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Effects of bupropion and mecamylamine on motivational effects
of drugs of abuse measured in CPP-reinstatement test in rats
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ABSTRACTS

In the present study, we investigated the mechanisms of cross-reinstatement of nicotine-induced place conditioning in rats. We used the
conditioned place preference (CPP) paradigm and our data revealed that nicotine (0.175 mg/kg, base, i.p.) produced a place preference
and once established, nicotine CPP was extinguished. Moreover the CB1 receptor agonist - WIN 55,212-2 (0.5 mg/kg, i.p.) or ethanol
(0.5 g/kg, i.p.) reinstated a marked preference. Furthermore, we evaluated and compared the efficacy of the atypical antidepressant drug -
bupropion (5, 10 and 20 mg/kg, i.p.) and a nonselective nicotinic receptor antagonist - mecamylamine (1 and 2 mg/kg, s.c.), in blocking
the reinstatement of nicotine CPP provoked by WIN 55,212-2 and ethanol. Our results demonstrated that mecamylamine in all used
doses and bupropion (except for dose of 10 mg/kg used in reinstatement induced by WIN 55,212-2) attenuated the reinstatement of
nicotine-conditioned response induced by both drugs. Results obtained in the present studies may contribute to better understanding of
the neurochemical mechanisms underlying nicotine addiction and the reciprocal relationships between nicotine, cannabis and ethanol.
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INTRODUCTION

Tobacco, alcohol and cannabis are frequently used to-
gether, and because of their numerous social and health-
related consequences, this is a continuing source of national
public policy debate. Previous studies in rodents have re-
ported that the cholinergic system is involved in modulation
of many functions within the central nervous system (CNS)
e.g. anxiety, learning and memory, nociception, and that re-
peated administration of nicotine, an agonist of neuronal
cholinergic nicotinic receptors (nAChRs), produces physi-
cal dependence [14,19]. Similarly, CB1 cannabinoid
receptor ligands modulate locomotion, anxiety, memory,
nociception and rewarding processes [9]. Moreover, behav-
ioural experiments in animals showed that alcohol and
nicotine produce similar effects in several behavioural mod-
els, i.e. sensitization, place preference or self-administration
[2,17]. It has been well established that all major pharmacol-
ogical effects of nicotine are mediated through several
different types of nAChRs located within the brain [8]. In
turn, ethanol alters the function of different ionotropic re-
ceptors [12] and cannabinoids produce their physiological
effects by influencing cannabinoid (CB) receptors, espe-
cially the CB1 receptors found in the CNS [9].

Accordingly to the epidemiological data, the relapse to
drug taking behaviour is a very important clinical problem.
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High rate of relapse to drug addiction is especially character-
istic for people trying to quit tobacco. Moreover, smoking
alcoholics are generally less successful at smoking cessation
than are subjects without alcoholism [1].

Several laboratories have developed a reinstatement pro-
cedure based on the CPP, which is a simple non-invasive
method, compatible with the classical Pavlovian condition-
ing [20]. In these studies, preference to one distinctive
environment associated with a drug administration during
conditioning can be extinguished by allowing animals to ex-
plore both compartments during a daily session in the
absence of the drug. After extinction, a priming dose of drug
or the exposure to drug-related environmental stimuli rein-
state the extinguished CPP. Several animal studies have also
demonstrated that drugs other than those previously re-
ceived, can reinstate drug-seeking behaviour. This
phenomenon, termed “cross-reinstatement”, has been al-
ready described using drugs from different classes [16].

The aim of the present studies was to investigate the
mechanisms committed to the co-abuse of nicotine, CB1 re-
ceptor agonists and ethanol. We explored the model of
cross-reinstatement between nicotine, a synthetic CB1 re-
ceptors agonist (WIN 55,212-2) and ethanol in rats. For the
purpose of better understanding the neurobiological mecha-
nisms of relapse to nicotine taking and polydrug abuse, we
investigated the influence of bupropion (an atypical antide-
pressant drug) and mecamylamine (a non-selective nicotinic
receptor antagonist) on the reinstatement of nicotine CPP
provoked by a priming dose of both WIN 55,212-2 and etha-
nol. The intention of this work is to aid in the development of
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more effective methods in the treatment of nicotinism and
polydrug abuse.

