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Previous research in our laboratory has shown that responding for ethanol increases after a period of imposed deprivation during which

no ethanol is available (the alcohol deprivation effect). This selective increase in responding for ethanol was blocked by chronic

administration of acamprosate. In the present study the effects of naltrexone and the combination of naltrexone+acamprosate on oral

ethanol self-administration were examined following an imposed period of abstinence. Male Wistar rats were trained to respond for

ethanol (10% w/v) or water in a two-lever free-choice condition. After training, separate groups of rats received chronic injections

(2� /day) of saline, naltrexone, or naltrexone+acamprosate during a 5-day period of abstinence. Ethanol self-administration was tested

in all groups of rats on the last day of abstinence, 30min after the last drug injection. Responding for ethanol increased significantly

following the deprivation period in animals treated with saline. Chronic administration of naltrexone and the combination

naltrexone+acamprosate blocked the increased ethanol consumption following the imposed abstinence period on post-deprivation

Day 1. On post-deprivation Day 2, the combination of acamprosate with naltrexone blocked the rebound increase in ethanol

consumption observed in animals treated with a low dose of naltrexone. These results support the hypothesis that naltrexone and

acamprosate are effective in modulating aspects of alcohol-seeking behavior, and under certain situations may be more effective in

combination.
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INTRODUCTION

Recently, several reviews have noted the critical need for
examining the potential benefit of combination therapies,
involving either multiple medications or the combination of
medication with specific psychotherapies in the treatment
of alcoholism (Kranzler, 2000). Two medications, naltrex-
one and acamprosate (calcium-acetyl homotaurinate),
would appear to be ideal candidates for investigating the
potential benefit of combined treatments, given that these
pharmacotherapies have been used extensively in the
treatment of alcoholism (see Garbutt et al, 1996; Litten
et al, 1996; Mason and Ownby, 2000 for reviews of the
clinical literature). An investigation of the combination of
these two compounds is particularly intriguing given that
these drugs have distinctly different neurochemical actions
and, therefore, the combination may be more efficacious in
treating alcoholism than either drug alone.

It is clear that endogenous opioid peptides play a key role
in the reward pathways of ethanol as well as other drugs of
abuse (Herz, 1997; Koob et al, 1998). Acute ethanol
consumption or ethanol treatment in rodents has been
reported to increase endorphin and enkephalin gene
expression and increase opioid peptide release in the brain
and pituitary (Wand, 1989; Angelogianni and Gianoulakis,
1993; Gianoulakis, 1996). Neurochemically, the opioid
receptor antagonists naloxone and naltrexone are known
to bind to all three opioid receptors (mu, delta, and kappa)
as a function of the dose administered (Chang et al, 1979;
Corbett et al, 1993). Animal studies have shown that the
administration of naloxone and naltrexone decreases
ethanol self-administration (see Ulm et al, 1995 for a
review). This antagonist-induced decrease in ethanol intake
has been observed in a wide variety of settings including
home-cage drinking (Marfaing-Jallat et al, 1983; Reid and
Hunter, 1984; Hubbell et al, 1986; Sandi et al, 1988;
Froehlich et al, 1990) and operant paradigms (Samson
and Doyle, 1985; Weiss et al, 1990; Hyytia and Sinclair,
1993; June et al, 1999).

Neurochemically, acamprosate is an analogue of amino
acids found in brain, such as taurine and homocysteic acid
(Dahchour and De Witte, 2000). Naassila et al (1998) and al
Qatari et al (1998) have demonstrated that acamprosate
binds to a specific spermidine-sensitive site that modulates
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the NMDA receptor in a complex way. Their work suggests
that acamprosate acts as a ‘partial coagonist’ at the NMDA
receptor, such that low concentrations enhance activation
when receptor activity is low, and high concentrations
inhibit activation when receptor activity is high. This may
be particularly relevant to the success of acamprosate as a
pharmacotherapy given that chronic exposure to ethanol
results in an upregulation of NMDA receptors (Grant, 1990;
Liljequist, 1991; Hoffman and Tabakoff, 1994) and an
upregulation in the density of voltage-dependent calcium
channels (Messing et al, 1986; Dolin et al, 1987; Dolin and
Little, 1989; Whittington and Little, 1991). Acamprosate also
promotes the release of taurine in the brain (Dahchour
and de Witte, 2000). Taurine is a major inhibitory
neuromodulator/neurotransmitter and an increase in taur-
ine availability would also contribute to a decrease in
hyperexcitability. Thus, each of these changes produced by
acamprosate may contribute to the decreased hyperexcit-
ability observed during ethanol withdrawal and abstinence
(Dahchour et al, 1998). Therefore, it has been hypothesized
that acamprosate may minimize or negate some of the
physiological changes produced by chronic ethanol expo-
sure (Popp and Lovinger, 2000).

