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This study examined the effects of a nonselective opiate 
antagonist and antagonists selective for the 

 

�

 

1

 

 versus 

 

�

 

 opioid 
receptor on ethanol-seeking behavior induced by alcohol-related 
environmental stimuli in an animal model of relapse. Rats 
were trained to self-administer ethanol (10% w/v) or water on 
an FR 1 schedule in 30-min daily sessions. The availability of 
ethanol was signaled by an olfactory discriminative stimulus 
(S

 

�

 

). A different olfactory stimulus (S

 

�

 

) signaled water 
availability. In addition, each lever-response resulting in 
delivery of ethanol was paired with illumination of a visual cue 
for 5 s (SC

 

�

 

), whereas a 5-s white noise (SC

 

�

 

) was associated 
with water. The rats were then subjected to a 20-day extinction 
phase where lever presses had no programmed consequences. 
Reexposure to the S

 

�

 

/CS

 

�

 

 stimulus condition in the absence of 
further ethanol availability elicited strong recovery of 
responding. No effect was observed following presentation of 
S

 

�

 

/CS

 

�

 

. Subsequentely, ethanol-seeking behavior associated 

with the S

 

�

 

/CS

 

�

 

 stimulus condition was studied in rats 
treated with the nonselective opiate antagonist naltrexone 
(0.25–1 mg/kg, SC), the 

 

�

 

 selective antagonist naltrindole (1–5 
mg/kg, IP), and the 

 

�

 

1

 

 selective antagonist naloxonazine (1–15 
mg/kg, IP). Naltrexone (1 mg/kg) and naltrindole (5 mg/kg) 
selectively inhibited alcohol-seeking behavior. Naloxonazine 
(15 mg/kg) also reduced ethanol-seeking behavior but produced 
some nonselective behavioral suppression as well. The results 
provide evidence that selective blockade of either 

 

�

 

1

 

 or 

 

�

 

 opioid 
receptors inhibits ethanol-seeking behavior elicited by drug-
related environmental stimuli. Moreover, the data suggest that 
drugs aimed at the 

 

�

 

 opioid receptor may offer advantages in 
the treatment and prevention of relapse compared with agents 
that also block the 

 

�

 

1

 

 receptor.

 

[Neuropsychopharmacology 27:391–399, 2002]

 

© 2002 American College of Neuropsychopharmacology. 
Published by Elsevier Science Inc.

 

KEY

 

 

 

WORDS

 

: 

 

Ethanol; Opioid antagonists; Naltrexone; 
Naltrindole; Naloxonazine; Relapse

 

Opiate antagonists inhibit the reinforcing effects of eth-
anol in a variety of animal models suggesting that en-
dogenous opioid systems participate in the regulation
of alcohol-seeking behavior and use. For example, opi-
ate receptor antagonists reduce home cage voluntary
ethanol intake as well as operant ethanol self-adminis-
tration (Altshuler et al. 1980; Samson and Doyle 1985;
Froehlich et al. 1990; Weiss et al. 1990; Hubbell et al.
1991; Kornet et al. 1991; Hyytiä and Sinclair, 1993;
Davidson and Amit, 1997) and block ethanol-induced
conditioned place preference (Cunningham and Pra-
ther 1992; Middaugh and Bandy 2000). In addition, the
nonselective opiate receptor antagonist naltrexone has
been shown to reduce ethanol consumption and relapse
rates effectively among abstinent alcoholics in treatment
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(O’Malley et al. 1992; Volpicelli et al. 1992; O’Brien et al.
1996).

