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Abstract

Motor incoordination in the rota-rod test was used to assess the development of rapid tolerance to A%-tetrahydrocannabinol and rapid
cross-tolerance between ethanol and A®-tetrahydrocannabinol in mice. Further, the influence of the cannabinoid receptor antagonist SR
141716A (N-(piperidin-1-yl)-5-(4-chlorophenyl)-4-methyl-1 H-pyrazol e-3-carboxyamide) on the motor impairment induced by both drugs
was examined. Mice were injected on day 1 with equipotent doses of A°-tetrahydrocannabinol (28 mg/kg, i.p.) and ethanol (2.25 g/kg,
i.p.) and tested at 30, 60 and 90 min after the injections. On day 2, control groups received ethanol or A%-tetrahydrocannabinol, some
groups received the same treatment as the day before, while the remaining groups switched the treatment. All groups were tested to
evaluate tolerance. The development of rapid tolerance to A-tetrahydrocannabinol was observed and pretreatment with ethanol resulted in
rapid cross-tolerance to A°-tetrahydrocannabinol. SR 141716A (2 mg/Kkg, i.p.) failed to block the development of rapid tolerance to both
drugs, ethanol and A°-tetrahydrocannabinol. These results suggest that A°-tetrahydrocannabinol, similarly to ethanol, can induce rapid
tolerance to motor incoordination in mice. They also support the use of the 2-day protocol as an effective procedure to reduce the length

of drug exposure necessary to induce tolerance. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The repeated exposure to Cannabis sativa or its princi-
pal psychoactive constituent, A°-tetrahydrocannabinol, has
been reported to induce tolerance in several species, in-
cluding mice, using different measures such as hypother-
mia, antinociception, catalepsy, depression of locomotor
activity, hypotension, anticonvulsant activity, cortico-
steroid release and schedule-controlled behavior (reviewed
by Adams and Martin, 1996). However, within the last
decade, the research on cannabis has undergone dramatic
advances due to developments such as the identification,
cloning and expression of selective cannabinoid CB,; and
CB,, receptors (Matsuda et a., 1990; Munro et d., 1993),
the isolation of the endogenous cannabinoid receptor lig-
ands anandamide and 2-arachidonyl glycerol (Devane et
a., 1992; Stella et a., 1997) and, most recently, the
availability of a selective cannabinoid CB, receptor antag-
onist, SR 141716A (Rinaldi-Carmona et al., 1994).
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Although drug tolerance, in many situations, is rather
easily demonstrated and measured, there is an increasing
awareness of the fact that the development of this response
is a complex event which is influenced by both behavioral
and environmental factors. For instance, there are severa
reports showing that tolerance to A°-tetrahydrocannabinol
occurs in different species, but many of these studies have
been conflicting and ambiguous (Carlini, 1968; McMillan
et a., 1970; Kaymakcalan et al., 1974). As mentioned
recently by Bass and Martin (2000), a possible source for
discrepancies among studies may be the length of exposure
to A’-tetrahydrocannabinol during tolerance induction.
Moreover, studies designed to assess the rate of develop-
ment of chronic tolerance to ethanol indicate that this rate
is highly dependent upon the test measure examined (Bitran
and Kalant, 1991). The phenomenon designated as rapid
tolerance to ethanol has been reported to occur within
8-24 h, after the effect of the first dose has disappeared
(Crabbe et al., 1979). One of the most interesting aspects
of rapid tolerance is that the magnitude of the observed
tolerance is often not significantly different from that
observed following chronic ethanol treatment (Khanna et
al., 1997). In addition, both rapid tolerance and chronic
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tolerance have been shown to be influenced by, or to
require, the activation of a process related to learning and
memory (Bitran and Kalant, 1991).

Alcohol and marijuana are two of the most widely used
psychoactive drugs in the world. There is a growing
literature, mainly consisting of human studies, document-
ing that A°-tetrahydrocannabinol and ethanol share some
central nervous system (CNS) depressant effects (Hollister
and Gillespie, 1970; Ng et al., 1973) and that there are
certain doses of these drugs that may produce comparable
behavioral effects (Heishman et al., 1997). It is important
to note in the context of the present study the early
findings of Sprague and Craigmill (1976) that ethanol and
AS-tetrahydrocannabinol injected over 12 and 7 days, re-
spectively, produce a similar type of behavioral impair-
ment in mouse performance measured on a rota-rod ap-
paratus as well as the development of cross-tolerance
between these two drugs.