MATERIALS AND METHODS

Animals:

The experiments were carried out on naive male Wistar
rats weighing 250-300 g (Farm of Laboratory Animals,
Warszawa, Poland) at the beginning of the experiments. The
animals were group-housed, kept under standard laboratory
conditions (12/12-h light/dark cycle) with free access to tap
water, and adapted to the laboratory conditions for at least
one week.

The rats were handled once a day for 5 days preceding the
experiments. Additionally, all efforts were made to mini-
mize animal suffering and to use only the number of animals
necessary to produce reliable scientific data. Each experi-
mental group consisted of 6-14 animals. The experiments
were performed between 9.00 a.m. and 5.00 p.m. All experi-
ments were carried out according to the National Institute of
Health Guidelines for the Care and Use of Laboratory Ani-
mals and the European Community Council Directive of 24
November 1986 for Care and Use of Laboratory Animals
(86/609/EEC), and approved by the local ethics committee.

Drugs:

The compounds tested were (-)-nicotine hydrogen tartrate
(Sigma, St. Louis, MO, USA), WIN 55,212-2 ([R(+)-[2,3-
dihydro-5-methyl-3-[(morpholinyl) methyl] pyrolol [1,2,3-de]-
1,4-benzoxazin-yl]-(1-naphthalenyl) methanone mesylate],
TOCRIS, USA), ethanol (95°, Polmos Poznan), meca-
mylamine hydrochloride (Sigma, St. Louis, MO, USA),
bupropion hydrochloride (Sigma-Aldrich, St. Louis, MO,
USA). The drugs were dissolved in saline (0.9% NaCl).
WIN 55,212-2 was dissolved in one drop of TWEEN 80 and
diluted in 0.9% NaCl. Ethanol was prepared for injections by
diluting 95% ethanol to obtain a concentration of 10% (v/v).
The pH of the nicotine solution was adjusted to 7.0. Fresh
drug solutions were prepared on each day of experimenta-
tion. Agents were administered subcutaneously (s.c.) or intra-
peritoneally (i.p.) in a volume of 5 ml/kg. Except for nicotine,
drug doses refer to the salt form. Control groups received sa-
line injections at the same volume and by the same route.

Apparatus:

The testing apparatus for the CPP paradigm was already
validated in our laboratory [2,3]. Each of six rectangular
boxes (60 cm x 35 cm x 30 cm) was divided into three com-
partments: two large compartments (20 cm x 35 cm) were
separated by removable guillotine doors from a small central
area (10 cm x 10 cm). One of these had its walls and floor
painted white, while the walls of the other were painted
black. The central grey area constituted a “neutral” chamber,
which serves as connection and a start compartment. The
testing boxes were kept in a sound-proof room with neutral
masking noise and dim 40-1x illumination.
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Experimental procedure and treatment:

The CPP-reinstatement paradigm took place on 9 con-
secutive days and consisted of the following phases:
pre-conditioning (pre-test), conditioning, post-conditioning
(test), extinction and reinstatement.

Pre-conditioning

On the first day, each animal was placed separately in the
neutral area with the guillotine doors removed to allow ac-
cess to the entire apparatus for 15 min. The amount of time
that the rats spent in each of the two large compartments was
measured (a baseline preference), and observed on a monitor
through a video camera system. All animals showed a mod-
erate preference for the black compartment.

