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Abstract These experiments evaluated the ability of
naltrexone (NTX) to reduce selectively oral and IV etha-
nol-reinforced responding, and examined the ethanol-
NTX interaction in terms of the competitive opioid an-
tagonist property of NTX. Five rhesus monkeys self-ad-
ministered ethanol or sucrose and concurrently available
water. Ethanol concentration was varied from 0.25% to
8% (wi/v). Naltrexone (0.032-0.32 mg/kg) or saline was
given IM 30 min prior to some drinking sessions. NTX
(0.32 mg/kg) reduced ethanol-reinforced responding at
the concentration that maintained the most responding
(1% or 2%). NTX (0.1 mg/kg) reduced ethanol-rein-
forced responding, both at a low ethanol concentration
(0.25%) that produced little ethanol intake (g/kg), and at
a higher concentration (4%) with an appreciable intake.
Thus, NTX (0.1 mg/kg) shifted the ethanol concentra-
tion-consumption curve down, in an insurmountable
manner. NTX (0.1 and 0.32 mg/kg) also reduced rein-
forced responding for sucrose 100 g/l. In another experi-
ment, three rhesus monkeys were given opportunities to
self-administer ethanol 1V. NTX (0.1 mg/kg) reduced the
number of ethanol injections obtained by the monkeys at
all ethanol doses tested (0.01, 0.032, and 0.1 g/kg per in-
jection).The dose-effect curve was also shifted down.
These results showed that NTX reduced behavior main-
tained by either ethanol or sucrose non-selectively. Fur-
thermore, the ability of NTX to suppress ethanol-rein-
forced responding did not depend on the route of ethanol
administration and was not overcome by increasing the
concentration or dose per injection of ethanol.
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Introduction

In clinical studies of alcohol abusers, the opiate antago-
nist, naltrexone (NTX), was effective in reducing crav-
ing and relapse rates (O’ Malley et al. 1992; Volpicelli et
a. 1992). Self-reports from alcoholics indicate that NTX
reduces the subjective “high” produced by acohol con-
sumption (Volpicelli et a. 1995). Given the success in
clinical trials, NTX has been approved by the FDA and
is being used as an adjunct in the treatment of alcohol-
dependent patients.

In preclinical studies, NTX and other opioid antago-
nists reduced ethanol drinking in rats and monkeys. For
example, some experiments with rats reported that nal-
oxone (NX) selectively reduced ethanol drinking when
water was concurrently available (De Witte 1984;. Froeh-
lich et a. 1990). Others showed in monkeys that NTX
decreased the oral consumption of ethanol in a dose-de-
pendent manner; less consistent decreases were observed
on consumption of concurrently available water (Myers
et al. 1986; Kornet et al. 1991).

Opioid antagonists reduced consumption when etha-
nol was offered by other routes of self-administration. In
rats, NX pretreatment decreased responding for intragas-
tric infusions of ethanol (Sinden et al. 1983). Altshuler et
a. (1980) showed that NTX reduced 1V self-administra-
tion of ethanol by rhesus monkeys. Thus, opioid antago-
nists reduced ethanol consumption regardiess of the
route of self-administration.

The effects of opioid antagonists appear not specific
for ethanol. Early studies demonstrated that NX reduced
feeding, water consumption, and sucrose drinking in rats
(Holtzman 1974; Maickel et al. 1977; Stapleton et al.
1979). In other studies, opioid antagonists (NX, NTX,
and diprenorphine) decreased the consumption of water,
as well as sweetened condensed milk in monkeys
(Brown and Holtzman 1981; Locke et a. 1982). These
effects were produced in food-deprived and non-de-
prived animals. This evidence suggests that opioid an-
tagonists are effective in decreasing ethanol consumption
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through a mechanism that modulates fluid or food con-
sumption in general.

Opioid antagonists might modul ate the palatability of
food and fluid. Cooper and Turkish (1989) found, in rats,
that NTX reduced consumption of palatable food (choc-
olate chips) and increased consumption of normal lab
chow. NX has been shown to reduce the sham-feeding of
a sucrose solution in rats, which was reversed by in-
creasing the concentration of sucrose during the session
(Kirkham and Cooper 1988b). In humans, NTX reduced
the ratings of pleasantness of some foods (Fantino et al.
1986; Bertino et al. 1991). These studies suggest that
opioid antagonists regulate food intake via effects on
palatability or rewarding qualities of foods.

