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BACKGROUND AND PURPOSE

The endocannabinoid system appears to play a pivotal role in mediating the rewarding and reinforcing effects of nicotine.
Recent studies have shown that the inhibition of fatty acid amide hydrolase (FAAH) attenuates reinstatement of nicotine-
seeking induced by nicotine priming and nicotine-associated cues. FAAH hydrolyses the endogenous endocannabinoid
anandamide, as well as other non-cannabinoid ligands such as oleoylethanolamide (OEA) and palmitoylethanolamide (PEA).
As OEA and PEA can attenuate both nicotine-taking and nicotine-seeking behaviour, the specific role of anandamide remains
unclear. In this study, we have tested the selective anadamide uptake inhibitor, VDM11, which elevates anandamide levels
without affecting levels of OEA/PEA, on nicotine-taking and nicotine-seeking behaviour.

EXPERIMENTAL APPROACH

We used a nicotine intravenous self-administration model in rats to assess the effect of VDM11, given i.p., on nicotine taking
using fixed and progressive ratio schedules of reinforcement as well as on reinstatement of nicotine-seeking induced by
nicotine priming and nicotine-associated cues.

KEY RESULTS

VDMT11 did not affect levels of responding for nicotine under fixed-ratio and progressive-ratio schedules of reinforcement. In
contrast, VDM11 dose-dependently attenuated reinstatement of nicotine-seeking behaviour induced by nicotine-associated
cues and nicotine priming.

CONCLUSIONS AND IMPLICATIONS

These results indicate that ligands elevating anandamide levels could have therapeutic value for preventing relapse into
nicotine-seeking behaviour and should be tested in humans trying to quit smoking.

Abbreviations

2AG, 2-arachidonoylglycerol; AM404, N-(4-hydroxyphenyl)-arachidonamide; ANOVA, analysis of variance, CRF,
continous reinforcement; FAAH, fatty acid amide hydrolase; FR fixed ratio; OEA, oleoylethanolamide; PEA,
palmitoylethanolamide; PPAR, peroxisome proliferator-activated receptor; PR, progressive ratio; TO, time out; TRPV,
transient receptor potential vanilloid; URB597, cyclohexyl carbamic acid 3’-carbamoyl-3-yl ester;
VDM11,((52,8Z,11Z,14Z)-N-(4-hydroxy-2-methylphenyl)-5,8,11,14-eicosatetraenamide]
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Introduction

The endocannabinoid system is involved in drug-taking
behaviour and relapse for various drugs of abuse, including
nicotine (De Vries and Schoffelmeer, 2005; Le Foll and Gold-
berg, 2005; Le Foll et al., 2008). The endocannabinoid system
consists of the endocannabinoids [mostly anandamide and
2-arachidonoylglycerol (2-AG)], the target receptors for those
endocannabinoids (cannabinoid CB; and CB, receptors, but
also non-cannabinoid targets for anandamide; receptor
nomenclature follows Alexander et al., 2009), enzymatic deg-
radation systems (through fatty acid amide hydrolase (FAAH)
for anandamide and monoacylglycerol lipase for 2-AG) and a
putative transport uptake system (Di Marzo et al., 1998; 2001;
Mechoulam et al., 1998; Piomelli et al., 2000; Sugiura and
Waku, 2002; Piomelli, 2003; 2005; Di Marzo, 2006). Preclini-
cal and human clinical studies (Le Foll et al., 2008) have
indicated that blocking endocannabinoid transmission by
CB, receptor antagonists/inverse agonists could be a useful
strategy for the treatment of human smokers. Rimonabant, a
CB; receptor inverse agonist used in Europe for the treatment
of obesity (Scheen et al., 2006; Burch et al., 2009; Leite et al.,
2009), increased the smoking cessation rates in controlled
trials (Le Foll et al., 2008). Unfortunately, the use of rimona-
bant has been associated with increased risk of anxiety and
depression (Moreira et al., 2009; Nathan efal.,, 2010) and
hence, rimonabant was withdrawn from the European
market at the end of 2008 (Le Foll et al., 2009)

