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ABSTRACTS
In the pres ent study, we in ves ti gated the mecha nisms of cross- reinstatement of nicotine- induced place con di tion ing in rats. We used the
con di tioned place pref er ence (CPP) para digm and our data re vealed that nico tine (0.175 mg/kg, base, i.p.) pro duced a place pref er ence
and once es tab lished, nico tine CPP was ex tin guished. Moreo ver the CB1 re cep tor ago nist – WIN 55,212-2 (0.5 mg/kg, i.p.) or etha nol
(0.5 g/kg, i.p.) re in stated a marked pref er ence. Fur ther more, we evalu ated and com pared the ef fi cacy of the atypi cal an ti de pres sant drug - 
bupropion (5, 10 and 20 mg/kg, i.p.) and a non se lec tive nico tinic re cep tor an tago nist - me ca mylamine (1 and 2 mg/kg, s.c.), in block ing
the re in state ment of nico tine CPP pro voked by WIN 55,212-2 and etha nol. Our re sults dem on strated that me ca mylamine in all used
doses and bupropion (ex cept for dose of 10 mg/kg used in re in state ment in duced by WIN 55,212-2) at tenu ated the re in state ment of
nicotine- conditioned re sponse in duced by both drugs. Re sults ob tained in the pres ent stud ies may con trib ute to bet ter un der stand ing of
the neu ro chemi cal mecha nisms un der ly ing nico tine ad dic tion and the re cip ro cal re la tion ships be tween nico tine, can na bis and etha nol. 
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INTRODUCTION
To bacco, al co hol and can na bis are fre quently used to -

gether, and be cause of their nu mer ous so cial and health-
related con se quences, this is a con tinu ing source of na tional
pub lic pol icy de bate. Pre vi ous stud ies in ro dents have re -
ported that the cho liner gic sys tem is in volved in modu la tion
of many func tions within the cen tral nerv ous sys tem (CNS)
e.g. anxi ety, learn ing and mem ory, no cicep tion, and that re -
peated ad mini stra tion of nico tine, an ago nist of neu ronal
cho liner gic nico tinic re cep tors (nAChRs), pro duces physi -
cal de pend ence [14,19]. Simi larly, CB1 can nabi noid
re cep tor ligands modu late lo co mo tion, anxi ety, mem ory,
no cicep tion and re ward ing pro cesses [9]. Moreo ver, be hav -
ioural ex peri ments in ani mals showed that al co hol and
nico tine pro duce simi lar ef fects in sev eral be hav ioural mod -
els, i.e. sen si ti za tion, place pref er ence or self- administration
[2,17]. It has been well es tab lished that all ma jor phar ma col -
ogi cal ef fects of nico tine are me di ated through sev eral
dif fer ent types of nAChRs lo cated within the brain [8]. In
turn, etha nol al ters the func tion of dif fer ent iono tropic re -
cep tors [12] and can nabi noids pro duce their physio logi cal
ef fects by in flu enc ing can nabi noid (CB) re cep tors, es pe -
cially the CB1 re cep tors found in the CNS [9].

Ac cord ingly to the epi de mi ol ogi cal data, the re lapse to
drug tak ing be hav iour is a very im por tant clini cal prob lem.

High rate of re lapse to drug ad dic tion is es pe cially char ac ter -
is tic for peo ple try ing to quit to bacco. Moreo ver, smok ing
al co hol ics are gen er ally less suc cess ful at smok ing ces sa tion 
than are sub jects with out al co hol ism [1]. 

Sev eral labo ra to ries have de vel oped a re in state ment pro -
ce dure based on the CPP, which is a sim ple non- invasive
method, com pati ble with the clas si cal Pav lovian con di tion -
ing [20]. In these stud ies, pref er ence to one dis tinc tive
en vi ron ment as so ci ated with a drug ad mini stra tion dur ing
con di tion ing can be ex tin guished by al low ing ani mals to ex -
plore both com part ments dur ing a daily ses sion in the
ab sence of the drug. Af ter ex tinc tion, a prim ing dose of drug
or the ex po sure to drug- related en vi ron mental stim uli re in -
state the ex tin guished CPP. Sev eral ani mal stud ies have also
dem on strated that drugs other than those pre vi ously re -
ceived, can re in state drug- seeking be hav iour. This
phe nome non, termed “cross- reinstatement”, has been al -
ready de scribed us ing drugs from dif fer ent classes [16].