The cannabinoid CB, receptor antagonist SR 141716A
has been reported to antagonize many of the acute effects
of cannabinoids including hypothermia, analgesia and lo-
comotor activity (Rinaldi-Carmona et al., 1994; Compton
et a., 1996). Following chronic A%-tetrahydrocannabinol
administration, SR 141716A precipitated a withdrawal
syndrome in rats, mice and dogs (Cook et al., 1998;
Lichtman et al., 1998). In addition, there are studies pre-
sumably investigating the role of the cannabinoid CB,
receptor in the reinforcing effects of ethanol (Arnone et al.,
1997; Colombo et al., 1998).

In view of the above, the purpose of the present study
was to examine whether, similarly to ethanol, a rapid
model for the development of tolerance to A’-tetrahydro-
cannabinol-induced motor impairment in mice could be
achieved. To explore this possibility, we have compared a
motor-impairing doses of A%-tetrahydrocannabinol and
ethanol on the rota-rod test. In addition, the development
of rapid crosstolerance between these two drugs was
assessed using the same test. Further, the influence of a
cannabinoid CB, receptor antagonist on the development
of rapid tolerance by ethanol and A%-tetrahydrocannabinol
was investigated.

2. Materials and methods

2.1. Animals

Male Swiss albino mice (25-35 g, 6—8 weeks old) were
maintained in groups in the colony room of the Depart-
ment of Pharmacology, under a light—dark cycle of 12 h
(lights on at 6:00 am.) with food and water ad libitum. All
procedures used in the present study complied with the
guidelines on anima care of the Brazilian Society of
Neuroscience and Behavior.

2.2. Drugs

Ethanol was purchased from Merck (Darmstadt, Ger-
many). A%-Tetrahydrocannabinol was obtained from the
National Institute of Drug Abuse (Bethesda, USA) at 200
mg,/ml in alcohol. SR 141716A (N-(piperidin-1-yl)-5-(4-
chlorophenyl)-4-methyl-1H-pyrazol e-3-carboxyamide) was
kindly supplied by Sanofi Recherche (Montpellier, France).
Ethanol was diluted with saline to a concentration of 14%
w/v. The appropriate concentration of A°-tetrahydro-
cannabinol was prepared immediately before use by evapo-
rating the alcohol and emulsifying the residue with Tween-
80 (Takahashi and Singer, 1979). One drop of Tween-80
per 10 ml was added for the preparation of the SR
141716A suspension. Control solution was prepared with
the corresponding vehicle. All solutions were administered
by i.p. route.

2.3. Procedure

Motor impairment was measured on a rota-rod appara-
tus (Rotamex-V-EE/85; Columbus Instruments, USA)
controlled through a computer and as described previously
(Barreto et al., 1998). Briefly, mice were trained under
continuous acceleration (1 rpm/s) in 1-min sessions.
Whenever the animal falls off the rotating bar, it receives a
foot shock (0.3 mA). The speed of the rotating bar when
the animal falls off is taken as the performance score.
Animals that did not reach a stable baseline (at least 20 s)
in 15 trials were discarded. After the selection, experimen-
tal and control groups (N = 10) were matched according to
their body weight and mean performance during the last
session. With this procedure, animals presented similar
baseline values on both days for al groups.

2.3.1. Effect of different doses of A°-tetrahydrocannabinol
on the development of rapid tolerance

On day 1, four groups of trained mice received different
doses of A%-tetrahydrocannabinol (8, 15 or 28 mg,/kg) or
control solution. Then, they were tested on the rota-rod 30,
60 and 90 min later. Mice were then returned to their home
cages. On day 2, each animal received exactly the same
treatment that it received on the previous day, and 30, 60
and 90 min later, all animals were tested on the rota-rod to
evaluate the development of rapid tolerance.

2.3.2. Comparison between the development of rapid toler-
ance to ethanol and A°-tetrahydrocannabinol and cross-
tolerance between these drugs

Previous experiments in this laboratory have shown that
a single dose of 2.25 g/kg ethanol caused a significant
tolerance in this paradigm (Barbosa and Morato, 2001).
Therefore, ethanol (2.25 g/kg) and A’-tetrahydrocanna-
binol (28 mg/kg) were considered equipotent in terms of
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rapid tolerance response on the rota-rod and both doses
were selected for the cross-tolerance experiment.