NTX and NX may reduce consumption of ethanol,
food, and other palatable fluids by their common mecha-
nism of competitive opioid antagonism. These antagonist
effects are stereoselective as indicated by studies in
which the inactive NX stereoisomer had no effect on con-
sumption (Brown and Holtzman 1980; Kirkham and Coo-
per 1988a). One of these studies (Brown and Holtzman
1980) rank-ordered the potency of various antagonists
(NX, NTX, diprenorphine, levalorphan, oxilorphan, and
nalorphine) in their ability to suppress water intake. This
rank-ordering corresponded with the rank-order of the an-
tagonists' ability to precipitate morphine withdrawal in
mice. Thus, the effects of opioid antagonists on consump-
tion are probably mediated by an opioid receptor mecha-
nism. In other assays, such as antinociception, these opio-
id antagonists interact with opioid agonists in a competi-
tive manner such that the effect of the antagonist can be
surmounted by increasing the dose of the agonist (e.g.,
Winger et a. 1992). If the effects of the antagonists on
ethanol consumption are mediated by this opioid mecha-
nism, it should be possible to overcome the antagonist ef-
fects by increasing the ethanol (dose or concentration).

The purpose of this study was to replicate the finding
in monkeys that NTX reduced the oral and IV self-ad-
ministration of ethanol. We were also interested in deter-
mining if the NTX effects were surmountable by increas-
ing the concentration of ethanol, which increases the total
ethanol dose consumed. Another aim of the current study
was to compare the ability of NTX to modify ora ethanol
consumption with its ability to modify an orally adminis-
tered non-drug reinforcer (sucrose) in the same monkeys.

Materials and methods

Experiment 1: oral self-administration
Subjects

Subjects were five adult rhesus monkeys (Macaca mulatta; one fe-
male weighing 67 kg and four males weighing 7—11 kg) main-
tained at approximately 80% of their free-feeding weights. The
monkeys previously had been subjects in studies of the ora rein-
forcing effects of the mu-opioid agonist, etonitazene, and the non-
competitive NMDA antagonist, phencyclidine. In both experiments
1 and 2, the “Guide for the Care and Use of Laboratory Animals’
(NIH publication, vol. 25, number 28, revised 1996) was followed.

Apparatus

The animal housing room was on a 12-h light/dark cycle (lights on
a 0700 hours, lights off a 1900 hours). The monkeys were
housed in individual cages measuring 64 cmx72 cmx85 cm high.
A fluid-delivery panel, similar to that used in other studies
(Meisch et al. 1975; Henningfield and Meisch 1976), was attached
to one wall of each cage during daily sessions. Holes were cut in
the cage wall so that two brass spouts on the fluid-delivery panel
protruded into the cage 50 cm from the floor. A stimulus light that
could be illuminated red or green was located 3 cm above each
spout. The drinking solutions were contained in 1000 ml plastic
bottles attached to the back of the panel. Plastic tubing connected
each bottle to the spout valve. The fluid containers were elevated
so that the liquid was gravity-fed to the spout valve and delivery
was controlled by a solenoid switch. Contact with either spout
closed an electrical circuit (drinkometer) and a response was re-
corded. The stimulus light above the spout flashed the appropriate
color (green or red, depending on the fluid available) when contact
was made with the spout. When the reinforcement schedule was
satisfied, the solenoid was activated and 0.5 ml fluid was deliv-
ered. Solutions were measured after the session using graduated
cylinders to confirm delivery amounts. The experiments were con-
trolled and the data recorded using IBM PCjr microcomputers lo-
cated in aroom adjacent to the housing room.

Procedure

Experimental sessions were conducted each day. Each session
lasted 3 h, during which the animal could respond and obtain ei-
ther ethanol or concurrently available water. The ethanol was
available under one colored stimulus light condition, and water
was available under another. Three monkeys (CH966, RC186, and
CH942) received the drug under the green stimulus light condi-
tion, whereas two monkeys (058F and CH899) received the drug
under the red stimulus light condition. The reinforcement sched-
ule, fixed ratio 4 (FR4), operated concurrently and independently
on each of the two spouts such that the responses on one spout did
not ater the number of responses required for reinforcement on
the opposite spout. Water was always available during the session
from one of the spouts. The animals were fed after the session.