Conditioning

One day after pre-conditioning, the rats were randomized
and subsequently conditioned with saline paired with the
preferred (black) compartment (the morning sessions), and
nicotine (0.175 mg/kg, base, i.p.) paired with the other
(white) compartment (the afternoon sessions), for 30 min.
Sessions were conducted twice each day, with an interval of
6-8 h, for 3 consecutive days (days 2—4). Injections were ad-
ministered immediately before confinement in one of the
two large compartments, as mentioned above. A dose of
0.175 mg/kg nicotine was chosen for conditioning because
this is known to produce reliable conditioned place prefer-
ence in rats, also under our experimental conditions [2,3,5].
The control group received saline every day. The neutral
zone was never used during conditioning and was blocked
by guillotine doors.

This method (biased design) was similar to that used in
our previous experiments [3] accordingly to the data indicat-
ing that rewarding action of nicotine in the CPP paradigm
can be observed after restricted doses and under specific bi-
ased conditions [5].

Post-conditioning (test)

On the day 5, conducted one day after the last condition-
ing trial, the test animals were placed in the neutral area with
the guillotine doors removed and allowed free access to all
compartments of the apparatus for 15 min. The time spent in
the saline- and drug-paired compartments was recorded for
each animal. No injections were given on the day of this
preference test.

Extinction training

One day after the preference test, rats were given extinc-
tion testing daily for 3 days. On each trial, the rat was placed
in the neutral area and allowed to explore both chambers for
15 min. No injections were given during this extinction pe-
riod. The amount of time that rats spent in each chamber was
measured on day 6 (Extinction 1), 24 h after initial prefer-
ence test, and on day 8 (Extinction 3), 72 h after this
preference test.

Reinstatement

One day after the last extinction trial (day 9), separate
groups of rats received saline, bupropion (5, 10 or 20 mg/kg,
i.p.) or mecamylamine (1 or 2 mg/kg, s.c.), 30 min before
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a priming injection of WIN 55,212-2 (0.5 mg/kg, i.p.) or
ethanol (0.5 g/kg, i.p.), and were immediately tested for rein-
statement of CPP. During this reinstatement test, the rats
were allowed free access to the entire apparatus for 15 min,
and the time spent in each chamber was measured. Simulta-
neously, the number of passings through the central grey
area was measured for 15 min.

Statistics

For the CPP paradigm, the data are expressed as means +
S.E.M of scores (i.e., the differences in seconds between
post-conditioning and pre-conditioning time spent in the
drug-associated compartment). Locomotor activity was ex-
pressed as the number of times passing through the central
grey area (means = S.E.M.). The statistical analyses were
performed using repeated measure analysis of variance
(ANOVA), with treatment as between subjects’ variables,
and session as within subjects’ variable. Post-hoc compari-
son of means was carried out with the Tukey test for multiple
comparisons, when appropriate. The confidence limit of
p<0.05 was considered statistically significant.

RESULTS

The time spent in the initially less-preferred (white) and
in the initially more preferred (black) sides did not signifi-
cantly differ between groups on the pre-conditioning day.
This side preference was not significantly changed when sa-
line was paired with both compartments during the
conditioning sessions.