The aim of the pres ent stud ies was to in ves ti gate the
mecha nisms com mit ted to the co- abuse of nico tine, CB1 re -
cep tor ago nists and etha nol. We ex plored the model of
cross- reinstatement be tween nico tine, a syn thetic CB1 re -
cep tors ago nist (WIN 55,212-2) and etha nol in rats. For the
pur pose of bet ter un der stand ing the neu ro bio logi cal mecha -
nisms of re lapse to nico tine tak ing and polydrug abuse, we
in ves ti gated the in flu ence of bupropion (an atypi cal an ti de -
pres sant drug) and me ca mylamine (a non- selective nico tinic 
re cep tor an tago nist) on the re in state ment of nico tine CPP
pro voked by a prim ing dose of both WIN 55,212-2 and etha -
nol. The in ten tion of this work is to aid in the de vel op ment of 
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more ef fec tive meth ods in the treat ment of nico tinism and
polydrug abuse.

MATERIALS AND METHODS

Ani mals:
The ex peri ments were car ried out on na ive male Wis tar

rats weigh ing 250-300 g (Farm of Labo ra tory Ani mals,
Warszawa, Po land) at the be gin ning of the ex peri ments. The
ani mals were group- housed, kept un der stan dard labo ra tory
con di tions (12/12-h light/dark cy cle) with free ac cess to tap
wa ter, and adapted to the labo ra tory con di tions for at least
one week. 

The rats were han dled once a day for 5 days pre ced ing the
ex peri ments. Ad di tion ally, all ef forts were made to mini -
mize ani mal suf fer ing and to use only the number of ani mals
nec es sary to pro duce re li able sci en tific data. Each ex peri -
men tal group con sisted of 6-14 ani mals. The ex peri ments
were per formed be tween 9.00 a.m. and 5.00 p.m. All ex peri -
ments were car ried out ac cord ing to the Na tional In sti tute of
Health Guide lines for the Care and Use of Labo ra tory Ani -
mals and the Euro pean Com mu nity Coun cil Di rec tive of 24
No vem ber 1986 for Care and Use of Labo ra tory Ani mals
(86/609/EEC), and ap proved by the lo cal eth ics com mit tee.

Drugs:
The com pounds tested were (-)-nic otine hy dro gen tar trate 

(Sigma, St. Louis, MO, USA), WIN 55,212-2 ([R(+)-[2,3-
 dihydro- 5- methyl- 3-[(mor pho li nyl) methyl] py rolol [1,2,3-de]-
1,4- benzoxazin- yl]-(1- naphthalenyl) methan one me sy late],
TOCRIS, USA), etha nol (95°, Pol mos Poznań), me ca -
mylamine hy dro chlo ride (Sigma, St. Louis, MO, USA),
bupropion hy dro chlo ride (Sigma- Aldrich, St. Louis, MO,
USA). The drugs were dis solved in sa line (0.9% NaCl).
WIN 55,212-2 was dis solved in one drop of TWEEN 80 and
di luted in 0.9% NaCl. Etha nol was pre pared for in jec tions by 
di lut ing 95% etha nol to ob tain a con cen tra tion of 10% (v/v).
The pH of the nico tine so lu tion was ad justed to 7.0. Fresh
drug so lu tions were pre pared on each day of ex peri men ta -
tion. Agents were ad min is tered sub cu ta ne ously (s.c.) or in tra-
peri to neally (i.p.) in a vol ume of 5 ml/kg. Ex cept for nico tine,
drug doses re fer to the salt form. Con trol groups re ceived sa -
line in jec tions at the same vol ume and by the same route. 