Opioid mechanisms appear to be involved not only
in the direct reinforcing effects of ethanol, but also in
the regulation of the appetitive effect of ethanol. This is
suggested by studies showing that naltrexone reduces
the urge to drink elicited by presentation of alcohol
cues in human alcoholics (Monti et al. 1999; Rohsenow
et al. 2000), and decreases the efficacy of an alcohol cue
to reinstate extinguished responding at a previously
drug-paired lever in rats (Katner et al. 1999). These ob-
servations suggest that naltrexone may blunt the moti-
vating effects of ethanol-related environmental stimuli.
Such an action would seem to represent a highly impor-
tant aspect of the pharmacotherapeutic potential of nal-
trexone or other opiate antagonists in light of evidence
that subjective reactions resulting from the condition-
ing of ethanol’s effects with environmental stimuli are a
potentially critical factor in relapse risk following
detoxification and abstinence (Ludwig et al. 1974;
Staiger and White 1991; O’Brien et al. 1992; Robbins and
Ehrman 1992; Robbins et al. 1992; Childress et al. 1993).

Among the opiate receptor families, all three major
receptor types (i.e., 

 

�

 

, 

 

�

 

, and 

 

�

 

) have been implicated in
the regulation of both unconditioned and conditioned
behavioral effects of ethanol. Selective 

 

�

 

 or 

 

�

 

 opioid re-
ceptor antagonists block ethanol-induced conditioned
place preference and suppress the self-administration
of ethanol in rats (Cunningham and Prather 1992,
Hyytiä 1993; Krishnan-Sarin et al. 1995a; 1995b; Hon-
kanen et al. 1996; Krishnan-Sarin et al. 1998; Matsuzawa
et al. 1998). Selective 

 

�

 

 antagonists, on the other hand,
exert an opposite effect and facilitate the expression of
conditioned ethanol place preference (Matsuzawa et al.
1999). Thus, existing evidence suggests that stimulation
of 

 

�

 

 and/or 

 

�

 

 opioid receptors is linked to the positive
reinforcing effects of ethanol, whereas activation of the

 

�

 

 opioid receptor family mediates aversive and dyspho-
ric aspects of ethanol’s actions. Little information is
available, however, about the involvement of specific
opioid receptor types in the control of alcohol-seeking
behavior induced by ethanol-related environmental
stimuli. Although naltrexone can inhibit ethanol crav-
ing and ethanol-seeking associated with exposure to
ethanol cues (Katner et al. 1999; Monti et al. 1999) it is
not known whether this effect requires blockade of both

 

�

 

 or 

 

�

 

 receptors or whether 

 

�

 

 or 

 

�

 

 receptors play a se-
lective role in conditioned responses to ethanol-associ-
ated stimuli. The objective of the present study was,
therefore, to evaluate the effects of antagonists selective
for the 

 

�

 

1

 

 versus 

 

�

 

 opioid receptor on ethanol-seeking
behavior induced by alcohol-related environmental
stimuli in a rat model of relapse (Katner et al. 1999), and
to compare the effects of these agents with those pro-
duced by naltrexone. For this purpose, in the present
study we used naloxonazine and naltrindole that selec-

tively bind to 

 

�

 

1

 

 and 

 

�

 

 opioid receptors, respectively
(Ling et al. 1986; Cruciani et al. 1987; Portoghese et al.
1988a;1988b).

 

METHODS

Subjects

 

Twenty-four male Wistar rats (Charles River Co., King-
ston, NY) weighing 150–180 g at the beginning of the
experiments were used. Rats were housed in groups of
three in a temperature and humidity controlled vivar-
ium on a reverse 12-hour light/dark cycle (on, 6:00
P.M.; off, 6:00 A.M.). All training and experimental ses-
sions were conducted during the dark phase of the cy-
cle. Standard laboratory rat chow and water were avail-
able ad libitum in the home cage, except as noted in
“Oral Ethanol Self-Administration Training” (see be-
low). All experimental procedures were carried out in
strict accordance with the 

 

National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

 

Drugs

 

Naltrexone hydrochloride (Sigma, St. Louis, MO) was
dissolved in saline and was injected subcutaneously
(SC) 30 min before the reinstatement tests. The selective

 

�

 

 opioid receptor antagonist naltrindole hydrochloride
and the selective 

 

�

 

 antagonist naloxonazine hydrochlo-
ride (RBI, Research Biomedical International, Natick,
MA) were dissolved in distilled water and adminis-
tered intraperitoneally (IP) 15 min (naltrindole) or 20 h
(naloxonazine) before the reinstatement tests.

