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(2) 281–285, 1998.—Remoxipride is a dopamine (DA) D

 

2

 

 antagonist
that produces fewer of the side effects normally associated with chronic DA antagonist administration. It has been demon-
strated that DA antagonists can reduce the desire for a second drink in alcoholics. However, because of the usual side effects
associated with DA antagonist administration, chronic use as an adjunct to alcoholism treatment has not been considered.
Because the DA D

 

2

 

 antagonist haloperidol reduces ethanol self-administration in an operant animal model of ethanol self-
administration, this study was designed to determine whether remoxipride would produce similar results. Six Long–Evans
rats were initiated to self-administer ethanol in daily 30-min operant sessions using a sucrose-substitution procedure. Follow-
ing establishment of ethanol-reinforced lever pressing, remoxipride (0.5, 1.0, 5.0, or 10.0 mg/kg) or haloperidol (0.01, 0.05, or
0.1 mg/kg) were injected 30 min prior to the sessions. Remoxipride produced an approximate 50% reduction in the number of
ethanol presentations per session at the highest dose tested (10.0 mg/kg) and did so by terminating the ethanol-drinking bout
earlier in the session. Haloperidol also decreased ethanol presentations with the highest dose tested (0.1 mg/kg) producing
the largest effect. These data indicate that remoxipride produces reductions in ethanol-reinforced responding similar to
those observed with another DA antagonist. Because remoxipride produces fewer of the side effects commonly observed
with chronic DA antagonist administration, it could prove to be a useful adjunct in the treatment of excessive alcohol con-
sumption. © 1998 Elsevier Science Inc.
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RESEARCH continues towards the development of new
pharmacological adjuncts for alcoholism treatment despite
the recently reported success of the use of the opiate antago-
nist naltrexone (13). This continued exploration of potential
pharmacotherapies is required because naltrexone treatment
appears to be maximally effective with only a subset of alco-
holics (23). Therefore, although there are extensive preclini-
cal studies using opiate antagonists to support the clinical use
of naltrexone [see (21) for a review], drugs that interact with
other neurotransmitter systems known to be involved in etha-
nol self-administration remain of interest. Serotonin reuptake
inhibitors (e.g., fluoxetine) have been shown to reduce alco-
hol intake in rats and to reduce desire to drink and liking for
alcohol in alcoholics [see (11) for a review]. Neuroleptic dopa-
minergic drugs have also been shown to alter both ethanol
(18) and cocaine self-administration (5). Modell et al. (9) re-
ported that the dopamine (DA) D

 

2

 

 antagonist haloperidol,
given acutely, decreased craving for alcohol significantly in
patients characterized as alcohol dependent or as alcohol
abusers. However, because of problems associated with pro-
longed, chronic treatment with DA antagonists (i.e., extrapyr-

amidal side effects), the use of these drugs for alcohol abuse
treatment has not been considered practical.

The effects of dopaminergic drugs on oral ethanol con-
sumption by laboratory animals have been investigated by a
number of researchers. Pfeffer and Samson (14,15) found that
the systemic administration of DA D

 

2

 

 antagonist pimozide re-
duced home-cage ethanol drinking (10% v/v) dose depen-
dently and reduced lever pressing maintained by presentation
of a 10% (v/v) ethanol solution in animals that were not food
restricted. Likewise, haloperidol, also a DA D

 

2

 

 antagonist,
has been shown to reduce ethanol-reinforced responding (16).
Related findings have been reported using the DA D

 

2

 

 agonist
bromocriptine (10,22). Some investigators have failed to find
an effect on ethanol consumption by DA antagonists, how-
ever (2,7). Although it is unclear as to the nature of these in-
consistent findings, differences in the methodologies em-
ployed to test the effectiveness of DA antagonists on ethanol
self-administration are likely a main source of variability.

The present study was designed to investigate the effects of
the atypical antipsychotic drug remoxipride on ethanol self-
administration in animals that were neither food nor water re-
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stricted. Remoxipride is a DA D

 

2

 

 antagonist with a high affin-
ity for DA receptors in mesolimbic regions of the brain and
lower affinity for DA receptors in striatial areas (25). It has a
low affinity for D

 

1

 

, D

 

3

 

, and D

 

4

 

 receptors. However, remox-
ipride shows reduced occupancy of D

 

2

 

 receptors compared to
haloperidol and raclopride, suggesting that it acts primarily on
a subpopulation of D

 

2

 

 receptors (12). As a consequence, this
drug has been found to result in fewer side effects produced
by chronic administration in psychiatric patients (3,6). Also, it
has been suggested that this drug could be beneficial in the
treatment of cocaine addition (1). If remoxipride can reduce
ethanol self-administration in animals, given the lower risk of
producing side effects during chronic administration, it may
prove to be a beneficial adjunct in the treatment of some
types of alcohol abuse and alcoholism.

