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Resumen
Se estudió el efecto de la naltrexona en los patrones de consumo de alimento, alcohol y agua, en acceso libre y privación 
alimentaria. Ratas Wistar fueron tratadas con naltrexona (10mg/Kg/día, s.c.) o solución salina por 14 días. El consumo de 
agua se redujo entre 2 y 4 h después de la inyección de naltrexona en la condición alimentaria a libre demanda. Bajo 
privación periódica alimentaria, la naltrexona suprimió el atracón de alimento tras su re-exposición y redujo 
signi�cativamente la ingesta de agua, sin afectar el consumo de alcohol. Los resultados sugieren la participación del 
sistema opioide en los mecanismos de regulación de ingesta de líquidos como un incentivo primario 
independientemente de la privación alimentaria, y apoyan que este sistema juega un papel importante en el 
componente apetitivo de la ingesta de alimentos, especialmente durante su restricción.

Abstract
Present study assessed the e�ects of naltrexone on the patterns of food, alcohol and water consumption under 
free-feeding and food deprivation in rats. Wistar rats were treated with either naltrexone 10mg/Kg/day, s.c. or saline 
solution at 0.2mL/day, for 14 days. Under free-feeding condition, water consumption decreased between 2 and 4 h after 
the naltrexone injection. Under periodic food deprivation, naltrexone suppressed the binge for food following the 
feeding re-exposure; decreased water intake more extensively than in free-feeding condition, and did not a�ect alcohol 
consumption. Results suggest the participation of opioid activity in the regulatory mechanisms of liquid intake as a 
primary incentive as much in free-feeding as in food deprivation condition, and �ndings support that opioid system plays 
an important role in the appetitive mechanisms of feeding behavior, particularly during food-deprivation. 
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Naltrexone treatment decreases water intake without 
affecting alcohol consumption, and suppresses the binge 

eating after alimentary deprivation
El tratamiento con naltrexona decrementa el consumo de agua sin afectar el 
consumo de alcohol, y suprime el atracón de comida posterior a la privación 

alimentaria
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Introduction

There is evidence of a biochemical link between opiates and 
alcohol dependence; hence, many behaviors associated with the 
processes of reward and reinforcement may be controlled or 
modulated by distinct components of the endogenous opioid 
system. Opioid receptors and peptides are selectively involved 
in several components of the addictive processes induced by 
opioids, cannabinoids, psychostimulants, alcohol and nicotine.1 
It is well known that alcohol consumption facilitates the release 
of beta-endorphins from the hypothalamus2,3 hence, opioid 
receptor antagonists have been probed extensively in studies of 
the control of alcohol intake, most of which agree that opioid 
blockage by naltrexone (an non-selective opioid receptor 
antagonist) significantly reduces alcohol consumption in both 
human beings4,5 and animals.6-8

Also, it has been shown that the restriction or deprivation of 
food intake affects the activity of the opioid system. Rats 
studied under a regimen of 50% of their normal daily chow 
consumption showed no changes in the β-endorphin levels in 
the arcuate nucleus when measures were taken on days 4, 8 and 
12, but this peptide decreased after 16 days of food restriction.9 
Both food restriction for 2 weeks and food deprivation for 4 
days reduce pro-opiomelanocortin (POMC) mRNA levels in the 
hypothalamic arcuate nucleus, but food restriction produces 
larger changes in peptide mRNA expression than does food 
deprivation.10 In obese women, two months of a hypocaloric 
diet and an increase in physical exercise produced lower plasma 
levels of beta-endorphins.11

In contrast, other studies have described an increase in 
beta-endorphin (BE) immunoreactivity in response to food 
deprivation in the hypothalamus and anterior pituitary,12 while 
basal in vitro BE release from hypothalamic explants increased 
after the first day of food deprivation and remained greater than 
that seen in a normally-fed control group with continuing food 
deprivation for 48, 72 and 96 h in rats.13

