
European Journal of Pharmacology 586 (2008) 197–204

Contents lists available at ScienceDirect

European Journal of Pharmacology

j ourna l homepage: www.e lsev ie r.com/ locate /e jphar
Locomotor effects of morphine or alcohol in mice after a repeated treatment with the
cannabinoid agonist HU 210

Guillaume Hagues, Jean Costentin, Dominique Duterte-Boucher ⁎
Unité de Neuropsychopharmacologie Expérimentale (CNRS FRE 2735, IFRMP 23), Faculté de médecine et pharmacie, 22, Bd Gambetta, 76183 Rouen CEDEX, France
a r t i c l e i n f o
⁎ Corresponding author. Tel.: +33 2 35 14 86 02; fax:
E-mail address: dominique.duterte-boucher@univ-ro

0014-2999/$ – see front matter © 2008 Elsevier B.V. Al
doi:10.1016/j.ejphar.2008.02.062
a b s t r a c t
Article history:
Received 8 September 2007
Received in revised form 19 February 2008
Accepted 20 February 2008
Available online 29 February 2008
The consequences of the consumption of cannabinoids with other drugs of abuse are of particular medical
relevance. Several studies investigated the ability of cannabinoids to induce a locomotor cross-sensitization to
other addictive drugs, but results remain inconsistent. Therefore, we investigated in mice the consequences of
a repeated treatment with the cannabinoid agonist HU 210 on motor effects of morphine or alcohol. In mice
receiving a daily injection of HU 210 (12.5 to 200 μg/kg) during 7 days, no hetero-sensitization to the
stimulation induced by either morphine (7.5 mg/kg) or alcohol (1 or 1.5 g/kg) emerged, from 1 day up to
35 days after the end of the sub-chronic treatment with HU 210. Even a chronic treatment with a high dose of
HU 210 (14 days, 200 μg/kg) induced no subsequent enhancement of the stimulant effects of morphine or
alcohol. In fact, the motor stimulant effect of morphine or alcohol in chronically HU 210 pre-treated mice was
even abolished until the 3rd day of abstinence. This reduction was presumably due to residual HU 210 since
this effect was prevented by the cannabinoid antagonist rimonabant. Afterwards, chronically cannabinoid
pre-treated mice remained less active than vehicle pre-treated mice from the 7th day up to the 35th day after
the end of the 14-day treatment with HU 210. In conclusion, we failed to detect any hetero-sensitization
whatever the pre-treatment regimen. However, only after the 14-day regimen, HU 210 pre-treated mice
displayed a long-lasting decrease in activity, suggesting that some neuronal adaptive changes may have
occurred.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Cannabis derivatives, such as marijuana and hashish, are among
the most consumed illicit drugs of abuse over the world within
adolescents and young adults. Moreover, many cannabis consumers
simultaneously use other drugs of abuse. Cannabis consumption is
often associated with alcohol ingestion (Degenhardt et al., 2001).
Furthermore, the use of cannabis often precedes the consumption of
other illicit drugs of abuse including opiates and therefore, cannabis
may provide a gateway leading its users to consume other drugs of
abuse (Fergusson et al., 2006). Consequently, health issues surround-
ing the consumption of cannabis derivatives and especially multiple
drug abuse remain of major interest.

The main psychoactive constituent in cannabis preparations, Δ-9
tetrahydrocannabinol (Δ-9 THC), is responsible for the rewarding
properties of marijuana. Major central effects of cannabinoid agonists
are mainly mediated through cannabinoid CB1 type receptors, which
are abundant in key regions of the reward system activated by most
drugs of abuse (Mailleux and Vanderhaeghen, 1992).

A growing body of evidence supports the existence of functional
interactions between cannabinoid and opioid systems (Manzanares et
al., 1999; Corchero et al., 2004; Vigano et al., 2005 for reviews). Recent
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data have suggested a permissive role of the brain endocannabinoid
system in the mediation of both rewarding/reinforcing properties and
motor activating effects of opiates. (Fattore et al., 2005, Solinas et al.,
2007 for recent reviews). For instance, the invalidation of the gene
encoding the cannabinoid CB1 receptor results in a lack of sensitization
to the motor stimulant effect of morphine (Martin et al., 2000). These
changes can be, at least in part, linked to the fact that the morphine-
induced dopamine release is abolished in the nucleus accumbens of
cannabinoid CB1 receptor knockout mice (Mascia et al., 1999).

