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Abstract

The mesocorticolimbic dopamine system is believed to be involved in mediating the positive reinforcing effects of drugs of abuse,
including ethanol. The nicotinic acetylcholine receptor antagonist mecamylamine perfused via reversed microdialysis in the ventral
tegmental area antagonizes the increase of accumbal extracellular dopamine levels after systemic ethanol, and, after systemic injection,
lowers ethanol intake in the rat. In the present study the effect of ventral tegmental mecamylamine on ethanol intake and preference, as
well as on extracellular accumbal dopamine levels, was investigated in the same animal. To this end, in vivo microdialysis using a double

Ž .probe approach one in the nucleus accumbens and one in the ventral tegmental area was combined with an ethanol preference model
Ž .invoking a free choice between a bottle of water and a bottle of ethanol 6% vrv solution. Wistar rats drinking more than 60% of their

Ž .total daily fluid intake from the ethanol solution ethanol high-preferring animals were selected during a screening period and used for
Ž .the experiments. The animals received vehicle or mecamylamine 100 mM in the ventral tegmental area and were then presented with a

choice between water and ethanol in a limited access paradigm to which they previously had been adapted. On the next day the rats that
received vehicle day 1 now received mecamylamine, and vice versa. When treated with vehicle, ethanol intake and preference were
unaltered, as compared to baseline behavior, and accumbal dopamine levels increased significantly to approximately 130% of the
pre-drug baseline level. When receiving mecamylamine, ethanol intake and preference were reduced markedly and dopamine levels were
unaltered, as compared to pre-drug baseline levels. The present results further indicate that nicotinic acetylcholine receptors in the ventral
tegmental area are involved in the positive reinforcing effects of ethanol. Thus, mecamylamine or other antagonists specifically aimed at
ventral tegmental nicotinic acetylcholine receptors could represent a new pharmacological treatment principle against alcohol abuse, the
efficacy of which should be explored in high-scale alcohol consumers or alcoholics. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Ethanol, like other drugs of abuse, has repeatedly been
demonstrated to activate the mesocorticolimbic dopamine

Žsystem after systemic injections Engel and Carlsson, 1977;
Imperato and Di Chiara, 1986; Mereu et al., 1987; Koob,

.1992; Blomqvist et al., 1993, 1997 . This dopamine path-
way appears to be a crucial component of the so-called
brain reward system, and its activation has been suggested
to be important for the development of addictive behavior

Žtowards various drugs of abuse Wise and Bozarth, 1987;
.Koob and Bloom, 1988; Robinson and Berridge, 1993 .

Whereas several studies are available demonstrating
activation of the mesocorticolimbic dopamine system in
association with self-administration of psychostimulants in
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experimental animals, to our knowledge only one study
has been presented addressing this issue in animals self-ad-

Ž .ministering ethanol Weiss et al., 1993 . The first aim of
the present study was therefore to examine whether volun-
tary oral ethanol intake in ethanol high-preferring Wistar
rats choosing between ethanol and water consumption in a
limited access free-choice paradigm is associated with
increased accumbal dopamine levels, concomitantly mea-
sured by in vivo microdialysis.

The mechanisms of action for psychostimulants, opiates
and nicotine in their activation of the mesocorticolimbic
dopamine system are fairly well-established, whereas for
ethanol it remains unknown. However, based on a series of
investigations in mice and rats we have recently suggested
that ethanol-induced activation of the mesocorticolimbic
dopamine system involves central nicotinic acetylcholine

Žreceptors Blomqvist et al., 1992, 1993; Soderpalm et al.,¨
.1993; Johnson et al., 1995; Blomqvist et al., 1996, 1997 .
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The most important evidence for such an involvement is
that ethanol-induced dopamine overflow in the rat nucleus
accumbens is counteracted by systemic administration of
mecamylamine, a blood brain barrier penetrating nicotinic
acetylcholine receptor antagonist, but not by the peripheral

