H C  given by gavage to reserpinized rats 1, 2, 5, 12, or  24 
hours before behavior  testing. Potentiat ion of  reserpine 
hypokinesia  is significantly dependent  on the t ime of  T H C  
administrat ion,  F=5 .78 ,  p<0 .01 .  T H C  is fully effect ive 
within one hour of  its administrat ion,  and remains so for at 
least f ive hours.  By 12 hours there is no detectable  effect of  
the drug (Fig. 2). Figure 2 also shows that T H C  potentiat ion 
of  reserpine- induced hypokines ia  is dose-dependent ,  
F =  17.9, p <0.01.  

Interaction with Parkinsonian Drugs and with Naloxone 

Nei ther  naloxone nor  scopolamine have any significant 
effect  on THC-rese rp ine  hypokinesia  (Fig. 3). H o w e v e r ,  
e thopropazine  clearly reverses  the T H C  effect,  F=17.6 ,  
p <0.001, to a level  comparable  to that for the reserpine alone 
(Fig. 3). Physost igmine worsens  THC-rese rp ine  hypokinesia  
at all the T H C  doses tested.  The  effect ,  though small, is 
statistically reliable when  compared  to the data  for T H C -  
reserpine alone animals,  F=5 .15 ,  p<0 .02 .  

DISCUSSION 

The present  results  do not pinpoint  any precise mech-  
anism by which the T H C  acts in the central  nervous  system. 
They do,  however ,  provide  a reliable, easily measured  
animal model  and a starting point for understanding the 
pharmacology of  THC.  Reserp ine- induced  hypokinesia  and 
rigidity mimic similar symptoms  in Park inson ' s  disease 
[6,28]. The  fact that T H C  profoundly increases  these symp- 
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FIG. 3. Interactions with Parkinsonian drugs and naloxone. The 
blocking effects of naloxone (NLX, 1 mg/kg), scopolamine (SCOP, 2 
mg/kg), and ethopropazine (ETHO, 30 mg/kg) on THC/reserpine 
catalepsy are shown in comparison with the control condition 
(CON) consisting of animals treated with THC and reserpine but 
which did not receive any other drug. The size of each group is 
shown in parentheses, and the error bars represent one SEM. 
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toms,  plus the fact that such actions o f  T H C  are al tered by 
var ious  drugs in a manner  consis tent  with their  efficacy in 
t rea tment  o f  Parkinson 's  disease,  suggests that ext rapyrami-  
dal nigro-striatal  sys tems may be at least one site o f  T H C  
action. 

There  are, of  course,  numerous  neurot ransmit ters  inter- 
act ive with nigro-striatal function,  including dopamine ,  
serotonin,  norepinephr ine ,  acetylchol ine ,  G A B A ,  substance 
P, and met-enkephal in  [13]. The failure of  na loxone  ei ther to 
reverse  or  to potent ia te  THC-rese rp ine  hypokines ia  suggests 
a lack of  invo lvement  of  opiate peptides.  Because  reserpine 
has its main pharmacologica l  effect  through deplet ion of  
monoamines  [5], it is possible that T H C  is acting on a 
monoaminerg ic  sys tem to potent iate  reserpine- induced 
hypokinesia .  Al ternat ively ,  it is equally likely that the effect 
of  T H C  is on another  neurot ransmit te r  sys tem,  and that this 
act ion is functionally revea led  only after monoamine  deple-  
tion. 

Throughout  this report ,  the term hypokines ia  has been 
used instead of  cata lepsy;  the latter is a term often used to 
descr ibe  reserp ine ' s  effects  on locomotor  behavior .  The 
animals studied in the present  exper iments  were  not catalep- 
tic in that they did not  show the " w a x y  f lexibi l i ty"  usually 
associa ted with catalepsy.  They  had well organized righting 
ref lexes and would struggle to right themse lves  when placed 
on their  backs.  The main effect  of  reserpine alone,  or  its 
combinat ion  with T H C ,  was posturai  rigidity and an inability 
or  unwill ingness to initiate voluntary movements .  This in- 
ability or  unwill ingness to initiate the voluntary m o v e m e n t  
required to get  off  the bar  has been descr ibed as hypokinesia  
in our  exper iments .  It should also be noted that the general  
appearance  of  animals t reated with reserpine (i.e.,  hunched 
posture ,  ptosis,  staring coat)  was nei ther  worsened  by T H C  
t rea tment  nor  lessened by further  t rea tment  with etho- 
propazine .  

The results of  the t ime-dependence  exper iment  (Fig. 2) 
show that THC-poten t ia t ion  of  reserpine-induced 
hypokines ia  develops  rapidly, lasts up to 5 hours,  and is over  
by 12 hours.  This clear  t ime course  suggests that T H C  has 
some well defined neuropharmacologica l  effect.  It is also 
interest ing to note that this t ime course  is virtually identical 
to that repor ted  for THC- induced  psychoact ive  effects in 
humans after oral administrat ion [18]. It seems possible,  
therefore ,  that an unders tanding of  the neuropharmacology  
of  T H C  potentiat ion of  reserpine- induced hypokines ia  could 
lead to an understanding of  a basic mechanism of T H C  ac- 
tion. 

In addition to their  re levance  for basic research into the 
mechanisms  of  T H C  action, the present  findings may have 
prel iminary clinical significance. T H C ' s  profound potentia- 
tion of  extrapyramidal  symptoms  suggests that patients tak- 
ing monoamine  deplet ing drugs or  suffering Parkinson 's  dis- 
ease be specifically warned against illicit use of  marihuana or 
THC.  On a more posi t ive note,  however ,  it is possible that a 
T H C  analogue without  euphoric  side effects could be used to 
increase the therapeutic  hypokinet ic  effect of  reserpine in 
hyperkinet ic  motor  disorders.  Reserpine was one of  the first 
agents to be employed  successful ly in the t reatment  of  var- 
ious hyperkinet ic  chore i form disorders  [30], and it has been 
shown to be of  benefit  in tardive dyskinesia  [27,29], and 
Hunt ington ' s  disease [19, 20, 21]. Although clearly specula- 
tive at this t ime, it may be that a new T H C  analogue could 
increase the present ly marginal effect iveness  of  reserpine 
and o ther  drugs used in the t rea tment  of  a variety of  hyper- 
kinetic chorei form disorders.  
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