Interestingly, we have recently discovered that elevating
endogenous anandamide levels could be an alternative thera-
peutic strategy. We first evaluated the effects of URB 597 (a
FAAH inhibitor) (Fegley etal., 2005) as pharmacological
blockade of FAAH activity prolonged many behavioural and
neurobiological effects of anandamide. We found that URB
597 administration reversed abuse-related behavioural and
neurochemical effects of nicotine in rats (Scherma et al.,
2008; Forget et al., 2009). URB 597 elevates not only brain
levels of anandamide, but also those of the non-cannabinoid
acylethanolamides, oleoylethanolamide (OEA) and palmi-
toylethanolamide (PEA) which act on o-type peroxisome
proliferator-activated receptors (PPARo) (Bond efal., 1995;
Fegley et al., 200S5; Astarita et al., 2006; Mascia et al., 2011). As
the effects of URB 597 could be mediated by either elevated
levels of anandamide, by elevated levels of OEA and PEA, or
by combinations of these three endogenous ligands, there is
a need to explore further the effects of anandamide alone on
nicotine-taking and nicotine-seeking behaviour.

In this study, we evaluated the effect of the selective
anadamide uptake inhibitor, VDM11 on nicotine-taking and
nicotine-seeking behaviour. VDM11 elevates anandamide
levels with minimal effects on levels of OEA, PEA or 2-AG (the
other endogenous cannabinoid ligand) both in vitro (De Pet-
rocellis et al., 2000) and in vivo (Van der Stelt et al., 2006). Our
aim was to study the effect of selectively elevating levels of
anandamide in the brain on i.v. nicotine self-administration
under fixed-ratio (FR) and progressive-ratio (PR) schedules of
reinforcement, as well as nicotine-seeking behaviour induced
by nicotine-associated cues and nicotine priming. The anan-
damide uptake inhibitors were of potential therapeutic
benefit in the treatment of pain, motor impairments and
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anxiety (Fernandez-Espejo et al., 2004; Bortolato, et al., 2006;
La Rana et al., 2006). If proven to modulate reinstatement of
nicotine-seeking behaviour, this class of ligands could have a
potential therapeutic benefit as smoking-cessation therapy.

Methods

Animals

All animal care and experimental procedures described in this
report complied with the guidelines of the Canadian Council
on Animal Care (compatible with NIH guidelines), and were
reviewed and approved by the institutional Animal Care
Committee. Male Long Evans rats (Charles River, Lachine,
PQ, Canada), experimentally naive at the start of the study
and initially weighing 250-275 g, were used. All rats were
individually housed in a temperature-controlled environ-
ment on a 12 h reverse light/dark cycle (lights off from
07:00 h to 19:00 h). Before any experimental manipulation,
animals were given a minimum of 7 days to habituate to the
colony room, during which they were weighed, handled and
received unlimited access to both food and water. After
habituation, all rats were diet restricted to five pellets or 20 g
daily and had free access to water.

Apparatus

Nicotine i.v. self-administration studies were carried out in
commercially available experimental chambers (Med Associ-
ates, St Albans, VT, USA) located in sound-attenuating boxes
and equipped with two levers, a house light and two cue
lights, one located above each lever. For half the animals, the
left lever was the active lever and for the other half, the right
lever was the active lever.

Experimental procedures

Food-maintained behaviour. Techniques for initial acquisition
of food-maintained behaviour and surgery were similar to
those already reported (Corrigall and Coen, 1989; Forget
etal., 2009; Gamaleddin etal. 2011; Khaled etal., 2010)
Animals learned to lever press for food reinforcement on a
continuous reinforcement schedule, in which each press on
the active lever resulted in the delivery of a 45 mg food pellet.
During these acquisition sessions, the house light was on,
with no illumination of the cue lights above the levers. Daily
1 h acquisition sessions were conducted for 5 days. Once
food-maintained behaviour was acquired, i.v. catheters were
surgically implanted.