 

Oral Ethanol Self-Administration Apparatus

 

The self-administration stations consisted of operant
conditioning chambers (Coulborn Instruments, Allen-
town, PA) enclosed in sound-attenuating, ventilated
environmental cubicles. Each chamber was equipped
with a drinking reservoir (vol. capacity: 0.15 ml) posi-
tioned 4 cm above the grid floor in the center of the
front panel of the chamber, and 2 retractable levers, lo-
cated 3 cm (1 to the right and the other to the left) of the
drinking receptacle. Auditory and visual stimuli were
presented via a speaker and a light located on the front
panel. An IBM compatible microcomputer controlled
the delivery of fluids, presentation of auditory and vi-
sual stimuli, and recording of behavioral data.

 

Self-Administration Training

 

Animals were trained to self-administer 10% ethanol or
water in 30-min daily sessions on an FR 1 schedule of
reinforcement where each response resulted in delivery
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of 0.1 ml of fluid as previously described (Weiss et al.
1993). Briefly, for the first 3 days of training, the rats
were placed on a restriction schedule limiting water
availability to 2 h/day in order to facilitate acquisition
of operant responding maintained by a liquid rein-
forcer. During this time, responses at the lever were re-
inforced by delivery of a 0.2% (w/v) saccharin solution
into the drinking receptacle. During all subsequent
training and testing, water was freely available in the
home cages. Following acquisition of saccharin-rein-
forced responding, rats were trained to self-administer
ethanol using a modification of the sucrose-fading pro-
cedure (Samson 1986) that employed saccharin instead
of sucrose (Weiss et al. 1993). During the first 6 days of
training, responses at the lever were reinforced by a
0.2% saccharin (w/v) solution containing 5.0% (w/v)
ethanol. After acquisition of saccharin-maintained re-
sponding, a second but inactive lever was introduced.
During all training and testing phases, responses at this
lever were recorded as a measure of nonspecific behav-
ioral activation but had no programmed consequences.
Starting on day 7, the concentration of ethanol was
gradually increased from 5.0% to 8.0% and finally 10%
(w/v), while the concentration of saccharin was corre-
spondingly decreased to 0%.

 

Conditioning Phase

 

Beginning with self-administration training at the 10%
ethanol concentration, olfactory discriminative stimuli
(S

 

D

 

) predictive of ethanol versus water availability were
presented just before and during the ethanol and water
self-administration sessions. The olfactory stimuli were
generated by depositing 6 drops of discrete food flavor
extracts (Schilling®, Sparks, MD) into the bedding of
the operant conditioning chamber. A banana flavor ex-
tract served as an S

 

�

 

 to signal the availability of ethanol.
Water availability (i.e., nonreward) was signaled by the
odor of an anise extract (S

 

�

 

). In addition, each lever-
press resulting in delivery of ethanol was paired with
illumination of the chamber’s house light for 5 s (CS

 

�

 

),
whereas a 5-s white noise (CS

 

�

 

) was presented re-
sponse-contingently during water self-administration
sessions. During the presentation of the CS

 

�

 

 or CS

 

�

 

, a 5-s
time-out period was in effect, during which responses
were recorded but not reinforced. The olfactory dis-
criminative stimuli were introduced 1 minute before ex-
tension of the lever into the chamber and remained
present throughout the 30-min ethanol or water self-
administration sessions. The bedding was changed and
bedding trays were thoroughly cleaned between ses-
sions. During the first 3 days of the conditioning proce-
dure, only ethanol training sessions were conducted.
Subsequently, ethanol and water sessions were con-
ducted in random order across training days with the

constraint that all rats received a total of 10 ethanol and
10 water sessions.