 

METHOD

 

Animals

 

Six experimentally naive, male Long–Evans rats were
used. The animals weighed between 203 and 238 g upon ar-
rival in the laboratory and were housed individually in stain-
less steel hanging cages with ad lib food and water except as
noted below. The animal colony was maintained on a 12 h on/
12 h off light/dark cycle. All animals were treated in accor-
dance with the guidelines set forth by the NIH.

 

Apparatus

 

Experimental sessions were conducted in Plexiglas and
stainless steel operant conditioning chambers, each containing
two response levers and two liquid delivery systems (dippers).
Each chamber was housed in a sound-attenuating cubicle that
had a ventilation fan that also provided masking noise. Ses-
sions were controlled and monitored by a microcomputer op-
erating under MED Associates software (MED Associates,
St. Albans, VT).

 

Drugs

 

Remoxipride hydrochloride (Astra) was dissolved in 0.9%
saline and administered IP 30 min before experimental ses-
sions. Haloperidol was dissolved in 1–2 drops of concentrated
hydrochloric acid and diluted in 3.0% phosphate buffer solu-
tion (PBS; pH 

 

5

 

 7.2) to a total volume of 6 ml. Solutions were
made just prior to daily sessions. All injections were adminis-
tered by the IP route.

 

Procedure

 

Following adaptation to individual housing, a two-bottle
home-cage preference test was conducted. This procedure has
been described in detail previously (17). The animals were
next restricted to 30-min access to tap water per day in their
home cages and trained to approach and drink a 20% (w/v)
sucrose solution from the dipper in the operant chambers.
Next, the animals were placed in the operant chamber over-
night with 20% sucrose in the dipper and the dipper was pro-
gramed to operate following one lever press (Fixed Ratio or
FR1). Following three overnight sessions, all animals were re-
liably pressing the lever and consuming the sucrose solution
from the dipper. Daily 30 min sessions were then begun. Dur-
ing these sessions, responses were reinforced under the FR1
contingency with the 20% sucrose solution for one session.
The sucrose solution was then reduced to 10%. Water restric-

tion was discontinued following six 30-min sessions. The su-
crose-substitution initiation procedure (17) was begun by add-
ing 2% (v/v) ethanol to the 10% sucrose solution. For the next
12 sessions, ethanol was gradually increased in concentration
as sucrose was reduced in concentration until 10% ethanol
alone functioned as the reinforcer for lever pressing. The re-
sponse requirement for ethanol reinforcement was then in-
creased over five sessions to FR4. Following five sessions of
10% ethanol reinforcement under the FR4 reinforcement
schedule, the concentration of ethanol presented was in-
creased to 15, 20, and 30% for five sessions each. The ethanol
solution was then returned to 10% for 16 sessions. Sessions
were 30 min long and conducted once per day, 5 days per
week. This initiation procedure has been described in detail
elsewhere (17). All drug testing was conducted using 10%
ethanol as the reinforcement solution.

To adapt the animals to the injection procedure, saline was
injected (IP) before daily sessions twice a week on successive
days for 2 weeks. Saline was then administered the session be-
fore each drug-administration session for the remainder of the
experiment. Remoxipride or haloperidol was administered
once per week in the session following the vehicle injection
session. Thus, on the sessions occurring on Monday, Tuesday,
and Friday, the rats received no injections, while on Wednes-
day and Thursday they received the drug vehicle and the drug
injection, respectively. The day before vehicle injections (i.e.,
Tuesday) was used for no-injection control comparisons. The
dose range of remoxipride tested was 0.5, 1.0 , 5.0, and 10.0
mg/kg. The choice of these doses was based on the range of
doses used in previous studies on the behavioral effects of re-
moxipride [e.g., (2,18)]. Each dose of remoxipride was tested
twice except for 0.5 mg/kg, which was tested three times. The
order of dose testing was 0.5 mg/kg three times, 1.0 mg/kg, 5.0
mg/kg, 10.0 mg/kg twice, 5.0 mg/kg, and finally 1.0 mg/kg. Hal-
operidol was administered in doses of 0.01, 0.05, and 0.1 mg/
kg with the 0.01 and 0.1 mg/kg doses tested once each and the
0.05 mg/kg dose tested twice. The order of doses was 0.01 mg/
kg, 0.05 mg/kg twice, and finally 0.1 mg/kg. All animals re-
ceived all doses of both drugs.