Ap pa ra tus:
The test ing ap pa ra tus for the CPP para digm was al ready

vali dated in our labo ra tory [2,3]. Each of six rec tan gu lar
boxes (60 cm x 35 cm x 30 cm) was di vided into three com -
part ments: two large com part ments (20 cm x 35 cm) were
sepa rated by re mov able guil lo tine doors from a small cen tral 
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 cen tral grey area con sti tuted a “neu tral” cham ber, 
which serves as con nec tion and a start com part ment. The
test ing boxes were kept in a sound- proof room with neu tral
mask ing noise and dim 40- lx il lu mi na tion.

Ex peri men tal pro ce dure and treat ment:
The CPP- reinstatement para digm took place on 9 con -

secu tive days and con sisted of the fol low ing phases:
pre- conditioning (pre- test), con di tion ing, post- conditioning
(test), ex tinc tion and re in state ment. 

Pre- conditioning 
On the first day, each ani mal was placed sepa rately in the

neu tral area with the guil lo tine doors re moved to al low ac -
cess to the en tire ap pa ra tus for 15 min. The amount of time
that the rats spent in each of the two large com part ments was
meas ured (a base line pref er ence), and ob served on a moni tor 
through a video cam era sys tem. All ani mals showed a mod -
er ate pref er ence for the black com part ment.

Con di tion ing
One day af ter pre- conditioning, the rats were ran dom ized

and sub se quently con di tioned with sa line paired with the
pre ferred (black) com part ment (the morn ing ses sions), and
nico tine (0.175 mg/kg, base, i.p.) paired with the other
(white) com part ment (the af ter noon ses sions), for 30 min.
Ses sions were con ducted twice each day, with an in ter val of
6–8 h, for 3 con secu tive days (days 2–4). In jec tions were ad -
min is tered im me di ately be fore con fine ment in one of the
two large com part ments, as men tioned above. A dose of
0.175 mg/kg nico tine was cho sen for con di tion ing be cause
this is known to pro duce re li able con di tioned place pref er -
ence in rats, also un der our ex peri men tal con di tions [2,3,5].
The con trol group re ceived sa line every day. The neu tral
zone was never used dur ing con di tion ing and was blocked
by guil lo tine doors. 

This method (bi ased de sign) was simi lar to that used in
our pre vi ous ex peri ments [3] ac cord ingly to the data in di cat -
ing that re ward ing ac tion of nico tine in the CPP para digm
can be ob served af ter re stricted doses and un der spe cific bi -
ased con di tions [5].

Post- conditioning (test)
On the day 5, con ducted one day af ter the last con di tion -

ing trial, the test ani mals were placed in the neu tral area with
the guil lo tine doors re moved and al lowed free ac cess to all
com part ments of the ap pa ra tus for 15 min. The time spent in
the sa line- and drug- paired com part ments was re corded for
each ani mal. No in jec tions were given on the day of this
pref er ence test.

Ex tinc tion train ing
One day af ter the pref er ence test, rats were given ex tinc -

tion test ing daily for 3 days. On each trial, the rat was placed
in the neu tral area and al lowed to ex plore both cham bers for
15 min. No in jec tions were given dur ing this ex tinc tion pe -
riod. The amount of time that rats spent in each cham ber was
meas ured on day 6 (Ex tinc tion 1), 24 h af ter ini tial pref er -
ence test, and on day 8 (Ex tinc tion 3), 72 h af ter this
pref er ence test.

Re in state ment 
One day af ter the last ex tinc tion trial (day 9), sepa rate

groups of rats re ceived sa line, bupropion (5, 10 or 20 mg/kg,
i.p.) or me ca mylamine (1 or 2 mg/kg, s.c.), 30 min be fore
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a prim ing in jec tion of WIN 55,212-2 (0.5 mg/kg, i.p.) or
etha nol (0.5 g/kg, i.p.), and were im me di ately tested for re in -
state ment of CPP. Dur ing this re in state ment test, the rats
were al lowed free ac cess to the en tire ap pa ra tus for 15 min,
and the time spent in each cham ber was meas ured. Simul ta -
ne ously, the number of passings through the cen tral grey
area was meas ured for 15 min.