 

Extinction Phase

 

At the end of the conditioning phase, rats were sub-
jected to daily 30-min extinction sessions for a total of
20 days. During this phase, sessions began by extension
of the levers without presentation of the discriminative
stimuli (banana or anise odors). Responses at the previ-
ously active lever activated the syringe pump motor
but did not result in delivery of ethanol, water, or pre-
sentation of the response-contingent cues (house light
or white noise).

 

Reinstatement Testing

 

Reinstatement tests began 1 day after the final extinc-
tion session. These tests lasted 30 min and were con-
ducted under conditions identical to those during the
conditioning phase of the experiment, except that etha-
nol or water was not made available. Sessions were ini-
tiated by extension of both levers and presentation of
either the ethanol- (S

 

�

 

) or nonreward-associated (S

 

�

 

)
S

 

D

 

. The respective S

 

D

 

 remained present during the en-
tire session. Responses at the previously active lever
were followed by activation of the syringe pump motor
and a 5-s presentation of the CS

 

�

 

 (house light) in the S

 

�

 

condition, or presentation of the CS

 

�

 

 (white noise) in
the S

 

-

 

 condition. Half of the animals were tested under
the S

 

�

 

/CS

 

�

 

 condition on day 1 and the S

 

�

 

/CS

 

�

 

 condi-
tion on the subsequent day. The remaining animals
were tested under the S

 

�

 

/CS

 

�

 

 condition on day 1, fol-
lowed by testing under S

 

�

 

/CS

 

�

 

 conditions on day 2.
For testing of the effects of opiate receptor antago-

nists, rats were matched on the basis of their perfor-
mance during the S

 

�

 

/CS

 

�

 

 reinstatement test and di-
vided into three groups with the same mean number of
reinstatement responses. Four days after completion of
the initial reinstatement tests, rats were treated with
naltrexone (0.0, 0.25–1.0 mg/kg), naloxonazine (0.0,
5.0–15.0 mg/kg), and naltrindole (0.0, 1.0–5.0 mg/kg)
according to a Latin square design. The opiate antago-
nists were tested first for their effects on responding un-
der the S

 

�

 

/CS

 

�

 

 condition, and at completion of this ex-
periments rats were tested again under the S

 

�

 

/CS

 

�

 

condition. Drug tests were separated by 3-day intervals
during which the animals remained confined to their
home cages in the vivarium.

 

Statistical Analysis

 

Responses during the conditioning phase were analyzed
by a two-way analysis of variance (ANOVA) with re-
peated measures, one factor being time (days) and the
other factor being treatment (water or ethanol). The re-
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maining data were analyzed by one-way analysis of vari-
ance (ANOVA) with repeated measures. Significant dif-
ferences among individual treatment conditions were
determined by Newman-Keuls post-hoc comparisons.

 

RESULTS

Discrimination Phase

 

Following acquisition of reliable ethanol (10%) self-
administration at the end of the saccharin fading proce-
dure, ethanol-reinforced responding increased progres-
sively during the conditioning phase. At the same time,
lever responses during water self-administration ses-
sions decreased slightly. After 20 training days (i.e., 10
ethanol and 10 water sessions), the rats developed sta-
ble levels of responding. The mean (

 

�

 

 SEM) number of
responses over the last three sessions of the condition-
ing phase were 39.59 

 

�

 

 1.75 during ethanol sessions
(corresponding to 0.67 

 

�

 

 0.1 g/kg of ethanol) and 25.40

 

�

 

 0.43 during water sessions (Figure 1). Previous stud-
ies demonstrated that self-administration of ethanol
over this range of doses lead to a pharmacologically rel-
evant blood ethanol concentration in rats (Roberts et al.
1999). ANOVA confirmed an overall significant differ-
ence between “drinking solutions” (i.e., ethanol and
water) [F(1,23) 

 

�

 

 5.21 

 

p

 

 

 

	

 

 .05] and a significant interac-
tion between “drinking solution” and “training days”
[F(9,207) 

 

�

 

 6.81 

 

p

 

 

 

	

 

 .001]. Post-hoc comparisons indi-
cated that responding in the ethanol versus water con-
dition differed significantly starting with day 7 of the
conditioning phase. The number of responses at the in-
active lever ranged between 6.7 

 

� 1.2 of the first day to
3.4 � 0.8 of the last day of discrimination, and statistical

analysis did not reveal any significant differences be-
tween water and ethanol sessions [F(1,23) � 2.81 NS].