On day 1, two groups of trained mice received control
solution, two groups received ethanol (2.25 g/kg) and two
groups received A°-tetrahydrocannabinol (28 mg/kg).
Then, they were tested on the rota-rod 30, 60 and 90 min
later. Mice were then returned to their home cages. On day
2, the groups treated with control solution on day 1
received either ethanol or A%-tetrahydrocannabinol. Groups
that had received ethanol or A%-tetrahydrocannabinol on
day 1 (one group each) received the same treatment on day
2. The remaining two groups (one ethanol and one A°-
tetrahydrocannabinol group from day 1) switched their
treatments on day 2. All groups were tested on the rota-rod
to evaluate tolerance 30, 60 and 90 min later.

2.3.3. Influence of a cannabinoid CB, receptor antagonist
on the development of rapid tolerance to ethanol and
A°®-tetrahydrocannabinol

On day 1, eight groups of trained mice were assigned to
subgroups pretreated with control solution (four sub-
groups) or SR 141716A (2 mg/kg; four subgroups). Ten
minutes later, half of each subgroup received ethanol (2.25
g/kg) or A’-tetrahydrocannabinol (28 mg/kg), and the
remaining subgroups received control solution. Then, they
were tested on the rota-rod 30, 60 and 90 min later. On
day 2, a challenge dose of ethanol or A%-tetrahydrocanna-
binol was given to assess rapid tolerance.

2.4. Satigtical analysis

Data were analyzed using one-way or two-way analyses
of variance (ANOVA) for repeated measures. Subsequent
comparisons were done using Tukey's Least Significant
Difference (LSD) test. Student’s t-test was used to detect
differences between two means in the A®-tetrahydrocanna-
binol dose—response experiment group. Values of P < 0.05
were considered significant.

3. Results

3.1. Effect of different doses of A°-tetrahydrocannabinol
on the development of rapid tolerance

The results of this experiment are shown in Fig. 1. As
can be seen, only the highest dose of A%-tetrahydrocanna-
binol (28 mg,/kg) induced a significant motor impairment
compared to the control group, on day 1 (P < 0.05, Stu-
dent’s t-test). On day 2, animals that had received A%-tetra-
hydrocannabinol (28 mg/kg) were tolerant to the motor
impairment induced by the drug (P < 0.05, Student’s t-
test). This indicates rapid development of tolerance to
A’-tetrahydrocannabinol. The motor incoordination was
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Fig. 1. Development of rapid tolerance to motor impairment induced by
different doses of A°-tetrahydrocannabinol (8, 15 or 28 mg/kg, i.p.) in
mice, tested on the rota-rod apparatus. On day 1 (open bars), the control
group (C) received control solution and the other groups received A°-
tetrahydrocannabinol. Animals were tested 30, 60 and 90 min after the
injections. On day 2 (closed bars), the animals received the same treat-
ment as in the previous day and were tested again. Results shown are
means+ SE.M. of 7-12 animals per group at the 30-min time point.
&P < 0.05, compared to respective day 1 result, and “ P < 0.05, compared
to day 1 control group (Student’s t-test).

most severe at 30 min following the injections. Thus, the
highest dose of A°-tetrahydrocannabinol (28 mg,/kg) and
the time point of 30 min were chosen to depict the
subsequent results.

3.2. Comparison between the development of rapid toler-
ance to ethanol and A°-tetrahydrocannabinol and cross-
tolerance between these drugs

The development of rapid tolerance to ethanol and rapid
cross-tolerance to A%-tetrahydrocannabinol is shown in Fig.
2A. A two-way analysis of variance indicated a significant
main effect of treatment, F(2, 22) = 8.56, P < 0.002 and a
significant interaction of day and treatment, F(2, 22) =
52.05, P < 0.00001. Post hoc comparisons reveaded that
on day 1, ethanol induced significant motor impairment in
mice compared to the control group (LSD test, P < 0.05).
On day 2, the same pattern of response was observed in
the control group challenged with ethanol (control +
ethanol group). However, animas which had received
ethanol were tolerant to motor impairment induced by the
drug (ethanol + ethanol group; LSD test, P < 0.05). The
administration of A°-tetrahydrocannabinol in mice previ-
oudy treated with ethanol did not produce any motor
impairment, relative to day 1 control baseline, thus indicat-
ing the development of rapid cross-tolerance from ethanol
to A°-tetrahydrocannabinol (Fig. 2A).

