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Abstract. The behavioral responses of  the rat to an extract of  
Cannabis sativa were examined after IP injection of  5, 15 and 
30 mg/kg (expressed as A 9 tetrahydrocannabinol). The lowest 
dose of the extract induced stereotyped behavior (rhythmic 
head movements, intermittent gnawing and sniffing) together 
with hypersensitivity to stimuli and hyperthermia. The ad- 
ministration of higher doses of the extract resulted, initially, 
in similar behavioral effects but of  greater intensity, followed 
by a cataleptic state alternating with atonic muscular pros- 
tration; rectal temperature was decreased. Pre-treatment with 
6-hydroxydopamine (6-OHDA, which produces degenera- 
tion of  catecholamine-containing nerve terminals) or pi- 
mozide (blocker of  dopamine receptors) significantly reduced 
both stereotypy and hyperreactivity. Thermic effects were 
also antagonized by 6-OHDA pre-treatment. Cannabis- 
induced catalepsy was enhanced by pimozide but reduced by 
atropine (3 mg/kg SC). These results support the hypothesis 
that catecholamines play an important role in the complex 
behavioral effects of  cannabis. 
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Numerous attempts have been made to elucidate the mech- 
anisms of action of cannabis and its active constituents. There 
are conflicting results concerning their interactions with 
neurotransmitters. For example, catecholamine levels have 
been reported to be raised (Constantidinis and Miras 1971) 
lowered (Schildkraut and Efron 1971 ; Graham et al. 1974) or 
unchanged (Maitre et al. 1970; Taylor and Fennessy 1977) by 
A 9-tetrahydrocannabinol (A 9-THC) or cannabis extracts. It is 
also unclear whether a causal relationship exists between 
neurochemical changes induced by cannabis and behavioral 
parameters (Bloom and Kiernan 1980). These reports to- 
gether with those from previous work in which we showed the 
involvement of a catecholaminergic mechanism in behavioral 
responses of the rabbit to another hallucinogenic drug, 
mescaline (Ferri et al. 1977), prompted us to study the effects 
of pharmacological manipulations on behavior of rats treated 
with an extract of  Cannabis sativa L., rich in psychotropic 
constituents. 
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Materials and Methods 

Animals 

Male Sprague-Dawley rats (200 -  220 g) were used and kept 
under standardized environmental conditions (room tem- 
peratures 20 ~ _+ 2 ~ C, humidity 60 %). Some rats were pre- 
pared for intracerebral administration with a cannula im- 
planted in the lateral brain ventricle, as described by Altaffer 
et al. (1970). For each treatment, groups of  ten rats were used. 
Drugs were administered either IP in a volume of 1 ml/kg or 
intracerebroventricularly in a volume of 20 ~tl/rat. 

Drugs and Procedure 

Extract of  Cannabis sativa L. (supplied by Dr. G. Mazzone) 
was obtained by petroleum ether treatment, and contained 
11.27% of A9-THC as determined by gas-chromatography 
against a known concentration of 4-androstene-3,17-dione as 
internal standard (Fetterman et al. 1971). After distillation of 
the solvent, the residue was dissolved in olive oil and injected 
IP at doses of 5, 15 and 30mg/kg (expressed as Ag-THC). 

6-Hydroxydopamine HBr (6-OHDA, Hoffmann-La 
Roche, Basel) was dissolved in 20~tl of saline with 
ascorbic acid ( lmg/ml)  and administered intracerebro- 
ventricularly twice (24-h interval) at a dose of 150 ~tg 3 days 
before the extract, in order to produce degeneration of  
catecholamine terminals and catecholamine depletion (Breese 
and Traylor 1970). 

Pimozide (Janssen Pharmaceuticals, Beerse) a dopa- 
mine receptor blocker, was prepared as described by Cox 
and Lee (1977) and administered at a dose of 0.5 mg/kg/IP 
alone or 2 h prior to different doses of cannabis extract. 

Atropine HzSO 4 (C. Erba), an anti-cholinergic drug, was 
dissolved in saline and injected IP at a dose of  3 mg/kg alone 
or 10 rain prior to different doses of  cannabis extract. 

Observations of Behavior 

Stereotyped Behavior. The following scale was used to 
measure the intensity of the components of stereotyped 
behavior (sniffing, gnawing, rhythmic head movements): 
absent = 0; occasional = 1; frequent = 2; constant = 3. 