Sta tis tics
For the CPP para digm, the data are ex pressed as means ±

S.E.M of scores (i.e., the dif fer ences in sec onds be tween
post- conditioning and pre- conditioning time spent in the
drug- associated com part ment). Lo co mo tor ac tiv ity was ex -
pressed as the number of times pass ing through the cen tral
grey area (means ± S.E.M.). The sta tis ti cal analy ses were
per formed us ing re peated meas ure analy sis of vari ance
(ANOVA), with treat ment as be tween sub jects’ vari ables,
and ses sion as within sub jects’ vari able. Post- hoc com pari -
son of means was car ried out with the Tukey test for mul ti ple 
com pari sons, when ap pro pri ate. The con fi dence limit of
p<0.05 was con sid ered sta tis ti cally sig nifi cant. 

RESULTS
The time spent in the ini tially less- preferred (white) and

in the ini tially more pre ferred (black) sides did not sig nifi -
cantly dif fer be tween groups on the pre- conditioning day.
This side pref er ence was not sig nifi cantly changed when sa -
line was paired with both com part ments dur ing the
con di tion ing ses sions.

Ac qui si tion, ex tinc tion and re in state ment of nicotine-
 induced CPP

As shown in Fig. 1, in sa line- and nicotine- conditioned
rats, given sa line or WIN 55,212-2 in jec tion on the re in state -
ment test, two- way ANOVA analy sis re vealed that there
was a sig nifi cant ef fect of treat ment and ses sion [treat ment:
F(1,90) = 253.23, p < 0.0001; ses sion: F(4,90) = 36.40, p <
0.0001; treat ment x ses sion: F(4,90) = 37.14, p < 0.0001].
On the test day, post- hoc analy sis showed that there were
sig nifi cant dif fer ences in scores be tween saline- conditioned
and nicotine- conditioned groups (p < 0.001, Tukey test).
Fig. 1 also shows that the time spent in the nicotine- paired
cham ber gradu ally di min ished over the days of re peated test
train ing. The in crease in time spent in the drug- paired com -
part ment on day 6 (first test for ex tinc tion, Ex tinc tion 1,
con ducted 24 h af ter the pref er ence test), was still greater for
the nicotine- paired ani mals, than for the saline- paired ani -
mals (p < 0.001, Tukey test), whereas on day 8 (sec ond test
for ex tinc tion, Ex tinc tion 3, 72 h af ter the ini tial pref er ence
test), there was no dif fer ence in time spent in the drug- paired 
com part ment be tween these two groups. This  in di cates that
nicotine- CPP had been ex tin guished by re peated test tri als.
It can also be seen in Fig. 1 that the prim ing in jec tion of WIN 
55,212-2 (0.5 mg/kg, i.p.) re in stated the ex tin guished nico-
tine- CPP (p < 0.001 vs. the saline- conditioned group given
sa line in jec tion dur ing re in state ment test, Tukey test). What

is more, the data shows dif fer ences in scores be tween
nicotine- conditioned and WIN 55,212- 2- primed rats and
saline- conditioned and WIN 55,212- 2- primed rats (p < 0.001, 
Tukey test), in di cat ing that a prior CPP is nec es sary for
a WIN 55,212-2 prime to pro duce an in crease in time spent
in the drug- paired com part ment. 

As shown in Fig. 2, in sa line- and nicotine- conditioned
rats, given sa line or etha nol in jec tion on the re in state ment
test, two- way ANOVA analy sis re vealed that there was
a sig nifi cant ef fect of treat ment and ses sion [treat ment:
F(1,90) = 449.16 p < 0.0001; ses sion: F(4,90) = 56.38, p < 0.0001; 
treat ment x ses sion: F(4,90) = 61.90, p < 0.0001]. On the test
day, post- hoc analy sis showed that there were sig nifi cant
dif fer ences in scores be tween saline- conditioned and nico -
tine-conditioned groups (p < 0.001, Tukey test). Fig. 2 also
shows that the time spent in the nicotine- paired cham ber
gradu ally di min ished over days of re peated test train ing. The 
in crease in time spent in the drug- paired com part ment on day
6 (first test for ex tinc tion, Ex tinc tion 1, con ducted 24 h af ter
the pref er ence test), was still greater for the nicotine- paired
ani mals, than for the saline- paired ani mals (p < 0.001, Tukey
test), whereas on day 8 (sec ond test for ex tinc tion, Ex tinc tion
3, 72 h af ter the ini tial pref er ence test), there was no dif fer ence 
in time spent in the drug- paired com part ment, be tween these
two groups. In Fig. 2 it can also be seen that the prim ing in jec -
tion of etha nol (0.5 g/kg, i.p.) re in stated the ex tin guished
nico tine CPP (p < 0.001 vs. saline- conditioned group given
sa line in jec tion dur ing re in state ment test). What is more, the
data shows dif fer ences in scores be tween nicotine- condi-
tioned and ethanol- primed rats, and saline- conditioned and
ethanol- primed rats (p < 0.001, Tukey test), in di cat ing that
a prior CPP is nec es sary for a etha nol prime to pro duce an in -
crease in time spent on the drug- paired com part ment. 