Extinction Phase

At previously active lever, rats emitted an average (�
SEM) of 28.8 � 2.8 responses during the first extinction
session. During subsequent sessions, lever pressing
progressively decreased, and over the last three extinc-
tion sessions, the mean (� SEM) number of responses
was 6.79 � 0.86 (Figure 1). At the inactive lever, re-
sponses remained very low for the entire period of ex-
tinction and ranged from 6.46 � 1.8 measured the 4th
day of extinction to 2.86 � 0.6 of the last extinction day.

Reinstatement Phase

Exposure to the S�/CS� stimulus condition during
the initial reinstatement test elicited immediate recov-
ery of responding with a mean (� SEM) increase in the
number of responses at the previously active lever
from 6.79 � 0.86 (extinction) to 24.10 � 2.7 (p 	 .01).
Conversely, exposure to the S-/CS- stimulus condi-
tions previously associated with water availability did
not alter responding compared with extinction levels
(Figure 1). The difference in responding between the
S�/CS� and S�/CS� conditions was confirmed by a
significant main effect of “stimulus condition” [F(2,23) �
44.66 p 	 .001]. The number of responses at the inac-
tive lever were 2.86 � 0.6 the last day of extinction,
and 2.6 � 0.8 or 3.1 � 1.3 following the reinstatement
under S�/CS� or S�/CS� conditions, respectively. Sta-
tistical analysis did not reveal any significant effect at
the inactive lever [F(2,23) � 0.63 NS].

Figure 1. Lever responses in 30-min
sessions during the conditioning, extinc-
tion, and reinstatement phases in rats
(n � 24). Conditioning phase: Mean (�
SEM) number of responses during etha-
nol (EtOH) and water self-administra-
tion sessions. Data represent responses
during the final respective session in
this experimental phase. Extinction
phase: Mean (� SEM) number of
responses at the previously active lever
during the 20th and final extinction ses-
sion. Reinstatement phase: Mean (�
SEM) number of responses at the previ-
ously active lever under the stimulus
conditions associated with ethanol (S�/
CS�) or non-reward/water (S�/CS�).
** p 	 .01; different from extinction
responses and performance.
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During the initial reinstatement test, one animal
failed to respond in the S�/CS� condition and was
therefore excluded from the subsequent pharmacologi-
cal tests with opiate antagonists. This animal had been
designated for testing with naltrexone. In addition, in
the group of rats tested with naltrindole, one animal de-
veloped health problems and did not complete the
dose-response determination. Data from this animal
were therefore not used for statistical analysis. Thus,
the remaining final sample sizes for the three drug
groups were n � 7 (naltrexone), n � 7 (naltrindole), and
n � 8 (naloxonazine).

All three opiate antagonists attenuated ethanol-seek-
ing behavior in the S�/CS� condition. Naltrexone sig-
nificantly (p 	 .05) decreased responding at the 1 mg/
kg dose [Newman-Keuls following overall ANOVA:
F(2,6) � 4.09 p 	 .05]. Specifically, at this dose, lever-
pressing decreased by approximately 60% from 16.57 �
2.05 (vehicle) to 7.00 � 2.14 (Figure 2A). Conversely,
naltrexone did not alter responding in the S�/CS� con-
dition at any dose [F(2,6) � 3.07; NS].