Acquisition, extinction and reinstatement of nicotine-
induced CPP

As shown in Fig. 1, in saline- and nicotine-conditioned
rats, given saline or WIN 55,212-2 injection on the reinstate-
ment test, two-way ANOVA analysis revealed that there
was a significant effect of treatment and session [treatment:
F(1,90) = 253.23, p <0.0001; session: F(4,90) = 36.40, p <
0.0001; treatment x session: F(4,90) = 37.14, p < 0.0001].
On the test day, post-hoc analysis showed that there were
significant differences in scores between saline-conditioned
and nicotine-conditioned groups (p < 0.001, Tukey test).
Fig. 1 also shows that the time spent in the nicotine-paired
chamber gradually diminished over the days of repeated test
training. The increase in time spent in the drug-paired com-
partment on day 6 (first test for extinction, Extinction 1,
conducted 24 h after the preference test), was still greater for
the nicotine-paired animals, than for the saline-paired ani-
mals (p < 0.001, Tukey test), whereas on day 8 (second test
for extinction, Extinction 3, 72 h after the initial preference
test), there was no difference in time spent in the drug-paired
compartment between these two groups. This indicates that
nicotine-CPP had been extinguished by repeated test trials.
It can also be seen in Fig. 1 that the priming injection of WIN
55,212-2 (0.5 mg/kg, i.p.) reinstated the extinguished nico-
tine-CPP (p < 0.001 vs. the saline-conditioned group given
saline injection during reinstatement test, Tukey test). What
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is more, the data shows differences in scores between
nicotine-conditioned and WIN 55,212-2-primed rats and
saline-conditioned and WIN 55,212-2-primed rats (p <0.001,
Tukey test), indicating that a prior CPP is necessary for
a WIN 55,212-2 prime to produce an increase in time spent
in the drug-paired compartment.
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Fig. 1. Reinstatement of nicotine CPP in rats caused by a priming
dose of WIN 55,212-2 (0.5 mg/kg, i.p.). Data represent means
+S.E.M., and are expressed as scores, i.e. differences (in s) between
post-conditioning and pre-conditioning time spent in the drug-
associated compartment; n=9-14. ***P < 0.001 vs. saline-condi-
tioned group; ###P < 0.001 vs. saline-conditioned rats primed with
WIN 55,212-2; xxxP < 0.001 vs. nicotine-conditioned rats primed
with saline (Tukey test)

As shown in Fig. 2, in saline- and nicotine-conditioned
rats, given saline or ethanol injection on the reinstatement
test, two-way ANOVA analysis revealed that there was
a significant effect of treatment and session [treatment:
F(1,90)=449.16 p <0.0001; session: F(4,90)=56.38, p<0.0001;
treatment x session: F(4,90) = 61.90, p <0.0001]. On the test
day, post-hoc analysis showed that there were significant
differences in scores between saline-conditioned and nico-
tine-conditioned groups (p < 0.001, Tukey test). Fig. 2 also
shows that the time spent in the nicotine-paired chamber
gradually diminished over days of repeated test training. The
increase in time spent in the drug-paired compartment on day
6 (first test for extinction, Extinction 1, conducted 24 h after
the preference test), was still greater for the nicotine-paired
animals, than for the saline-paired animals (p <0.001, Tukey
test), whereas on day 8 (second test for extinction, Extinction
3,72 h after the initial preference test), there was no difference
in time spent in the drug-paired compartment, between these
two groups. In Fig. 2 it can also be seen that the priming injec-
tion of ethanol (0.5 g/kg, i.p.) reinstated the extinguished
nicotine CPP (p < 0.001 vs. saline-conditioned group given
saline injection during reinstatement test). What is more, the
data shows differences in scores between nicotine-condi-
tioned and ethanol-primed rats, and saline-conditioned and
ethanol-primed rats (p < 0.001, Tukey test), indicating that
a prior CPP is necessary for a ethanol prime to produce an in-
crease in time spent on the drug-paired compartment.
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Fig. 2. Reinstatement of nicotine CPP in rats caused by a priming
dose of ethanol (0.5 g/kg, i.p.). Data represent means+S.E.M., and
are expressed as scores, i.e. differences (in s) between post-condi-
tioning and pre-conditioning time spent in the drug-associated
compartment; n=10-14. ***P < 0.001 vs. saline-conditioned group;
###P <0.001 vs. saline-conditioned rats primed with ethanol; xxxP <
0.001vs.nicotine-conditioned rats primed with saline (Tukey test)