 

RESULTS

 

Remoxipride had little effect on ethanol-reinforced re-
sponding except at the highest dose (10.0 mg/kg; Fig. 1, top).
Two-way repeated-measures ANOVA between vehicle and
drug sessions revealed that there were significant main effects
of injection type [vehicle vs. drug;
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(1, 5) 

 

5

 

 17.4, 

 

p

 

 

 

5

 

 0.0087]
and of dose, 

 

F

 

(8, 40) 

 

5

 

 2.23, 

 

p

 

 

 

5

 

 0.045. Multiple pairwise
comparisons (Bonferonni 

 

t

 

) showed that the 0.5 mg/kg dose
differed significantly from the 10.0 mg/kg dose (

 

p

 

 

 

,

 

 0.05).
There was no significant interaction between injection and
dose. There was also no significant difference between control
and vehicle-injection sessions on number of responses.

Remoxipride also had little effect on alcohol intake (g/kg)
except at the highest dose (Fig. 1, bottom). Two-way repeated-
measures ANOVA showed that there was a main effect of in-
jection type [vehicle vs. drug; 

 

F

 

(1, 5) 

 

5

 

 13.89, 

 

p

 

 

 

5

 

 0.0136]. There
was no significant main effect of dose on alcohol intake, and
there was no significant interaction between injection type
and dose. There were no significant differences on alcohol in-
take between control sessions and vehicle-injection sessions.

Haloperidol produced decreases in responding at the 0.05
and 1.0 mg/kg doses (Fig. 1, top). Two-way repeated-mea-
sures ANOVA revealed that there was a significant main ef-
fect of injection type [vehicle vs. drug; 
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(1, 5) 
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 23.01, 

 

p
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0.0049] but not of dose. There was no significant interaction
between injection type and dose, and there was no significant
difference between control and vehicle-injection sessions.

Alcohol intake (g/kg) was reduced by haloperidol at the
two higher doses (Fig. 1, bottom). Two-way repeated-mea-
sures ANOVA showed that there was a significant main effect
of injection type [vehicle vs. drug; 

 

F

 

(1, 5) 

 

5

 

 12.15, 

 

p

 

 

 

5

 

 0.0175]
but not of dose. There was no significant interaction between
injection type and dose, and there was no significant differ-
ence between control and vehicle-injection sessions.

Representative cumulative response records show that
patterns of responding following injection of the drug vehicle
were similar to those observed under baseline conditions fol-
lowing sucrose-substitution initiation (Fig. 2, top). These cu-
mulative records were taken from an animal whose session
performance most closely resembled the group mean. All ani-
mals showed similar patterns of responding. Following injec-
tion of 10.0 mg/kg remoxipride, responding during the first
minute of the session was unchanged (Fig. 2, bottom left). Re-
sponding then terminated and only a few responses occurred
later in the session. When 0.05 mg/kg haloperidol was admin-
istered, responding was reduced during the first 3 min of the
session and fewer responses occurred during the session (Fig.
2, bottom right).

 

DISCUSSION

 

Remoxipride reduced voluntary ethanol consumption to
levels observed previously following administration of other
DA antagonists (14–16). These data support other research
implicating the involvement of the dopaminergic system in
ethanol self-administration (8,24). The change in the patterns
of responding observed following administration of remox-
ipride was similar to that occurring following administration
of haloperidol (16) and other DA antagonists (14,15). This
change consisted of a normal onset and rate of self-adminis-
tration followed by termination of self-administration that
occurred earlier than during vehicle sessions. Thus, remox-
ipride’s primary action, like other DA antagonists, was to
reduce the duration of ethanol self-administration with little
apparent effect on initial responding.

This effect is consistent with data reported by Modell et al.
(9) in that alcoholics, following the administration of halo-
peridol, reported less desire for a second alcoholic drink after
having had a priming alcoholic beverage. It was hypothesized
that haloperidol may have reduced the reinforcing effects of
the initial drink (9). Given the changes in pattern of self-
administration observed in the present study and the reported
human data, it is possible that the decrease in the duration of
self-administration could reflect a change in the reinforcing
efficacy of ethanol following administration of remoxipride.