Žnicotinic antagonist hexamethonium Blomqvist et al.,
.1993, 1997 . Moreover, since local application of mecamy-

lamine or hexamethonium into the ventral tegmental area,
but not into the nucleus accumbens, prevents ethanol-in-
duced dopamine overflow after systemic administration,
ventral tegmental nicotinic acetylcholine receptors appear

Žto be the most important in this respect Blomqvist et al.,
.1997 . That this interaction may be important also for

ethanol reinforcement is illustrated by the finding that
systemic mecamylamine, but not hexamethonium, reduces
ethanol intake in ethanol high-preferring Wistar rats
Ž .Blomqvist et al., 1996 .

The second part of the present study was aimed at
determining in the same animal whether nicotinic receptor
blockade in the ventral tegmental area by means of
mecamylamine is associated with reduced voluntary ethanol
intake and preference as well as a reduction of ethanol-in-
duced accumbal dopamine overflow. This part of the study
represents the first attempt to monitor neurochemical events
believed to be associated with ethanol reward concomi-
tantly with measuring the reinforced behavior and applying
a treatment that is hypothesized to prevent it.

2. Materials and methods

2.1. Animals

Male Wistar rats, about 100 days old, were supplied by
Ž .Beekay Stockholm, Sweden . Upon arrival in the labora-

tory, the animals were housed in groups of 5 per cage
Ž 3. Ž .55=35=20 cm at a constant cage temperature 258C

Ž .and humidity 65% for 2 weeks to adapt to the novel
environment. The animals were kept under artificial

Žlight–dark conditions light on at 0900 a.m. and off at
.0900 p.m. and had free access to ‘rat and mouse standard

Ž .feed’ Beekay Feeds and tap water.

2.2. Screening for ethanol preference

Rats had continuous access to a bottle of ethanol solu-
tion in addition to the water bottle. The ethanol concentra-

Ž .tion was gradually increased 2–4–6% vrv over a 2-week
period. The animals were subsequently housed individually

Ž 3.in clear plastic cages Macrolon 3; 40=24=15 cm .
ŽThey had continuous access to two bottles plastic 300 ml

.bottles with ballvalve spouts; ALAB, Sweden containing
either tap water or 6% ethanol solution. This concentration
of ethanol solution was used since previous observations
Ž .Fahlke, 1994 indicate that the consumption of ethanol is
maximal at about this concentration in the strain of rats

used in the present study. Water and ethanol intake were
measured over a 5-week period, twice a week, when the
bottles also were cleaned and filled with fresh beverages.
Body weight was recorded once a week during the whole

Ž .test period. The amount g of ethanol solution consumed
Ž .in per cent of total fluid intake g was used as an index of

Žethanol preference. Rats were classified as low- -20%
. Ž . Žethanol , medium- 20–60% ethanol or high- )60%
.ethanol preferring based on their ethanol preference. Ap-

proximately 8% of the animals were classified as high-pre-
ferring rats.

According to previous tests in our laboratories most rats
Ž .90% do not show side preference that affects their ethanol

Ž . Žpreference unpublished . In these tests some animals 25–
.30% , appeared disturbed by the side switch, but returned

to their baseline ethanol preference after 1–2 days. In the
present study the animals were not tested for side prefer-
ence in order to avoid such disturbances.

2.3. In ÕiÕo microdialysis

Brain microdialysis experiments were performed in
awake, freely moving animals as described by Waters et

Ž .al. 1993 . Briefly; the rats were anaesthetized with a 1:2
Žvrv mixture of xylazine 13 mgrkg i.p., Bayer Lev-

. Ž .erkusen and ketamine 67 mgrkg i.p., Parke-Davis . The
animals then were mounted into a Kopf stereotaxic instru-
ment. The probe co-ordinates relative to the bregma and

Žaccording to Paxinos and Watson Paxinos and Watson,
.1986 were ArP q1.85, LrM y1.4, VrD y7.8 for the

nucleus accumbens and ArP y5.2, LrM y0.7, VrD
y8.4 for the ventral tegmental area. The probes were
slowly lowered into the brain monolaterally and cemented

Žto the skull with Phosphatine cement Dentalhuset, Swe-
.den . The rats were then housed in spherical cages and

were allowed to recover for 48 h before the dialysis
experiments.