Naltrexone has been used clinically to treat alcoholism and 
opiate dependence and, less extensively, for the treatment of 
certain eating disorders, such as overeating, anorexia and 
bulimia. However, there are at least two problems involved in 
studies of the effects of naltrexone on alcohol consumption and 
eating behavior. The first is related to the time that elapses 
between administering the drug and assessing its effects, as 
most studies in the literature analyze the acute effects of the 
opioid receptor antagonist at a maximum of 6 h after 
administration and generally use food restriction, special 
alimentary diets or pharmacological induction of food intake, 
while few experiments analyze the patterns of food intake 
throughout the 24h/day under conditions of free access to food. 
The second problem concerns the nature of the conditions of 
food deprivation or restriction, because the incentive value of 

food varies according to motivational status, such that the 
underlying neurobiological substrate may be different in 
free-feeding vs. starved food conditions.14, 15

Given that the half-life of naltrexone is 2.7 + 1.0 h González and 
Brogden, (1988), it has been argued that its effect is more 
evident during the first hours after administration than later, 
when the active substance has undergone a metabolic process. 
With respect to this issue, we have found that while the effect of 
naltrexone treatment is indeed more evident during the first few 
hours after injection, it also shows an apparent rebound effect 
on food intake several hours later in the circadian cycle, and 
over the long term; i.e., during a course of chronic treatment. 
Moreover, these changes depend on the precise conditions of 
food deprivation. Thus, under free-feeding conditions food 
intake discretely decreases immediately after naltrexone 
administration. In contrast, under conditions of food 
deprivation, naltrexone has a clear short-term effect that inhibits 
deprivation-elicited overfeeding.17 Hence, the motivational 
state produced by a pre-starved condition seems to play an 
important role in the effects of this opioid receptor antagonist.
A question that has required attention is whether alcohol 
consumption reduces food intake in direct proportion to the 
caloric content of the alcohol consumed. When alcohol 
consumption is the only source of fluids, at least three 
regulatory systems are involved: the fluid regulatory system, 
caloric regulation, and the ability to metabolize alcohol.18 Body 
mass index (BMI) has been positively correlated with alcohol 
consumption; 19 i.e., as alcohol consumption increases BMI also 
rises, which supports the finding that alcohol can be a risk factor 
for obesity. However, other studies have found an inverse 
relationship between alcohol consumption and BMI; 20,21 that 
is, as alcohol consumption decreases, BMI increases. These 
discrepancies may be due to the scarce information concerning 
the relationship between patterns of alcohol and food 
consumption gathered on the basis of several days of 
simultaneous exposure.
Considering that ethanol exposure increases β-endorphin levels, 
it is possible that the endogenous opioid system might mediate 
some of the rewarding effects of alcohol. 22 On the other hand, 
opioids are also implicated in the orosensory reward 
components of eating. Whether alcohol-induced opioid release 
modifies subsequent food-induced opioid release is not well 
understood, but it has been shown that this is an additional, 
potential neural component of appetite stimulation due to 
alcohol.23

Many studies have focused on examining the effects of 
naltrexone on either alcohol consumption or food intake, but 
very few have been designed to analyze changes in both of these 
stimuli when they are available simultaneously. Moreover, there 
is no data available from studies of those effects under different 
conditions of alimentary deprivation. Considering that distinct 
motivational states for food-seeking may modulate the effects  
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of the opioid receptor antagonist, the scope of the present study 
was to assess the effects of naltrexone treatment on the 
consumption patterns of food, alcohol and water under 
conditions of free-feeding and food deprivation in rats.

Methods and material 
Animals
Wistar male rats were obtained from a colony bred at the 
Institute of Neuroscience of the University of Guadalajara. 
Animals were maintained on a reversed 12-12 h light-dark cycle 
(lights on at 20:00). 

General methods
At the age of 70 days, 40 rats were placed in individual cages, 
and at 75 days they were exposed to the different experimental 
conditions described in the following sections. Food, water and 
alcohol consumption were measured daily every 2 for 12 h 
during the dark phase (08:00 to 20:00) in both experiments 1 
and 2, and once at the end of the light phase (20:00 to 08:00) in 
experiment 1. Body weight was recorded three times a week. 
All rats were assessed during three periods: a baseline of 7 days; 
14 days of naltrexone treatment; and 7 days post-treatment.
The ethics committee of the institution approved the present 
study, and all procedures involving the animals, were performed 
in accordance with the Guide for the Care and Use of 
Laboratory Animals (Institute of Laboratory Animal Resources, 
Commission on Life Sciences, National Research Council, 
1996).