The endocannabinoid system has also been involved in the
reinforcing effects of alcohol as well as in alcohol-seeking behaviours
(Colombo et al., 2005; Manzanares et al., 2005; Basavarajappa, 2007
for reviews). It has also been reported that the alcohol-induced
locomotor activation is abolished in cannabinoid CB1 receptor knock-
out mice (Naassila et al., 2004). In contrast, we found that the
cannabinoid agonist HU 210 antagonizes the acute stimulant effect of
alcohol while rimonabant enhances the stimulation induced by low
doses of alcohol (Hagues et al., 2007).

Repeated administration of addictive substances in rodents
produces a progressive and enduring increase in the motor stimulant
effects induced by a subsequent drug challenge, the so-called
“behavioural sensitization”. This process has been proposed to
underlie certain aspects of drug addiction and adaptive changes in
the mesocorticolimbic dopaminergic systems have consistently been
associated with behavioural sensitization (Kalivas and Stewart, 1991;
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Robinson and Berridge, 1993; De Vries et al., 1998; Vanderschuren and
Kalivas, 2000). Cannabinoids share with other drugs of abuse the
ability to stimulate the mesolimbic dopaminergic transmission
leading to an enhancement of the dopamine extracellular level in
the nucleus accumbens (Gardner, 2005 for review). This common
action on dopaminergic pathways may at least partly underlie a
possible cannabis gateway effect.

Whether or not repeated exposure to cannabinoid agonists result
in behavioural sensitization to their own effects is still a matter of
debate (Arnold et al., 1998; Cadoni et al., 2001; Rubino et al., 2001;
Kolb et al., 2006; Varvel et al., 2007). Furthermore, although a key role
of the endocannabinoid pathway inmediating the effects of numerous
drugs of abuse has been clearly established (Maldonado et al., 2006 for
review), data remain rather controversial about a long-term modula-
tion of the reinforcing properties or the motor activating effects of
these latter by cannabinoid agonists. For example, a chronic treatment
with Δ-9 THC fails to enhance the motor-activating properties of
morphine (Valverde et al., 2001; Jardinaud et al., 2006). In contrast,
previous studies have reported the development of a locomotor cross-
sensitization to opiates after a chronic exposure to cannabinoid
agonists (Cadoni et al., 2001; Lamarque et al., 2001; Pontieri et al.,
2001; Norwood et al., 2003; Singh et al., 2005). Furthermore, a chronic
combination of morphine with CP 55,940 increases the subsequent
stimulant effect of morphine, when compared with a chronic
treatment with morphine alone (Norwood et al., 2003).

As these available results are not conclusive, the first goal of this
study was to further investigate in mice to what extent a repeated
treatment with a cannabinoid agonist could modulate the subsequent
motor activating effect of morphine. The second goal was to evaluate,
for the first time, whether a sensitization to the stimulant effect of
alcohol could be established after a repeated cannabinoid treatment.
For these purposes, we assessed the consequences of repeated
treatments with HU 210, a potent cannabinoid agonist (Little et al.,
1989; Ottani and Giuliani, 2001) on the motor activating effects of
alcohol or morphine. As sensitization usually becomes more pro-
nounced after a period of abstinence (Robinson and Berridge, 1993,
Vanderschuren and Kalivas, 2000), we took care to measure
morphine- or alcohol-induced motor activity at different latencies
after the cessation of the cannabinoid treatment. In addition, to better
characterize the impact of a cannabinoid pre-exposure on morphine
and alcohol effects, we used two different treatment regimens, a sub-
chronic (7 days) treatment using awide range of doses of HU 210 and a
chronic treatment (14 days) with a high dose of the cannabinoid.

2. Materials and methods

2.1. Animals

Male Swiss albino CD1 mice, weighing 20–22 g upon arrival (Iffa
Credo, Charles River, St Germain sur l'Arbresle, France) were housed in
groups of 20 in transparent Makrolon cages (38 cm×24 cm×18 cm)
with food and water ad libitum. They were maintained under an
artificial 12-h light:12-h dark cycle (lights on at 07:00 a.m.) and in
controlled conditions of temperature (21 °C) and humidity (60%), at
least 1 week before the beginning of the experiments. These latter
were carried out between 09:00 a.m. and 05:00 p.m. in ventilated and
sound-attenuated rooms. This study was performed in accordance
with the guidelines for the use of animals in research of the European
Community Council Directive 86/609/EEC and of the regional ethical
committee for animal experimentation (Normandy).