On the day of the experiment the rats were connected to
Ža microperfusion pump CMAr100, Carnegie Medicine,

.Sweden , and were replaced in their home cages where
they could move freely. The pump was set to 2 mlrmin. A
total of 40 ml samples was collected every 20 min and
injected to the chromatographic system. The perfusion
medium was a Ringer solution containing in mmolrl:
NaCl, 140; CaCl , 1.2; KCl, 3.0; and MgCl , 1.0. To2 2

analyze dopamine in the fractions a high pressure liquid
chromatography system with electrochemical detection was

Ž .used Waters et al., 1993 .
After the completion of the studies the animals were

sacrificed by decapitation, the brains were sliced on a
cryotome and the positions of the microdialysis probes
were inspected. Only results from animals with correctly
placed probes are included in the presented figures.

2.4. Experimental procedure

In order to adapt to the experimental circumstances
ethanol high-preferring rats were limited to drink only 1 h
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a day for 1 week in the test cage, whereas food was
available ad libitum. On the days of the experiments the
rats were thus both water and ethanol deprived when they
were connected to the microdialysis system and the sam-
pling started. The experiments were performed between 9
a.m. and 3 p.m. in a dark room. Baseline samples were

Ž .collected until at least four consistent values "5% of
Ž .dopamine levels were obtained. Mecamylamine 100 mM

or vehicle was then perfused in the ventral tegmental area
for 40 min before the rats were presented with a bottle of
water and a bottle of 6% ethanol solution, which were
weighed before and after the experiment. The next day the
rats were handled in the same way as on the day before but
animals that received mecamylamine on day 1 now re-
ceived vehicle instead and vice versa. The order of treat-
ments was balanced between the different animals. In

Ž .some animals ns4 the time spent drinking ethanol or
water, as well as at what time-points drinking occurred,
was recorded manually during the first 20 min of the
drinking period.

2.5. Drugs

Ž . Ž .Ethanol AB Svensk Sprit was diluted 2–4–6% vrv
with regular tap water and presented in regular plastic 300

Ž w xml bottles. Mecamylamine HCl 2- methylamino iso-
.camphane hydrochloride purchased from Sigma was dis-

solved in Ringer solution. The concentration of mecamy-
Ž .lamine used 100 mM was chosen based on previous

studies indicating that when applied in the ventral tegmen-
tal area it prevents ethanol-induced activation of the

Ž .mesolimbic dopamine system Blomqvist et al., 1997 .

2.6. Statistics

The in vivo microdialysis data were statistically evalu-
Ž .ated by using a two-factor analysis of variance ANOVA

with repeated measures or paired t-test. Ethanol intake and
preference data were statistically evaluated using Wilcox-
ons test. All values are expressed as means"S.E.M. A

Ž .probability value P less than 0.05 was considered statis-
tically significant.

3. Results

3.1. Methodological considerations

Approximately one third of the high-preferring animals
was excluded from the study due to technical malfunctions
Ž .malfunctioning probes or misimplanted probes , or due to

Žan inability to maintain ethanol high-preference according
.to the above definition after surgery. Thus, in order to

collect the results from the number of animals reported in
this study 150 animals were initially screened for ethanol
preference.