Several concentrations of ethanol (0.25-8%) were tested concur-
rently with water. The ethanol concentration that maintained the
greatest amount of behavior (defined by the number of fluid deliver-
ies) is referred to as the peak concentration. The peak concentration
was different for various subjects. For three monkeys (CH966,
RC186, CH942) it was 1%, while for the other two monkeys
(CHB899, O58F) it was 2%. The peak concentrations were made
available following NTX administration in order to evaluate the ef-
fects of NTX in a condition where a large amount of behavior was
observable. On test sessions, the monkeys were given a single IM
injection of either NTX or saline 30 min prior to the start of a drink-
ing session. During this phase of the experiment, each monkey re-
ceived atotal of ten injections (two saline, two NTX 0.032 mg/kg,
four NTX 0.1 mg/kg, and two NTX 0.32 mg/kg). The NTX doses
were tested in the following order: 0.1 mg/kg, 0.032 mg/kg, and
0.32 mg/kg. The saline injections were given on days preceding the
first NTX tests, and each NTX dose was separated by 3-7 days of
non-injection drinking sessions. NTX 0.1 mg/kg was aso tested in
monkeys that had 0.25% or 4% ethanol available. NTX was tested
twice at each of these ethanol concentrations. Saline injections were
not given prior to either of these ethanol concentrations.

After amonkey had been evaluated with each dose of NTX in
the ethanol-drinking phase of the study, the experiment was re-
peated with sucrose and water available concurrently. Initialy,
consumption of sucrose (3.2-100 g/l), available concurrently with
water, was measured in each monkey. Duplicate observations of
the effects of 0.1 and 0.32 mg/kg NTX were made on sucrose
drinking at the concentration (100 g/l) that maintained the greatest
amount of behavior. A total of four saline injections were given,
separated by 3—4 days. Two of these saline injections were given
during the interval (2 weeks) between the first and second dose of



NTX 0.1 mg/kg, and the other two saline injections were given
during the interval (1 week) between the first and second dose of
NTX 0.32 mg/kg.

Data analysis

Each monkey’s average data (fluid deliveries, intake in g/kg, and
fluid deliveries expressed as percentage of non-injection baseline),
were used to calculate the mean and standard error of the mean for
the group of monkeys. Most of the data are presented as the mean
and standard error of the mean of the group data (n=5).

For the fluid delivery data in which ethanol and water were
available over various ethanol concentrations, the data were ana-
lyzed using a two-way repeated measures ANOVA on two factors.
We tested for a effect of solution (ethanol versus water), and an in-
teraction of solution and ethanol concentration. When significant
differences were detected, a post-hoc Student Newman Keuls test
was conducted for all pairwise comparisons of ethanol versus wa-
ter. For the fluid delivery data in which different doses of NTX
were tested at the peak ethanol concentration, the data were ana-
lyzed using a two-way repeated measures ANOVA on two factors.
The data for the peak concentration are represented in the figures
at the point on the x-axis labeled 1% or 2% ethanol. The applied
analysis tested for an effect of treatment (non-injection baseline,
saline, 0.032 mg/kg NTX, etc.) and an interaction of solution and
treatment. For the effect of treatment, a post-hoc Dunnett's test
was applied, with saline as the control. The intake data were ana-
lyzed using a one-way repeated measures ANOVA. For post-hoc
multiple comparisons on the intake data, we used a Dunnett’s test
with saline as the control. Similar analyses were applied to the da-
ta when sucrose was used instead of ethanol. For the interaction
effect (solution and treatment), a post-hoc SNK was used. When
the fluid deliveries were expressed as a percentage of non-injec-
tion baseline control and then averaged, a one-way repeated mea-
sures ANOVA was applied for each solution. For post-hoc multi-
ple comparisons, the data were analyzed with a Dunnett’s test with
saline as the control.