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)
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The ef fect of bupropion on WIN 55,212-2 and ethanol- 
induced re in state ment

Pre treat ment with bupropion (10 and 20 mg/kg, i.p.) in -
flu enced the prim ing ef fect of WIN 55,212-2 in nico tine-
con di tioned rats [treat ment ef fect on the re in state ment test:
F(3,39) = 148.7, p < 0.0001] (Fig. 3). In deed, post- hoc in di -
vidual com pari sons in di cated the sig nifi cant ef fect of bupropion
at a dose of 20 mg/kg (p < 0.001 vs. the WIN 55,212- 2-
 reinstated group, Tukey test) which com pletely abol ished
the re in state ment of nico tine CPP pre vi ously es tab lished.
Moreo ver, the dose of 10 mg/kg of bupropion in ten si fied the
prim ing ef fect of WIN 55,212-2 in this ex peri men tal pro ce -
dure (p < 0.001 vs. the WIN 55,212- 2- reinstated group,
Tukey test).

Bupropion also at tenu ated the prim ing ef fect of etha nol
on nicotine- induced CPP [treat ment ef fect on the re in state -
ment test in nicotine- conditioned rats: F(3,45) = 216.8, p <
0.0001]. A sta tis ti cally sig nifi cant ef fect 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). 

The ef fect of me ca mylamine on WIN 55,212-2 and
ethanol- induced re in state ment

Pre treat ment with me ca mylamine (1 and 2 mg/kg, s.c.)
de creased the prim ing ef fect of WIN 55,212-2 in nicotine-
 conditioned rats [treat ment ef fect on the re in state ment test:
F(3,39) = 68.97, p < 0.0001] (Fig. 5). In deed, post- hoc in di -
vid ual com pari sons in di cated the sig nifi cant ef fect of me camy-

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 < 
0.001 vs. nicotine-conditioned rats primed with saline (Tukey test)

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 as scores, 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)

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) 

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)
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lamine at a dose of 1 and 2 mg/kg (p < 0.001 vs. the WIN
55,212- 2- reinstated group, Tukey test) which abol ished the
re in state ment of nico tine CPP pre vi ously es tab lished. 

Me ca mylamine also at tenu ated the prim ing ef fect of etha -
nol on nicotine- induced CPP [treat ment ef fect on the
re in state ment test in nicotine- conditioned rats: F(3,45) =
227.7, p < 0.0001]. A sta tis ti cally sig nifi cant ef fect was seen
for both used doses of me ca mylamine, i.e. 1 and 2 mg/kg
(p < 0.001 vs. the ethanol- reinstated group, Tukey test) (Fig. 6).

The ef fect of bupropion on lo co mo tor ac tiv ity
Pre treat ment with bupropion in nicotine- conditioned rats

primed with WIN 55,212-2 (0.5 mg/kg, i.p.) caused changes
in lo co mo tor ac tiv ity [F(2,21)=5.367, p < 0.05]. A sta tis ti -
cally sig nifi cant de crease in lo co mo tor ac tiv ity 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). Moreo ver,
me ca mylamine also at tenu ated the ef fect of a prim ing dose
of WIN 55,212-2 in lo co mo tor ac tiv ity [F=(2,20)=37.23, p < 
0.001]. A sta tis ti cally sig nifi cant ef fect was seen for the dose 
2 mg/kg of me ca mylamine, (p < 0.001 vs. the WIN 55,212-
 2- reinstated group, Tukey test) (Table 1).