3.2. Ethanol intake and preference

When subjected to a free-choice between ethanol and
water in a limited access paradigm after receiving vehicle
via reversed dialysis in the ventral tegmental area, ethanol
high-preferring rats maintained their ethanol preference

Ž . Ž .Fig. 1. A Effect of mecamylamine 100 mM or Ringer solution in the
Ž .ventral tegmental area VTA on ethanol preference after voluntary

ethanolrwater intake. Statistics: Wilcoxons test—baseline vs. mecamy-
lamine P s0.043, mecamylamine vs. Ringer P s0.046, baseline vs.

Ž . Ž .Ringer P s0.249. B Effect of mecamylamine 100 mM or Ringer
solution in the ventral tegmental area on ethanol intake after voluntary
ethanolrwater intake. Statistics: Wilcoxons test—baseline vs. mecamy-
lamine P s0.028, mecamylamine vs. Ringer P s0.080, baseline vs.

Ž . Ž .Ringer P s0.916. C Effect of mecamylamine 100 mM or Ringer
solution in the ventral tegmental area on water intake after voluntary
ethanolrwater intake. Statistics: Wilcoxons test—baseline vs. mecamy-
lamine P s0.173, mecamylamine vs. Ringer P s0.043, baseline vs.
Ringer P s0.138. All values are expressed as means"S.E.M., ns6.
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and ethanol intake, as compared to their baseline levels
determined in the limited access paradigm before opera-
tion. The water intake, however, tended to decrease slightly

Ž .during the 1-h experimental period Fig. 1 . The total
Ž .liquid intake i.e., both water and ethanol solution intake

did not differ between the experimental groups. All groups
Žconsumed approximately 11"2 ml fluid in total data not

.shown .
Application of mecamylamine in the ventral tegmental

area via reversed microdialysis significantly decreased
Ž .ethanol preference Ps0.046 and tended to decrease

Ž .ethanol intake Ps0.079 , as compared to the behavioral
response observed after vehicle application in the ventral
tegmental area. When compared to baseline responding
mecamylamine significantly reduced both ethanol prefer-

Ž . Ž .ence Ps0.043 and ethanol intake Ps0.028 . The
Ž .water intake was significantly increased Ps0.043 after

perfusion of mecamylamine in the ventral tegmental area,
Ž .as compared to after vehicle treatment Fig. 1 .

As evident from Fig. 2, most of the drinking both after
vehicle and mecamylamine in the ventral tegmental area

occurred during the first 10 min after presentation of the
water and ethanol bottles. This figure also demonstrates
that ethanol consumption dominated over water consump-
tion after vehicle in the ventral tegmental area and vice
versa after mecamylamine.

3.3. Extracellular dopamine in the nucleus accumbens

Voluntary ethanol intake in a limited access paradigm
invoking free-choice between ethanol and water resulted in
a significant elevation of extracellular dopamine levels in

Ž .the nucleus accumbens Ps0.030 . Mecamylamine in the
ventral tegmental area did not by itself alter basal extracel-
lular dopamine levels. However, with mecamylamine pre-
sent no significant alteration of dopamine levels was ob-

Ž .served after ethanol or water consumption Fig. 3 .
Fig. 4 shows the drinking pattern and the extracellular

dopamine levels in the nucleus accumbens in a single
animal. With vehicle in the ventral tegmental area ethanol

Ž . Ž .Fig. 2. Effect of mecamylamine 100 mM or Ringer solution in the ventral tegmental area VTA on the drinking pattern of water and ethanol. Data
recorded in seconds during the first 20 min of the drinking period, ns4. The Y-axis represents number of animals drinking at the same time.



( )M. Ericson et al.rEuropean Journal of Pharmacology 358 1998 189–196 193

Ž . Ž .Fig. 3. Effect of mecamylamine 100 mM or Ringer solution in the ventral tegmental area VTA on accumbal dopamine after voluntary ethanol intake as
measured by in vivo microdialysis in freely moving animals. All values are expressed as means"S.E.M., ns7. Statistics: ANOVA with repeated
measures Ps0.030.

consumption dominated over water consumption, and the
extracellular dopamine levels in the nucleus accumbens
peaked in the microdialysis sample obtained after ethanol

Ž X.consumption at time-point 60 . With mecamylamine in

the ventral tegmental area this particular animal first in-
gested ethanol for approximately 1 min and then switched
to water consumption, and the extracellular dopamine lev-
els in the nucleus accumbens were not altered.

