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a b s t r a c t

While numerous cannabinoid ligands were historically characterized using the tetrad test (hypomobility,
catalepsy, hypothermia, analgesia), only fewstudieshave extensively comparedHU210 andCP55,940which
are nowadays classically used as reference agonists. Therefore, we herein re-examined the acute and the
sustained changes in motor activities mediated by these two agonists in adult rats. As expected for canna-
binoid agonists, exposure to either HU 210 or CP 55,940 induced a marked reduction in spontaneous loco-
motion. This reduction observed as early as 15 min after injectionwas correlatedwith the typical rearing and
cataleptic responses, and was reversed by co-administration of the CB1 cannabinoid receptor antagonist SR
141716A. Nevertheless, HU 210, but not CP 55,940, was found to induce persistent responses, lasting for at
least 24 h. Also suggesting the involvement of additional targets for HU 210, 10 mg/kg SR 141716A failed to
reverse the persistent HU 210-mediated decline in locomotion and rearing, while 1 mg/kg was sufficient to
completely abolish the behavioural responses measured 6 h after the injection. Beside pharmacokinetic
differences, these data therefore denote distinct pharmacodynamic profiles for HU 210 and CP 55,940.
Together, these results suggest that HU 210 displays multicomponent responses that should be taken into
account when interpreting data from in vivo/ex vivo studies.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Since the cloning of the cannabinoid receptors and the discovery
of endogenous cannabinoid ligands in the early 1990s, extensive
research has revealed the involvement of the cannabinoid system
in several physiological processes including the modulation of
neurotransmission, the regulation of energy homeostasis and the
control of immune cell functions (Pacher et al., 2006). These events
are mainly mediated through activation of two cannabinoid
receptors, the CB1 and the CB2 cannabinoid receptors, which are
currently recognised as the key cannabinoid targets. As members of
the G protein-coupled receptor superfamily, both cannabinoid
receptor subtypes were reported to exert their effects through
activation of Gi/o-type G proteins (Howlett et al., 2002).

Consistentwith awidespread distribution in the brain, a variety of
behavioural responses are triggered upon activation of the CB1
þ32 2 7645460.
(E. Hermans).
as senior investigators in this
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cannabinoid receptors. As a consequence, a combination of four
typical behavioural tests (the tetrad) including antinociception,
hypomobility, hypothermia and catalepsy has been conventionally
used as a screening procedure predictive of cannabinoid identity
(Martin et al., 1987, 1991). Furthermore, a correlation was evidenced
between the affinity of ligands at the CB1 cannabinoid receptor and
their potency in the tetrad test in rodents (Compton et al., 1993).
Hence, in addition to D9-tetrahydrocannabinol (D9-THC), recognised
as the main psychoactive constituent of the plant Cannabis sativa L.,
several synthetic derivatives authenticated in the tetrad test are now
validated as reference ligands for cannabinoid receptors (Ryan et al.,
1995; Compton et al., 1996; Wiley et al., 1998; Adams et al., 1995).
Notwithstanding the effectiveness of these tests, it is noteworthy that
behavioural responses are generally measured within 1 h after
administration, even thoughmost cannabinoid ligands are lipophilic
and display remarkably long elimination half-life (Grotenhermen,
2003; Harvey and Agurell, 1999).

Given the growing interest in the development of cannabinoids
as medicine, a lot of efforts have been concentrated on the design of
selective cannabinoid drugs. Despite these intense research most of
the current cannabinoid ligands display a lack of specificity for
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cannabinoid receptors (For review see Brown, 2007; Oz, 2006).
Besides, though the majority of studies have been focused on
cannabinoid mediated inhibition of adenylyl cyclase, it has became
clear that several cannabinoid ligands may induce complex cellular
signalling pathways (Bosier et al., 2008a,b). These likely reflect the
ability of these ligands to promote different conformations of the
CB1 cannabinoid receptor (Anavi-Goffer et al., 2007; Georgieva
et al., 2008) resulting in distinct combinations of G protein
couplings and activation (Bonhaus et al., 1998; Glass and Northup,
1999; Mukhopadhyay and Howlett, 2005; Lauckner et al., 2005).
The concept that unique patterns of G protein activation exist for
distinct agonists allows for the expectation that cannabinoid
ligands could ultimately produce several related and unrelated
physiological and pharmacological responses. Indeed, we previ-
ously reported a functional selectivity among the responses asso-
ciated with the activation of CB1 cannabinoid receptor by HU 210
and CP 55,940, two commonly used cannabinoid agonists (Bosier
et al., 2007, 2009).