For the ethanol fluid delivery data, in which NTX (0.1 mg/kg)
was tested at different ethanol concentrations, the data were ana-
lyzed using a two-way RM ANOVA on two factors. We tested for
an effect of NTX, and an interaction of NTX with ethanol concen-
tration. Similar ANOVAs were conducted for the water fluid de-
liveries as well as the ethanol intake. The ethanol and water fluid
delivery data had extremely large variances. To minimize the vari-
ance problem and increase the power of the test, the raw fluid de-
livery data were transformed to the natural log before conducting
the ANOVASs. The ethanol intake data were analyzed using a two-
way repeated measures ANOVA on two factors. A two-way re-
peated measures ANOVA was used to analyze the data produced
when water was available from both spouts. All of these analyses
were followed by post-hoc SNK tests. For the results of all statisti-
cal analyses cited in the results, significance refersto P<0.05.

Experiment 2: intravenous self-administration
Subjects

Three male rhesus monkeys served as subjects (7.7-8.9 kg). They
were al experienced in responding for 1V administration of sodium
methohexital, and had been subjects in experiments involving eval-
uation of the reinforcing effects of other sedative drugs. They were
prepared with IV silastic catheters in the internal or external jugu-
lar veins, the femoral, or brachial veins. The surgical procedure
was done under ketamine (10 mg/kg) and xylazine (2 mg/kg) anes-
thesia using sterile surgical procedures. The implanted catheter
passed subcutaneously and exited the animal at a mid-scapular site.
The animals were individually housed in primate cages measur-
ing 83.3x76.2x91.4 cm deep. They wore tubular steel harnesses and
flexible spring tethers that carried the catheters to the outside rear of
the cages. In addition, they were fitted to Teflon jackets (Alice King
Chatham Medical Arts, Los Angeles, Calif., USA) to reduce the
likelihood that they would reach and remove their catheters.
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Apparatus

Each cage contained a panel with two response levers and three
stimulus lights over the levers. The two outside lights could be il-
luminated red; the center light could be illuminated green. The ex-
periments were controlled by Med-Associates software (East Fair-
field, Vt., USA) run on IBM PS/2 Model 70 386 computers in an
adjacent room.

Procedure

At the start of each of two daily 210-min sessions (one beginning
at 1000 hours and one beginning at 1600 hours), one of the red
lights was illuminated in the cage. In the presence of this light, ten
responses on the lever under this light turned off the red light,
turned on the green light, and started the infusion pump (Watson-
Marlow Model MHRK 55, Falmouth, UK) that infused solution
through the indwelling catheter. Under baseline conditions, this
solution was either 0.1 mg/kg methohexital or saline with nearly
equa frequency. Under test conditions, the solution was 0.01,
0.032, or 0.1 g/kg ethanol. Doses were tested two to five times in
each monkey. Test conditions were scheduled no more frequently
than every fourth session, and then only if the animals showed sta-
ble levels of responding during intervening methohexital sessions
and saline sessions.

Once dose-response curves with ethanol had been obtained in
each monkey, severa of the ethanol doses were made available
again, 30 min following an IM injection of NTX 0.1 mg/kg. This
dose of NTX was tested once in each monkey. Saline pretreat-
ments were not given.

Drugs

Ethanol solutions were prepared by mixing appropriate volumes of
95% wi/v ethanol and tap water in oral studies or sterile water in
the IV studies. Sucrose solutions consisted of granulated cane sug-
ar dissolved in tap water. Solutions were presented at room tem-
perature at the start of the session. Naltrexone HCl was supplied
by NIDA and mixed with sterile water to prepare the appropriate
concentrations. Methohexital (a gift from Eli Lilly and Co., India-
napoalis, Ind., USA) was dissolved in sterile water. Ethanol was di-
luted with saline from 95% to 15% wi/v.

Data analysis

The ethanol injections, with and without NTX pretreatment, were
analyzed using a two-way repeated measures ANOVA followed
by a post-hoc SNK. In order to compare saline and ethanol self-
administration, one-way repeated measures ANOVAS were con-
ducted (Fig. 7). The data for saline and the ethanol baselines, at
the various ethanol doses, comprised one ANOVA, while the data
for saline and ethanol following NTX comprised the other AN-
OVA.. Post-hoc Dunnett’s tests were used to compare individually
the various ethanol doses with saline as the control. With al ana-
lyses, significance refersto P<0.05.