2.2. Drugs

The cannabinoid agonist HU 210 ((−)-11-hydroxy-Δ-8-tetrahydro-
cannabinol-dimethylheptyl) provided by Tocris (Bristol, United King-
dom) was dissolved in dimethylsulfoxide and cremophor EL (final
concentration of 5 and 0.5% respectively) and then diluted in saline
(0.9% NaCl). HU 210 was injected at doses ranging from 12.5 to 200 µg/
kg. Morphine hydrochloride (Coopération Pharmaceutique Française,
Melun, France) was dissolved in saline and injected at the dose of
7.5 mg/kg (free base). The cannabinoid CB1 receptor antagonist
rimonabant (SR 141716, a generous gift from Sanofi Research
Laboratories) was diluted in dimethylsulfoxide and cremophor EL
(final concentration of 10 and 1% respectively) and then diluted in
saline (0.9% NaCl). Rimonabant was injected at the dose of 10 mg/kg.
These drugs were injected intraperitoneally in a volume of 10 ml/kg of
body weight. Ethanol (99%, v/v, Sigma, USA) was diluted in saline and
injected intraperitoneally at doses of 1 and 1.5 g/kg, by adjusting the
volume of injection of a 15% (w/v) ethanol solution.

2.3. Locomotor activity

Locomotor activity was measured in a Digiscan actimeter (Omni-
tech Electronics, Columbus, Ohio, USA) situated in a dimly lit and quiet
room. Immediately after the injection of either alcohol or morphine,
animals were placed individually in Plexiglas boxes (20 cm×20 cm×
30 cm). Infrared cells located at the periphery at the height of 2 cm
measured the horizontal activity of mice. Horizontal locomotor
activity was expressed as the distance travelled (in m) during the
test session. As previously described (Hagues et al., 2007), the loco-
motor activity was measured during 45 min for mice tested with
morphine. Because of the rapid onset but the short-lasting duration of
alcohol effects, the duration of the test session for alcohol-treated
mice was limited to the first 15 min after the i.p. administration
(Hagues et al., 2007).

2.4. Experimental procedure

2.4.1. Influence of a sub-chronic HU 210 pre-exposure on subsequent
locomotor effects of morphine or alcohol

We assessed whether a sub-chronic cannabinoid treatment could
induce a behavioural sensitization to the subsequent locomotor
stimulant effects of morphine or alcohol. For this purpose, animals
were injected once daily with HU 210 (12.5 to 200 µg/kg) or vehicle
over 7 days. Then, they were challenged with saline or with morphine
at an intermediate dose (7.5 mg/kg) or with alcohol at a low and an
intermediate dose (1 or 1.5 g/kg) on the 1st, 3rd, 7th, 14th, 21st and
35th day after the last HU 210 injection.

The tested doses of HU 210 ranged from low doses (12.5 and 25 µg/
kg) consistently devoid of proper effect on locomotion up to doses
consistently inducing hypolocomotion (100 and 200 µg/kg) (Hagues et
al., 2007).

2.4.2. Locomotor effects of morphine or alcohol after a chronic
administration of HU 210

We investigated the consequences of a chronic 14-day treatment
with HU 210 on subsequentmotor effects of morphine or alcohol. Mice
received an injection of HU 210 (200 µg/kg) once daily during 14 days.
On the 1st, 3rd, 7th, 14th, 21st and 35th day after the end of the
chronic treatment, the locomotion of each animal was measured after
administration of either morphine (7.5 mg/kg) or alcohol (1.5 g/kg).
Before each test injection, animals were isolated in individual cages in
order to observe possible somatic manifestations of a withdrawal
syndrome (Cook et al., 1998; Hutcheson et al., 1998).

2.4.3. Influence of rimonabant on the consequences of a HU 210
pre-exposure

The effect of the cannabinoid CB1 receptor antagonist rimonabant
on the locomotor response to morphine was assessed in chronically
HU 210 pre-treated animals. Animals were treated once daily with HU
210 (200 µg/kg) or its vehicle during 14 days. The effect of the
cannabinoid CB1 receptor antagonist was assessed in separate groups



Fig. 1. Acute motor stimulant effect of morphine after the cessation of a 7-day treatment with HU 210 (12.5–200 µg/kg). The distance travelled (m) during 45 minwas measured in mice
tested with saline or morphine (7.5 mg/kg) on the 3rd and on the 14th day after the last HU 210 injection. No difference between HU 210 pre-treated animals vs. respective vehicle pre-
treated animals was observed. A main stimulant effect of morphine was observed (F(1,162)=35.7 and 27.3 respectively on the 3rd and 14th days; Pb0.001). n=12–14 animals per group.
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tested on the 3rd or on the 14th day after the last HU 210 injection.
Within each condition of cannabinoid pre-treatment, mice were
divided into two subgroups, receiving either rimonabant (10 mg/kg)
or the respective solvent. This rather high dose of rimonabant was
chosen in an attempt to block a large amount of cannabinoid CB1

receptors. Thirty minutes later, animals were injected with morphine
(7.5 mg/kg) or saline and placed into the actimeter.

