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Reinstatement of Alcohol-Seeking Behavior by 
Drug-Associated Discriminative Stimuli after 
Prolonged Extinction in the Rat

 

Simon N. Katner, Ph.D., Jennifer G. Magalong, B.S., and Friedbert Weiss, Ph.D.

 

Clinical observations suggest that stimuli associated with 
the availability or consumption of ethanol can evoke 
subjective feelings of craving and trigger episodes of relapse 
in abstinent alcoholics. To study the motivational 
significance of alcohol-related environmental cues 
experimentally, the effects of discriminative stimuli 
previously predictive of alcohol availability on the 
reinstatement of ethanol-seeking behavior were examined. 
Wistar rats were trained to lever-press for 10% (w/v) 
ethanol or water in the presence of distinct auditory cues. 
The rats were then subjected to an extinction phase where 
lever presses had no scheduled consequences. After 
extinction, the animals were exposed to the respective 
auditory cues without the availability of ethanol or water. 

 

Neither the ethanol (S

 

A

 

1

 

) nor water-associated (S

 

A

 

2

 

) 
auditory cue increased responding over extinction levels. In 

contrast, subsequent presentation of an olfactory cue 
associated with ethanol (S

 

O

 

1

 

), but not a water-associated 
(S

 

O

 

2

 

) cue significantly reinstated lever pressing behavior in 
the absence of the primary reinforcer. Moreover, responding 
elicited by the concurrent presentation of the S

 

O

 

1

 

 and S

 

A

 

1

 

 
was selectively attenuated by the opiate antagonist 
naltrexone (0.25 mg/kg; sc). The results suggest that 
ethanol-associated cues can reinstate extinguished ethanol-
seeking behavior in rats, but that the efficacy of these 
stimuli may be modality-specific. In addition, the present 
procedures may be useful for studying neurobiological 
mechanisms of alcohol-seeking behavior and relapse.
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Environmental stimuli associated with the positive re-
inforcing actions of drugs of abuse have long been
thought to have an important role in triggering the re-
turn to drug use (i.e., relapse) in abstinent individuals
(Wikler 1948). There is now ample evidence that condi-
tioned stimuli associated with the availability or con-
sumption of abused drugs enhance subjective feelings

of craving and the motivation to engage in drug-taking
behavior in humans (Childress et al. 1987a, 1987b, 1988;
O’Brien et al. 1990, 1992; Ehrman et al. 1992; Kranzler
and Bauer 1992; Robbins and Ehrman 1992). For exam-
ple, abstinent alcohol users exposed to a bar-like envi-
ronment worked (i.e., pressed a button which dis-
pensed alcohol) harder to acquire alcohol and showed
greater subjective and physiological responses than
those exposed to a neutral setting (Ludwig et al. 1974).
Similarly, abstinent opiate-dependent subjects re-
ported increased craving in response to the presenta-
tion of drug-related stimuli compared to methadone-
maintained patients (Childress et al. 1987a).

Drug-related stimuli can modify drug-seeking behav-
ior in animals as well. Behavioral tests involving acqui-
sition, extinction, and reinstatement of operant respond-
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ing have demonstrated that stimuli associated with
psychostimulant and opiate reinforcement have condi-
tioned reinforcing effects in rats and monkeys (Schuster
and Woods 1968; Davis and Smith 1974; Robbins 1978;
de Wit and Stewart 1981). For example, the presentation
of visual stimuli previously associated with morphine
reinforcement produced increases in response rates dur-
ing extinction conditions in monkeys (Schuster and
Woods, 1968). Similarly, an auditory stimulus (i.e., a tone)
that had been associated with cocaine infusions tran-
siently increased the tendency to reinitiate responding
during extinction in rats (de Wit and Stewart 1981).