Fig. 2B depicts the results of the experiment on the
development of rapid tolerance to A%-tetrahydrocannabinol.
A similar two-way analysis of variance indicated a signifi-
cant effect of treatment, F(2, 25) = 3.89, P < 0.03, and
the interaction of day and treatment, F(2, 25)=9.98,
P < 0.0006. Subsequent comparisons showed that on day
1, A’-tetrahydrocannabinol induced a significant motor
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Fig. 2. Development of rapid tolerance and cross-tolerance to ethanol or
A°-tetrahydrocannabinol based on rota-rod performance. (A) On day 1,
one group received control solution (C) and the other groups (E) received
ethanol (2.25 g/kg). Animals were tested 30 min after treatment. On day
2, two groups (CE and EE) received a challenge dose of ethanol and the
other group (ET) received A%-tetrahydrocannabinol (28 mg,/kg), then all
animas were tested again. (B) On day 1, one group received control
solution (C) and the other groups (T) received A°-tetrahydrocannabinol
(28 mg/kg). On day 2, two groups (CT and TT) received a challenge
dose of A’-tetrahydrocannabinol and the other group (TE) received
ethanol (2.25 g/kg). Results shown are means+ S.E.M. of 8-10 animals
per group. (#) Indicates statistically significant difference compared to
control group; (*) indicates significant difference from corresponding
groups on day 1 (LSD test).

impairment in mice tested on the rota-rod compared to the
control group (LSD test, P < 0.05). Mice pretreated with
AS-tetrahydrocannabinol showed significantly less motor
impairment in response to the challenge dose of the drug
on day 2 (A%tetrahydrocannabinol + A°-tetrahydrocanna:
binol group, Fig. 2B; LSD test, P < 0.05). This confirms
rapid development of tolerance to A°-tetrahydrocannabinol.
However, there was no rapid cross-tolerance between A°-
tetrahydrocannabinol and ethanol on day 2 (A%-tetrahydro-
cannabinol + ethanol group, Fig. 2B). Indeed, these ani-
mals showed nearly identical responses to motor effects of
ethanol (Fig. 2A).

3.3. Influence of a cannabinoid CB, receptor antagonist
on the development of rapid tolerance to ethanol and
A®-tetrahydrocannabinol

The development of rapid tolerance to ethanol and
A°-tetrahydrocannabinol and the influence of a cannabinoid

receptor antagonist on these responses are shown in Fig.
3A and B. For ethanol, a separate two-way ANOVA for
repeated measures showed a significant effect for treat-
ment F(3, 27) = 6.45, P < 0.002, and for day factor, F(1,
27) = 25.33, P < 0.00001. The interaction between treat-
ment and day factors was significant (Fig. 3A; F(3, 27) =
36.96, P < 0.00001). Post hoc comparisons revealed that
on day 1, mice injected with ethanol, regardless of the
pretreatment (control solution or SR 141716A), showed a
significant motor impairment on rotarod performance
compared to the control group (Fig. 3A; LSD test, P <
0.05). Pretreatment with SR 141716A did not alter the
response of control animals (Fig. 3A). On day 2, the same
pattern of response was observed in the control animals
challenged with ethanol (control + ethanol groups); thus,
both groups presented a clear motor impairment. However,
animals which had recelved ethanol on day 1 showed
significantly less motor impairment to a challenge dose of
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Fig. 3. Influence of cannabinoid CB, receptor antagonist SR 141716A (2
mg/kg i.p.) on the development of rapid tolerance to ethanol or A%-tetra-
hydrocannabinol. (A) On day 1, pretreatment with control or SR 141716A
solutions were followed by injections with control solution (C) or ethanol
(B). Thirty minutes later, mice were tested on the rota-rod. On day 2, all
groups were challenged with ethanol (2.25 g/kg i.p.) before testing. (B)
On day 1, the same procedure as in A, except that A°-tetrahydrocanna-
binol was injected in T groups. On day 2, al groups were challenged with
A°-tetrahydrocannabinal (28 mg/kg) and tested again on the rota-rod.
Results shown are means+S.E.M. of 7-12 animals per group. (#)
Indicates significant difference compared to control group; (*) indicates
significant difference from corresponding groups on day 1; (a) indicates
significant difference compared to the respective T group (LSD test).
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ethanol on day 2 when compared to the previous day
(ethanol + ethanol groups, Fig. 3A; LSD test, P < 0.05).
The extent of this tolerance to ethanol was not altered with
SR 141716A pretreatment, as shown by the comparisons
between the two ethanol + ethanol groups on day 2 (Fig.
3A).