Therefore, the present study aimed at further evaluating and
comparing the immediate and delayed activities mediated by either
HU 210 or CP 55,940, in vivo. Spontaneous motor activities and
induced catalepsy were monitored to re-examine the behavioural
effects mediated by these drugs. As expected for cannabinoid
agonists, the exposure to either HU 210 or CP 55,940 produced
a rapid reduction of locomotor activity that was reversed by co-
administration with the CB1 selective receptor inverse agonist/
antagonist SR 141716A. However HU 210, but not CP 55,940, was
found to induce persistent responses, lasting for at least 24 h, which
were not inhibited by SR 141716A. Together, these results further
shed light on pharmacokinetic as well as pharmacodynamic
differences between these reference cannabinoid agonists.

2. Experimental procedures

2.1. Animals

Male Wistar rats obtained from Charles River Laboratories (distributed by Iffa-
Credo, Lyon, France) and weighing 275e300 g at the beginning of the experiment
were acclimatised in the house facility from the Vrije Universiteit Brussel in
a controlled environment (10/14-h dark/light cycle, temperature controlled room)
during 1 week. Animals had ad libitum access to food and water. All experiments
were approved by the local ethical committee and housing conditions were as
specified by the Belgian law of 14 November 1993 on the protection of laboratory
animals (LA 1230314).

2.2. Drugs

HU 210 and CP 55,940 were purchased from Tocris Cookson (Bristol, UK). The
CB1 cannabinoid receptor inverse agonist/antagonist SR 141716A was generously
given by Dr Barth, Sanofi-Synthélabo Research (Montpellier, France). HU 210 and CP
55,940 were prepared as stock solutions in ethanol at 20 mg/ml, stored as aliquots at
�80 �C and administered i.p. (1 ml/kg) in a in a 1% ethanol, 1% Tween 80 saline
solution. SR 141716A was prepared in 4% ethanol, 1% Tween 80 saline solution, and
administered i.p. in a volume of 1 ml/kg.

2.3. Catalepsy

At the given time points after the agonist injections, rats were tested for cata-
lepsy by the placement of both forelimbs over a thin metal bar fixed at 10 cm above
the ground. Animals were timed for the latency to move one or both forelimbs.
Three trials were taken for each animal and the longest latency time on the bar was
recorded. Results were expressed in latency seconds on the bar.
Fig. 1. Time-course dependent alteration of spontaneous motor activity induced by HU 2
immobility episodes (E, F) and rearing frequency (G, H) were measured in different groups
100 mg/kg) (right) was administered 15 min to 24 h prior to the behavioural session. As
parameters were measured during a 5 min period exactly 20 min, 35 min, 6 h05 and 24
**p< 0.01, *p< 0.05, relative to vehicle injected rats (controls) tested at the same time poin
2.4. Locomotion

The motor activities of the animals were recorded in an open field device
(60� 60 cm) equipped with a digital video tracking system. Animals were placed in
the arena 5 min after the beginning of latencymeasurement for catalepsy. The session
began by placing the rat in the centre of the arena and lasted for 5 min. Behavioural
measures recorded were i) the total distance moved, ii) the velocity (during the
moving duration), iii) the duration of immobility and iv) rearing (vertical exploratory
behaviour). All these measurements were scored with the Noldus EthoVision video
tracking system (Wageningen, the Netherlands).

2.5. Procedure

In tests involving only agonists, rats were given a single i.p. injection prior
monitoring catalepsy and locomotion. The motor effects of HU 210 and CP 55,940
were measured at different time intervals after the injection from 15 min to 24 h.
Worth mentioning, preliminary experiments revealed that repeating the behav-
ioural tests on a same animal led to some contextual habituation that altered the
reproducibility. Therefore, separate cohorts of animals were systematically used for
the measures at different time points. For tests combining agonists and the antag-
onist SR 141716A, rats were given two separate i.p. injections. Different groups of
rats received SR 141716A plus the agonist (HU 210 or CP 55,940), vehicle plus the
agonist, SR 141716A plus vehicle and vehicle plus vehicle. The doses of HU 210 or CP
55,940 were 10 or 100 mg/kg. SR 141716A was injected at 1 mg/kg or 10 mg/kg.

2.6. Statistical analyses

Data are expressed as mean values with SEM and statistical analyses were
performed in comparison to the control animal for each time point by one-way
ANOVA followed by Tukey’s post-hoc test using the software GraphPad PRISM
(San Diego, CA, USA).