Hyperreactivity. The following scale was used to measure 
hyperreactivity (vocalization and/or starting) of a rat to a 
tactile stimulus (gentle pressure bilaterally exerted, behind the 
animal forelimb) : 
absent = 0; occasional = 1; frequent = 2; constant = 3. 
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Catalepsy. The time (min) for which a rat remained with front 
limbs over a 10-cm bar was taken as an estimate of the 
intensity of catalepsy, quantified by the following scale: 
0 rain = 0; up to 5 rain = 1 ; up to 10 rain = 2; > 10 min = 3. 

Rectal temperature. This was monitored continuously by 
means of a thermistor probe (Ellab Instruments). 

The behavior of animals receiving the antagonists 
pimozide or atropine alone was examined at 15-min intervals 
for the first 60 min and then every hour for a total of 4 h. 
Temperature was measured every hour for a total of 4 h. 

In animals receiving cannabis alone or cannabis after the 
antagonist, behavioral responses were evaluated, at 10-rain 
intervals, for the first 120rain following cannabis adminis- 
tration. Temperature was measured every hour for 4 h after 
cannabis. 

Behavior was examined in 6-OHDA-treated rats for 
3 days at 12-h intervals and then, after cannabis adminis- 
tration, for 2h at 10-min intervals. Temperature was mea- 
sured for 4 h after cannabis. The Mann-Whitney U-test was 
used for calculations of significance levels in various treat- 
ments (Siegel 1956). The occurrence (%) of each behavioral 
response was multiplied by its score (maximum 100 x 3 
= 300) and represented by histograms. 

Results  

The smallest dose of the extract of Cannabis sativa L. 
(5 mg/kg A9-THC) induced stereotyped behavior in the rat, 
rhythmic head movements, intermittent gnawing and sniffing 
being prevalent; hypersensitivity to touch also occurred. 
Increasing the dose resulted in the same effects but of greater 
intensity. The effects on behavior obtained with 30 mg/kg of 
extract within 2h following administration are shown in 
Fig. 1. These effects occurred soon after cannabis adminis- 
tration, and then gradually disappeared, while a cataleptic 
state appeared to alternate with atonic muscular prostration 
of the animal. Catalepsy, fully evident in a 60-120ra in  
interval following cannabis administration, reached a max- 
imum with the highest dose of extract (Fig. 1). Rectal 
temperature (Fig. 2) exhibited a small but significant increase 
with the low dose of cannabis extract (5mg/kg A9-THC) 
whereas a marked and long lasting hypothermia was shown 
with the highest dose (30 mg/kg A 9-THC). 

6-OHDA treatment had no effects on behavior in the time 
interval preceding cannabis administration. 6-OHDA pre- 
treatment significantly reduced stereotyped caused by can- 
nabis extract and completely prevented hyperreactivity. 
Cannabis-induced catalepsy was less evident (Fig. 1) while a 
state of prostration prevailed. Thermic effects were also 
antagonized by 6-OHDA pre-treatment (Fig. 2). 

Pimozide by itself did not affect behavior in the 3-h time 
interval following its administration; with the dose adopted, 
only a small cataleptogenic effect appeared at the end of the 
4th hour of observation. Pimozide had no significant effect 
on temperature. Stereotyped behavior and hyperreactivity 
caused by cannabis extract were significantly reduced by pro- 
treatment with pimozide, whereas an increase in the intensity 
of catalepsy occurred (Figs. 1 and 2). 

Atropine which by itself did not affect behavior produced 
a significant reduction in cannabis-induced stereotypy; cata- 
lepsy was almost completely absent (Fig. 1). Thermic effects, 
as well as hyperreactivity caused by the extract of cannabis, 
were not substantially modified by atropine. 