The behavioral effects of ethanol-associated environ-
mental stimuli in animals are less well understood. Eth-
anol, like other drugs of abuse, can act as a reinforcer in
rats; it is possible, then, that stimuli linked to the re-
warding effects of ethanol can elicit drug-seeking behav-
ior as well. Moreover, understanding the contingencies
and conditions under which alcohol-related environ-
mental stimuli reliably elicit ethanol-seeking behavior
may prove helpful in elucidating the neurobiological
mechanisms underlying relapse. Therefore, the present
study sought to determine whether stimuli associated
with ethanol availability can reinstate alcohol-seeking
behavior after extinction. Specifically, the goals were: 1)
to examine the effects of discriminative stimuli signal-
ing the availability of ethanol versus water on respond-
ing at a lever previously associated with the delivery of
these reinforcers; and 2) to examine the effect of naltrex-
one, an opiate antagonist known to inhibit alcohol crav-
ing and relapse in humans (O’Malley et al. 1992; Volpi-
celli et al. 1992, 1995; Davidson et al. 1996), on the efficacy
of these cues to reinstate ethanol-seeking behavior.

 

METHODS

Subjects

 

Twenty-four male Wistar rats (Charles River Co., King-
ston, NY) weighing 440–600 grams at the time of testing
were used. Rats were housed in groups of three in a
temperature and humidity controlled vivarium on a re-
verse 12-hour light/dark cycle (on, 6:00 p.m.; off, 6:00
a.m.). All training and experimental sessions were con-
ducted during the dark phase of the cycle, five days a
week. Standard laboratory rat chow and water were
available 

 

ad libitum

 

 in the home cage, except as noted in
“Oral Ethanol Self-Administration” (see below). All ex-
perimental procedures were carried out in strict accor-
dance with the 

 

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

 

Self-Administration Apparatus

 

Training and testing were conducted in standard oper-
ant chambers (Coulborn Instruments, Allentown, PA)

 

located in sound-attenuating cubicles equipped with
exhaust fans as previously described (Weiss et al. 1993).
Each chamber was equipped with a drinking reservoir
(volume capacity: 0.15 ml) positioned four cm above the
grid floor in the center of the front panel of the cham-
ber, and a retractable lever, located three cm to the right
of the drinking receptacle. The lever required a 10

 

2

 

2

 

 N
force to register a response, which resulted in the deliv-
ery of 0.1 ml of fluid (either ethanol or water). Auditory
stimuli were presented via a speaker located on the
front panel above the drinking receptacle. A microcom-
puter controlled the delivery of fluids, presentation of
auditory stimuli, and recording of behavioral data.

 

Oral Ethanol Self-Administration

 

During the initial three days of training, the rats were
placed on a fluid restriction schedule limiting water
availability to 2 hrs/day in order to facilitate acquisi-
tion of operant responding for a liquid reinforcer. Dur-
ing this time, rats were permitted to lever-press for a
0.2% (w/v) saccharin solution on a fixed-ratio 1 sched-
ule of reinforcement, throughout daily 30-minute ses-
sions. During all subsequent training and testing, water
was freely available in the home cage. After successful
acquisition of responding for saccharin, rats were
trained to orally self-administer ethanol using a modifi-
cation of the sucrose-fading procedure (Samson 1986)
that employed saccharin instead of sucrose to initiate
ethanol self-administration as previously described
(Weiss et al. 1993). During the first six days of training,
rats were allowed to lever-press for a 5.0% (w/v) etha-
nol solution containing 0.2% saccharin (w/v). Starting
on day seven, the concentration of ethanol was gradu-
ally increased from 5.0% to 8.0% and finally to 10.0%
(w/v), while the concentration of saccharin was corre-
spondingly decreased to zero percent.

 

Behavioral Training Procedures

 

To establish discriminative stimuli (S

 

D

 

’s) predictive of
ethanol versus water availability, two distinct auditory
cues were presented during the ethanol and water self-
administration sessions. The S

 

D

 

 for ethanol (S

 

A

 

1

 

) con-
sisted of a series of regular intermittent beeps (7 kHz; 70
dB), while the S

 

D

 

 associated with the availability of wa-
ter S

 

A

 

2

 

) was a white noise (70 dB). The S

 

D

 

’s were intro-
duced two days after rats had begun to press for 10%
ethanol during the training phase. The respective S

 

D

 