The effect of bupropion on WIN 55,212-2 and ethanol-
induced reinstatement

Pretreatment with bupropion (10 and 20 mg/kg, i.p.) in-
fluenced the priming effect of WIN 55,212-2 in nicotine-
conditioned rats [treatment effect on the reinstatement test:
F(3,39) = 148.7, p < 0.0001] (Fig. 3). Indeed, post-hoc indi-
vidual comparisons indicated the significant effect of bupropion
at a dose of 20 mg/kg (p < 0.001 vs. the WIN 55,212-2-
reinstated group, Tukey test) which completely abolished
the reinstatement of nicotine CPP previously established.
Moreover, the dose of 10 mg/kg of bupropion intensified the
priming effect of WIN 55,212-2 in this experimental proce-
dure (p < 0.001 vs. the WIN 55,212-2-reinstated group,
Tukey test).
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Fig. 3. Effects of bupropion (bupr) (10 and 20 mg/kg, i.p.) on the
reinstatement of nicotine CPP caused by a priming dose of WIN
55,212-2 (0.5 mg/kg, i.p.). Data represent means+S.E.M., and are
expressed asscores, i.e. differences (in s) between post-conditioning
and pre-conditioning time spent in the drug-associated compart-
ment; n=9-12. xxx P < 0.001 vs. nicotine-conditioned rats primed
with saline; ###P < 0.001 vs. nicotine-conditioned rats primed with
WIN 55,212-2 (Tukey test)
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Bupropion also attenuated the priming effect of ethanol
on nicotine-induced CPP [treatment effect on the reinstate-
ment test in nicotine-conditioned rats: F(3,45) = 216.8, p <
0.0001]. A statistically significant effect was seen for both
used doses of bupropion, i.e. 5 and 10 mg/kg (p < 0.001 vs.
ethanol-reinstated group, Tukey test) (Fig. 4).
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Fig. 4. Effects of bupropion (bupr) (5 and 10 mg/kg, i.p.) on the
reinstatement of nicotine CPP caused by a priming dose of ethanol
(0.5 g/kg, i.p.). Data represent means+S.E.M., and are expressed as
scores, i.e. differences (in s) between post-conditioning and pre-
conditioning time spent in the drug-associated compartment;
n=8-14. xxxP < 0.001 vs. nicotine-conditioned rats primed with
saline; ###P < 0.001 vs. nicotine-conditioned rats primed with
ethanol (Tukey test)

The effect of mecamylamine on WIN 55,212-2 and
ethanol-induced reinstatement

Pretreatment with mecamylamine (1 and 2 mg/kg, s.c.)
decreased the priming effect of WIN 55,212-2 in nicotine-
conditioned rats [treatment effect on the reinstatement test:
F(3,39)=68.97, p <0.0001] (Fig. 5). Indeed, post-hoc indi-
vidual comparisons indicated the significant effect of mecamy-
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Fig. 5. Effects of mecamylamine (mec) (1 and 2 mg/kg, s.c.) on the
reinstatement of nicotine CPP caused by a priming dose of WIN
55,212-2 (0.5 mg/kg, i.p.). Data represent means+S.E.M., and are
expressed as scores, i.e. differences (in s) between post-conditioning
and pre-conditioning time spent in the drug-associated compart-
ment; n=8-12. xxxP < 0.001 vs. nicotine-conditioned rats primed
with saline; ###P < 0.001 vs. nicotine-conditioned rats primed with
WIN 55,212-2 (Tukey test)

25



Barbara Budzynska, Marta Kruk-Stomka, Piotr Polak, Grazyna Biata

lamine at a dose of 1 and 2 mg/kg (p < 0.001 vs. the WIN
55,212-2-reinstated group, Tukey test) which abolished the
reinstatement of nicotine CPP previously established.
Mecamylamine also attenuated the priming effect of etha-
nol on nicotine-induced CPP [treatment effect on the
reinstatement test in nicotine-conditioned rats: F(3,45) =
227.7,p<0.0001]. A statistically significant effect was seen
for both used doses of mecamylamine, i.e. 1 and 2 mg/kg
(p <0.001 vs. the ethanol-reinstated group, Tukey test) (Fig. 6).
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Fig. 6. Effects of mecamylamine (mec) (1 and 2 mg/kg, s.c.) on the
reinstatement of nicotine CPP caused by a priming dose of ethanol
(0.5 g/kg, i.p.). Data represent means+S.E.M., and are expressed as
scores, i.e. differences (in s) between post-conditioning and
pre-conditioning time spent in the drug-associated compartment;
n=8-14. xxxP < 0.001 vs. nicotine-conditioned rats primed with
saline; ###P < 0.001 vs. nicotine-conditioned rats primed with ethanol
(Tukey test)