Results

The effects of altering the concentration of ethanol on
behavior maintained by ethanol and concurrently avail-
able water are shown in Fig. 1. These ethanol concentra-
tions produced an inverted U-shaped ethanol concentra-
tion-consumption curve and a monotonically increasing
ethanol intake (g/kg) function. When water was available
from both spouts, approximately equal fluid deliveries
were obtained from each spout. When ethanol was avail-
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Fig. 1 Upper pane shows average number of fluid deliveries for
ethanol (filled circles) and water (open circles) as the concentration
of ethanol varied from 0% to 8%. At 0% ethanol are the baselines
for water when it was available from both spouts concurrently. The
concentrations of 1% and 2% are combined to represent the “peak
concentration” as explained in Materials and methods. Lower panel
shows the average intake in g/kg as ethanol concentration varied
(filled circles). The points represent the overal average with the
standard error across five monkeys. * Indicates significant differ-
ence (P<0.05) between ethanol and the concurrently available water

able from one spout, the fluid deliveries of ethanol, at
0.5% and the peak concentration, exceeded those of the
concurrently available water (F1,4=9.33; SNK, g=6.64
and g=7.24). At some concentrations, ethanol maintained
a greater number of fluid deliveries than when water
alone was available from both spouts (at 0% ethanoal).
Up to a concentration of 4%, ethanol maintained more
than twice the fluid deliveries of the concurrently avail-
able water. Thus, ethanol, at some concentrations, served
as a reinforcer and was preferred over water in these
monkeys.

The ethanol intake in g/kg increased in a concentration-
dependent manner (lower pand Fig. 1). At the peak con-
centration, the average intake was approximately 0.5 g/kg
for the 3-h session. At 4%, the average intake was 1.4
o/kg. Giving the monkeys access to a higher concentration
(8%) did not increase the intake further. No overt signs of
intoxication were observed at any ethanol concentration.

A main effect of NTX (F4,16=3.31) was found at the
ethanol concentration that maintained the most behavior
(peak concentration, Fig. 2). In post-hoc comparison, total
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Fig. 2 Upper panel shows the average number of fluid deliveries
at the peak concentration (1% or 2%) of ethanol (solid bars) and
water (lined bars) over different treatment days — baseline, saline,
NTX doses: 0.032, 0.1, and 0.32 mg/kg. Lower panel shows etha-
nol intake in g/kg over the same treatments. The bars represent the
overall average with the standard error across five monkeys. * In-
dicates total fluid consumption (ethanol and water) significantly
different (P<0.05) from saline

fluid deliveries (ethanol and water summed together) fol-
lowing the largest dose of NTX were reduced compared to
the total fluid deliveries following saline (Dunnett’s
g =2.94). The interaction effect of solution and NTX nar-
rowly missed significance (F4,16=2.75, P=0.065), which
prevented statistical determination of whether the effect
on total fluid deliveries was due to a selective reduction in
ethanol fluid deliveries. Subsequently, in a similar experi-
ment with different subjects, we repeatedly administered
0.1 mg/kg NTX and found a significant and selective re-
duction of ethanol consumption.

Cumulative records of ethanol drinking for individual
sessions showed that the monkeys drank rapidly and con-
sistently for the first 40-60 min under non-injection base-
line and saline conditions (data not shown). Thereafter,
short bouts of drinking were followed by non-drinking in-
tervals until the end of the session. When pretreated with
NTX (0.32 mg/kg and in some cases 0.1 mg/kg) the
drinking was consistent for the first 1020 min and then
tapered off. Thus, after receiving NTX, the monkeys
stopped drinking earlier in the session and had fewer
drinking bouts throughout the remainder of the session.
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Fig. 3 Upper panel shows the average number of fluid deliveries
for ethanol (filled circles) and water (open circles) at the concentra-
tions of ethanol at which NTX was tested (0%, 0.25%, 1 or 2%,
4%). After 0.1 mg/kg NTX, ethanol is shown as closed inverted tri-
angles (with dotted line) and water as open inverted triangles (with
dotted line). The lower panel shows the average intake in g/kg at
the concentrations tested (same symbols). The points represent the
overall average with the standard error across five monkeys. * Indi-
cates significant difference (P<0.05) from the baseline values

Ethanol intake in g/lkg was not affected by administra-
tion of saline or the smallest dose of NTX (lower panel
Fig. 2). Increasing doses of NTX reduced ethanol intake
(F4,16=3.14), but the subsequent Dunnett’s test failed to
reveal which NTX doses were different from saline.