It is noteworthy that rimonabant, administered at a short time
(usually 4 h) after the last injection of chronic cannabinoid treatments,
is widely used to precipitate a withdrawal syndrome (Gonzalez et al.,
2005 for review). We observed somatic signs of withdrawal in HU 210
pre-treated mice receiving rimonabant 4 h after the end of pre-
treatment (unpublished data), as found for other cannabinoids inmice
(Cook et al., 1998; Hutcheson et al., 1998). Therefore, we tested
whether rimonabant, injected on the 3rd or the 14th day after the end
of HU 210 chronic treatment, retained its ability to induce a significant
abstinence syndrome. For this purpose, during the latency between
the injection of rimonabant and that of morphine, animals were
observed in individual cages in order to evaluate possible withdrawal
behaviours. Here, we mainly looked for the most prominent sign, i.e.
paw tremors.

A similar experiment was performed to evaluate the consequences
of rimonabant on the alcohol-induced stimulation (1.5 g/kg) in
cannabinoid pre-treated mice 3 or 14 days after the end of the chronic
treatment with HU 210.
Fig. 2. Acute motor stimulant effect of alcohol after the cessation of a 7-day treatment with H
testedwith saline or alcohol (1 g/kg or 1.5 g/kg) on the 3rd and on the 14th day after the last H
pre-treated animals was observed. A main stimulant effect of alcohol was observed (F(2,177
2.5. Statistical analysis

Statistics were performed using the SigmaStat software (SPSS, USA).
Results were expressed as means±S.E.M. (standard error of the mean)
of the distance travelled. Data were tested for conformity to normality
and homogeneity of variances before parametric analysis. To overpass
the lack of equality of variances, all locomotor activity data were
analysed after a logarithmic transform. Statistical comparisons between
groups were performed by using two-way analysis of variance
(ANOVAs) with pre-treatments and treatments as factors at each day
of testing. Furthermore, two-way ANOVA for repeated measures, with
group and day of testing as factors, were used to study how the effects of
the 14-day pre-treatment develop with time. Post hoc comparisons
were performed using a Student–Newman–Keuls test.

3. Results

3.1. Influence of a sub-chronic HU 210 pre-exposure on subsequent
locomotor effects of morphine or alcohol

The motor effects of morphine or alcohol were measured at
different time intervals after the end of the seven-day treatment with
HU 210. Main data obtained on the 3rd (left panel) and the 14th days
(right panel) following the cessation of the treatment are shown on
Fig. 1 for morphine and on Fig. 2 for alcohol.
U 210 (12.5–200 µg/kg). The distance travelled (m) during 15 minwas measured in mice
U 210 injection. No difference between HU 210 pre-treated animals vs. respective vehicle
)=45 and 70 on the 3rd and 14th days, Pb0.001). n=9–12 animals per group.



Fig. 3. Acute motor stimulant effect of morphine after the end of a 14-day treatment
with HU 210 (200 µg/kg. The distance travelled (m) during 45 min was measured in
mice tested with saline or morphine (7.5 mg/kg) at various time after the last HU 210
injection. ⁎Pb0.05; ⁎⁎Pb0.01; ⁎⁎⁎Pb0.001: animals pre-treated with HU 210 vs.
respective vehicle pre-treated animals within saline-tested or morphine-tested mice.
“ns”: non significant difference between saline-tested and morphine-tested mice. n=12
animals per group.

Fig. 4. Acute motor stimulant effect of alcohol after the end of a 14-day treatment with
HU 210 (200 µg/kg). The distance travelled (m) during 15 min was measured in mice
tested with saline or alcohol (1.5 g/kg) at various time after the last HU 210 injection.
⁎Pb0.05; ⁎⁎Pb0.01; ⁎⁎⁎Pb0.001: animals pre-treated with HU 210 alone vs. respective
vehicle pre-treated animals within saline-tested or alcohol-tested mice. “ns”: non
significant difference between saline-tested and alcohol-tested mice. n=12 animals per
group.
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Morphine (7.5 mg/kg) increased the distance travelled from the 1st
to the 35th day after the end of the repeated treatment with HU 210
(main effect of morphine: Pb0.001 during each test day). The sub-
chronic treatment with HU 210 had no remaining effect on locomotor
activity from the 1st day up to the 35th following the last cannabinoid
injection (no main effect of HU 210 at each test session). Neither
enhancement nor decrease of the morphine stimulant effect occurred
3 days or 14 days or at any time after the end of the repeated
treatment (no HU 210×morphine interaction) (Fig. 1).