Implantation of i.v. catheters. Surgical procedures for implan-
tation of chronic i.v. catheters were similar to those already
reported (Corrigall et al., 1989; Forget et al., 2009; Khaled
et al., 2010). Briefly, catheters were implanted into the jugular
vein, exiting between the scapulae. Surgery was performed
under anaesthesia induced by xylazine (10 mg-kg™’, i.p.) and
ketamine hydrochloride (90 mg-kg™, i.p.). Incision sites were
infiltrated s.c. with a local anaesthetic, marcaine (0.125%).
Buprenorphine was given for post-operative analgesia
(0.03 mg-kg', s.c.), and a single dose of penicillin (30 000
units, i.m.) was administered at the completion of surgical
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procedures. Animals were allowed to recover for 1 week
before drug self-administration sessions were begun.

Self-administration procedures. Acquisition of nicotine self-
administration was performed under an FR schedule of rein-
forcement at a unit dose of 30 ug-kg™ per infusion of nicotine
base. Session duration was 60 min. The start of each 60 min
session was signalled by illumination of the house light. In the
presence of the illuminated house light, 1-5 active lever
presses resulted in the delivery of a nicotine infusion. Each
infusion was followed by a time out period of 60 s, during
which the house light was dimmed, the cue light above the
active lever illuminated and lever press responses had no
programmed consequences. During the first week of acquisi-
tion, response requirements were FR1 (i.e. each active lever
press during the time-in period resulted in the delivery of a
nicotine infusion). Response requirements were then gradu-
ally increased to reach a final value of FRS, by which time
self-administration behaviour was stable and the animals had
a 15-20 day history of nicotine self-administration. Self-
administration sessions occurred mostly 5 days a week.

Testing under the FR5 schedule of reinforcement. Animals were
considered to have acquired stable nicotine self-
administration when they pressed the active lever more than
twice the number of times they pressed the inactive lever,
received a minimum of 10 infusions per 60 min session and
had less than 20% variation in the number of infusions
earned per session during two consecutive sessions.

Once stability was reached, the animals were given i.p.
injections of vehicle (tocrisolve) to habituate them to the
injection procedure for an additional 3 days. Rats (n = 18)
were then tested using i.p. injections of vehicle or VDM11 at
doses of 1, 3 and 10 mg kg’ given 30 min before the start of
the session, in a counterbalanced, within-subject design.

Testing under the PR schedule of reinforcement. The same group
of animals (n=14) (four animals were excluded due to blocked
catheters) was used to self-administer nicotine (30 pg-kg™ per
infusion) under the FR schedule and then was directly
switched to a PR schedule where the response requirement
increased with each successive injection. The response require-
ment progression was based on the formula 5e(®2® * [inj-number + 3
with the first two values replaced by 5 and 10 (modified from
Roberts and Bennett, 1993). Thus, the response requirements
for successive injections were 5, 10, 17, 24, 32, 42, 56, 73, 95,
124, 161, 208, etc. The break point was defined as the highest
ratio completed prior to the first 30 min period without a
response on the active lever. PR sessions lasted a maximum of
4 h. The animals were allowed 10 days of nicotine self-
administration under the PR schedule before testing with the
pharmacological compounds began. Testing of VDM11
(1-10 mg-kg', 30 min before the session) was performed using
a counterbalanced within-subject design.

Extinction. Reinstatement testing was performed on another
group of animals (this experiment started with 18 rats, but
only 14 rats completed testing on all doses of VDM11 on
cue-induced reinstatement due to attrition). After acquisition
of nicotine self-administration as described previously, an
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extinction phase was conducted by withholding nicotine and
its associated cues (house light stayed on and cue lights
stayed off throughout the session). Responses on the active
and inactive lever were recorded, but had no programmed
consequences. An extinction criterion was established for
each animal individually and was defined as total active lever
responses being less than 20 presses. The extinction criteria
had to be maintained for two consecutive days in order to
conduct testing. All animals reached extinction criteria
within an average of eight extinction sessions. Both extinc-
tion and reinstatement sessions lasted for 60 min