Fig. 4. A representative example of drinking pattern and accumbal dopamine after voluntary ethanolrwater intake, as measured by in vivo microdialysis in
Ž . Ž . Ž .freely moving animals. Ringer solution was perfused in the ventral tegmental area VTA on day 1 and mecamylamine Mec 100 mM on day 2, the

Ž .animal was allowed to choose to drink between a bottle of ethanol solution 6% and a bottle of water. The drinking pattern was recorded during the first
20 min of the drinking period.
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4. Discussion

The present study demonstrates that ethanol intake in
ethanol high-preferring Wistar rats in a limited access
paradigm invoking a free choice between ethanol and
water is associated with increased extracellular dopamine
levels in the nucleus accumbens. This finding confirms

Ž .that of Weiss et al. 1993 , who reported that ethanol-rein-
forced lever-pressing behavior in the rat is associated with
elevated accumbal dopamine levels. Furthermore, the pre-
sent results extend these findings by showing that oral
ethanol intake in a paradigm not invoking complex motor

Ž .behavior lever-pressing also results in increased dopamine
levels in the nucleus accumbens.

Ž .Interestingly, Weiss et al. 1993 demonstrated that
accumbal dopamine levels were elevated already in antici-
pation of ethanol self-administration. No such anticipatory
elevation of dopamine levels could be observed in the
present study. It is possible that such an effect can be
obtained only in extensively trained animals that associate

Žethanol intake with a discrete environment only e.g., the
.box in which they have been trained . The rats used in the

present study were exposed to ethanol in their home-cages
during a long selection period before the relatively short
period of training in the limited access paradigm, and
hence could not exclusively pair ethanol intake with envi-
ronmental factors associated with the microdialysis experi-
ment. Alternatively, in our animals the most important cue
signalling ethanol availability and triggering approach be-
havior towards the ethanol bottle may be the smellrtaste
rather than other environmental factors. The increase in
dopamine levels here observed after ethanol intake could
thus represent a combination of conditioned smell-induced
dopamine release and ethanol-induced dopamine release.
Arguing against the enhanced dopamine levels being due
solely to conditioning is the fairly long-lasting effect ob-
served, as well as the facts that the amount of ethanol
consumed is pharmacologically significant and that sys-
temic ethanol injections increase dopamine to similar lev-

Ž .els e.g., Blomqvist et al., 1993, 1997 .
With the sampling times here applied it is not possible

to firmly determine whether the dopamine overflow in the
nucleus accumbens after ethanol intake is time-locked with
the drinking behavior, although the drinking pattern ob-

Ž .served, just as in the study by Weiss et al. 1993 , indicates
that this may be the case. The present experiments further
indicate that the dopamine elevation is related to ethanol
intake and not to drinking behavior in general. Thus, no
accumbal dopamine increase was observed in animals that
received mecamylamine in the ventral tegmental area and
that apparently consumed water instead of ethanol.

The finding that mecamylamine applied locally in the
ventral tegmental area decreased ethanol intake is in line
with our previous finding that systemic mecamylamine
lowers ethanol intake in ethanol high-preferring Wistar rats
Ž .Blomqvist et al., 1996 . In addition, a significant reduc-

tion of ethanol preference after tegmental application of
mecamylamine was observed. This observation is interest-
ing when related to our previous findings. Thus, we have
reported that systemic mecamylamine concomitantly low-
ers ethanol and water intake, leaving ethanol preference
unaltered. Since a similar reduction of water but not
ethanol intake was observed after hexamethonium, we
suggested that peripheral blockade of nicotinic acetyl-
choline receptors unspecifically lowers water intake,
whereas central antagonism reduces ethanol intake
Ž .Blomqvist et al., 1996 . The present results support this
interpretation, since local, central administration of
mecamylamine reduced ethanol intake and concomitantly
increased water intake.