3. Results

3.1. Reduced locomotion and catalepsy induced by
HU 210 and CP 55,940

As expected for cannabinoid agonists, both HU 210 and CP 55,940
reduced spontaneous locomotion after i.p. injections (Fig. 1). Both
a reduction in velocity and an increase in the duration of immobility
episodes accounted for the reduction in the walking distances, sug-
gesting that the cannabinoid agonists inhibited different components
of motor activities. In addition, the frequency of rearing was signifi-
cantly decreased with both agonists, indicative of a reduction in the
vertical exploratory activity. Consistent with previous reports,
significant alterations in motor activities by HU 210 and CP 55,940
were evidenced as soon as 20min after systemic administration
(Little et al., 1989; Compton et al., 1991; Martin-Calderon et al., 1998;
Mauler et al., 2002). However, analyses of animal behaviour at late
time points revealed that the effects induced by HU 210 were
maximal 6 h after the administration and persisted for at least 24 h,
whereas the maximal responses induced by CP 55,940 occurred 3 h
after the injection andwere totally reversed after 24 h.Worth noting,
the amplitude of the effects induced by HU 210 and CP 55,940 were
similar when tested at 100 mg/kg, while at lower dose (10 mg/kg) only
HU 210 provoked a significant alteration of the different motor
parameters, except for the rearing behaviour.

The decreased spontaneous activity induced by both
compounds shortly after the administration was correlated with
a typical cataleptic response. However, at variance with the spon-
taneous locomotor behaviour, the catalepsy induced by HU 210 at
the dose of 100 mg/kg was substantially more pronounced than
with the lower dose tested (10 mg/kg), suggesting that the potency
10 and CP 55,940. Total distance moved (A, B), average velocity (C, D), duration of
of male Wistar rats (n¼ 6e12). HU 210 (10 and 100 mg/kg) (left) or CP 55,940 (10 and
this session started by the 5 min catalepsy measurement, the different locomotor
h05 after the injections. Data points represent the mean values� SEM. ***p< 0.001,
ts (one-way ANOVA followed by Tukey’s post-hoc test).



Fig. 2. Time-course dependent alteration of catalepsy-like behaviour induced by HU
210 and CP 55,940. Catalepsy was measured in male Wistar rats (n¼ 6e12) 15 min to
24 h consecutively to HU 210 (10 and 100 mg/kg) (A) or CP 55,940 (10 and 100 mg/kg)
(B) injections. The different time points were 15 min, 30 min, 6 h or 24 h. The latency
to remove the forelimbs from the fixed bar was used to quantify the catalepsy. Results
shown are mean latency values� SEM. ***p< 0.001, **p< 0.01, *p< 0.05, relative to
vehicle injected rats (controls) tested at the same time points (one-way ANOVA fol-
lowed by Tukey’s post-hoc test).

Fig. 3. Influence of SR 141716A on the short-term mediated changes in motor activities
induced by cannabinoids. The effects of HU 210 (100 mg/kg) or CP 55,940 (100 mg/kg)
were measured in combination with SR 141716A (1 mg/kg) on locomotion (total
distance moved) (A), rearing (frequency) (B) and catalepsy (latency) (C) in different
groups of male Wistar rats (at least n¼ 3). SR 141716A was injected 40 min prior to the
session onset. HU 210 and CP 55,940 were administered 30 min or 35 min before
catalepsy and locomotion assessments, respectively. Data points represent the mean
values� SEM. **p< 0.01, *p< 0.05, relative to vehicle injected rats (controls) tested at
the same time points (one-way ANOVA followed by Tukey’s post-hoc test).
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of this agonist was different in these two assays (Fig. 2A). In addi-
tion, prolonged monitoring of catalepsy after a single administra-
tion revealed that the effects of HU 210were no longer evident after
24 h. Likewise, the cataleptic behaviour induced by CP 55,940 was
of shorter duration as compared to the hypolocomotion (Fig. 2B).