Ta ble 1. Ef fects of bupropion (bupr) (10 and 20 mg/kg, i.p.) and
me ca mylamine (mec) (1 and 2 mg/kg, s.c.) on lo co mo tor ac tiv ity of
nico tine con di tioned rats primed with WIN 55,212-2 (0.5 mg/kg)
dur ing re in state ment day

Saline WIN
55,212-2

Bupr
(10)+ WIN
55,212-2

Bupr
(20)+ WIN
55,212-2

Mec (1) +
WIN

55,212-2

Mec (2)
WIN

55,212-2
mean ±

SEM
29.63±2.32 29.43±3.78 18.57±2.41

#
25.5±9.49 25.67±2.99 16.63±1.97

###

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)

What is more, a pre treat ment with bupropion in nicotine-
 conditioned rats primed with etha nol (0.5 g/kg, i.p.) caused
changes in lo co mo tor ac tiv ity [F(2,19)=21.95, p=0.0001].
A s ta tis ti cally sig nifi cant de crease in lo co mo tor ac tiv ity 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).
Moreo ver, me ca mylamine also at tenu ated the ef fect of
a prim ing dose of etha nol in lo co mo tor ac tiv ity [F=(2,21)=
4.104, p < 0.033]. A sta tis ti cally sig nifi cant ef fect was seen
only for the dose 1 mg/kg of me ca mylamine, (p < 0.05 vs.
the ethanol- reinstated group, Tukey test) (Tab. 2).

Ta ble 2. Ef fects of bupropion (bupr) (5 and 10 mg/kg, i.p.) and
me ca mylamine (mec) (1 and 2 mg/kg, s.c.) on lo co mo tor ac tiv ity of
nico tine con di tioned rats primed with etha nol (0.5 g/kg) dur ing
re in state ment day

Saline Ethanol Bupr (5) + 
ethanol

Bupr (10)
+ ethanol

Mec (1)+
ethanol

Mec (2)+
ethanol

mean
±SEM

30.05±2.32 36.67±3.06
xxx

23.83±3.09
###

27.25±4.03
###

30.67±3.04
#

33.86±5.57

N 14 6 6 8 9 7

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 re sults of the pres ent stud ies con firm the com plex in -

ter ac tion be tween nico tine, can nabi noids and etha nol. Our
ex peri ment shows that nico tine is ca pa ble of in duc ing CPP
in defi nite con di tions and that ex tin guished pref er ence is re -
in stated by a prim ing dose of WIN 55,212-2 and etha nol.
The dose of nico tine was cho sen ac cord ing to the nar row
range of doses  re ported to pro duce CPP in rats [3,5]. The
ma jor find ings of our stud ies were that a non- selective
nAChRs’ an tago nist, me ca mylamine, pre vented the re in -
state ment of pre vi ously ex tin guished nico tine place
pref er ence caused by a prim ing dose of both WIN 55,212-2
and etha nol. Fur ther more, we dis cov ered that the atypi cal
an ti de pres sant drug, bupropion (5, 10 mg/kg, i.p.), blocked
re in state ment of nico tine CPP pro voked by etha nol. Also,
the dose of 20 mg/kg of bupropion at tenu ated nico tine place
pref er ence caused by a prim ing dose of WIN 55,212-2. Sur -
pris ingly, how ever, the dose of 10 mg/kg of bupropion
in ten si fied the ob served ef fect.

It has been al ready sug gested that prim ing in jec tions of
drugs re in state drug- seeking be hav iour af ter ex tinc tion, be -
cause they ac ti vate the brain sys tems in volved in their
dis crimi na tive stimu lus prop er ties and/or their re ward ing
prop er ties [10]. To bacco and can na bis share some simi lar
bio logi cal ac tions and are used fre quently in com bi na tion,
and there fore the study of their func tional in ter ac tions is of
spe cial in ter est in the con text of polydrug abuse, a quite fre -
quent phe nome non. There is evi dence that nico tine does not
pro duce re ward ing ef fects in CB1 knock- out mice, al though
this ef fect was ob served in wild type ani mals meas ured in
CPP para digm [6]. How ever, in the con text of our stud ies,
bio chemi cal data in di cate that pre- treatment with Rimona -
bant (SR 141716) blocks nicotine- enhanced ex tra cel lu lar