The most important finding in the present study is that
local mecamylamine in the ventral tegmental area, a ma-
nipulation that blocks ethanol-induced dopamine release

Ž .after systemic injection Blomqvist et al., 1997 , reduced
ethanol intake, and that, at the same time, no dopamine
elevation could be observed. Even though a causal rela-
tionship between these two events is difficult to firmly
establish, it appears likely. Indeed, it would be much of a
coincidence if they were not, given the well established
role for the mesolimbic dopamine system in maintaining
self-administration of various drugs of abuse in experimen-

Ž .tal animals cf. Wise and Rompre, 1989, Koob, 1992 , and
the fact that mecamylamine was administered into a re-
stricted, important area along this system. Thus, it may be
suggested that with mecamylamine present in the ventral
tegmental area, ethanol intake andror cues associated with

Ž .ethanol intake see below in ethanol high-preferring Wis-
tar rats fail to produce a reinforcing dopamine liberating
effect, and hence ethanol intake and preference are re-
duced. The increased water intake observed would then be
a compensatory phenomenon in these ethanol and water
deprived rats. The alternative interpretation would be that
ventral tegmental mecamylamine primarily increases water
intake and that the reduced ethanol intake is but a conse-
quence of this increased water intake. However, consider-
ing that systemic mecamylamine lowers ethanol intake

Žand, if anything, lowers also water intake Blomqvist et al.,
.1996 , and the fact that the total fluid intake was unaltered

in the present experiments, this explanation, although it
has not been experimentally challenged, appears less likely.

As indicated above some observations call for a com-
plementary interpretation of the role of dopamine, and of
ventral tegmental mecamylamine, in the present ethanol
drinking behavior. Although some mecamylamine-treated
animals indeed tasted ethanol before switching to water
consumption, this did not apply to all. This finding could
indicate that ventral tegmental mecamylamine not only
blocks ethanol-induced accumbal dopamine overflow but
also a tentative conditioned smellrtaste-induced dopamine
release. Since enhanced accumbal dopamine may be an
important signal to elicit consumption of different ‘re-

Žwards’ Robinson and Berridge, 1993; Mirenowicz and
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.Schultz, 1996; Schultz et al., 1997 this could explain why
ethanol intake was not elicited. Notably, water consump-
tion substituted for ethanol, indicating that intake of this
natural ‘reward’ apparently does not require an elevation
of accumbal dopamine. Thus, elicitation of water con-
sumption is most likely governed also by mechanisms
other than activation of mesolimbic dopamine neurons. It
should also be noted that after mecamylamine in the
ventral tegmental area ethanol was actually avoided
Ž .ethanol preference approximately only 20% , indicating
that an aversive signal dominates in this situation. Thus,
mecamylamine may have removed the approach signal
leaving a competitive aversive signal untouched. Alterna-
tively, ventral tegmental mecamylamine may directly have
enhanced an aversive signal.

Some previous studies have demonstrated a decrease in
voluntary ethanol intake also after other manipulations that
presumably prevent conditioned as well as ethanol-induced
activation of the mesolimbic dopamine system. Thus, both
administration of dopamine receptor antagonists and le-
sioning of dopamine neurons in the ventral striatum by

Žmeans of 6-hydroxydopamine Myers and Melchior, 1975;
.Panocka et al., 1993 reduce ethanol intake. However,

Ž .evidence for an increase in Gauvin et al., 1993 or no
effect on ethanol consumption after dopamine receptor

Žantagonists or lesions have also been reported Brown et
.al., 1982; Gauvin et al., 1993; Rassnick et al., 1993 .