As for morphine, the HU 210 pre-treatment, devoid of remaining
effect, did not modify the alcohol-induced motor stimulation at any
time after the end of the sub-chronic HU 210 treatment (no HU
210×alcohol interaction) (Fig. 2).
3.2. Locomotor effects of morphine or alcohol after a chronic
administration of HU 210

Mice were tested with morphine or alcohol at various time
intervals after the end of a 14-day treatment with HU 210 (200 µg/kg)
(Figs. 3 and 4). It is noteworthy that no sign of spontaneous
withdrawal was observed at any day of testing after the last injection
of HU 210.

In both sets of experiments (morphine or alcohol), two-way
ANOVA for repeated measures showed that scores in various groups
were differentially affected by the day of testing (group×day
interaction: F(15,220)=4.7; Pb0.001 and F(15,220)=6.3; Pb0.001,
respectively for morphine and alcohol experiments). Multiple
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comparisons revealed that the 1st and 3rd days of testing differed
from the other ones in groups pre-treated with HU 210. Data were
then analysed, for each day of testing, using a two-way ANOVA, with
HU 210 pre-treatment and treatment (morphine or alcohol) as factors.

On the first and the 3rd days after the cessation of pre-treatments,
the effect of morphine differed according the pre-treatment condition
(HU 210×morphine interaction: F(1,44)=7.0; P=0.011 and F(1,44)
=6.8; P=0.012 respectively for the 1st and the 3rd days). Multiple
comparisons showed that morphine-induced locomotor activity was
lower in mice pre-treated with HU 210 than in vehicle pre-treated
ones. This effect led to a lack of morphine-induced stimulation in HU
210 pre-treated mice relatively to the respective saline-tested mice
(Fig. 3, 1st and 3rd days).

The loss of the morphine stimulant effect observed on the 1st and
the 3rd day in mice pre-treated by HU 210 disappeared from the 7th
day following cessation of pre-treatments (no more HU 210×mor-
phine interaction from the 7th day). Yet, the locomotor activity in all
mice pre-treated with HU 210 remained lower than that observed in
vehicle pre-treated mice, from the 7th day after abstinence up to the
35th day (main HU 210 effect: F(1,44)=17.4; Pb0.001 and F(1,44)
=6.2; P=0.016 respectively on the 7th and 35th days). Post hoc
analysis revealed that the spontaneous activity of saline-tested mice
was significantly lowered by the pre-treatment with HU 210 from the
7th day up to the 35th day after the last injection of HU 210. Mice pre-
treatedwith HU 210 were stimulated bymorphine to a lower extent in
comparisonwith those chronically injected with vehicle, although in a
significant manner only on the 14th day (Fig. 3).

Fig. 4 shows that on the 1st and on the 3rd days after the end of
pre-treatments, the responsiveness to alcohol depended on the pre-
treatment condition (HU 210×alcohol interaction: F(1,44)=11.9;
P=0.001 and F(1,44)=7.9; P=0.007 respectively for the 1st and the
3rd days). Alcohol-induced locomotor activity was lower in mice pre-
treatedwith HU 210 than in those pre-treatedwith vehicle. In HU 210-
pretreated mice, locomotor activity in alcohol-tested mice did not
differ from that measured in saline-tested mice (Fig. 4, 1st and 3rd
days).

From the 7th day after abstinence, the interaction between
alcohol-induced stimulation and HU 210 pre-treatment disappeared
(no HU 210×alcohol interaction). Nevertheless, the locomotor
Fig. 5.Modulation by rimonabant of the motor stimulant effect of morphine in mice chronica
kg) or its vehicle during 14 days. On the 3rd or on the 14th day after the last HU 210 injectio
morphine (7.5mg/kg), after a single rimonabant injection (10mg/kg). ⁎⁎⁎Pb0.001: morphine
vs. respective vehicle pre-treated animals tested undermorphine. # # #Pb0.001: main effect
F(1,42)=75.8 and 44.3 respectively without or with rimonabant). n=8–12 animals per grou
activity in mice pre-treated with HU 210 remained lower than that
observed in mice chronically injected with vehicle up to the 35th day
(main HU 210 effect: F(1,44)=19.1; Pb0,001 and F(1,44)=7.9;
P=0,007 respectively on the 7th and 35th days). In saline-tested
mice, the spontaneous activity in mice pre-treated by HU 210
remained significantly lower than that observed in vehicle pre-
treated mice from the 7th day up to the 35th day after cessation of
pre-treatment. Alcohol-induced stimulation in mice pre-treated by
HU 210 was significantly lower than that observed in mice
chronically injected with vehicle on the 7th day and the 14th day
after abstinence (Fig. 4).