Fig. 3B depicts the results of the experiment on the
development of rapid tolerance to A%-tetrahydrocannabinol.
A two-way ANOVA for repeated measures reveadled a
significant effect for treatment, F(3, 34) = 3.41, P < 0.028.
There was aso a significant treatment X day interaction,
F(3, 34)=3.70, P < 0.02, while the day factor was not
significant, F(1, 34) =0.67, P < 0.41. Post hoc testing
indicated that on day 1, control mice injected with A°-
tetrahydrocannabinol showed a significant motor impair-
ment compared to the respective control animals (control
+ control vs. control + A°-tetrahydrocannabinol ~ group;
LSD test, P < 0.05), while pretreatment with the cannabi-
noid antagonist SR 141716A significantly prevented this
response in the group injected with A%-tetrahydrocanna-
binol (control + A%-tetrahydrocannabinol vs. SR 141716A
+ AS-tetrahydrocannabinol group; LSD test, P < 0.02).
Mice receiving A°-tetrahydrocannabinol on day 1 showed
significantly less motor impairment to the challenge dose
of the drug on the second day of the experiment (A%-tetra-
hydrocannabinol + A°-tetrahydrocannabinol groups; LSD
test, P < 0.05). This finding confirms the rapid develop-
ment of tolerance to A%-tetrahydrocannabinol. The group
of mice injected with the antagonist SR 141716A before
A°-tetrahydrocannabinol on day 1 did not exhibit any
change in rapid tolerance evaluated on day 2 since there
was a significant effect of treatment with A%-tetrahydro-
cannabinol and of pretreatment with SR 141716A, F(1,
34) =8.09, P<0.007, without a significant interaction
between these factors (Fig. 3B).

4. Discussion

The present results clearly showed a smaller motor
impairment response in mice pretreated with a single dose
of A%-tetrahydrocannabinol than in those pretreated with
control solution. This is the first report of rapid tolerance
to A°-tetrahydrocannabinol, as assessed by performance on
the rota-rod, being similar to that induced by ethanol using
the same protocol. In addition, an asymmetrical rapid
tolerance between A°-tetrahydrocannabinol and ethanol was
demonstrated. Thus, ethanol pretreatment produced cross-
tolerance to A°-tetrahydrocannabinol, while the reverse
procedure failed to induce cross-tolerance. Analysis of
basal motor activity just before the injection on day 2
ensured that there were no residual effects of the previous
drug administration (data not shown). The 2-day design
and the test doses of ethanol and A°-tetrahydrocannabinol
used in this study were based on previous studies (Crabbe
et al., 1979; Sprague and Craigmill, 1976) and on experi-

ments from this laboratory showing that ethanol 2.25 g/kg
produced areliable rapid tolerance measured on the rota-rod
test (Barbosa and Morato, 2001). Our data confirmed an
approximate potency ratio of ethanol to A%-tetrahydro-
cannabinol similar to that found by Sprague and Craigmill
(1976) in a chronic study. These results also confirm and
extend the work of Pertwee et a. (1993) who reported the
development of rapid tolerance to the hypothermic action
of A%tetrahydrocannabinol, and the recent study of Bass
and Martin (2000) showing the onset of tolerance to the
antinociceptive and hypoactive effects of A%-tetrahydro-
cannabinol within 1.5 days of injection in mice.

Although only one dose level of each drug was used in
the experiment of cross-tolerance, these doses were
equipotent in terms of ability to cause rapid tolerance on
the rota-rod. Therefore, the improved performance of mice
treated with ethanol and A%-tetrahydrocannabinol can be
attributed to the development of the so-called asymmetri-
cal cross-tolerance on a rota-rod apparatus. It is notewor-
thy that a dose of A°-tetrahydrocannabinol, which pro-
duces less acute impairment than the dose of ethanol used,
produced greater rapid tolerance. This fact could be a
consequence of the long duration of A%-tetrahydrocanna-
binol action. There is convincing evidence that acute toler-
ance (Radlow, 1994) and chronic tolerance (LeBlanc et al.,
1969) develop progressively with time. Thus, it is conceiv-
able that development of rapid tolerance may be deter-
mined by an interaction between dose and time of expo-
sure to the drug. This could be an alternative explanation
for the apparent development of asymmetrical tolerance
between ethanol and A°-tetrahydrocannabinol. Our find-
ings are at variance with earlier studies which found
symmetrical chronic cross-tolerance between ethanol and
A®-tetrahydrocannabinol (Siemens and Doyle, 1979; New-
man et a., 1974; Sprague and Craigmill, 1976), but this
probably relates to methodological and species differences
as well as differences in what process is being studied.
Nevertheless, our data confirm other studies on rapid
cross-tolerance between ethanol and some sedative/hyp-
notic drugs (Khanna et al., 1992).