Acamprosate has been shown to reduce ethanol con-
sumption in rodents that have an extended history of
ethanol exposure or are ethanol-dependent (Boismare et al,
1984; Le Magnen et al, 1987; Gewiss et al, 1991; Spanagel
et al, 1996a; Hölter et al, 1997). It has also been shown to
reduce the increased ethanol consumption associated with
abstinence from ethanol (the alcohol deprivation effect) in
rats (Hölter et al, 1997; Spanagel et al, 1996a; Heyser et al,
1998). In contrast, acamprosate appears to have less of an
effect on baseline alcohol consumption in alcohol naı̈ve and
nondependent rats (Le Magnen et al, 1991; Heyser et al,
1998, Stromberg et al, 2001). Acamprosate also has been
reported to attenuate some of the behavioral and neuro-
chemical events associated with ethanol withdrawal (Dah-
chour and de Witte, 1999; Putzke et al, 1996; Cole et al,
2000). For example, acamprosate reduces the hyperactivity
and elevated glutamate levels observed during the first 12 h
of ethanol withdrawal (Dahchour and De Witte, 1999).
However, not all aspects of withdrawal are reduced by
acamprosate, such as withdrawal-induced hypothermia
(Spanagel et al, 1996b).

The results of these studies show that naltrexone and
acamprosate can modify ethanol consumption and that the
effectiveness of these compounds may involve different
neuropharmacological mechanisms. Therefore, it is possible
that the drugs might be complementary (ie more effica-
cious) when administered in combination. In order to test
this hypothesis, the present study was conducted to
examine the effects of naltrexone alone or in combination
with acamprosate on responding for ethanol after a period
of abstinence using an operant model of alcohol-seeking
behavior. An increase in ethanol consumption typically is
observed after a period of abstinence in rats (Le Magnen,
1960; Sinclair and Senter, 1967, 1968; Wolffgramm and
Heyne, 1995; Spanagel et al, 1996a; Heyser et al, 1997, 1998),
monkeys (Kornet et al, 1990), and in human social drinkers
(Burish et al, 1981). This effect has been termed the ‘alcohol
deprivation effect’ (Sinclair and Senter, 1967). This model
was selected for several reasons. First, this paradigm mimics

the conditions under which these drugs are likely to be
administered in human alcoholics, presumably after detox-
ification and in an alcohol-free state. Second, this is one of
the few models that addresses the role of abstinence on
potential subsequent drinking behavior. It has been
proposed that a deprivation-induced increase in drinking
may be related to ‘loss of control’, which may have
implications for relapse (Wolffgramm and Heyne, 1995).
Third, it has been reported previously that administration
of acamprosate blocked the increased ethanol consumption
typically observed in rats after an imposed abstinence
period (Hölter et al, 1997; Spanagel et al, 1996a; Heyser et al,
1998). And fourth, intermittent treatment with naltrexone
has been shown to attenuate moderately the alcohol
deprivation effect (Hölter and Spanagel, 1999).

MATERIALS AND METHODS

Subjects

Subjects were 117 male Wistar rats (Charles River
Laboratories, Hollister, CA). Rats were housed in groups
of two per cage in a temperature- and humidity-controlled
environment with a 12-h light/dark cycle (lights on at
10:00 pm). Food and water were available ad libitum, except
as noted in the procedure. All procedures were conducted in
accordance with the guidelines established by the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Apparatus

Ethanol self-administration training was conducted in
standard operant chambers (Coulbourn Instruments, Allen-
town, PA) that were located in sound-attenuated, ventilated
environmental cubicles. Two 35-ml syringes dispensed
either ethanol or water through plastic tubing into two
stainless-steel drinking cups mounted 4 cm above the grid
floor and centered on the front panel of each chamber. Each
drinking cup could hold approximately two reinforcer
deliveries (0.2 ml). Two retractable levers were located
4.5 cm to either side of the drinking cups. Fluid delivery and
recording of operant responses were controlled by micro-
computers.