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)
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do pa mine lev els in the shell of the nu cleus ac cum bens
(NAC) [7]. In keep ing with the hy pothe sis that the meso cor -
ti cal do pa min er gic sys tem plays a piv otal role in the
re ward ing ef fects of many psy choac tive drugs, it seems to be 
es sen tial to men tion that CB1 re cep tors are widely dis trib -
uted through out the brain and par tici pate in the regu la tion of
do pa mine syn the sis, re lease and turn over. In ter est ingly, the
co- localization of CB1 and nAChRs has been re ported in
sev eral brain ar eas, such as the hip po cam pus and the amyg -
dala. This sup ports the pos si bil ity of func tional in ter ac tions
be tween these two sys tems [9]. 

In our ex peri ments, we also con firmed the phe nome non
of cross- reinstatement be tween nico tine and etha nol. As al -
ready men tioned, sev eral ex peri ments showed that al co hol
and nico tine pro duced simi lar ef fects in ani mal mod els, i.e.
sen si ti za tion, place pref er ence or self- administration, learn -
ing/mem ory and anxi ety [2,17,23]. 

It has been sug gested that etha nol’s, as well as nico ti ne’s,
re ward ing ef fects re sult from en hanc ing do pa mine re lease in 
the NAC [12]. The abil ity of etha nol to in crease the do pa -
mine level re sults from it di rectly in ter fer ing with vari ous
ligand- gated ion chan nels, in clud ing the GABA-A/ben zo di -
azepine re cep tor com plex and the glu ta ma ter gic, se roto-
niner gic [5-HT3] re cep tors, but this drug can also modu late
(en hance or in hibit) the func tion of nAChRs [17]. In the con -
text of our study, sev eral find ings show that vol un tary
etha nol in take en hances the ex tra cel lu lar level of ace tyl cho -
line in the ven tral teg men tal area (VTA). This in turn may
in ter act with nAChRs lo cal ized in this area, and this sub se -
quently, may stimu late do pa mine over flow in the NAC [17].

The main ob jec tive of the pres ent stud ies was to ex am ine
whether the atypi cal an ti de pres sant drug – bupropion, or
nAChRs’ an tago nist – me ca mylamine, at tenu ate the mo ti va -
tional ef fects of a prim ing dose of WIN 55,212-2 and
etha nol.

In the con text of our stud ies, sev eral find ings in di cate the
role of bupropion on the be hav ioural ef fects of nico tine and
other psy choac tive drugs. It was shown that bupropion
dose- dependently di min ishes nico tine con di tioned taste
aver sion [22]. Moreo ver, it is worth men tion ing that our ex -
peri ment shows that acute bupropion ad mini stra tion
de creases nico tine self- administration in rats [21]. How ever, 
we have no knowl edge of pre vi ous ani mal stud ies on the im -
pact of bupropion on the mo ti va tional ef fects of CB1
re cep tor ligands or on etha nol. 

Ad di tion ally, it is worth men tion ing that me ca mylamine
blocks re cep tors that are piv otal for nico ti ne’s mo ti va tional
ef fects, the nAChRs lo cated on the do pa min er gic and the
GA BAer gic neu rons in the VTA [18]. In ter est ingly, a cross
ef fect be tween CB1 re cep tor ligands and me ca mylamine
was also ob served [15]. Moreo ver, a mas sive body of evi -
dence has re vealed the in ter ac tion be tween etha nol and
me ca mylamine (me ca mylamine can at tenu ate etha nol in -
take and pref er ence), as well as the ethanol- induced
en hance ment of do pa mine re lease in the NAC [4]. 