Following NTX administration, fluid deliveries of eth-
anol at 0.25% and 4% (Fig. 3) were reduced compared to
their respective baseline fluid deliveries (F3,12=6.04;
SNK, g=9.11 and g=3.98). There was a main effect of
NTX on fluid deliveries of the water that was concurrent-
ly available with ethanol (F3,12=12.35). Because the in-
teraction effect of NTX and solution was not significant
for water (P=0.09), we were unable to determine the eth-
anol concentration at which the water, following NTX,
was different from the water at baseline. When water was
available from both spouts (at 0%), the reduction in fluid
deliveries following NTX was not significant (F2,8=2.67,
P=0.129). At 4%, ethanol intake (g/kg), shown in the bot-
tom panel of Fig. 3, was decreased after NTX pretreat-
ment (F1,4=12.1; SNK, g=8.87).

The sucrose (100 g/l) fluid deliveries (Fig. 4) follow-
ing administration of both, 0.1 and 0.32 mg/kg NTX,
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Fig. 4 Upper panel shows the average number of fluid deliveries
at the peak concentration (100 g/l) of sucrose (filled bars) and wa-
ter (lined bars) over different treatment days — baseline, saline,
NTX doses: 0.1 and 0.32 mg/kg. The lower panel shows sucrose
intake in g/kg over the treatments. The bars represent the overall
average with the standard error across five monkeys. * Indicates a
significant difference (P<0.05) from saline

was less than the sucrose fluid deliveries following sa-
line administration (F3,12=9.74; SNK, g=4.50 and
0=9.32). The number of sucrose fluid deliveries were
more than twice that of the peak concentration of ethanol
(1445 versus 668). The average fluid deliveries of the
concurrently available water was almost zero. Following
administration of both doses of NTX, sucrose intake
(g/kg), was reduced compared with that following saline
(F3,12=16.5; Dunnett’s, g'=3.09 and g =6.00).

In Fig. 5, the ethanol and sucrose fluid delivery data
are expressed as a percent of non-injection baseline con-
trol, following saline or NTX administration for each
monkey. Across all monkeys, the ethanol fluid deliveries
following the highest dose of NTX were reduced to a
similar extent (range=31-42% of baseline control), even
though the average number of baseline fluid deliveries
varied greatly (range=161-1614). The sucrose data were
also similar across monkeys. In four of five monkeys,
the reductions in sucrose fluid deliveries following 0.32
NTX were almost identical (range=6-9% of baseline
control). Thus, NTX produced a comparable effect in all
monkeys, regardless of the actual number of baseline
fluid deliveries of ethanol or sucrose.
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Fig. 5 Fluid deliveries of ethanol and sucrose, at the peak concen-
trations, expressed as a percentage of non-injection baseline con-
trol over the various treatment days — saline, NTX doses: 0.1, and
0.32 mg/kg. The five panels show the individual data for each
monkey, with the points representing the individual monkey’s av-
erage at that treatment. The average number of ethanol (filled
sguares) and sucrose (open circles) fluid deliveries at baseline for
each monkey is shown at the top of each panel. The peak ethanol
concentration was 1% for CH966, RC186, and CH942; and 2% for
CHB899 and O58F

Fig. 6 Theleft panel shows the average number of fluid deliveries
for ethanol at the peak concentration (1 or 2%) expressed as a per-
centage of non-injection baseline control over the various treat-
ment days — saline, NTX doses: 0.1 and 0.32 mg/kg. The right
panel shows the average number of fluid deliveries for sucrose at
the peak concentration (100 g/l) expressed as a percent of non-in-
jection baseline control over the various treatment days — saline,
NTX doses: 0.1 and 0.32 mg/kg. The individual percentages of
baseline data from Fig. 5 were compiled and averaged. The bars
represent the overall average and standard error across five mon-
keys. * Indicates a significant difference (P<0.05) from the saline
treatment for each respective fluid