Period of Alcohol Induction
During all experimental periods, alcohol consumption was 
voluntary; that is, 2 bottles were available for 24 (experiment 1) 
or 12 h (experiment 2): one containing tap water and the other 
an alcohol solution.
For the purpose of familiarizing the rats with the taste of 
alcohol, all males were exposed to a solution prepared with tap 
water and different concentrations of ethanol. Concentrations 
began at 6% (99.8% Merck) v/v and were increased gradually 
by 2% every 2 days, until 10% was reached. This concentration 
was maintained until alcohol consumption became stable. 

Experiment 1. Free-feeding condition
After assessment of the baseline period (BL), 20 rats were 
assigned alternately to two groups of 10 animals each on the 
basis of their respective amounts of alcohol intake during BL. 
This procedure was carried out in order to assure that the two 
groups had similar values for this variable before beginning the 
pharmacological treatment. During the treatment period, the 
rats in one group were treated with a single dose of naltrexone 
(Spectrum®) at 10mg/Kg/day, s.c. for 14 days. The rats in the 
other group were treated with a saline solution (Ss) at 0.2mL/day, 

s.c., also for 14 days. In order to analyze changes 
week-by-week, the 14-day period of naltrexone or saline 
treatment was divided into two periods of 7 days each (week 1 
and week 2).
After the treatment period, the application of naltrexone and 
saline was interrupted and the different variables were assessed 
for 7 additional days; the time considered as the post-treatment 
period (PT). In this experiment, the rats in both groups were 
exposed continuously (24 h/day) to food, alcohol and water ad 
libitum during all periods. 
The food, alcohol and water consumption corresponding to the 
12 h of the light phase were measured daily at 08:00 h and then 
every 2 h until 20:00 h during the dark phase. At 08:00 h, the 
amount of food and alcohol consumption corresponding to the 
previous 12 h of the light phase was ascertained, but the 
distribution of this consumption during those 12 h could have 
differed among subjects; therefore, in order to determine food, 
alcohol and water consumption during the 2 h previous to the 
daily naltrexone administration, the drug and saline were 
injected daily at 10:00 h (i.e., 2 h after onset of the dark phase).

Experiment 2: Food-deprived condition
The procedure followed in this experiment was identical to that 
described for experiment 1, except that food and alcohol were 
available only for 12 h/day during the dark phase; i.e., from 
08:00 to 20:00. To summarize: after a baseline period, 20 rats 
were assigned to two groups of 10 animals each using the same 
criteria described for experiment 1. During the treatment period, 
the animals were treated with either naltrexone at 
10mg/Kg/day/rat, s.c., or with a saline solution at 
0.2mL/day/rat, s.c., both for 14 days. Finally, a post-treatment 
period of 7 days without naltrexone or saline was assessed.
At 20:00 on each day, food and alcohol were withdrawn totally 
and replaced again ad libitum at 08:00 on the next day; i.e., the 
rats were food- and alcohol-deprived during the light phase of 
all periods of this experiment, though water was available ad 
libitum 24h/day throughout the procedure.
In this experiment, the rats were injected with either naltrexone 
or saline at 08:00, after the 12 h of daily food deprivation and 
immediately before the daily 12 h of exposure to food and 
alcohol. 
Water consumption corresponding to the 12 h of the light phase 
was measured daily at 08:00; while food, alcohol and water 
consumption were all measured every 2 h from 08:00 to 20:00 
during the dark phase.

Statistical analyses
Two-way ANOVAs (treatment (naltrexone, saline) X hours (8, 
10, 12, 14, 16, 18, 20)) were used to assess the values for food, 
alcohol and water consumption obtained every 2 h during the 12 
h of the dark phase. Two-way ANOVAs (treatment (naltrexone, saline) 
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X periods (LB, week 1, week 2 and PT)) were performed to 
assess the body weight and total daily consumption of food, 
alcohol and water. As mentioned above, the values for food, 
alcohol and water consumption obtained from 20:00 to 08:00 
constituted the accumulated consumption during the 12 h of the 
light phase, and were analyzed separately using a one-way 
ANOVA to assess treatment differences among the different 
periods. A Tukey’s test was used for post-hoc comparisons with 
the level of significance set at p≤ 0.05.