Con sid er ing the dis crep ancy be tween the ef fects of
bupropion and me ca mylamine on the re in state ment of
nicotine- induced CPP by prim ing in jec tion of WIN
55,212-2, we should re flect on this drug’s var ied mecha -
nisms. The neu ro chemi cal mecha nism of the bupropion
ef fec tive in the treat ment of nico tine de pend ence is still un -
clear. Some stud ies sug gest that these ef fects are re lated to
its fa cili ta tion of do pa mine re lease, as the do pa min er gic sys -
tem has been shown to be in volved in the re ward sys tem
[10]. On the other hand, it was shown that the ef fect of in hib -
it ing do pa mine re- uptake is rather weak in thera peu tic doses
of bupropion [13]. There fore, this may sug gest that an al ter -
na tive mecha nism is in volved in the be hav ioural ef fects of
bupropion in com bi na tion with nico tine. This drug has been
re ported to be a nAChRs’ an tago nist [11]. How ever, it was
shown that bupropion, con trary to me ca mylamine, does not
block nAChRs en tirely [13]. Ad di tion ally, bupropion has
been re ported to block the  α3β2, α4β2, and α7 sub types of
nAChRs with dif fer ent se lec tiv ity, whereas me ca mylamine
is a non- selective an tago nist of nAChRs. There fore, we may
sug gest that its in flu ence on the dif fer ent types of cho liner -
gic nico tinic re cep tors may be im por tant in a cross- talk
ef fect be tween nico tine and can nabi noids. 

As men tioned ear lier, both bupropion and me ca mylamine 
al le vi ate the re in state ment of nicotine- induced CPP by
a prim ing dose of etha nol. These find ings may fur ther con -
firm the in ter ac tion be tween nico tine and etha nol on the
level of a re ward sys tem, as well as the  par tici pa tion of dif -
fer ent sub types of nAChRs in cross over ef fects be tween two
agents. Moreo ver, ob tained data pos si bly sug gests that in hi -
bi tion of do pa mine and nora drena lin re- uptake by bupropion 
plays a more im por tant role in the re in state ment of nicotine-
 induced CPP by a prim ing dose of etha nol than does WIN
55,212-2.

How ever, our stud ies dem on strated that changes of lo co -
mo tor ac tiv ity oc curred af ter con comi tant ad mini stra tion of
bupropion (10 mg/kg) and WIN 55,212-2 or bupropion (5
and 10 mg/kg) and etha nol dur ing the re in state ment day.
Moreo ver, our stud ies showed that me ca mylamine ham -
pered lo co mo tor ac tiv ity when ad min is tered be fore WIN
55,212-2 (at the dose of 2 mg/kg) and be fore etha nol (at the
dose of 1 mg/kg). There fore, we can not ex clude that the ob -
served ef fects re sult from the in flu ence of both bupropion
and me ca mylamine on lo co mo tor ac tiv ity in rats. 

Tak ing all these re sults to gether, our data con firm the ex -
is tence of in ter ac tions be tween nico tine, can nabi noid sys tem 
and etha nol as meas ured in the CPP- reinstatement para digm. 
Our stud ies show that me ca mylamine (1 and 2 mg/kg) pre -
vents the re in state ment of pre vi ously ex tin guished nico tine
place pref er ence caused by a prim ing dose of both WIN
55,212-2 and etha nol. Moreo ver, bupropion (5, 10 mg/kg,
i.p.) blocks the re in state ment of nico tine CPP pro voked by
etha nol, while in a higher dos age of 20 mg/kg, it pre vents re -
in state ment by a prim ing dose of WIN 55,212-2. 

Our re search may pro vide new in sight into the mecha -
nisms un der ly ing the in ter ac tion be tween nico tine, can na bis
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and etha nol. Re sults obtained in the pres ent stud ies may con -
trib ute to bet ter un der stand ing of the mecha nisms
un der ly ing nico tine ad dic tion and the re cip ro cal re la tion -
ships be tween nico tine, can na bis and etha nol, since
co- abuse of these psy choac tive com pounds is a quite fre -
quent phe nome non. Our find ings may fur ther in di cate that
the cho liner gic sys tem plays a piv otal role in the neu ro bio -
logi cal pro cesses un der ly ing the re lapse to drug ad dic tion.
Moreo ver, as re in state ment of drug- seeking is a fac tor for
the de vel op ment of de pend ence, bupropion and me ca -
mylamine may be use ful in the relapse- prevention phase of
ad dic tion treat ment.
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