3.2. Effect of SR 141716A on the early cannabinoid-induced
hypolocomotion and catalepsy

The general assumption that the CB1 cannabinoid receptor
accounts for the motor behavioural responses to cannabinoids was
further assessed by co-administration of the CB1 selective inverse
agonist/antagonist SR 141716A. Intraperitoneal administration of
1 mg/kg SR 141716A did not alter ambulation, rearing or catalepsy
(Fig. 3). However, as expected, administration of this antagonist
nearly totally inhibited HU 210- and CP 55,940-induced catalepsy
and hypolocomotion when examined 30 and 35 min post-injection
(Fig. 3). Nevertheless, at the same dose, SR 141716A failed to restore
the rearing behaviour.
3.3. Effect of SR 141716A on the long-lasting cannabinoid-induced
hypolocomotion and catalepsy

Considering the sustained responses observed with HU 210 on
the spontaneous locomotor activity, the influence of selectively
inhibiting the CB1 cannabinoid receptor was further characterized at
late timepoints after administrationof the agonists. Thus, SR 141716A
(1 mg/kg) was administered 10 min before a single injection of HU
210 or CP 55,940 and the behavioural assessments were conducted
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6 h or 3 h later, respectively. At variancewith the inhibition validated
for early responses, SR 141716A failed to reverse the decline of loco-
motion as well as the reduction of rearing induced 6 h after the
administration of HU 210 (Fig. 4A and C) even when the agonist was
tested at the lower dose of 10 mg/kg. Similarly, the hypolocomotion
observed 24 h after the administration of HU210was not reversed by
SR 141716A (data not shown). Confirming the putative differences in
the responses to HU 210 and CP 55,940, increasing the concentration
of SR 141716A to 10 mg/kg failed to reverse the alterations of motor
activities mediated by HU 210, whereas 1 mg/kg was sufficient to
consistently suppress both the reduction of locomotion or the
decreased rearing mediated by 100 mg/kg CP 55,940 (Fig. 4B and D).
Of note, SR 141716A per se caused a significant increase in horizontal
ambulation when administered at 10 mg/kg i.p.

Nevertheless, when focusing on the cataleptic behaviour,
a single administration of SR 141716A was proven effective in
antagonizing both early and late cannabinoid agonist-mediated
responses. Thus, SR 141716A (1 or 10 mg/kg) completely abolished
the catalepsy induced by HU 210 when examined 6 h after the
injection (Fig. 4E). Likewise, the maximal response to CP 55,940
measured 3 h after administration was nearly totally abrogated by
the co-administration of SR 141716A (Fig. 4F).

Finally, in order to exclude the involvement of late cannabinoid
receptor activation in the sustained HU 210-mediated locomotor
Fig. 4. Influence of SR 141716A on the sustained changes in motor activities induced by ca
catalepsy (latency) (E, F) were measured in different groups of male Wistar rats (n¼ 4e6). H
combination with SR 141716A (1 and 10 mg/kg), 6 h and 3 h prior to behavioural assessme
points represent the mean values� SEM. One-Way ANOVA followed by Tukey’s post-ho
###p< 0.001, ##p< 0.01, #p< 0.05, relative to rats treated with indicated doses of SR 14171
effects, we designed an additional experiment inwhich HU 210was
first administered to the rat (100 mg/kg, 6 h before behavioural
assessment) and SR 141716A was administered, 40 min only before
catalepsy and locomotion measurements. Indeed, this timing for SR
141716A administration was proven effective in the short-term
experiments (Fig. 3). In these conditions, the antagonist was also
found ineffective in blocking the late locomotor and rearing
behaviours responses induced by HU 210 (Fig. 5A and B). Never-
theless, when used in these conditions, the antagonist was inef-
fective in preventing the long-lasting HU 210-induced catalepsy
while it efficiently blocked the agonist-induced catalepsy when
administered before HU 210 (Fig. 5C).

4. Discussion

Consistent with the expression of CB1 cannabinoid receptors in
motor-related brain structures such as the cerebellum and the basal
ganglia, altered locomotor behaviour is commonly observed after
exposure of rodents to cannabinoid ligands. Accordingly, minutes
after administration in rats, HU 210 and CP 55,940 were herein
found to reduce spontaneous locomotor activities and provoke
catalepsy-like behaviour through activation of the CB1 cannabinoid
receptor. However an original finding of the present study is that in
addition to these rapidly evoked responses, HU 210 also induced
nnabinoids. Locomotion (total distance moved) (A, B), rearing (frequency) (C, D) and
U 210 (10 and 100 mg/kg) (left) or CP 55,940 (10 and 100 mg/kg) (right) was injected in
nts, respectively. SR 141716A was injected 10 min before agonist administration. Data
c test ***p< 0.001, **p< 0.01, *p< 0.05, relative to vehicle injected rats (controls);
6A.