The effect of bupropion on locomotor activity

Pretreatment with bupropion in nicotine-conditioned rats
primed with WIN 55,212-2 (0.5 mg/kg, i.p.) caused changes
in locomotor activity [F(2,21)=5.367, p < 0.05]. A statisti-
cally significant decrease in locomotor activity was seen for
the lower dose of bupropion (10 mg/kg) (p < 0.05 vs. the WIN
55,212-2-reinstated group, Tukey test) (Tab.1). Moreover,
mecamylamine also attenuated the effect of a priming dose
of WIN 55,212-2 in locomotor activity [F=(2,20)=37.23, p<
0.001]. A statistically significant effect was seen for the dose
2 mg/kg of mecamylamine, (p <0.001 vs. the WIN 55,212-
2-reinstated group, Tukey test) (Table 1).

Table 1. Effects of bupropion (bupr) (10 and 20 mg/kg, i.p.) and
mecamylamine (mec) (1 and 2 mg/kg, s.c.) onlocomotor activity of
nicotine conditioned rats primed with WIN 55,212-2 (0.5 mg/kg)
during reinstatement day

WIN Bupr Bupr Mec (1) +| Mec (2)
Saline 55212-2 (10)+ WIN|(20)+ WIN WIN WIN
! 55,212-2 | 55,212-2 | 55,212-2 | 55,212-2
mean * |29.63+2.32| 29.43+£3.78 | 18.57+£2.41| 25.5+9.49 |25.67+2.99|16.63£1.97
SEM # ##H#
N 14 7 7 8 6 8

Data represent means+S.E.M., and are expressed as the number of passings
through the central grey area measured for 15 min. n=6-14. #P < 0.05 ###P <
0.001, vs. nicotine-conditioned rats primed with WIN 55,212-2 (Tukey test)
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What is more, a pretreatment with bupropion in nicotine-
conditioned rats primed with ethanol (0.5 g/kg, i.p.) caused
changes in locomotor activity [F(2,19)=21.95, p=0.0001].
A statistically significant decrease in locomotor activity was
seen for the both doses of bupropion (5 and 10 mg/kg) (p <
0.001 vs. the ethanol-reinstated group, Tukey test), (Tab. 2).
Moreover, mecamylamine also attenuated the effect of
a priming dose of ethanol in locomotor activity [F=(2,21)=
4.104, p < 0.033]. A statistically significant effect was seen
only for the dose 1 mg/kg of mecamylamine, (p < 0.05 vs.
the ethanol-reinstated group, Tukey test) (Tab. 2).

Table 2. Effects of bupropion (bupr) (5 and 10 mg/kg, i.p.) and
mecamylamine (mec) (1 and 2 mg/kg, s.c.) onlocomotor activity of
nicotine conditioned rats primed with ethanol (0.5 g/kg) during
reinstatement day

Bupr (5) +| Bupr (10) | Mec (1)+ | Mec (2)+
ethanol | + ethanol | ethanol ethanol

mean |30.05+2.32(36.67+3.06|23.83+3.09|27.25+4.03|30.67+3.04|33.86+5.57
+SEM XXX ### ### #

N 14 6 6 8 9 7

Saline Ethanol

Data represent means+S.E.M., and are expressed as the number of passings
through the central grey area measured for 15 min. n=6-14. xxxP < 0.001 vs.
nicotine-conditioned rats primed with saline; #P < 0.05 ###P < 0.001, vs.
nicotine-conditioned rats primed with ethanol (Tukey test)