The �-opioid antagonist naltrindole also attenuated
responding in the S�/CS� condition [F(2,6) � 4.58 p 	
.05]. Post-hoc comparisons indicated that the inhibition
of responding was significant at the highest dose (5
mg/kg) of the drug (p 	 .05). Responding at this dose
was reduced by about 50% from 12.57 � 2.30 (vehicle)
to 7.28 � 1.89 (Figure 2B). In contrast, naltrindole did
not modify lever-pressing behavior in the S�/CS� test
condition [F(2,6) � 0.21; NS].

In the case of the �1 antagonist, naloxonazine, a sig-
nificant overall effect of treatment was observed under
both the S�/CS� [F(2,7) � 4.22 p 	 .05] and S�/CS�

[F(2,6) � 4.58 p 	 .05] test conditions. Following treat-
ment with 15 mg/kg of naloxonazine, S�/CS�-associ-
ated responses were significantly (p 	 .05) reduced by
about 55% from 14.63 � 2.89 (vehicle) to 6.82 � 2.41
(Figure 2C). However, at this dose, an even greater sup-
pression of behavior was observed in the S�/CS� stim-
ulus condition (p 	 .05) where responding was reduced
by 66% from 9.00 � 1.36 (vehicle) to 3.00 � 1.10.

During the various drug testing, the number of lever
presses measured at the inactive lever was extremely
low and was not influenced by the different drug treat-
ments. This is confirmed by the analysis of variance
that revealed no significant effect following naltrexone
[F(2,6) � 0.96 NS], naltrindole [F(2,6) � 0.33 NS], and
naloxonazine [F(2,7)� 3.28 NS].

DISCUSSION

The results confirm that environmental stimuli associ-
ated with the subjective effects of ethanol and/or pre-
dictive of ethanol availability reliably reinstate re-
sponding at the previously active, ethanol-paired lever

(Katner et al. 1999; Katner and Weiss, 1999; Ciccocioppo
et al. 2001). Lever-responses in the S�/CS� condition re-
mained at extinction levels and the number of re-
sponses at the previously inactive lever was negligible
under both the S�/CS� and S�/CS� stimulus condi-

Figure 2. Mean (� SEM) number of responses during 30-
min reinstatement test sessions following pretreatment with
(A) naltrexone (n � 7), (B) naltrindole (n � 7), and (C) nalox-
onazine (n � 8). For each drug, rats were tested under the
stimulus conditions previously associated with ethanol (S�/
CS�) or non-reward/water (S�/CS�) according to a Latin
square design. * p 	 .05; significantly different from vehicle
(Veh) treatment.
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tions. These observations rule out nonspecific arousal
as a factor in the response reinstatement, and confirm
that the animals’ behavior was controlled selectively by
the ethanol-associated stimuli.

Pretreatment with both a nonselective opiate recep-
tor antagonist and �- or �-selective antagonists signifi-
cantly attenuated ethanol-seeking behavior in the S�/CS�

condition. These agents differed, however, in the de-
gree to which they produced nonselective behavioral
effects as measured by suppression of responding in
the S�/CS� condition. In the case of naltrexone, the at-
tenuation of ethanol-seeking behavior at the effective 1
mg/kg dose was selective, and lever-pressing associ-
ated with exposure to the stimuli previously associated
with water was not significantly modified. Similar re-
sults with naltrexone, albeit at a lower effective dose
(0.25 mg/kg), have been reported in a previous study
that employed ethanol odor as an olfactory discrimina-
tive stimulus for drug availability to elicit conditioned
ethanol-seeking behavior (Katner et al. 1999). Naltrex-
one is a nonselective opioid antagonist with high affin-
ity for �, �, and � receptors. Therefore, an important ob-
jective of this study was to investigate the effect of
selective blockade of specific opioid receptor subtypes
on the reinstatement of ethanol-seeking behavior. For
this purpose, the selective �1 opioid receptor antagonist
naloxonazine and the selective � antagonist naltrindole
were employed.