’s
were presented concurrently with the extension of the
lever into the operant chamber and remained present
throughout each ethanol or water self-administration
session. After 14 days of ethanol self-administration
training, ethanol and water sessions were alternated
daily. In order to minimize possible effects of stress and
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behavioral arousal due to the transfer of the animals
from their home cages to the self-administration cham-
bers, a 20-min waiting period was gradually introduced
during the early days of the conditioning phase. This
waiting period elapsed after the animals had been
placed into the self-administration chambers before eth-
anol or water was made available by extension of the le-
ver, and no auditory cues were presented during this
period. Daily discrimination training sessions contin-
ued until the rats attained stable levels of responding
for 10% (w/v) ethanol and water. At this time animals
were subjected to daily extinction sessions during
which lever presses activated the syringe pump but did
not result in the delivery of ethanol, water, or presenta-
tion of the corresponding S

 

D

 

’s. The extinction criterion
was 5 or fewer lever presses per session for 3 consecu-
tive days. It should be noted that “extinction” in this
case was selective in the sense that lever pressing be-
havior was extinguished in the absence of the S

 

D

 

’s.

 

Reinstatement Testing with Auditory 
Discriminative Stimuli

 

Once the extinction criterion was reached, the rats were
divided into two groups. Animals were placed in oper-
ant chambers and lever pressing behavior was exam-
ined. One group (n 

 

5

 

 12) was presented non-contin-
gently with the S

 

A

 

1

 

 and the other (n 

 

5

 

 12) with the S

 

A

 

2

 

during 30-min sessions for three consecutive days. Le-
ver presses were recorded but had no scheduled conse-
quence, except that the pump was activated with each
lever press (but did not result in the delivery of a rein-
forcer).

 

Reinstatement Testing with Olfactory 
Discriminative Stimuli

 

Olfactory stimuli associated with ethanol versus water
availability may have greater salience than auditory
cues in rats. To examine this possibility, the rats were
divided into four groups (n 

 

5

 

 6/group) after comple-
tion of reinstatement testing with the auditory cues. As
olfactory S

 

D

 

‘s, 5 ml of either 10% ethanol (S

 

O

 

1

 

) or water
(S

 

O

 

2

 

) were squirted into the bedding of the operant
chambers immediately prior to each test session. In ad-
dition, the auditory S

 

D

 

‘s associated with ethanol (S

 

A

 

1

 

)
or water (S

 

A

 

2

 

) availability were presented during some
of the reinstatement test sessions such that each of the
four groups was exposed to the following stimulus con-
ditions in a random order: 1) S

 

O

 

1

 

; 2) S

 

A

 

1

 

S

 

O

 

1

 

; 3) S

 

O

 

2

 

; and
4) S

 

A

 

2

 

S

 

O

 

2

 

. Responding in the presence of these discrim-
inative stimuli was recorded. As in the previous test,
the only consequence of responding was activation of
the pump. The bedding was changed and bedding trays
were thoroughly cleaned between sessions.

 

Effect of Naltrexone on Reinstatement
of Responding

 

To examine the effects of naltrexone on behavior elic-
ited by ethanol-associated cues, rats were divided into
two groups (n 

 

5

 

 12/group) after completion of rein-
statement testing with the olfactory cues. These tests
were performed over a four day period under the fol-
lowing conditions: on the first and second days animals
were presented with the S

 

A

 

1

 

S

 

O

 

1

 

, and on the third and
fourth days animals were presented with the S

 

A

 

2

 

S

 

O

 

2

 

.
On the first and third days of testing, one group of ani-
mals was injected with naltrexone (0.25 mg/kg; SC)
while the other received saline 30 min prior to the be-
ginning of the test session. No drugs were administered
on the second and fourth days of testing (see Table 1 for
schematic).

 

Data Analysis

 

Responses during the conditioning phase and reinstate-
ment testing with naltrexone were analyzed for differ-
ences between groups by two-way mixed-factorial anal-
ysis of variance (ANOVA). Responses during the auditory
and olfactory reinstatement tests were analyzed by a
one-way ANOVA with repeated measures. Significant
differences among individual treatment conditions in
the olfactory reinstatement test were determined by
Fisher’s LSD 

 

post-hoc

 

 comparisons.