Procedure

Operant procedure for oral ethanol self-administration
training. All rats were trained to respond for ethanol or
water in a two-lever free-choice situation. The procedure for
induction of oral ethanol self-administration is a modifica-
tion of Samson (1986) and has been successfully employed
previously in our laboratory (Heyser et al, 1997, 1998). Rats
were subjected to a 22-h water deprivation schedule only
during the first 3 days of training (no ethanol was available
during this period of training). Self-administration training
was initiated in operant chambers by allowing rats to press
either of two levers for a 0.2% (w/v) saccharin solution on a
continuous reinforcement schedule (0.1 ml fluid/response)
in 30-min daily sessions. After this initial training phase,
and throughout the remainder of training and testing, water
was freely available in the home cage. Starting on Day 4, rats
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were trained to alternate responding on the right and left
lever (eg left, right, left, right, etc) in order to obtain a 5.0%
ethanol+0.2% saccharin (w/v) solution. The alternation
procedure was used to reduce positional (lever) biases in
responding. Starting on Day 9 both levers were made
available in a free-choice situation, with one lever produ-
cing an ethanol solution and the other lever producing
water. During the next 10 days of training, ethanol
concentrations were increased gradually to 8.0% and then
to 10.0% ethanol (w/v). At the same time, saccharin
concentrations were decreased to 0%. The lever that pro-
duced ethanol continued to alternate from left to right on
consecutive days throughout all training and testing to
prevent establishment of a positional bias in responding.
This procedure also maintains stable responding for both
alcohol and water and permits a more stringent test of
ethanol preference for animals, as the animals must track
and respond to the appropriate lever necessary for
obtaining ethanol. Rats were allowed to stabilize their
intake of 10% ethanol (without saccharin) and water
for 40–50 days and meet an established criterion for ethanol
intake before being randomly assigned to the experi-
mental groups. The criterion for stable responding was
defined as 7 20% of the previous day’s total number of
responses for ethanol for three consecutive sessions. All
testing and training were conducted during the animal’s
dark cycle.

Experiment 1: effects of chronic injections of naltrex-
one: After the establishment of stable responding for
ethanol, a 5-day deprivation period was imposed during
which time ethanol was not available. During this period of
ethanol deprivation, rats remained in their home cages with
food and water available ad libitum. Each animal received
chronic (twice daily) subcutaneous (s.c.) injections of saline
or naltrexone (dissolved in saline) for 5 days. Injections of
saline or naltrexone (0.005, 0.01, 0.06, 0.125, or 0.25 mg/kg)
were made at 12-h intervals at approximately 6:00 am and
6:00 pm (n¼ 7–8 per group; total n¼ 45). Animals were
tested 30 min after the last injection on Day 5.

Experiment 2: effects of chronic injections of naltrexone
and acamprosate: After the establishment of stable
responding for ethanol, a 5-day deprivation period was
imposed during which time ethanol was not available. Each
animal received a s.c. injection of saline or naltrexone
(dissolved in saline) followed immediately by an intraper-
itoneal (i.p.) injection of saline or acamprosate (dissolved in
saline) twice daily during the 5 days of ethanol deprivation.
The doses for the combined treatment of naltrexone/
acamprosate were: 0.005/25, 0.005/100, 0.01/25, 0.01/100,
0.06/25, 0.06/100, 0.125/25, and 0.125/100 mg/kg (the dose of
naltrexone is listed first; n¼ 8 per group; total n¼ 72).
These doses were selected based on the results of the first
experiment (chronic injections of naltrexone) and previous
studies (Heyser et al, 1998). This range of doses includes
doses that eliminate the ethanol deprivation effect and
doses that are ineffective in order to assess additivity and to
test for possible synergistic effects of these compounds.
Injections were made at 12-h intervals at approximately
6:00 am and 6:00 pm. Animals were tested 30 min after the
last injection on Day 5.