When ethanol and sucrose fluid deliveries, expressed
as a percentage of non-injection baseline control, were
averaged and compared to one another, the effects of
NTX were similar (Fig. 6). For the ethanol data, only the
effect following administration of 0.32 mg/kg NTX was
significantly different from that following saline
(F3,12=6.47; Dunnett’s, g’'=4.19). The 0.032 mg/kg dose
of NTX was included in the statistical analysis for etha-
nol, but for comparison with sucrose, only the two larger
doses of NTX are shown in Fig. 6. For sucrose, both dos-
es of NTX produced an effect that was significantly dif-
ferent from saline (F2,8=32.7; Dunnett's, q'=3.24 and
g =8.04). Although NTX 0.1 mg/kg had a non-signifi-
cant effect on ethanol and a significant effect on sucrose,
the reductions of ethanol and sucrose were analogous
(72% versus 67% of baseline control). At the highest
NTX dose, NTX was slightly less effective in reducing
ethanol than sucrose consumption (38% versus 17% of
baseline control, respectively).
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Fig. 7 The number of IV injections obtained is plotted across
methohexital 0.1 mg/kg per injection (filled square), saline (open
square), and ethanol 0.01, 0.032, and 0.1 g/kg per injection (filled
circles). The number of injections of ethanol following NTX 0.1
mg/kg is also depicted (inverted filled triangles). The points re-
present the overall average and standard error across three mon-
keys. * Indicates the number of injections of ethanol was signifi-
cantly greater than the number of injections of saline

The data for the IV experiment are shown in Fig. 7. In
these monkeys, with a history of both methohexital- and
saline-maintained responding, a substantial number of
injections of methohexital were taken, and few injections
of saline were taken, indicating a good discrimination
between a reinforcing drug and its vehicle. All doses of
ethanol maintained a lower number of injections than the
reference dose of methohexital (0.1 g/kg per injection),
however, only one dose of ethanol (0.032 g/kg per injec-
tion) maintained significantly more injections than did
saline (F3,11=5.27; Dunnett's, q'=5.27). Overal, NTX
reduced the number of ethanol injections obtained
(F1,4=56.38; SNK, g=10.6). Since the interaction of eth-
anol and NTX was not significant, we were unable to de-
termine at which ethanol dose the number of injections
were reduced by NTX. After NTX treatment, the number
of ethanol injections at the three doses tested was not dif-
ferent from the number of saline injections (F3,11=3.17;
P=0.11).

Discussion

Previous research has shown that ethanol serves as a re-
inforcer via the oral and 1V route (Meisch and Stewart
1994). In the present experiments, we also demonstrated
that ethanol served as an oral and 1V reinforcer in mon-
keys. The opioid antagonist, NTX, reduced the operant
behavior maintained by ethanol regardless of its route of
administration. NTX also reduced the responding main-
tained by a sucrose solution. The interaction of NTX
with ethanol was not of the classical opioid agonist/com-
petitive antagonist interaction; in these experiments,
NTX produced an insurmountable reduction in ethanol-
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reinforced responding when ethanol was delivered via
the oral or 1V route. The interaction of NTX with the re-
inforcers used in this study is unclear. NTX appears to
reduce the effect of a variety of reinforcers under some
conditions, but the mechanism by which it does so is not
apparent.

NTX may affect ethanol consumption by blocking the
reinforcing effects of ethanol. Some researchers suggest
that ethanol’s reinforcing properties are mediated by the
endogenous opioid system (Gianoulakis 1994; Ulm et al.
1995). Ethanol may stimulate the endogenous opioid
system by: (1) causing the release of endogenous opio-
ids, (2) modifying the sensitivity of opioid receptors, or
(3) producing a metabolic byproduct that is active at opi-
oid receptors. Regardless of the mechanism by which the
endogenous opioid system is stimulated by ethanol, the
pharmacological endpoint is the activation of opioid re-
ceptors. Thus, the effects of a competitive antagonist,
such as NTX, should be surmountable by increasing fur-
ther the activity at opioid receptors. To address the issue
of surmountability of the NTX effect, we examined the
effect of NTX at various ethanol concentrations (oral) or
doses (V). Under certain conditions, NTX appeared to
reduce ethanol-reinforced responding at all three ethanol
concentrations or doses. In both ethanol experiments,
NTX shifted the ethanol dose—effect curve down. If this
were a classica opioid agonist/competitive antagonist
interaction, the effect of the antagonist could be over-
come by increasing the dose of the agonist. For example,
in the IV self-administration of opioid agonists, competi-
tive opioid antagonists produce a surmountable right-
ward shift of the potency of the agonist (Winger et al.
1992). In our experiments, NTX continued to decrease
ethanol consumption even though the monkeys had the
opportunity to increase substantialy their ethanol intake
(g/kg) when larger concentrations or doses available.
Hence, regardless of the route of ethanol self-administra-
tion, the interaction between NTX and ethanol was not
comparable to that of an opioid agonist/competitive an-
tagonist.