Fig. 5. Influence of delayed administration of SR 141716A on the persistent HU 210-
mediated changes in locomotor activities. Locomotion (total distance moved) (A),
rearing (frequency) (B) and catalepsy (latency) (C) were measured in different groups
of male Wistar rats (n¼ 4). HU 210 100 mg/kg was injected 6 h prior to behavioural
assessments while SR 141716A (1 mg/kg) or the corresponding vehicle was injected
40 min before behavioural experiments. Data points represent the mean values with
SEM. One-way ANOVA followed by Tukey’s post-hoc test, **p< 0.01, *p< 0.05, relative
to vehicle/vehicle injected rats (controls), ##p< 0.01, #p< 0.05, relative to rats treated
with SR 141716A alone.
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sustained hypolocomotion which was not reversed by the CB1
selective inverse agonist/antagonist SR 141716A. This suggests that
all motor behaviours caused by HU 210 are not mediated through
CB1 cannabinoid receptors, a hypothesis that is also supported by
time-course studies.

Typically, in early reports evidencing the central effects medi-
ated by cannabinoid agonists, the behavioural responses were
systematically examined 5e60 min after drug administration
(Martin et al., 1987; Little et al., 1989; Adams et al., 1995; Ryan et al.,
1995; Wiley et al., 1998). More recently, other studies conducted on
longer periods of time, up to 24 h, have indicated that the behav-
ioural changes triggered by HU 210 and CP 55,940 as well as D9-THC
and WIN 55212-2 were maximal from 1 to 2 h after a single i.p.
injection and were not longer detected after 4 h (Martin-Calderon
et al., 1998; Mauler et al., 2002; McMahon and Koek, 2007). Sup-
porting such short duration of action, ex vivo binding studies have
revealed maximal CB1 cannabinoid receptor occupancy in the brain
30 min after i.p. injection and compounds tested were eliminated
from the brain within 4 h after administration (Petitet et al., 1999).
While we herein observed that both HU 210 and CP 55,940 rapidly
altered behaviours after administration, we also evidenced that the
response to HU 210 is much more prolonged as compared to CP
55,940. Furthermore, the motor effects of HU 210 are much more
sustained than previously reported, persisting for at least 24 h after
a single i.p. injection. At variance with previous reports showing
that the catalepsy induced by D9-THC and WIN 55,212-2 lasts
longer than hypolocomotion and other behavioural responses
(McMahon and Koek, 2007), we observed that catalepsy induced by
HU 210 or CP 55,940 develops later, and lasts shorter than hypo-
locomotion. Besides, when HU 210 was injected first and SR
141716A secondly, respectively 6 h and 40 min before the
measurement of catalepsy, the antagonist failed to prevent cata-
lepsy. This suggests that an initial stimulation of CB1 cannabinoid
receptor is sufficient to trigger persistent behavioural responses.

In addition to these differences in the time-course of the
responses mediated by the agonists, dissimilarities between HU
210 and CP 55,940 were also evidenced when considering their
intrinsic pharmacological profiles. Indeed, it was previously sug-
gested that affinity (Compton et al., 1993) and/or efficacy and
potency (Burkey et al., 1997) values are key parameters connecting
receptor occupancy to drug-mediated functional responses in vivo.
As comparable efficacy was determined for HU 210 and CP 55,940
in functional [35S]-GTPgS binding assays in rat brain membranes
(Govaerts et al., 2004), a similar dose-response relationship would
be expected for these drugs in altering motor behaviours. While
the dose-dependent profile was evident for CP 55,940-induced
hypolocomotion and catalepsy, this was not observed for HU 210.
Thus, at doses producing dose-dependent catalepsy, HU 210 was
found to elicit a maximal effect on locomotion 6 h after injection. In
addition to some previously reported partial agonist properties of
HU 210 (Sugiura et al., 1999; Martin et al., 2000), these inconsis-
tencies in the dose-dependent profile of HU 210-mediated
responses, suggest the existence of additional mechanisms than the
simple CB1 cannabinoid receptor-mediated-on/off G protein acti-
vation (for review also see Howlett et al., 2002).