DISCUSSION

The results of the present studies confirm the complex in-
teraction between nicotine, cannabinoids and ethanol. Our
experiment shows that nicotine is capable of inducing CPP
in definite conditions and that extinguished preference is re-
instated by a priming dose of WIN 55,212-2 and ethanol.
The dose of nicotine was chosen according to the narrow
range of doses reported to produce CPP in rats [3,5]. The
major findings of our studies were that a non-selective
nAChRs’ antagonist, mecamylamine, prevented the rein-
statement of previously extinguished nicotine place
preference caused by a priming dose of both WIN 55,212-2
and ethanol. Furthermore, we discovered that the atypical
antidepressant drug, bupropion (5, 10 mg/kg, i.p.), blocked
reinstatement of nicotine CPP provoked by ethanol. Also,
the dose of 20 mg/kg of bupropion attenuated nicotine place
preference caused by a priming dose of WIN 55,212-2. Sur-
prisingly, however, the dose of 10 mg/kg of bupropion
intensified the observed effect.

It has been already suggested that priming injections of
drugs reinstate drug-seeking behaviour after extinction, be-
cause they activate the brain systems involved in their
discriminative stimulus properties and/or their rewarding
properties [10]. Tobacco and cannabis share some similar
biological actions and are used frequently in combination,
and therefore the study of their functional interactions is of
special interest in the context of polydrug abuse, a quite fre-
quent phenomenon. There is evidence that nicotine does not
produce rewarding effects in CB1 knock-out mice, although
this effect was observed in wild type animals measured in
CPP paradigm [6]. However, in the context of our studies,
biochemical data indicate that pre-treatment with Rimona-
bant (SR 141716) blocks nicotine-enhanced extracellular
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dopamine levels in the shell of the nucleus accumbens
(NAC) [7]. In keeping with the hypothesis that the mesocor-
tical dopaminergic system plays a pivotal role in the
rewarding effects of many psychoactive drugs, it seems to be
essential to mention that CB1 receptors are widely distrib-
uted throughout the brain and participate in the regulation of
dopamine synthesis, release and turnover. Interestingly, the
co-localization of CB1 and nAChRs has been reported in
several brain areas, such as the hippocampus and the amyg-
dala. This supports the possibility of functional interactions
between these two systems [9].

In our experiments, we also confirmed the phenomenon
of cross-reinstatement between nicotine and ethanol. As al-
ready mentioned, several experiments showed that alcohol
and nicotine produced similar effects in animal models, i.e.
sensitization, place preference or self-administration, learn-
ing/memory and anxiety [2,17,23].

It has been suggested that ethanol’s, as well as nicotine’s,
rewarding effects result from enhancing dopamine release in
the NAC [12]. The ability of ethanol to increase the dopa-
mine level results from it directly interfering with various
ligand-gated ion channels, including the GABA-A/benzodi-
azepine receptor complex and the glutamatergic, seroto-
ninergic [5-HT3] receptors, but this drug can also modulate
(enhance or inhibit) the function of nAChRs [17]. In the con-
text of our study, several findings show that voluntary
ethanol intake enhances the extracellular level of acetylcho-
line in the ventral tegmental area (VTA). This in turn may
interact with nAChRs localized in this area, and this subse-
quently, may stimulate dopamine overflow in the NAC [17].

The main objective of the present studies was to examine
whether the atypical antidepressant drug — bupropion, or
nAChRs’ antagonist — mecamylamine, attenuate the motiva-
tional effects of a priming dose of WIN 55,212-2 and
ethanol.

In the context of our studies, several findings indicate the
role of bupropion on the behavioural effects of nicotine and
other psychoactive drugs. It was shown that bupropion
dose-dependently diminishes nicotine conditioned taste
aversion [22]. Moreover, it is worth mentioning that our ex-
periment shows that acute bupropion administration
decreases nicotine self-administration in rats [21]. However,
we have no knowledge of previous animal studies on the im-
pact of bupropion on the motivational effects of CBI1
receptor ligands or on ethanol.