3.3. Influence of rimonabant on the consequences of a chronic HU 210
pre-exposure

The consequences of the 14-day HU 210 treatment were actually
biphasic. An initial tolerance to drug-stimulant effects lasting up to the
3rd day after withdrawal was followed by a phase of general hypo-
reactivity in all mice pre-exposed to HU 210. Because of its long half-
life, a significant level of HU 210 may persist for a long time after the
last injection and that might, at least partially, explain the data
obtained. In an attempt to counteract a possible role of residual HU
210, locomotor trials were performed on the 3rd and the 14th day after
discontinuation of the pre-treatment in mice acutely treated with the
cannabinoid CB1 receptor antagonist rimonabant.

The effect of rimonabant on the locomotor effect of morphine or
alcohol on the 3rd or the 14th day after the end of a 14-day treatment
with HU 210 is presented in Figs. 5 and 6. No sign of precipitated
withdrawal was observed when rimonabant was injected 3 or 14 days
after the last exposure to HU 210.

On the 3rd day after withdrawal, the morphine-induced stimula-
tion was lowered after a cannabinoid pre-treatment in mice non-
injected with rimonabant, confirming our previous data shown in Fig.
3 (HU 210×morphine interaction: F(1,28)=4.2; P=0.05). This antag-
onism led to the loss of the morphine-induced stimulation in mice
pre-treated with HU 210. This antagonism disappeared in mice
injected with the cannabinoid CB1 receptor antagonist before
locomotor tests inducing the reappearance of morphine stimulant
effect (no more HU 210×morphine interaction) (Fig. 5, 3rd day).
lly pre-treated with HU 210. Animals were pre-treated once daily with HU 210 (200 µg/
n, the distance travelled (m) during 45 min was measured in mice tested with saline or
-testedmice vs. controls. +++Pb0.001: morphine effect in animals pre-treated by HU 210
ofmorphine of ANOVA (on the 3rd daywith rimonabant: (F(1,28)=16.6; on the 14th day:
p.



Fig. 6.Modulation by rimonabant of the motor stimulant effect of alcohol in mice chronically pre-treated with HU 210. Animals were pre-treated once daily with HU 210 (200 µg/kg)
or its vehicle during 14 days. On the 3rd or on the 14th day after the last HU 210 injection, the distance travelled (m) during 15minwas measured in mice tested with saline or alcohol
(1.5 g/kg), after a single rimonabant injection (10 mg/kg). ⁎⁎⁎Pb0.001: alcohol-tested animals vs. controls. +++Pb0.001: alcohol effect in animals pre-treated by HU 210 vs. respective
vehicle pre-treated animals tested under alcohol. # # #Pb0.001: main effect of alcohol of ANOVA (on the 3rd day with rimonabant: (F(1,28)=27.0; on the 14th day: F(1,42)=37.4 and
30.7 respectively without or with rimonabant). n=8–12 animals per group.
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Two weeks after the last HU 210 injection, in mice non-injected
with rimonabant, the cannabinoid pre-exposed animals remained
slightly less active than those chronically injected with vehicle (main
HU 210 effect: F(1,42)=6.1; P=0.018). Moreover, the morphine-
induced stimulation was not modified in HU 210-pretreated mice
anymore (no HU 210×morphine interaction). A similar profile was
obtained in mice receiving rimonabant and the residual hypoloco-
motor effect of the HU 210 pre-treatment was preserved in the
presence of rimonabant (main HU 210 effect: F(1,42)=7.2; P=0.01; no
HU 210×morphine interaction) (Fig. 5, 14th day).

In mice non-injected with rimonabant, the alcohol stimulant effect
was lessened in HU 210 pre-treated animals on the 3rd day after the
last cannabinoid injection (HU 210×alcohol interaction: F(1,28)=13.6;
Pb0.001). This antagonism induced a loss of the alcohol-induced
hyperlocomotion in cannabinoid pre-treated animals. In contrast,
when the cannabinoid antagonist rimonabant was injected before the
locomotor measurement, the antagonism of the alcohol-induced
stimulation in HU 210 pre-treated mice was no more apparent (no HU
210×alcohol interaction). Thus, the locomotor stimulant effect of
alcohol was fully restored in the presence of rimonabant in HU 210
pre-treated mice (Fig. 6, 3rd day).