Effects of VDM11 on cue-induced reinstatement of nicotine-
seeking behaviour. All tests were carried out in a counterbal-
anced, within-subject design. After each test, extinction was
re-established until extinction criteria were obtained for at
least two consecutive days. Rats were pretreated 30 min
before the session with vehicle or 1, 3 and 10 mg-kg! VDM11
in a counterbalanced order to measure the effects of VDM11
on cue-induced reinstatement of nicotine-seeking behaviour.
Cue-induced reinstatement tests were conducted under con-
ditions identical to that of self-administration, except that
responses on the active lever (on an FRS schedule) resulted in
contingent presentation of the cues (light above the active
lever on and house light off for 60 s) without nicotine avail-
ability (no infusions). Responses on the inactive lever were
recorded but had no programmed consequences. The testing
sessions lasted 1 h.

Effects of VDM11 on nicotine-induced reinstatement of nicotine-
seeking-behaviour. A new group of animals (n = 7) were given
same training and extinction and was subsequently used to
determine the effects of VDM11 (1, 3, and 10 mg-kg™ i.p.
30 min before the session) on nicotine-induced reinstate-
ment. Nicotine priming was performed as described by Forget
et al., (2010a,b) by administering 0.15 mg-kg™' nicotine s.c.,
10 min before the test session. During the extinction and
nicotine-induced reinstatement testing sessions, the cue light
above the active lever was always off.

Data analysis

The number of active and inactive lever presses or nicotine
infusions was recorded and analysed. To analyse difference in
responses between the active and inactive levers along time
in the acquisition of nicotine self-administration under FR
and PR schedules and during extinction, we used two-way
ANOVA. To analyse the effects of VDM11 on the number of
nicotine infusions earned under the FR and the PR schedule
of reinforcement, one-way ANOVA was performed. For rein-
statement studies, one-way repeated measures ANOVA was
used to assess the reinstatement effect and the effects of
VDM11 on reinstatement induced by nicotine priming and
nicotine-associated cues.

Materials

(-)Nicotine hydrogen tartrate (Sigma-Aldrich, St Louis, MO,
USA) was dissolved in saline, the pH was adjusted to 7.0
(+0.2) and the solution was filtered through a 0.22 mm
syringe filter (Fisher Scientific, Pittsburgh, PA, USA) for ster-
ilization purposes. All nicotine doses are reported as free base



concentrations. Nicotine was administered i.v. in a volume of
100 uL-kg™ per injection for self-administration studies or
was administered s.c. at the dose of 0.15 mg-kg! for reinstate-
ment studies.
VDM11((5Z,82,11Z,14Z)-N-(4-hydroxy-2-methylphenyl)-
5,8,11,14-eicosatetraenamide] (Tocris Bioscience, Ellisville,
MO, USA) was dissolved in Tocrisolve and injected i.p. at a
volume of 1 mL-kg™" 30 min before the start of the session.

Results

Acquisition of nicotine self-administration

behaviour under FR schedule of reinforcement
During the first week of acquisition, responding on the active
lever, which had previously been reinforced by food and was
now reinforced by nicotine infusion, decreased to relatively
low levels. When response requirement was then increased to
reach a final value of FRS over the next 2 weeks, responding
on the active lever that was reinforced by nicotine infusion
increased to the high levels previously maintained by
food, while responding on the inactive lever remained
low (Figure 1A). ANOVA revealed a significant effect of time
(Fraeas = 13.35; P < 0001), a significant effect of lever (i.e.
active vs. inactive; F;4 = 44.16; P < 0001) and a significant
interaction between time and lever (Fiyss = 7.77; P < 0001).

Acquisition of nicotine self-administration
behaviour under PR schedule of reinforcement
Animals achieved stable self-administration under the PR
schedule of reinforcement within 9 days, after which subse-
quent testing with VDMI11 started. ANOVA performed on
acquisition of nicotine self-administration under PR schedule
of reinforcement showed a non-significant effect of time
(Fs20s = 1.08; P =0.37), a significant effect of lever (i.e. active
vs. inactive levers, F, =27.36; P < 0.0001) and no significant
interaction between time and lever (Fsps = 1.17; P = 0.31)
(Figure 1B).