Although strain differences and incomplete dopaminergic
lesions may explain some of these contradictory results, it
is difficult to conclusively determine the role for mesolim-
bic dopamine in ethanol reward from these studies. How-
ever, the results of the present study concomitantly mea-
suring the effect of a pharmacological manipulation on
ethanol intake and extracellular dopamine levels in the
nucleus accumbens, and performed in neuronally intact,
non-lesioned animals, strongly support the notion of an
important role for accumbal dopamine in ethanol reinforce-
ment.

Although mecamylamine has been considered a selec-
tive antagonist at central as well as peripheral nicotinic
acetylcholine receptors, this compound may inhibit also

Ž . ŽN-methyl-D-aspartate NMDA -stimulated currents patch
.clamp studies by O’Dell and Christensen, 1988 and

NMDA-induced noradrenaline release in the rat hippocam-
Ž .pus Snell and Johnson, 1989 . These effects have been

suggested to be due to non-competitive blockade of the
NMDA receptor ion channel via an action at the phencycli-

Ž .dine PCP site. However, whereas the non-competitive
NMDA antagonists PCP and MK-801 may increase

Ždopamine turnover and release by themselves Imperato et
.al., 1990; Rao et al., 1990a,b; Svensson et al., 1991 ,

neither systemic nor ventral tegmental mecamylamine in
the present concentration alters dopamine overflow, as

Žmeasured by in vivo microdialysis Blomqvist et al., 1993,
. Ž1997 . Furthermore, in contrast to mecamylamine present

.study and Blomqvist et al., 1996 , MK-801 fails to reduce

Ž .ethanol intake in the rat Danysz et al., 1992 . Moreover,
since ethanol itself is a functional antagonist at NMDA

Ž .receptors e.g., Lovinger et al., 1989 it appears unlikely
that another NMDA antagonist would counteract its acute
neurochemical effects. These circumstances argue against,
but do not rule out, the possibility of the behavioral and
neurochemical effects of mecamylamine observed here
being due to its NMDA blocking properties. It appears
more likely that the obtained results are indeed due to an
antagonism of nicotinic acetylcholine receptors. Needless
to say, only further experimentation can firmly resolve this
issue.

Taken together, the present findings in rats provide
support for a mechanistic relation between ethanol and
nicotinic acetylcholine receptors in the dopamine-activat-
ing and reinforcing properties of ethanol. As discussed

Ž .previously see Blomqvist et al., 1997 , this interaction
between ethanol and nicotinic acetylcholine receptors may
be direct or indirect, an issue that is currently being
investigated in our laboratories. Regardless of the exact
nature of this interaction it may provide a neurochemical
background to the well known fact that most alcoholics
smoke, and that alcoholism may be 10 times more com-

Žmon among smokers than non-smokers DiFranza and
.Guerrera, 1990 . Furthermore, the present results suggest

that nicotinic acetylcholine receptors in the ventral tegmen-
tal area may not be involved only in mediating the

Ždopamine activating effects of ethanol Blomqvist et al.,
.1997 but also in mediating conditioned activation of the

mesolimbic dopamine system, indicating that these recep-
tors could be more generally involved in mediating ‘crav-

Ž .ing’ cf. Robinson and Berridge, 1993 .
Finally, the animal model used in the present study has

proven to be of predictive value for identifying pharmaco-
Žlogical compounds, e.g., naltrexone O’Malley et al., 1992;

.Volpicelli et al., 1992 and selective serotonin reuptake
Ž .inhibitors Naranjo and Sellers, 1989 , that may reduce

ethanol intake also in man. Thus, since mecamylamine
Ž .both after systemic Blomqvist et al., 1996 and local

Ž .ventral tegmental administration present study reduces
ethanol consumption in the rat, it is suggested that
mecamylamine or specific antagonists aimed at ventral
tegmental nicotinic acetylcholine receptors represent a new
pharmacological treatment principle, the efficacy of which
should be explored in high-scale alcohol consumers or
alcoholics.
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