Additionally, it is worth mentioning that mecamylamine
blocks receptors that are pivotal for nicotine’s motivational
effects, the nAChRs located on the dopaminergic and the
GABAergic neurons in the VTA [18]. Interestingly, a cross
effect between CBI1 receptor ligands and mecamylamine
was also observed [15]. Moreover, a massive body of evi-
dence has revealed the interaction between ethanol and
mecamylamine (mecamylamine can attenuate ethanol in-
take and preference), as well as the ethanol-induced
enhancement of dopamine release in the NAC [4].
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Considering the discrepancy between the effects of
bupropion and mecamylamine on the reinstatement of
nicotine-induced CPP by priming injection of WIN
55,212-2, we should reflect on this drug’s varied mecha-
nisms. The neurochemical mechanism of the bupropion
effective in the treatment of nicotine dependence is still un-
clear. Some studies suggest that these effects are related to
its facilitation of dopamine release, as the dopaminergic sys-
tem has been shown to be involved in the reward system
[10]. On the other hand, it was shown that the effect of inhib-
iting dopamine re-uptake is rather weak in therapeutic doses
of bupropion [13]. Therefore, this may suggest that an alter-
native mechanism is involved in the behavioural effects of
bupropion in combination with nicotine. This drug has been
reported to be a nAChRs’ antagonist [11]. However, it was
shown that bupropion, contrary to mecamylamine, does not
block nAChRs entirely [13]. Additionally, bupropion has
been reported to block the o;3[3,, 0uf,, and o subtypes of
nAChRs with different selectivity, whereas mecamylamine
is a non-selective antagonist of nAChRs. Therefore, we may
suggest that its influence on the different types of choliner-
gic nicotinic receptors may be important in a cross-talk
effect between nicotine and cannabinoids.

As mentioned earlier, both bupropion and mecamylamine
alleviate the reinstatement of nicotine-induced CPP by
a priming dose of ethanol. These findings may further con-
firm the interaction between nicotine and ethanol on the
level of a reward system, as well as the participation of dif-
ferent subtypes of nAChRs in crossover effects between two
agents. Moreover, obtained data possibly suggests that inhi-
bition of dopamine and noradrenalin re-uptake by bupropion
plays a more important role in the reinstatement of nicotine-
induced CPP by a priming dose of ethanol than does WIN
55,212-2.

However, our studies demonstrated that changes of loco-
motor activity occurred after concomitant administration of
bupropion (10 mg/kg) and WIN 55,212-2 or bupropion (5
and 10 mg/kg) and ethanol during the reinstatement day.
Moreover, our studies showed that mecamylamine ham-
pered locomotor activity when administered before WIN
55,212-2 (at the dose of 2 mg/kg) and before ethanol (at the
dose of 1 mg/kg). Therefore, we can not exclude that the ob-
served effects result from the influence of both bupropion
and mecamylamine on locomotor activity in rats.

Taking all these results together, our data confirm the ex-
istence of interactions between nicotine, cannabinoid system
and ethanol as measured in the CPP-reinstatement paradigm.
Our studies show that mecamylamine (1 and 2 mg/kg) pre-
vents the reinstatement of previously extinguished nicotine
place preference caused by a priming dose of both WIN
55,212-2 and ethanol. Moreover, bupropion (5, 10 mg/kg,
i.p.) blocks the reinstatement of nicotine CPP provoked by
ethanol, while in a higher dosage of 20 mg/kg, it prevents re-
instatement by a priming dose of WIN 55,212-2.

Our research may provide new insight into the mecha-
nisms underlying the interaction between nicotine, cannabis
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and ethanol. Results obtained in the present studies may con-
tribute to better understanding of the mechanisms
underlying nicotine addiction and the reciprocal relation-
ships between nicotine, cannabis and ethanol, since
co-abuse of these psychoactive compounds is a quite fre-
quent phenomenon. Our findings may further indicate that
the cholinergic system plays a pivotal role in the neurobio-
logical processes underlying the relapse to drug addiction.
Moreover, as reinstatement of drug-seeking is a factor for
the development of dependence, bupropion and meca-
mylamine may be useful in the relapse-prevention phase of
addiction treatment.
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