Results and discussion 
When interaction among the factors proved to be significant, the 
factor of hours is described in terms of the number of hours that 
elapsed after the naltrexone or vehicle injection; all exceptions 
will be clearly indicated.

Experiment 1. Free-feeding Condition
The factor of hours was significant in all experimental periods 
and in all the variables analyzed (food, alcohol and water 
intake). In order to facilitate the description of this factor, the 
statistical data and multiple comparisons that resulted from the 
post-hoc test are shown in Table 1.

Food intake
The Naltrexone treatment had no effect in any period during 
free-feeding condition. Interaction among factors (treatment X 
hours) was significant in week 2 (F(5,80)=6.27, p < 0.0001), 
indicating that food intake was higher in the naltrexone group 
than in the saline group 8 h after injection in week 2 of treatment 
(Figure 1). Food intake showed a tendency to be lower in the 
naltrexone group than in the saline group at 2 h after injection in 
the week 1 of treatment, but the difference was not significant. 

Considering that naltrexone has a half-life of 2.7 + 1.0 h,16 we 
assumed that a decrease in food intake would be more evident 
immediately after injecting the opioid receptor antagonist. 
However, this effect occurred only as a tendency in the 2 h 
following injection, as food intake increased 8 h after 
naltrexone administration and significantly only in the second 
week. These results suggest that in free-feeding conditions, 
naltrexone seems to increase the rewarding value of food when 
the action of the drug has supposedly declined due to its 
metabolization, this supports a previous experiment conducted 
in the laboratory replicating the same methodology but without 
alcohol.17 The explanation of the discrete increase in food 
intake in the second week of naltrexone treatment –which 
continued into the post-treatment period– could be structured as 
follows: it is well known that naltrexone treatment produces 
opioid receptor up-regulation after several days of continuous 
infusion, a phenomenon described even when discrete low 
doses of this drug (1mg/Kg, twice a day) are administered for 

just 1 week.24 Therefore, the daily injection of 10 mg/Kg of 
naltrexone in this study may have produced opioid receptor 
up-regulation around the beginning of the second week of 
treatment. If this is the case, then the higher availability of 
opioid receptors in this period, together with the lower levels of 
naltrexone at 8 h after injection, may have increased the 
rewarding effects of food and, as a result, increased food intake. 

Table 1. Hour factor results (experiment 1).

Alcohol Consumption
A significant interaction between factors (treatment X hours) 
was observed in week 2 (F(5,80)=4.03, p= 0.0026). This result 
indicated that alcohol consumption was higher in the naltrexone 
group than in the saline group at 8 h after injection only in week 
2 (Figure 2). The factor of treatment was not significant.

Food  Intake 

Baseline

Treatment 
week-1

Treatment 
week-2

Post-treatment

Alcohol intake
Baseline

Treatment 
week-1

Treatment 
week-2

Post-treatment

Water intake 
Baseline

Treatment 
week-1

Treatment 
week-2

Post-treatment

Statistics (main factor)

(F(5,80)=23.23, p< 
0.0001)
(F(5,80)=8.73, p< 
0.0001)

(F(5,80)=4.13, p= 
0.0022)
(F(5,80)=10.35, p< 
0.0001)

(F(5,80)=4.90, p= 
0.0006)
(F(5,80)=19.91, p< 
0.0001)
(F(5,80)=12.90, p< 
0.0001)

(F(5,80)=35.88, p< 
0.0001)

(F(5,80)=31.15, p< 
0.0001)

(F(5,80)=24.70, p< 
0.0001)

(F(5,80)=11.02, p< 
0.0001)

(F(5,80)=13, p< 0.0001)

Significant differences 
among hours 
(Post-hoc test)
8 > 2, 4, 10, 12
6, 12 > 2, 4, 10
6, 8 > 2, 4, 10
12 > 2, 4
10 > 4
6, 8 > 4, 10, 12
6 > 2, 8, 10, 12
4 > 10, 12
2, 8 > 12