Extinction

The data presented in Fig 1C reflect the extinction pattern for
the group of animals (n = 16) used in the cue-induced rein-
statement testing (only 14 animals completed testing on cue-
induced reinstatement). Animals were subjected to extinction
sessions that lasted for 8 days, during which most of the
animals reached extinction criteria and testing with VDM11
on reinstatement was started (extinction training was
pursued for the remaining rats until they reach the extinction
criteria). ANOVA performed on the 8 days of extinction
showed a significant effect of time (Fs,40 = 48.19; P < 0.0001),
a significant effect of lever (F;3 = 27.10; P < 0.0001) and a
significant interaction between time and lever (Fs 4 = 27.10;
P < 0.0001). LSD post hoc analysis showed no significant
difference between responses on the active and inactive levers
after the third day of extinction (P = 0.65)

Effects of VDM11 on nicotine
self-administration under the FRS schedule
ANOVA showed no effect of VDM11 pretreatment on the
number of nicotine infusions (F;s; = 0.07087, P = 0.97), and
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(A) Acquisition of nicotine (30 ug-kg” per infusion) self-
administration under an FR schedule of reinforcement. A: the
number of active and inactive lever presses (mean = SEM) received
in each session under the different schedules of reinforcement (FR-1,
FR-2, FR-5) ANOVA showed a significant effect of time (P < 0.0001)
and active versus inactive lever (P < 0.0001), and a significant inter-
action between lever presses and time (P < 0.0001). (B) Acquisition
of nicotine (30 ug-kg'/infusion) self-administration under PR sched-
ule of reinforcement. B: the number of active and inactive lever
presses (mean = SEM) received in each session under PR schedule of
reinforcement. ANOVA showed no significant effect of time (P=0.37),
a significant difference between active and inactive levers (P <
0.0001), and no significant interaction between lever presses and
time (P = 0.31). (C) Extinction of nicotine self-administration behav-
iour before reinstatement testing. C: the number of active and inac-
tive lever presses (mean *= SEM) received in each extinction session.
ANOVA performed on the 8 days of extinction showed a significant
effect of time (P < 0.0001) and lever (P < 0.0001), and interaction
between lever presses and time (P < 0.0001). LSD post hoc analysis
showed no significant difference between responses on the active
and inactive levers after the 3rd day of extinction (P = 0.65);
*P < 0.05; ** P<0.01.
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Effect of VDM11 on nicotine self-administration under FR5 and PR schedules of reinforcement. (A) Effects of pre-treatment with VDM11 (1, 3 and
10 mg-kg™, i.p.) on nicotine (30 ug-kg™' per infusion) self-administration under the FR5 schedule. Data are expressed as mean = SEM of the
number of infusions obtained during the 60 min session. VDM11 did not affect responding versus vehicle pre-treatment (n = 18); P = 0.97. (B)
Effects of pre-treatment with VDM11 (1, 3 and 10 mg kg™, i.p.) on nicotine (30 ug-kg™" per infusion) self-administration under PR schedule. Data
are expressed as mean + SEM of the number of infusions obtained during the 4 h sessions. VDM11 did not affect BP P > 0.05 versus vehicle

pre-treatment (n = 14); P = 0.15.

pairwise comparisons with baseline level indicated that pre-
treatment with VDM11 (1, 3 and 10 mg-kg™") did not affect
the number of nicotine infusions received during the session
(Figure 2A).

Effects of VDM11 on nicotine
self-administration under the PR schedule
ANOVA showed no effect of VDM11 pretreatment on the
number of nicotine infusions (Fs 3, = 1.843, P> 0.05). VDM11
(1, 3 and 10 mg-kg") at the various doses tested failed to
produce any change in the break point values, compared with
vehicle (Figure 2B).