 

RESULTS

Ethanol Self-Administration Training

 

The sweet solution fading procedure was completed
within 18 days. The mean (

 

6

 

 SEM) number of re-
sponses for 10% ethanol (without saccharin) was 25 

 

6

 

2.5 at the end of this training phase. Self-administration
training for 10% ethanol was then continued for an-
other 14 days. During this time, rats developed stable
levels of responding with a mean (

 

6

 

 SEM) response
rate of 31 

 

6

 

 2.4 as measured over the last four days of
this phase. This corresponded to mean (

 

6

 

 SEM) ethanol
intake of 0.71 

 

6

 

 0.04 g/kg.

 

Table 1.

 

Schematic of the Procedure Used to Examine the 
Effects of Naltrexone on the Reinstatement of Responding 
Elicited by Ethanol- and Water-Associated S

 

D

 

s

 

Day 1 Day 2 Day 3 Day 4

 

Sal Gp: Sal/S

 

A

 

1

 

S

 

O

 

1

 

S

 

A

 

1

 

S

 

O

 

1

 

Sal/S

 

A

 

2

 

S

 

O

 

2

 

S

 

A

 

2

 

S

 

O

 

2

 

Nal Gp: Nal/S

 

A

 

1

 

S

 

O

 

1

 

S

 

A

 

1

 

S

 

O

 

1

 

Nal/S

 

A

 

2

 

S

 

O

 

2

 

S

 

A

 

2

 

S

 

O

 

2

 

Abbreviations: S

 

A

 

1

 

S

 

O

 

1

 

, ethanol-associated discriminative stimuli;
S

 

A

 

2

 

S

 

O

 

2

 

, water-associated discriminative stimuli; Sal, saline; Nal, naltrex-
one; Gp, group.
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Training Phase

 

During the training phase, animals developed a clear
and significant discrimination between ethanol and wa-
ter (Figure 1) by increasing responding for ethanol and
decreasing responding for water over time, as reflected
by a main effect of “reinforcer” [F(1, 46) 

 

5

 

 10.1; 

 

p

 

 

 

,

 

 .01]
and a significant interaction between “reinforcer” and
“time” [F(10, 46) 

 

5

 

 12.1; 

 

p

 

 

 

,

 

 .01]. In addition, the ani-
mals developed stable baseline levels of responding for
both ethanol and water with a mean (

 

6

 

SEM) number of
lever presses of 32.5 6 2.6 for ethanol and 16.0 6 2.7 for
water over the last four sessions.

Extinction Phase

During the first day of extinction, rats responded 33 6
3.1 times on average (Figure 1). After the first day of ex-
tinction, however, lever pressing extinguished rapidly,
and all rats reached the extinction criterion (5 or fewer
lever presses per session for 3 consecutive days) after a
total of 13 days.

Reinstatement Phase: Auditory 
Discriminative Stimuli

The auditory discriminative stimuli failed to reinstate
responding. The mean (6SEM) number of responses
over a period of three days was 2.7 6 0.8 in rats pre-
sented with the SA

1, and 3.0 6 1.2 in rats exposed to the
SA

2 (Figure 1). By comparison, mean (6SEM) extinction
responses during the last three days of the extinction
phase were 2.8 6 0.5. No significant statistical differ-
ences were found between responding under the SA

1

and SA
2 conditions [F(1,23) 5 0.1; NS].

Reinstatement Phase: Olfactory
Discriminative Stimuli

In contrast to the auditory cues, the olfactory discrimi-
native stimuli produced a robust reinstatement of re-
sponding. These stimuli, alone or in combination with
the auditory cues, significantly increased mean (6SEM)
responding from 2.8 6 0.5 (during extinction) to 7.5 6
1.1 (SO

1 alone) and 9.4 6 1.3 (SA
1SO

1). The water-associ-
ated discriminative stimuli failed to increase respond-

Figure 1. Mean (6SEM) lever presses per 30-min session during training, extinction, and reinstatement (auditory cues)
phases in male Wistar rats (n 5 24). Training phase: during daily alternating ethanol or water self-administration sessions,
animals were presented with discrete auditory stimuli: the SA

1 during ethanol sessions and the SA
2 during water sessions.