Discuss ion 

Administration of an extract of Cannabis sativa to the rat 
resulted in behavioral effects which were dose-related, re- 
producing essentially the results obtained in various labora- 
tories with cannabis or its active constituents, cannabinoids 
(Grunfeld and Edery 1969; Lipparini et al. 1969; Domino 
1971; JS.rbe and Henricksson 1973; Gough and Olley 1977; 
Bloom and Kiernan 1980). Behavioral effects of cannabis 
extract were strikingly modified by drugs that interact with 
the neurotransmitters dopamine and acetylcholine. In par- 
ticular, the reduction of hyperreactivity and stereotypy 
(especially evident in the initial period following cannabis 
administration) in rats pre-treated with pimozide leads us to 
believe that this complex of symptoms is caused, at least in 
part, by facilitated dopaminergic transmission. We have 
confirmed, in our experiments, the low cateleptogenic effect 
of pimozide and the delayed onset of this effect (Niemegeers 
and Janssen 1979; McMillen et al. 1980). Since catalepsy 
appears late in the course of cannabis administration and is 
enhanced by pimozide, we suggest that impairment by 
cannabis of dopaminergic transmission follows an initial 
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Fig. 1 
Behavioral effects elicited by a cannabis extract (30 mg/kg IP 
as A 9-THC) in normal rats and in rats pre-treated with 
6-hydroxydopamine (6-OHDA), atropine or pimozide. 
Measure of  behavior (M) = sum of the frequency (%) of 
each response multiplied by its intensity (score). 
* Analysis by Mann-Whitney U-test, P < 0.01 vs rats 
treated with cannabis only 
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Fig. 2. Changes in rectal temperature in rats treated with: (a) ( ) 
saline; (O r Cannabis extract (5mg/kg IP Ag-THC); (ll "-) 
6-OHDA+extract (5mg/kg IP Ag-THC); (& A) Pimozide 
(0.5mg/kg IP)+ extract (5mg/kg IP A g-THC); (b) ( ) saline; 
(O r Cannabis extract (30mg/kg IP A9-THC); (m ~) 
6-OHDA+extract (30mg/kg IP Ag-THC); (/x /x) Pimozide 
(0.5 mg/kg IP); (A , )  Pimozide (0.5 mg/kg IP) + extract (30 mg/kg 
IP Ag-THC); Each point represents the mean of measurements in ten 
animals _+ SEM P < 0.05 vs. animals treated only with cannabis extract 

phase of  facilitation. At  the same time st imulation of  
cholinergic mechanisms may contribute to catalepsy, as well 
as stereotypy, as shown by its prevention with atropine. These 
findings, together with those reported by Gough and Olley 
(1975) indicating that catalepsy induced by A9-THC, one of  
the most  active psychoactive constituents of  cannabis, is 
potent iated by extrapyramidal  lesions, lead to the hypothesis 
that  cannabis extract produces stereotypy and catalepsy by an 
effect on dopaminergic and cholinergic mechanisms in the 
basal ganglia. The reports of  Shannon and Fr ied (1972) 
showing that A 9-THC is deposited largely in extrapyramidal  
structures, and of  Domino (1971) showing an increase of 
brain acetylcholine by cannabinoid derivatives, further sup- 
por t  this possibility. 6 -OHDA was particularly effective in 
preventing the hypersensitivity of  rats to stimuli. Since this 
drug reduced dopaminergic function as well as that  of  
noradrenaline (Korstrzewa and Jacobowitz 1974), noradren- 
aline involvement is also plausible in the complex behavioral  
picture evoked by cannabis, an hypothesis in line with the 
recent study of Poddar  and Dewey (1980). Moreover,  from 
the findings of JS.rbe and Henricksson (1973) it may be 
inferred that  a component  of  "distress" may part icipate in 
cannabis-induced hyperreactivity (vocalization), since this 
sign is prevented not only by the neuroleptic chlorpromazine,  
but  also by the minor tranquilizer diazepam. 

The biphasic effect we have shown on temperature with 
cannabis extract corroborates findings obtained with A 9- 
THC by Taylor  and Fennessy (1977), who also proposed that 

this drug, depending on dose, may increase or decrease the 
release of  brain serotonin, an impor tant  regulator of  thermo- 
regulatory functions, in the rat. It  appears, however, from our 
experiments with antagonists, that catecholamines also play an 
impor tant  role in cannabis-induced changes of  temperature, 
as suggested by Bloom and Kiernan (1980) who showed 
hypothermic effects of  A 9-THC, in mice at  ambient  tempera- 
ture, correlated with increases in catecholamines synthesis 
rate. 

In contrast  to our findings, Davies and Graham (1980) 
showed that  the marked hypothermia produced in the mouse 
by oral administrat ion of  20 mg/kg A 9-THC is potent iated by 
dopamine antagonists,  haloperidol  in particular.  However, 
considerable evidence suggests that  dosage, route of  adminis- 
t rat ion and species appear  to be critical for pharmacological  
effects on temperature regulation (Cox and Lomax 1977). It is 
worthwhile noting that  the dose of the dopamine antagonist  
pimozide used by us in the rat  (unlike haloperidol in the 
mouse), did not  significantly affect basal temperature,  as 
already shown by Janssen et al. (1968). 

Therefore, the present findings suggest a role for catechol- 
amines in the mediat ion of the behavioral  syndrome elicited 
by cannabis or its active constituents. 
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