Neuroleptic drugs such as remoxipride and haloperidol
have been shown previously to produce response decrements
in operant performance of food-restricted rats. For example,
Sanger and Perrault (19) compared the effects of nine antipsy-
chotic drugs on responding under an FR10 schedule of rein-
forcement. They found that only remoxipride and haloperidol
produced within-session response decrements. However, with
remoxipride, Sanger and Perrault found that some responding
continued to occur for the entire duration of the 15-min ex-
perimental session at all doses tested (0.5, 0.1, and 2.0 mg/kg).
Furthermore, with haloperidol they found that the response
decrement was first observed at 0.2 mg/kg and that respond-
ing ceased completely halfway through the session only after
the highest dose was administered (0.3 mg/kg). In the present
study, however, haloperidol produced the cessation of re-
sponding at 0.1 mg/kg, suggesting that the effect observed in
the present study may not be due merely to a motor deficit
but rather may be specific to the type of reinforcer used. Re-
moxipride, on the other hand, reduced responding only at a
dose five times higher than the largest dose used by Sanger
and Perrault (19). If the response decrement observed by
Sanger and Perrault was due to a motor deficit, then a de-
crease in responding would have been expected at a lower
dose in the present study. This, again, suggests that an interac-

FIG. 1. Mean dose effects of remoxipride (left) and haloperidol
(right) on responding maintained by alcohol reinforcement (top) and
alcohol intake (g/kg, bottom). Data presented are means from all
administrations of all doses. See text for procedural details. Bars
represent SEM.
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tion between the type of reinforcer used and the drug may in-
fluence the extent to which response decrements are ob-
served. However, it is important to note that with alcohol
reinforcement, high rates of responding are usually observed
only at the beginning of sessions under baseline conditions.
These data suggest that the type of reinforcer used (drug vs.
nondrug) and the presence or absence of food restriction are
important considerations when studying the effects of neuro-
leptic drugs on operant responding.

Data showing that dopamine antagonists produce patterns
of responding consistent with a reduction in reward magni-
tude when motor confounds are controlled have been re-
ported previously (4). Because responding at the beginning of
remoxipride sessions was similar to that observed in the ab-

sence of the drug, the present data do not support the notion
that remoxipride reduced “ethanol-seeking” behavior at the
beginning of experimental sessions. Although defining “crav-
ing” for ethanol in an animal model is problematic, the lack of
effect of DA antagonists on the onset of ethanol self-adminis-
tration suggests that these drugs will not be effective in treat-
ment of initial ethanol “seeking.” Rather, these drugs may be
potentially valuable for altering the number of drinks con-
sumed once drinking is begun. If it is the case that haloperidol
and remoxipride reduce the reinforcing efficacy of ethanol,
then it is possible that over drinking episodes where less etha-
nol is consumed, “craving” might be reduced as well. Whether
craving is in any way related to repeated exposure to the rein-
forcing effects of alcohol is a topic for future research. How-

FIG. 2. Representative cumulative response records from sessions before which saline, 10.0 mg/kg remoxipride, PBS (phosphate buffer
solution) or 0.05 mg/kg haloperidol were administered. Time (minutes) is on the x-axis and cumulative responses are on the y-axis. Cross marks
on the records indicate reinforcement presentations.
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ever, if they are related, then administration of a drug that re-
duces the reinforcing efficacy of ethanol might result in the
“extinction” of craving.

The known involvement of other neurotransmitter systems
(e.g., opioidergic and serotonergic systems) in the regulation
of excessive alcohol consumption suggests that the adminis-
tration of DA antagonists will not be the only effective ad-
junct for treatment of alcoholics. However, as the interactions
between the opioidergic and dopaminergic systems become
more fully understood (22), it is possible that a combination
of drug treatments could prove to be of value in reducing ex-
cessive alcohol consumption in a larger subset of problem
drinkers. Thus, DA antagonists, such as remoxipride, may add
to the armamentarium of treatment options available.

In summary, 10.0 mg/kg remoxipride reduced alcohol in-
take by approximately 50% in this operant self-administration
model. This model was also predictive of the treatment poten-
tial of naltrexone (20). Given the reduced level of side effects
associated with chronic remoxipride administration in hu-
mans compared to haloperidol, it would appear that remox-
ipride might have clinical value in the treatment of alcoholism
as an adjunct to those treatments currently in use.
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