Animals showed clear behavioral discrimination between ethanol and water at the end of this phase. Extinction Phase:
responding ceased rapidly, and all rats reached the extinction criterion within 13 days. Reinstatement phase: the auditory
discriminative stimuli failed to increase responding over extinction levels.
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ing [4.2 6 0.7 (SO
2) and 4.2 6 0.9 (SA

2SO
2)], and re-

sponse rates remained within the extinction criterion
(Figure 2). There was a significant main effect of “treat-
ment” on responding [F(4,92) 5 9.5; p , .01] such that
under the SO

1 and SA
1SO

1 conditions, levels of respond-
ing were significantly higher than baseline levels dur-
ing extinction. Post-hoc comparisons revealed signifi-
cant (p , .05) differences between the following
conditions: “extinction baseline” vs. SO

1 and SA
1SO

1;
SO

1 vs. SO
2 and SA

2SO
2; and SA

1SO
1 vs. SO

2 and SA
2SO

2,
confirming that the ethanol olfactory SD effectively re-
instated lever pressing behavior in comparison to levels
of responding under baseline extinction conditions.

Effect of Naltrexone on Reinstatement 
of Responding

Since the concurrent presentation of the SO
1 and SA

1

elicited greater, albeit nonsignificant, increases in re-
sponding than the SO

1 alone, the animals were pre-
sented with the SA

1SO
1 stimulus combination during

the naltrexone tests in order to allow examination of the
effects of the opiate antagonist under cue conditions
that elicited maximal levels of responding.

Naltrexone significantly attenuated the reinstate-
ment of responding elicited by ethanol-associated dis-
criminative stimuli. In the presence of the SA

1SO
1, the

mean (6SEM) number of responses in rats pretreated
with naltrexone was 1.3 6 0.6 in contrast to 5.2 6 0.8 in
animals pretreated with saline (Figure 3A). This effect
of naltrexone was confirmed by a main effect of “drug
treatment” [F(1,22) 5 5.96; p , .05].

Naltrexone did not significantly affect responding in
the presence of the water-associated discriminative
stimuli. Mean (6SEM) responses after presentation of
the SA

2SO
2 in rats pretreated with naltrexone were 2.8 6

1.6 versus 3.6 6 1.2 in rats pretreated with saline (Figure
3B), and were statistically indistinguishable [F(1,22) 5
0.5; NS].

DISCUSSION

The results demonstrate that discriminative stimuli as-
sociated with the availability of ethanol can elicit and
maintain ethanol-seeking behavior after prolonged ex-
tinction in rats and, thus, may play a role in relapse to
alcohol abuse in abstinent subjects. These findings ex-

Figure 2. Mean (6 SEM) lever presses in rats (n 5 24) during exposure to the ethanol (SO
1) or water (SO

2) associated olfac-
tory discriminative stimuli alone, and combined presentation of the ethanol (SA

1SO
1) or water (SA

2SO
2) associated auditory

and olfactory discriminative stimuli. The ethanol-associated olfactory discriminative stimuli, alone or in combination with
the auditory cues, reinstated responding in the absence of ethanol availability. The water-associated discriminative stimuli
failed to increase responding. *p , .05; significantly different from baseline extinction conditions.
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tend previous observations of behavioral reinstatement
induced by cues associated with other drugs of abuse
(McFarland and Ettenberg 1997; Meil and See 1996;
Maldonado-Irizarry et al. 1996) to ethanol-related stim-
uli. Moreover, the reversal of this effect by naltrexone
implicates endogenous opioid receptors in the media-
tion of the motivational effects of ethanol-associated en-
vironmental cues.

The cue-induced reinstatement of ethanol-seeking
behavior was restricted to an olfactory discriminative
stimulus (SD), whereas an auditory SD did not have a
significant effect on responding. This finding is consis-
tent with earlier observations where a tone-light stimu-
lus complex previously paired with the presentation of
ethanol failed to maintain lever pressing when pre-
sented to rats under extinction conditions (Slawecki et
al. 1997). These authors suggested that other stimuli,
such as taste and odor, may have been more salient
during the conditioning process. However, the failure
of an auditory SD to reinstate responding is in contrast
to earlier findings where auditory stimuli associated
with cocaine reinforcement successfully reinstated be-

havior (Maldonado-Irizarry et al. 1996; de Wit and
Stewart 1981).