Naltrindole, at a dose of 5 mg/kg selectively re-
duced ethanol-seeking behavior in the S�/CS� condi-
tion without affecting responding in the S�/CS� condi-
tion. At the doses used here, naltrindole has been
shown to attenuate a variety of behaviors that are selec-
tively mediated by � opioid receptors (Hart et al. 1983;
Kitchen and Pinker 1990; Dhawan et al. 1996). Behav-
iors involving an action at other opioid receptors are
modified by naltrindole only at higher doses. For in-
stance, the discriminative stimulus effects of morphine,
which are mediated by the � receptor, are not blocked
by naltrindole at doses as high as 10 mg/kg (Stevenson
et al. 2000). In addition, in vitro studies have demon-
strated that naltrindole has nanomolar affinity for � re-
ceptors while it binds � and � receptors at more than
100 times higher concentrations (Rogers et al. 1990).

Inhibition of S�/CS�-induced responding at the previ-
ously active lever was also seen following administra-
tion of the selective �1 receptor antagonist naloxonazine
(15 mg/kg). The effect of the drug was not specific,
however, in that the lowest effective dose that attenu-
ated ethanol-seeking behavior also suppressed re-
sponses below baseline levels in the S�/CS� control
condition. Naloxonazine was used at doses that have
been shown to block �1 receptors selectively without af-
fecting the activity of other opioid receptor subtypes
(Dhawan et al. 1996). Because naloxonazine blocks cen-
tral �1 opioid receptors irreversibly and, thus, exerts an-

tagonist effects at these sites in excess of 24 h, the drug
was administered 20 h before testing. Therefore, the
time lag chosen between administration of the drug
and the reinstatement test was well within the window
of �1 antagonist activity. At the same time, the time lag
minimized possible effects of naloxonazine produced by
the initial reversible blockade produced by this com-
pound of other opioid receptors, including the �2 opioid
receptor subtype (Ling et al. 1986; Johnson and Pasternak
1984).

In another work conducted in our laboratory, it was
shown that during the first reinstatement test respond-
ing at the previously ethanol-paired lever is around
30% higher compared with the subsequent reinstate-
ment tests (Ciccocioppo et al. 2001). During the follow-
ing tests, however, the level of responding stabilized
and did not decrease over testing (Ciccocioppo et al.
2001). This suggests that, in the present study, it is un-
likely that the effect of the drugs was influenced by the
repeated testing procedure adopted, because no spon-
taneous decrease of responding should have occurred
over the drug treatments initiated after the first rein-
statement test. Finally, the possibility that the low level
of responding under S�/CS� could have generated a
“floor effect” and limited the sensitivity to detect a sig-
nificant drug effect under this condition contradicts
previously published data (Katner et al. 1999). In effect,
Katner and co-workers, using a slightly different rein-
statement procedure, demonstrated the efficacy of nal-
trexone to inhibit eve-induced ethanol seeking behavior
when the level of responding was approximately the
same (6–8 responses) as that observed for water-paired
cues in the present study.

There is ample evidence that ethanol stimulates the
activity of the endogenous opioid 
-endorphin and en-
kephalin systems, and that the rewarding effects of eth-
anol are, at least in part, mediated via activation of
brain �1 and � opioid receptors by these neuropeptides
(Herz 1997). It has also consistently been shown that
treatments with the selective �1/�2 receptor antagonists

-funaltrexamine and CTOP, the �1 antagonist nalox-
onazine, or the selective � receptor antagonists nal-
triben and naltrindole reduce ethanol consumption in
rodents (Froehlich et al. 1991; Hyytia 1993; Krishnam-
Sarin et al. 1995a, 1995b, 1998; Honkanen et al. 1996). In
addition, a recent place conditioning study demon-
strated that blockade of � or � receptors by 
-funaltrex-
amine or naltrindole significantly attenuates ethanol-
induced conditioned place preference (Matsuzawa et al.
1999). Thus, several lines of evidence implicate both �1