In agreement with our previous study, the present find-
ings indicate that the use of the rota-rod apparatus is a
useful procedure for measuring tolerance to different
classes of drugs (Sprague and Craigmill, 1976; Barreto et
al., 1998; Barbosa and Morato, 2001). However, the mag-
nitude of motor impairment in mice injected with ethanol
was greater than that seen in mice injected with A’-tetra-
hydrocannabinol. In this respect, it is also interesting to
note that motor incoordination in response to ethanol does
not seem to be mediated by a cannabinoid mechanism.
Pretreatment with SR 141716A, an antagonist of the
cannabinoid CB, receptor, did not affect the clear motor
impairment effects caused by ethanol. This finding is
contrary to some recent studies reported by others (Arnone
et al., 1997; Colombo et al., 1998), but it must be con-
ceded that these studies were presumably examining the
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role of cannabinoid CB, receptors in the reinforcing mech-
anisms affected by ethanal.

It is noteworthy that while the pretreatment with the
selected dose of SR 141716A clearly prevented the effects
of A%-tetrahydrocannabinol on day 1, it failed to block the
rapid tolerance induced by the drug. Considering that SR
141716A blocks the development of tolerance to and
dependence on A%-tetrahydrocannabinol in many other
models (Cook et a., 1998; Lichtman et al., 1998), this
failure of the cannabinoid antagonist to block the rapid
tolerance to A°-tetrahydrocannabinol in mice poses a
dilemma. Indeed, mice pretreated with the antagonist on
the previous day showed a tendency towards an increased
tolerance after the injection of A%-tetrahydrocannabinol on
day 2, or from another perspective, an improved perfor-
mance of these animals in the rota-rod apparatus was
noted. Given the hypothesis that A°-tetrahydrocannabinol-
induced rapid tolerance involves predominantly the regula
tion of the cannabinoid CB, receptor function, it is impor-
tant to raise some possibilities for these intriguing findings.
One possibility is that the inability of SR 141716A to
prevent A%-tetrahydrocannabinol-induced rapid tolerance
may relate to the long duration of A°-tetrahydrocannabinol
action in this protocol. Another possibility, though more
speculative, is that the observed improvement may be due
to the situation of practicing the task under the influence of
the drug and/or a learning factor (Bitran and Kalant,
1991; Khanna et al., 1996) following the interaction SR
141716A x A’-tetrahydrocannabinol. In this respect, a re-
cent study (Lichtman, 2000) has shown that SR 141716A
possesses memory enhancing property. Therefore, what-
ever the causal factors, it should be noted that SR 141716A
injection on day 1 did not produce motor incoordination on
its own and aso did not have any residual effects on motor
impairment on the second day as observed by normal basal
activity for all subgroups. Lastly, the results presented
herein raise the possibility that the role of cannabinoid CB,
receptor in the development of rapid tolerance to A%-tetra-
hydrocannabinol could be difficult to revea in the cur-
rently used 2-day protocol as a consequence of the long
duration of cannabinoid action.

Although the drug levels were not examined in the
present study, it would seem unlikely that the results
reported here could be attributed to differences in disposi-
tional tolerance. Previous studies failed to show a pharma-
cokinetic basis for tolerance to different effects of A%-tetra-
hydrocannabinol (Siemens and Doyle, 1979; Sprague and
Craigmill, 1976; Pertwee et a., 1993) or for rapid develop-
ment of tolerance to ethanol (Crabbe et al., 1979). There-
fore, it is impossible to decide on the relative contribution
of pharmacodynamic and pharmacokinetic factors to the
rapid tolerance and cross-tolerance observed in the present
study.

In conclusion, these results have shown that A’-tetra-
hydrocannabinol induces rapid tolerance to motor incoordi-
nation in mice, similar to that elicited by ethanol, and

pretreatment with a cannabinoid receptor antagonist, SR
141716A, did not prevent such tolerance. An apparently
asymmetrical cross-tolerance between ethanol and A°-
tetrahydrocannabinol was seen, with ethanol pretreatment
resulting in rapid cross-tolerance to A°-tetrahydrocanna-
binol. The mechanisms underlying the unexpected effects
of the cannabinoid CB, receptor antagonist on rapid toler-
ance to A-tetrahydrocannabinol remain to be elucidated.
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