The failure of the auditory ethanol SD to elicit robust
responding may be related to a lack of salience of this
stimulus under the present training conditions where
olfactory cues were prominent in the environment. In
fact, the presence of olfactory cues while rats were wait-
ing for ethanol or water to become available was inher-
ent to the training procedures, since the odor of the re-
spective drinking solution was able to escape from the
tubing supplying the drinking reservoirs within the op-
erant chambers. It appears that these odors served as ef-
fective SDs for ethanol vs. water availability and, in fact,
superseded the predictive value of the auditory SDs,
which is not surprising in a species in which olfaction is
the primary sensory modality (Eichenbaum et al. 1986,
1989; Slotnick and Katz 1974). In addition, the odor of
the drinking solutions became available earlier in the
training sessions than the auditory cues, a circumstance
that may have added to the greater efficacy of the ol-
factory over the auditory SDs. Thus, the reinstatement
of responding by the ethanol-associated olfactory SD

Figure 3. Mean (6SEM) number of responses in rats (n 5 12/group) after administration of naltrexone (0.25 mg/kg; SC) or
saline 30 min prior to the session. Rats were presented with the ethanol-associated discriminative stimulus (SA

1SO
1; panel A)

and with the water-associated discriminative stimulus (SA
2SO

2; panel B). Naltrexone significantly attenuated the reinstate-
ment of responding elicited by the SA

1SO
1. There were no statistical differences in responding between the naltrexone and

vehicle-treated groups exposed to the SA
2SO

2. *p , .05; significantly different from saline-treated animals.
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may have been the result of its greater salience—due
to its nature (i.e., sensory modality) and relative tempo-
ral position—compared to the ethanol-associated audi-
tory SD.

A third and related factor which may have contrib-
uted to the efficacy of the olfactory SD in eliciting etha-
nol-seeking behavior is that stimuli that are more di-
rectly linked to the sensory qualities of the primary
reinforcer may be more effective in reinstating drug-
seeking behavior. It is well documented that “modality-
specific” stimuli are most effective in eliciting subjective
reports of craving in cocaine abuse patients (Childress
et al. 1987a, 1987b). For example, cocaine “reminders”
that can effectively induce “craving” are those that are
closely tied to the patient’s history of cocaine use, par-
ticularly their preferred route of cocaine administration
(O’Brien et al. 1992). Thus, the direct sensory association
with the primary reinforcer may, in part, explain why
the olfactory (but not auditory) cue was effective in rein-
stating ethanol-seeking behavior in the present study.

Although the ethanol-associated olfactory SD signifi-
cantly increased responding over the extinction crite-
rion, it did not maintain responding at levels main-
tained by 10% ethanol during the self-administration
training phase. Nonetheless, the behavioral response
pattern elicited by the SD was similar to the typical be-
havioral profile associated with ethanol self-adminis-
tration in that responding was distributed largely over
the first five minutes of the session (data not shown). In
addition, since responding during the reinstatement
test was not directly reinforced by ethanol, this behav-
ior would not necessarily be expected to be maintained
at the same levels maintained by the primary reinforcer.
In a comparable study of cue-elicited reinstatement of
cocaine-seeking behavior, responding reached approxi-
mately 56% of the levels previously maintained by co-
caine (Meil and See 1996), whereas the total number of
responses elicited by the ethanol-associated olfactory
SD in the present study was approximately 30% of etha-
nol maintained responses. Thus, the ethanol cue in the
present study produced slightly lower levels of re-
sponding than a cocaine-associated stimulus in related
work (Meil and See 1996). This, however, is not surpris-
ing given that ethanol is often a less potent reinforcer in
animals than cocaine.

The time-course and resistance to extinction or lack
thereof of the cue-induced ethanol-seeking behavior
demonstrated here remains unknown. It is likely that
repeated exposure to the ethanol cue in the absence of
ethanol availability will result in extinction of behavior
supported by the cue, although related studies indicate
that, in the case of cocaine, resistance to extinction of
cue-induced responding can persist for weeks (Ben-
Shahar et al. unpublished observation). It remains to be
determined whether a similar resistance to extinction
can be observed with ethanol.