Data Analysis

Statistical analyses were performed with the SPSS package
for Windows version 8.0 (SPSS Inc., Chicago, IL). Results of
the operant procedure are reported as the mean total
number of bar presses for ethanol and water. Data for the
number of bar presses for ethanol and water were analyzed
by a mixed factor analysis of variance (ANOVA), with Dose
as a between-subjects factor and Day of testing as a within-
subjects factor. Tukey’s honestly significant difference tests
and simple main effects analysis (Kirk, 1982) were used to
determine the locus of significant main effects and
interactions. A significance level of po0.05 was used for
all statistical analyses.

RESULTS

Experiment 1

The ANOVA conducted on the total number of bar presses
for ethanol revealed a significant main effect of Day
F(2,78)¼ 10.24, po0.05, along with a significant Day-
�Treatment interaction F(10,78)¼ 8.91, po0.05. As can
be seen in Figure 1 (top panel), animals treated with saline
or 0.005 and 0.01 mg/kg naltrexone and deprived of ethanol
for 5 days significantly increased their responding for
ethanol compared to baseline levels of responding on the
first day post-deprivation (for saline animals: mean base-
line intake¼ 0.67 g/kg and mean post-deprivation Day
1¼ 1.13 g/kg). In contrast, no increase in responding for
ethanol was observed in animals chronically treated with
0.06, 0.125, or 0.25 mg/kg naltrexone. Furthermore, re-
sponding for ethanol was significantly decreased in animals
treated with 0.125 and 0.25 mg/kg naltrexone on the first
day post-deprivation. Responding for ethanol returned to
baseline levels on the next day (second day post-depriva-
tion) in these two groups. In contrast, animals treated with
0.06 mg/kg naltrexone significantly increased responding
for ethanol on the second day post-deprivation compared to
baseline levels. The effects of ethanol deprivation and
naltrexone were selective for ethanol, and no significant
alterations in responding for water were observed (see
Figure 1, bottom panel).

To examine the time course of responding for ethanol,
cumulative response records were generated (see Figure 2).
As previously observed in our laboratory, animals generally
make most of their responses for ethanol in the first 10–
15 min of the session. A similar pattern of responding was
observed in deprived animals during the first 10 min, and
this pattern did not differ from baseline responding (see
Figure 2). However, animals treated with saline or 0.005 and
0.01 mg/kg naltrexone during the 5-day period of ethanol
deprivation continued to respond for ethanol throughout
the 30-min session. This increased responding in the latter
stages of the session was eliminated in animals chronically
treated with 0.06 mg/kg naltrexone during the deprivation
period. Interestingly, these animals significantly increased
responding for ethanol on the second day post-deprivation
compared to baseline levels. Animals treated with higher
doses of naltrexone (0.125 and 0.25 mg/kg) significantly
reduced responding for ethanol below baseline levels.
Although total responding for ethanol was reduced in
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animals chronically treated with 0.125 or 0.25 mg/kg
naltrexone, initial responding for ethanol was unaffected
(see Figure 2). Therefore, in terms of the cessation of
responding, administration of either 0.125 or 0.25 mg/kg
naltrexone resulted in an earlier termination of responding
compared to animals that received saline.

Experiment 2

The ANOVA conducted on the number of responses for
ethanol revealed a significant main effect of Day
F(2,126)¼ 6.71, po0.05, along with a significant Day-
�Treatment interaction F(16,126)¼ 5.23, po0.05. As can
be seen in Figures 3 and 4, animals treated with saline,
0.005/25, and 0.01/25 mg/kg (naltrexone+acamprosate)

during the 5-day ethanol deprivation period significantly
increased their responding for ethanol compared to baseline
levels of responding on the first day post-deprivation. In
contrast, no increase in responding for ethanol was
observed in animals chronically treated with 0.005/100,
0.01/100, 0.06/25, and 0.06/100 mg/kg (naltrexone+acam-
prosate) on the first day post-deprivation. Furthermore,
responding for ethanol was significantly decreased below
baseline in animals treated with 0.125/25 and 0.125/100 mg/
kg (naltrexone+acamprosate). The deprivation-induced
increase in responding for ethanol was transient as all
animals returned to baseline levels of responding on the
second day post-deprivation. Further examination of
cumulative response curves for ethanol revealed almost
identical patterns of responding as that seen after the
administration of naltrexone (see Figure 2) or acamprosate
(see Heyser et al, 1998) given alone (data not shown). The
effects of ethanol deprivation and drug treatment were
selective for ethanol, and no significant alterations in
responding for water were observed (see Figures 3 and 4).