The effect of NTX on reinforced responding was not
selective for ethanol. Other research has demonstrated
that opioid antagonists reduced consumption of water,
flavored solutions, and food (Reid 1985). In our experi-
ments, we examined the effect of NTX on oral sucrose-
reinforced responding and found that NTX decreased su-
crose fluid deliveries. Also, when NTX was adminis-
tered with water as the only available fluid, it non-signif-
icantly reduced water consumption from both spouts.
These data support the notion that NTX’s effect on etha-
nol consumption may be due to a mechanism that modu-
lates consumption in general.

The effect of NTX on oral ethanol or sucrose con-
sumption may be due to satiety factors. Some research-
ers have analyzed the temporal pattern of drinking after
administration of NX in rats (Brown and Holtzman
1981; Siviy et a. 1982). They found no effect on the la-
tency to begin drinking, but the drinking decreased sev-
eral minutes after the session began. These patterns of
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drinking were similar to those of water preloaded rats
(Cooper 1982), suggesting an effect of NX on satiety by
increasing it or bringing it forward in time. In our experi-
ments, the session cumulative records indicated that the
monkeys started to respond for fluid normally, but ob-
tained less total fluid by simply stopping earlier in the
session.

Not completely unrelated to satiation, NTX may ef-
fect the palatability of the fluids consumed. In our exper-
iments, NTX may have been dightly more effective in
reducing consumption of sucrose compared to the peak
concentration of ethanol. Sucrose may be considered
more palatable; it maintained more than twice the fluid
deliveries of ethanol. NTX 0.1 mg/kg produced a signifi-
cant reduction of sucrose, but not ethanol solutions.
Also, at the larger NTX dose, the reduction was greater
for sucrose compared with ethanol. At various ethanol
concentrations, the effect of NTX is more complex. NTX
0.1 mg/kg significantly reduced ethanol fluid deliveries
at 0.25% and 4%, but not at the peak concentration. Con-
sumption was reduced at these ethanol concentrations
even though the ethanol intake (g/kg) was almost zero at
0.25% and close to 1.5 g/kg at 4%. This evidence sug-
gests that ethanol intake (g/kg) is not related to the abili-
ty of NTX to reduce consumption. In addition, the palat-
ability explanation fails to account for the NTX-induced
reductions in self-administered 1V ethanol. Althoughiit is
likely that monkeys can taste ethanol delivered 1V, it is
unlikely that this taste is strongly related to ethanol’s
ability to maintain behavior by this route, or that modifi-
cation of this taste would result in the marked decreases
in responding that we observed here.

NTX may induce nausea or other aversive effects
which may interfere with consummatory behaviors.
NTX has been shown to produce conditioned place aver-
sion in rats (Parker and Rennie 1992) and some partici-
pants receiving NTX in the human studies reported feel-
ing sick (O'Malley et a. 1992; Volpicelli et al. 1992). In
the ora experiments, the monkeys reduced consumption
on the day of NTX injection, but drank at control levels
on subsequent days. Conditioned aversion was not pro-
duced in our experiments, probably due to the extensive
pre-exposure to the solutions. However, nausea may be
the result of an interaction of NTX and ethanol (or su-
crose) consumption. This interaction-induced nausea
helps to explain why consumption was reduced only on
the day of injection as well asthe lack of effect on the la-
tency to begin drinking. If NTX alone produced illness
or nausea, we would expect an increase in the latency to
begin drinking. NTX-induced nausea or aversion needs
further experimental attention.

As discussed earlier, NTX has been successful in
treating alcohol dependence in clinical trials (O’ Malley
et al. 1992; Volpicelli et a. 1992). Our results suggest
that the therapeutic effect should not be attributed to a
specific interaction between ethanol and opioids. Our
study showed decreases with ethanol-, sucrose-, and wa-
ter-reinforced responding. Furthermore, the interaction
of NTX with ethanol was not a typical opioid ago-

nist/competitive antagonist interaction. The effects were
not surmountable by increasing ethanol dose or concen-
tration. Further research using non-human primates,
may help determine an appropriate mechanism by which
NTX achievesits clinical results.
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