The introduction of the olfactory SD during the rein-
statement phase was a post-hoc strategy and these SD’s
were not experimentally manipulated during the train-
ing phase. However, the amount and concentration of
ethanol or water deposited in the bedding of the oper-
ant chambers during the reinstatement tests matched
the average amount of ethanol or water that was typi-
cally deposited in the bedding during the training
phase as a result of connecting and bleeding the tubing
carrying the drinking solutions to the drinking cups in
the operant chambers prior to the onset of each training
session. Thus, the stimulus conditions during the train-
ing and reinstatement phases were identical.

Naltrexone selectively decreased responding elic-
ited by the ethanol-associated olfactory SD. Specifically,
naltrexone reversed the increases in responding in-
duced by the ethanol-associated SD but did not alter re-
sponding in the presence of the water-associated SD.
Naltrexone decreases ethanol intake in rodents and
monkeys (Myers et al. 1986; Volpicelli et al. 1986). More
importantly, naltrexone can decrease the frequency of
relapse in human alcoholics and suppress subjective
feelings of craving and the desire to drink (O’Malley et
al. 1992; Volpicelli et al. 1992, 1995; Davidson et al.
1996). The mechanisms by which naltrexone inhibits al-
cohol-seeking behavior are not fully understood, but
evidence is accumulating to suggest that the efficacy of
opiate antagonists to inhibit ethanol intake lies in their
ability to block the reinforcing aspects of ethanol that
are dependent on dopaminergic activation (Acquas et
al. 1993; Benjamin et al. 1993; Gonzales and Weiss 1998).
The reversal by naltrexone of the reinstatement of re-
sponding by an ethanol-associated cue extends these
observations to a role for opioid peptides or opioid-
dopamine interactions in the motivational effects of eth-
anol-related environmental stimuli. Furthermore, this
finding suggests that the current procedures have pre-
dictive validity with regard to their utility as a tool for
the evaluation of potential treatment drugs for alcohol
craving and relapse.

There is ample evidence that environmental stimuli
associated with the availability of ethanol can induce
strong alcohol cravings and reinstate alcohol-seeking
behavior in humans. For example, in a group of alco-
holics the sight and smell of the alcoholic beverage
most commonly consumed by each subject elicited the
largest change in measures of heart rate, desire to drink,
and self-reported withdrawal symptoms (Staiger and
White 1991). In another study, cue reactivity such as
salivation and the urge to drink was assessed in a group
of alcoholics utilizing olfactory stimuli similar to those
in the present experiment (i.e., a “water cue” by allow-
ing subjects to smell a glass of water, and an “ethanol
cue” by allowing patients to smell a glass of their most
frequently consumed alcoholic beverage). It was deter-
mined that alcoholics salivated more and reported



478 S.N. Katner et al. NEUROPSYCHOPHARMACOLOGY 1999–VOL. 20, NO. 5

more urge to drink during alcohol exposure than dur-
ing water exposure (Monti et al. 1993). The significance
of alcohol-associated environmental cues also has been
documented by findings showing that abstinent alcohol
users exposed to an environment resembling a bar
worked harder for alcohol and experienced greater sub-
jective and physiological responses than those exposed
to a neutral setting (Ludwig et al. 1974).

These clinical findings clearly illustrate the impor-
tance of environmental stimuli associated with the ac-
quisition or consumption of ethanol in alcohol relapse
in humans. Effective behavioral methods that model
“relapse” induced by alcohol-related stimuli may pro-
vide useful tools for the understanding of conditioning
factors in relapse and their neurobiological basis. Re-
exposure to previously self-administered drugs has
been shown to effectively reinstate drug self-adminis-
tration in humans and laboratory animals (Stretch and
Gerber 1973; Ludwig et al. 1974; Davis and Smith 1976;
Meyer and Mirin 1979; de Wit and Stewart 1983; Stew-
art and Wise 1992; Chiamulera et al. 1995). However,
craving or the desire to engage in drug-seeking behav-
ior often occurs in the absence of the abused drug. The
present results confirm that ethanol-seeking behavior
can be elicited by environmental stimuli in the absence
of the primary reinforcer. The present procedures dis-
sociate the motivation to engage in alcohol-seeking be-
havior from the reinforcing properties of ethanol con-
sumption and, thus, may be useful for investigating the
neurobiological mechanisms involved in alcohol-seek-
ing behavior and relapse.
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