DISCUSSION

In the present study, increased responding for ethanol was
observed after a period of deprivation compared to baseline
levels of ethanol intake, confirming previous demonstra-
tions of the alcohol deprivation effect (Le Magnen, 1960;
Sinclair and Senter, 1967, 1968; Wolffgramm and Heyne,
1995; Spanagel et al, 1996a; Heyser et al, 1997). Chronic
administration of naltrexone alone or in combination with
acamprosate eliminated this deprivation-induced increase
in drinking. These results confirm previous reports that
opiate antagonists and acamprosate reduce the alcohol
deprivation effect (Hölter et al, 1997; Spanagel et al, 1996a;
Heyser et al, 1998; Hölter and Spanagel, 1999; Hölter et al,
2000). In the present study, the effects of drug administra-
tion had no effects on responding for water. Taken together
with previous reports, these results provide further support
for the effectiveness of each compound in modulating some
aspects of alcohol-seeking behavior.

Chronic administration of naltrexone eliminated the
ethanol deprivation effect and significantly decreased
responding for ethanol at higher doses. These results
confirm previous reports that opioid receptor antagonists
reduce ethanol intake (Samson and Doyle, 1985; Hubbell
et al, 1986; Froehlich et al, 1990; Weiss et al, 1990; Hyytia
and Sinclair, 1993; June et al, 1999) and attenuate the
ethanol deprivation effect (Hölter and Spanagel, 1999;
Hölter et al, 2000). The reduction in responding for ethanol
below baseline observed after administration of the higher
doses (0.125 and 0.25 mg/kg) of naltrexone was specific to
the first day after ethanol deprivation. Responding for
ethanol in these treatment groups returned to baseline
levels on the following day and remained stable across
subsequent test days. Interestingly, the animals receiving
0.06 mg/kg naltrexone did not show an increase in drinking
after the period of abstinence on the day ethanol was first
made available (ie maintaining baseline levels of responding
for ethanol). However, an increase in responding above
baseline levels was observed the following day (post-
deprivation Day 2). This may represent a rebound or
delayed ethanol deprivation effect. This rebound may be
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due to the apparent threshold nature of this dose (still lower
doses were without effect) and the fact that naltrexone
treatments had been discontinued (ie the last injection of
naltrexone was given B24 h prior to the second day post-
deprivation).

The decrease in responding for ethanol after the
administration of naltrexone was not immediate. All
animals responded for ethanol within 30 s of the start of
each session, regardless of drug administration. In addition,
all groups initiated responding for ethanol and showed
similar rates of responding during the first minutes of the

operant session. Therefore, the blockade of opioid receptors
does not seem to affect the onset of responding for ethanol,
but results in the early cessation of responding in this
limited-access setting. These data confirm several previous
reports in animals that showed a delayed effect of opioid
antagonists to affect ethanol intake (Hubbell et al, 1986;
Hyytia and Sinclair, 1993; Slawecki et al, 1997; Heyser et al,
1999).

Chronic administration of naltrexone and acamprosate in
combination resulted in an elimination of the alcohol
deprivation effect. However, there was little evidence of any
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additive or synergistic effects of this combination on
responding for ethanol on post-deprivation Day 1. More
specifically, the administration of combinations including
either 0.06 mg/kg naltrexone or 100 mg/kg acamprosate
reduced the ethanol deprivation effect, and combinations
including the higher dose of naltrexone (0.125 mg/kg)
further reduced responding for ethanol below baseline
levels. These data replicate Experiment 1 in the present
study (effects of chronic injections of naltrexone) and
confirm our previous report showing the elimination of the
ethanol deprivation effect after the administration of
100 mg/kg acamprosate, but not after the administration
of 25 mg/kg acamprosate (Heyser et al, 1998). Thus, the
effects of these combined administrations on responding for
ethanol are similar to those observed after the administra-
tion of either drug alone. Although acamprosate alone did