The failure of SR 141716A in blocking the locomotor activities
modulated by certain cannabinoid ligands was previously reported
(Jarbe et al., 2003; McMahon and Koek, 2007). As SR 141716A per se
was also shown to induce hypoactivity (Jarbe et al., 2002, 2006;
McMahon and Koek, 2007), it was suggested that the lack or
incomplete antagonism might be due to direct effects provoked by
this antagonist (McMahon and Koek, 2007). While the present
study also evidenced some limitation in the blocking properties of
SR 141716A on HU 210-induced hypolocomotion, our results are not
consistent with this hypothesis. Indeed, rather than reducing
locomotion, SR 141716A caused a significant increase in locomotion
when tested at maximal dosages. Similar observations have already
been reported (Costa and Colleoni, 1999; Compton et al., 1996;
Cosenza et al., 2000; Bass et al., 2002) and are in better agree-
ment with the inverse agonism profile of SR 141716A (Bouaboula
et al., 1997). Together with these previous findings, our observa-
tions more likely suggest that all behavioural changes induced by
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HU 210 do not result from the activation of the CB1 cannabinoid
receptor.

An apparent incomplete functional antagonism of HU 210 by SR
141716A could possibly result from distinct pharmacokinetic prop-
erties or from a rapid metabolism of the latter. However, data from
human studies show that in a typical dose range, the elimination
half-life of SR 141716A is between 6 and 9 days (Padwal and
Majumdar, 2007). In addition, in rats, 50% of the brain cannabinoid
receptors remain occupied 8 h after oral administration of SR
141716A (10 mg/kg), supporting that this antagonist has a long
duration of action into the brain. According with this, efficient
antagonismof behavioural responses to cannabinoidswas previously
reported up to 24 h after administration of SR 141716A (Compton
et al., 1996). Also, we herein observed that 6 h and even 24 h (not
shown) after administration, SR 141716A totally prevented the cata-
lepsy induced by HU 210. Finally, when SR 141716A was injected
40min before behavioural testing of rats treated 6 h earlier with HU
210, the locomotor activity was not restored to any further extent. As
we show the effectiveness of this 40min treatment with the antag-
onist in the prevention of the early effect of HU 210, this further
demonstrates the lack of CB1 cannabinoid receptor involvement in
the sustained HU 210 effect, even through a late CB1 cannabinoid
receptor activation. Together, these data imply that SR 141716A
remains distributed throughout the brain and is able to prevent the
CB1 cannabinoid receptor-mediated responses during at least 24 h.

Several CB1 cannabinoid receptor-independent responses have
already been demonstrated in vivo with both endogenous and
exogenous cannabinoid ligands including anandamide (Smith et al.,
1998; Di Marzo et al., 2000), methanandamide (Jarbe et al., 2003;
Baskfield et al., 2004), WIN 55,212-2 (Pistis et al., 2004), CP 55,940
(Hajos et al., 2001) and D9-THC (O’Sullivan et al., 2005). However, the
present study constitutes one of the first report demonstrating
persistent in vivo effects of HU 210 that are not reversed by SR
141716A. The interaction of HU 210 on another cannabinoid receptor
could indeed explain the functional differences between HU 210 and
CP 55,940. Corroborating the existence of additional binding sites for
this drug, HU 210 was recently described as a potent agonist of the
novel cannabinoid receptor GPR55 (Ryberg et al., 2007). In addition
HU 210 was shown to display positive allosteric modulators proper-
ties at glycine receptors (Demir et al., 2009). Nevertheless, in other
investigations, HU 210 failed to activate GPR55 (Oka et al., 2007). In
addition some studies reported a failure of HU 210 to activate G
proteins through CB1 receptor-independent mechanism whereas
both AEA and WIN 55,212-2 where shown to induce G protein acti-
vation through mechanisms not directly related to the CB1 cannabi-
noid receptor. While the existence of unspecific targets was already
speculated from some in vitro reports (Lau and Chow, 2003; Rao and
Kaminski, 2006;Gustafssonet al., 2009; Fowler et al., 2010) this study
provides a direct evidence for unspecific action of HU 210 in behav-
ioural paradigms classically used to characterise cannabinoid ligands.

Together this study shows that a single injection of HU 210
provokes persistent effects on locomotion up to 24 h consecutively
to the administration. At variance, the effects of CP 55,940 were not
longer evident at this time, revealing considerable differences in the
response kinetic to these two ligands when tested in vivo. Further-
more, it appears that although HU 210 and CP 55,940 share common
properties, their combination with a CB1 cannabinoid receptor
inverse agonist reveals complex differences in their pharmacody-
namic profiles. Indeed, the data presented in this study are consis-
tent with the involvement of an additional target in some sustained
responses to HU 210. As several in vivo studies take advantage of HU
210 as a high affinity and high efficacy reference agonist to evaluate
the CB1 cannabinoid receptor related functions, it is important to
consider the existence some off-target effects when interpreting
these data.
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