and � opioid receptors in the mediation of the reward-
ing effect of ethanol. Considering the results of the
present study, �1 and � opioid receptors may not only
play a prominent role in ethanol reward, but also in the
motivating effects of alcohol-associated environmental
stimuli.
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The mechanism by which opioid antagonists inhibit
the behavioral response to ethanol-related stimuli is un-
clear. Evidence is accumulating that one mode of action
by which opiate antagonists reduce the primary reinforc-
ing effects of ethanol in rats self-administering alcohol is
by interfering with ethanol-dependent dopaminergic ac-
tivation (Gonzales and Weiss 1998; Acquas et al. 1993;
Benjamin et al. 1993). It is possible that reversal of the
motivating effects of ethanol-related stimuli by opiate
antagonists may involve an opioid-dopamine link as
well. This hypothesis is supported by two pieces of evi-
dence. First, exposure to drug-associated contextual
stimuli can increase dopamine release in the nucleus ac-
cumbens (Weiss et al. 1993; Katner and Weiss, 1999;
Weiss et al. 2000). Moreover, treatment with a selective
dopamine D1 receptor antagonist reduces ethanol-seek-
ing behavior elicited by an alcohol-predictive discrimina-
tive stimulus (Liu and Weiss, unpublished observations).
Second, it is known that � and �1 opioid receptors have a
tonic modulatory role on mesolimbic DA neurons pro-
jecting from the ventral tegmental area to the nucleus ac-
cumbens, and that stimulation of these opioid receptors
facilitates dopamine transmission in this pathway (De-
vine et al. 1993; Di Chiara and North, 1992). Therefore,
blockade of opioid receptors by selective � or �1 may re-
sult in an inhibition of the meso-accumbal DA neu-
rotransmission which, in turn, may reduce the ability of
cues to reinstate ethanol-seeking behavior.

It is important, however, to consider that the opioi-
dergic modulation of DA neurons in the ventral teg-
mental area involves predominantly �1 receptors
(Tanda and Di Chiara 1998), whereas the modulation of
DA terminal activity is predominantly under control of
the � receptor subtype (Borg and Taylor 1997). The dif-
ferent localization of these receptor subtypes therefore
may suggest that they can modulate DA activity by dis-
tinct mechanisms. Specifically, the �1 receptor antago-
nists may reduce the ability of cues to increase the firing
rate of ventral tegmental area dopamine neurones that
project to the nucleus accumbens, whereas selective �
opioid receptor antagonists may exert their effect by in-
hibiting DA release from axon terminals located in the
accumbens. Nevertheless, the results of the present
study demonstrate that both classes of selective antago-
nists potently inhibit the reinstatement of ethanol-seek-
ing behavior. Therefore, one may speculate that both
mechanisms may contribute to the effective anti-relapse
actions of nonselective opioid receptor antagonists such
as naltrexone. On the other hand, the results demon-
strate that selective blockade of � opioid receptors by
naltrindole produced an effective and selective inhibi-
tion of ethanol-seeking behavior. Interestingly, condi-
tioned taste aversion studies in rats demonstrated that
selective blockade of � opioid receptors results in less
aversive effects compared with those observed after ad-
ministration of nonselective or selective � opioid antag-

onists (Parker and Rennie 1992; Hutchinson et al. 2000).
Together, these observations suggest that the � opioid
receptor may represent a promising target for the de-
velopment of treatment medications for alcohol craving
and relapse.

In conclusion, the results provide evidence for an in-
volvement of both � and �1 opioid receptors in the moti-
vating effects of ethanol-associated environmental stim-
uli. These observations are consistent with clinical
findings demonstrating that the opioid antagonist naltr-
exone is effective in the treatment of alcohol craving and
relapse in humans (O’Malley et al. 1992; Volpicelli et al.
1992; Volpicelli et al. 1995). Moreover, the results suggest
that drugs aimed at the � opioid receptor may offer ad-
vantages in the treatment and prevention of relapse com-
pared with agents that also block the �1 receptor.
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