On the 14th day of withdrawal, inmice untreatedwith rimonabant,
the alcohol stimulant effect was not affected by the pre-treatment (no
HU 210×alcohol interaction). The locomotor activity in HU 210 pre-
treated mice did not differ significantly from that observed in mice
pre-exposed to vehicle (no main effect of HU 210). Rimonabant
influenced neither the stimulant response to alcohol nor the effect of
HU 210 pre-treatment (alcohol effect: Pb0.001; no interaction and
main HU 210 effect) (Fig. 6, 14th day).

4. Discussion

Existing data about the long-term modulation of the motor
stimulant effects of drugs of abuse by cannabinoid agonists remain
controversial to date. The major findings in the present study are:
First, we failed to observe any hetero-sensitization to the morphine-
and alcohol-induced locomotor stimulationwhatever the cannabinoid
treatment regimen. Second, only after the chronic treatment regimen,
the morphine- and alcohol-induced activation was even blunted after
a short drug-free period. Third, after a protracted abstinence, we
observed a decrease in motor activity in mice chronically exposed to
HU 210.

After a 7-day HU 210 treatment with doses ranging from 12.5 to
200 µg/kg, mice were not sensitized to the morphine- or alcohol-
induced stimulant effects, even after a long drug-free period. A similar
lack of sensitization was observed after a longer treatment (14 days)
with a high dose of the cannabinoid agonist (200 µg/kg) in order to
mimic a heavy use. No previous experiment measured the long-term
consequences of a chronic cannabinoid treatment on the alcohol
stimulant effect. Earlier results regarding the locomotor stimulant
effects of opiates in animals pre-exposed to cannabinoid CB1 agonists
remain inconsistent. In agreement with us, the locomotor activating
properties of morphinewere not facilitated by pre-treatmentwithΔ-9
THC (Valverde et al., 2001; Jardinaud et al., 2006). In contrast, some
previous studies have shown the development of a cross-sensitization
to the motor effects of opiates after a chronic cannabinoid exposure
(Cadoni et al., 2001; Lamarque et al., 2001; Pontieri et al., 2001;
Norwood et al., 2003; Singh et al., 2005).

Differences in the treatment regimen as well as pharmacodynamic
and pharmacokinetic properties of different agonists might have
influenced the extent to which cross-sensitization to opiates could
develop. Among the most widely used cannabinoid agonists, CP
55,940, WIN 55,212-2 and HU 210 have all been characterized as
highly efficient agonists. In contrast, Δ-9 THC has lower CB1 and CB2

affinities and relative intrinsic activities than these other cannabi-
noids, behaving as a partial agonist (Howlett et al., 2002 for review).
Here, we used HU 210, a classical cannabinoid that displays
pharmacokinetic features resembling those of Δ-9 THC, having a
slightly longer duration of action than Δ-9 THC (Little et al., 1989;
Ottani and Giuliani, 2001). Some previous studies were performed
with short half-life agonists such as CP 55,940 (Norwood et al., 2003)
or WIN 55,212-2 (Pontieri et al., 2001) that, in contrast to Δ-9 THC or
HU 210, lead to successive peak effects which may favour the
development of sensitization to behavioural effects of morphine.
Moreover, using a pattern of increasing doses produces a strong and
rapid desensitization of cannabinoid receptors (Cadoni et al., 2001;
Pontieri et al., 2001). Besides, a long-term sensitization to opiates after
chronic cannabinoid treatmentswas observed in rats displaying a high
locomotor response to novelty (Lamarque et al., 2001) or in Lewis rats
(Norwood et al., 2003), all rats described as highly sensitive to drugs of
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abuse, suggesting that individual differences in susceptibility to drug
addiction may strongly determinate the consequences of a cannabi-
noid exposure.

We previously found that an acute injection of HU 210, even at
doses devoid of intrinsic hypolocomotor effects, antagonized the
stimulant effect of morphine or alcohol, implying an involvement of
the cannabinoid CB1 receptors in acute motor effects of these agents. A
tolerance to this antagonistic interaction between HU 210 and alcohol
or morphine occurred at the end of a 7-day or a 14-day HU 210
treatment (Hagues et al., 2007). However, adaptive changes triggered
by the repeated activation of cannabinoid CB1 receptors do not
contribute to a facilitation of subsequent drug-induced locomotion.
Given the wide distribution of cannabinoid CB1 receptors, it cannot be
excluded that some cellular neuroadaptations elicited throughout the
brain by systemically injected HU 210 may counteract the behavioural
expression of sensitization.