Effects of VDM11 on reinstatement of
nicotine seeking induced by
nicotine-associated cues

ANOVA performed on active lever presses indicated a main
effect of cues per se on reinstatement of nicotine seeking
compared with baseline conditions (P < 0.001). ANOVA per-
formed on the active lever presses indicated a main effect of
VDM11 (F4s, = 14.22; P < 0.05) and Newman-Keuls post hoc
analysis showed that pre-treatment with 3 and 10 mg-kg™!
VDM11, 30 min before the start of the session, attenuated the
reinstatement induced by nicotine-associated cues (P < 0.05),
as compared with reinstatement under vehicle pre-treatment.
Neither presentation of nicotine-associated cues nor VDM11
administration had a significant effect on responding on the
inactive lever (F4s, = 1.019; P = 0.40) (Figure 3A).

Effects of VDM11 on reinstatement of
nicotine seeking induced by nicotine priming
ANOVA performed on active lever presses indicated a main
effect of priming with nicotine (0.15 mg-kg™) on nicotine-
seeking behaviour, as compared with baseline conditions (P <
0.001: Figure 3B). ANOVA analysis of the active lever presses
indicated a main effect of VDM11 (Fy24 =9.963; P < 0.05) and
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Newman-Keuls post hoc analysis showed that pre-treatment
with 3 and 10 mg-kg' VDM11, 30 min before the start of the
session, attenuated the effect of nicotine priming (P < 0.05),
compared with reinstatement under vehicle pretreatment.
Neither priming injections of nicotine nor VDM11 (1,3 and
10 mg-kg™") treatment had any significant effect on respond-
ing on the inactive lever (F4.4 = 0.947; P = 0.43) (Figure 3B).

Discussion

Anandamide transport inhibitors represent a novel class of
ligands that modulate endocannabinoid neurotransmission.
Our results indicate that elevation of anandamide levels by
the selective uptake inhibitor VDM11 reduced reinstatement
of nicotine-seeking behaviour induced by either presentation
of nicotine-associated cues or by nicotine priming. In con-
trast, VDM11 did not have an effect on responding for nico-
tine under FR or PR schedules of reinforcement.

Our findings with VDM11 are in agreement with our
previous results with URBS97. We reported that URB597
attenuated nicotine-induced reinstatement of nicotine
seeking using both i.v. nicotine self-administration and con-
ditioned place preference paradigms (Scherma ef al., 2008;
Forget et al., 2009). URB597 also attenuated acquisition of
nicotine self-administration under an FR schedule (Scherma
et al., 2008). In contrast, URB597 did not alter nicotine self-
administration behaviour under a PR schedule (Forget et al.,
2009). The present findings obtained with VDM11 indicates
that this ligand has a similar profile; that is, it is able to
disrupt nicotine seeking induced by both cues and priming,
but does not affect established nicotine-taking behaviour.
Further studies will be required to evaluate whether VDM11
can affect acquisition of nicotine self-administration behav-
iour, as it has been reported that URBS597 significantly
decreases acquisition of nicotine self-administration
(Scherma et al., 2008).
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As mentioned earlier, inhibition of FAAH increases levels
of several endogenous substances in the brain, including the
endocannabinoid anandamide and the non-cannabinoid
fatty acid acylethanolamides OEA and PEA, which are ligands
for PPARo (Scherma et al., 2008). We recently reported that
ligands acting selectively as PPARo agonists can reduce
reward-related effects of nicotine (Mascia etal.,, 2011). In
those studies, PPARa agonists dose-dependently decreased
nicotine self-administration and nicotine-induced reinstate-
ment, but did not alter food- or cocaine-reinforced operant
behaviour (Mascia etal., 2011). Therefore, the effects
observed with URB597 could have been mediated by only
PPARo activation by OEA and PEA. It is interesting to note
that VDM11 exhibited a different profile from that of the
PPARo agonists, being unable in the present experiments to
affect established nicotine self-administration behaviour.