not affect baseline responding for ethanol in this limited
access paradigm (Heyser et al, 1998), there are reports
showing a reduced consumption of ethanol after the
administration of acamprosate (Boismare et al, 1984; Le
Magnen et al, 1987; Spanagel et al, 1996a). However, rats in
these studies were dependent on ethanol (Le Magnen et al,
1987) or selected for high ethanol intake (Boismare et al,
1984) or had an extensive history of ethanol consumption
(24-h access to bottles of ethanol for 8 months) (Spanagel
et al, 1996a). In contrast, animals in the present study were
only trained to stable baseline (about 3–4 months) and in a
limited access paradigm (30 min/day). Therefore, the
effectiveness of acamprosate in reducing ethanol consump-
tion appears to be related to ethanol preference and/or
history (see Heyser et al, 1998 for discussion). This
hypothesis is supported by a recent study by Stromberg
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et al (2001) that showed relatively little effect of acampro-
sate on baseline responding for ethanol. These authors also
reported no synergistic or additive effects of the coadmi-
nistration of acamprosate and naltrexone on baseline
responding for ethanol.

The guiding hypothesis being tested in the current study
was that the administration of naltrexone in combination
with acamprosate would be more effective in modulating
responding for ethanol than either drug given alone. This
hypothesis was based on a number of empirical findings.
First, these drugs have been shown to significantly reduce
the rate of relapse in alcohol-dependent humans (see
Garbutt et al, 1999; Litten et al, 1996; Mason and Ownby,
2000; for reviews of the clinic literature), despite the fact
that these drugs work through different neurochemical
mechanisms. Second, it has been hypothesized that
naltrexone has a more direct effect on the positive
reinforcing action of ethanol given that naltrexone
decreases ethanol consumption in a variety of animal
models (Samson and Doyle, 1985; Hubbell et al, 1986;
Froehlich et al, 1990; Weiss et al, 1990; Hyytia and Sinclair,
1993; June et al, 1999). In contrast, the effectiveness of
acamprosate on ethanol consumption appears to be
dependent on the history of ethanol exposure. Acamprosate,
unlike naltrexone, has been shown to reduce some of the
symptoms of ethanol withdrawal (Dahchour and de Witte,
1999; Putzke et al, 1996; Cole et al, 2000). For example, in a
recent report, Cole et al (2000) showed that acamprosate,
but not naltrexone, inhibited conditioned abstinence
behaviors. Taken together, this combination of drug
therapies would seem ideal in the sense that acamprosate
and naltrexone target aspects of both positive and negative
reinforcement. However, there was little evidence of any
additive or synergistic effects of this combination on
responding for ethanol on post-deprivation Day 1.

Given this lack of additivity, it would appear from these
data that acamprosate and naltrexone are working on
parallel neuronal systems. Unfortunately, it is not possible
at this time to fully describe the neuronal mechanisms
responsible for the alcohol deprivation effect. The neuronal
mechanisms are likely to be complex given the multiple
actions of ethanol in the central nervous system and the fact
that these systems may be (and often are) altered by the
history of ethanol exposure. For example, chronic exposure
to ethanol results in an upregulation of NMDA receptors
(Grant, 1990; Liljequist, 1991; Hoffman and Tabakoff, 1994)
and an upregulation in the density of voltage-dependent
calcium channels (Messing et al, 1986; Dolin et al, 1987;
Dolin and Little, 1989; Whittington and Little, 1991). More
recently, Rasmussen et al (2002) has reported that
mediobasal hypothalamus pro-opiomelanocortin (POMC)
mRNA concentrations were decreased after chronic ethanol
consumption. In contrast, an increase in forebrain POMC
mRNA was observed after a period of ethanol deprivation
(abstinence). Therefore, changes in the endogenous opioid
systems are observed in response to the presence of ethanol
and its subsequent removal. It is clear from other reports
that these neuroadaptations are not limited to these systems
and include alterations in serotonergic (McBride, Le, and
Noronha, 2002) and dopaminergic (Bailey et al, 2001)
function. These results illustrate the need for further
research into these neuronal mechanisms. Furthermore,

although the data from the present study failed to show a
benefit from a combined treatment strategy on the acute
alcohol deprivation effect using a limited access operant
paradigm, caution should be taken in terms of generalizing
these results to other experimental situations that include
aspects of ethanol dependence and protracted abstinence
(see Roberts et al, 2000).
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