On the 1st and 3rd days following withdrawal from the HU 210
chronic treatment regimen (14 days, 200 µg/kg), the locomotor
stimulant effects of morphine or alcohol were not enhanced, but even
alleviated, whereas a shorter pre-exposure to HU 210 (7 days) had no
obvious consequences. A similar reduction of the motor stimulant
effect of morphine was also observed 3 days after the end of a 14-day
pre-exposure to Δ-9 THC (Jardinaud et al., 2006). We found that
rimonabant, administered on the 3rd day after cessation of the chronic
treatment with HU 210, was able to reverse the decrease in morphine
or alcohol stimulant effects, confirming the implication of cannabi-
noid CB1 receptors. These data must be put in line with the fact that
HU 210, when co-administered with either morphine or alcohol,
antagonized their acute stimulant effects (Hagues et al., 2007). It leads
us to suggest that the sensitivity of cannabinoid CB1 receptors might
be partially restored on the 3rd day after cannabinoid abstinence, so
that they might be stimulated by traces of HU 210, explaining the
lessening of morphine or alcohol effects. In agreement, a partial
reappearance of the analgesic and hypolocomotor effects of a test dose
of Δ-9 THC occurred within 4.5 days in mice having received thirteen
injections of this cannabinoid (Bass and Martin, 2000; Gonzalez et al.,
2005 for reviews). This hypothesis of residual HU 210 after a 14-day
treatment should be verified by determining the cerebral level of this
agonist. Alternatively, the chronic treatment with HU 210 could lead to
a transient reduction in the ability of morphine or alcohol to elicit a
dopamine release. Interestingly, the alcohol-induced dopamine
increase in the nucleus accumbens was abolished one day after
cessation of a repeated treatment with the cannabinoid agonist WIN
55,212-2 in rats (López-Moreno et al., 2008).

Moreover, the motor activity of animals pre-treated with HU 210
during 14 days remained lower than the activity of controls from the
7th day after withdrawal. This hypolocomotor effect could be induced
by a hyperactivity of the endocannabinoidergic pathway due to a
withdrawal-induced rebound effect. Furthermore, the very high
lipophilicity of HU 210 may lead to an increased storage in fat tissues
and to a possible delayed release from these latter (Little et al., 1989)
inducing significant levels of residual HU 210. However, the fact that
rimonabant had no strong influence on the locomotor activity on the
14th day after withdrawal do not support these assumptions. An
alternative explanation for this long-lasting hypolocomotor effect
could be a decline in the mesolimbic dopaminergic tone following the
cannabinoid withdrawal. Such a decreased mesolimbic dopaminergic
transmission was already documented after either a spontaneous or a
precipitated cannabinoid withdrawal in rats (Diana et al., 1998; Tanda
et al., 1999). In this respect, it is noteworthy that this effect actually
appeared only after a 2-week treatment at the highest dose of HU 210
(200 µg/kg) mimicking a heavy use, but not after a shorter treatment.

In conclusion, we failed to observe any hetero-sensitization to
morphine or alcohol stimulant effects after both sub-chronic and
chronic treatment regimens. These data argue against the hypothesis
that repeated exposure to various drugs of abuse result in final
common neuroadaptations triggering behavioural sensitization. Sen-
sitization of the mesocorticolimbic dopaminergic pathway is thought
to have a prominent role for most drugs of abuse. However, whether a
sensitized dopaminergic response develops after a repeated admin-
istration of cannabinoid actually remains to be established. Yet, it is of
note that behavioural and neurochemical sensitization to a given
agent does not necessarily extend to drugs of abuse of different
pharmacological classes, as previously proposed (Cadoni and Di
Chiara, 1999).

Moreover, a 14-day treatment with a large dose of HU 210 (200 µg/
kg), better mimicking a continuous heavy use, induced a long-term
decrease of the spontaneous locomotor activity, possibly linked to a
long-term decrease in the dopaminergic mesolimbic transmission.
Therefore, further investigations are required to test this hypothesis
and to evaluate with appropriate models whether a long enough
period of high consumption of cannabinoids could induce an
enhanced susceptibility to depressive-like state or to subsequent
drug-seeking behaviours.
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