One possible limitation of our findings is the fact that the
effects could be modulated by non-specific effects on motor
response. Beltramo et al., (2000) have previously reported
that intracerebroventricular injection of AM404 (a VDM11
analogue) induced mild hypokinesia as shown by the
increase in immobility time and decreased motor behaviour
stimulated by dopamine D, receptor agonists. However, such
effects are unlikely to mediate the effects observed here with
VDM11 as we found no significant effect on the ability of the
animals to lever press for nicotine under both FR and PR
schedules (Figure 2A,B).

Another limitation of our study is that we tested only one
anandamide uptake inhibitor. Further studies evaluating the
ability of other anandamide uptake inhibitors, such as
AM404, which also elevate anandamide levels selectively, are
needed to validate our findings. Interestingly, it has been
reported that AM404 administration reduces alcohol self-
administration under an FR schedule of reinforcement but it
did not affect reinstatement of alcohol-seeking, suggesting
that either there may be differences between AM404 and
VDM11, or that anandamide may cause differential effects on
drug-taking and drug-seeking depending on the substance
under study (Cippitelli ef al., 2007).

It is also possible that VDM11 could have an inhibitory
effect on FAAH enzymatic activity in vitro (De Petrocellis et al.,
2000), however, such an effect has not been reported consis-
tently. Any potential inhibitory effects of VDM11 on FAAH
activity could be assay-related and also dependent on the
source of the compound or the pH used in the assay, as well
as the concentration of fatty acid-free BSA used in the experi-
ment (Fowler et al., 2004)

Anandamide and 2-AG are the two main endocannab-
inoids in the brain (Bisogno et al., 2000; Hanus et al., 2001;
Huang et al., 2002; Porter et al., 2002; Di Marzo, 2006). Anan-
damide not only binds to cannabinoid CB; receptors with
high affinity (Ki = 52 nM) (Devane et al., 1992; Felder et al.,
1993; Childers et al., 1994; Terranova et al., 1995), but also
acts on CB, receptors and may also have non-cannabinoid-
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mediated effects, notably through the transient receptor
potential vanilloid (TRPV) ion channels (Di Marzo etal.,
2000). The present experiments do not provide information
on the downstream mechanisms by which VDM11 acts to
produce its effects on nicotine reinstatement. Activation at
CB,, CB; and TRPV receptors are possible mechanisms. Inter-
estingly, like anandamide, 2-AG also binds to cannabinoid
CB, receptors, but with lower affinity (K; = 15 uM). 2-AG acts
as a full agonist at CB, receptors (Devane et al., 1992; Felder
etal., 1993; Childers etal., 1994; Terranova et al., 1995),
whereas anandamide acts as a partial agonist (Sugiura ef al.,
2002). Because 2-AG is a full agonist and anandamide is a
partial agonist, it is possible that anandamide may oppose
some effects of 2-AG (Maccarrone et al., 2008). It may appear
surprising that an experimental approach which increases
endocannabinoid tone produces opposing effects. However,
the administration of a full cannabinoid agonist, such as WIN
55,212-2, has been shown to increase motivation for nicotine
and produce reinstatement of nicotine-seeking behaviour
(Gamaleddin et al., in press). Moreover, such opposite effects
have also been described in experiments utilising nicotine
full agonists and partial agonists, with nicotine (full agonist)
being able to induce nicotine-seeking (see Figure 3B and
Scherma et al., 2008), while varenicline (a nicotinic partial
agonist) reducing the motivation to self-administer nicotine
and decreasing cue-induced reinstatement of nicotine-
seeking (Le Foll et al., abstract SRNT 2011). These hypotheses
will be evaluated through further ongoing studies that will
investigate the separate roles of anandamide and 2-AG on
nicotine-seeking behaviour.

Our results indicate that elevation of anandamide levels
reduced reinstatement to nicotine seeking, induced by
nicotine-associated cues as well as by exposure to a priming
dose of nicotine. As the ligands elevating anandamide levels
are likely to be devoid of the psychotropic side effects of the
CB, inverse agonist rimonabant (Le Foll et al., 2009), this class
of ligands may have some therapeutic potential to prevent
relapse in abstinent smokers.
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