8, 12 > 2, 4
6, 10 > 2
8, 12 > 2, 4, 6, 10
6, 10 > 2, 4
12 > 2, 4, 6, 10
8 > 2, 4, 6
10 > 2, 4
6 >2
8, 12 > 2, 4, 6, 10
6, 10 > 2, 4
4 > 2

8 > 2, 4, 6, 12
12 > 2, 4, 6
6, 10 > 2, 4
4 > 2 
8 > 2, 4, 6, 10, 12
12 > 2, 4, 10
6, 10 > 2, 4
8 > 2, 4, 6, 10, 12
6 > 2, 4
10, 12 > 4
6, 8 > 2, 4, 10, 12
4 >2, 10, 12
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Figure 1. Effect of naltrexone (Ntx) at 10 mg/Kg, or saline (Ss), on 
food intake patterns (g) from 0 to 10 h following injection during 
the dark-phase (DP) and in the 12 h of the light-phase (LP) in 
free-feeding rats (Experiment 1). Arrows indicate the hour at 
which naltrexone or saline injection was applied. Data show the 
mean ± S.E.M for the 7 days of each period: baseline (BL), two 
weeks of naltrexone or saline treatment (week-1, week-2), and 
post-treatment (PT); significant differences between groups (*).

Figure 2. Effect of naltrexone (Ntx) at 10mg/Kg, or saline (Ss), on 
alcohol intake patterns (g/Kg) from 0 to 10 h following injection 
during the dark-phase (DP) and in the 12 h of the light-phase (LP) 
in free-feeding rats (Experiment 1). Arrows indicate the hour at 
which naltrexone or saline injection was applied. Data show the 
mean ± S.E.M for the 7 days of each period: baseline (BL), two 
weeks of naltrexone or saline treatment (week-1, week-2), and 
post-treatment (PT); significant differences between groups (*).

No significant differences appeared in relation to any of the 
factors when total daily alcohol intake was analyzed. Similarly, 
there were no significant differences in total daily alcohol 
consumption. 
Naltrexone did not produce the expected decrease in alcohol 
consumption that has been documented in several other 
studies;7,25-28 however, most such studies offered access to 
alcohol for only a few hours after naltrexone administration, in 
contrast to the free-access 24h/day permitted in this experiment. 

In our study, the significant increase in alcohol intake 8 h after 
drug injection coincided with the observed increase in food 
intake at the same elapsed time. The explanation given for the 
changes in food intake in terms of possible opioid receptor 
up-regulation could be applied to changes in alcohol 
consumption, but we cannot discard the possibility that 
naltrexone affects only one variable, which in turn affects the 
other.

Water Consumption
The factor of treatment was not significant, but a significant 
interaction between factors (treatment X hours) was observed in 
week 1 (F(5,80)=2.65, p= 0.0289), and week 2 (F(5,80)= 6.61, 
p< 0.0001). This result indicates that water consumption was 
higher in the saline group than in the naltrexone group at 4 h 
after injection in week 1 and at 2 and 4 h after injection in week 
2 (Figure 3). 

Figure 3. Effect of naltrexone (Ntx) at 10 mg/Kg, or saline (Ss), on 
water intake patterns (mL) from 0 to 10 h following injection 
during the dark-phase (DP) and in the 12 h of the light-phase (LP) 
in free-feeding rats (Experiment 1). Arrows indicate the hour at 
which naltrexone or saline injection was applied. Data show the 
mean ± S.E.M for the 7 days of each period: baseline (BL), two 
weeks of naltrexone or saline treatment (week-1, week-2), and 
post-treatment (PT); significant differences between groups (*).

There were no significant differences when total daily water 
intake was analyzed.
Naltrexone decreased water consumption during the 4 hours 
following injection, but intake then returned to values similar to 
those observed in the saline group in the remaining hours of the 
dark phase. These changes in water intake are more consistent 
with the hypothesis outlined with respect to food intake, 
suggesting an important participation of the opioid system in 
regulating the liquid intake mechanisms. Apparently, this effect 
cannot be generalized to include any liquid, since alcohol was 
not modified in the same way, and it is possible that this 
differential effect of naltrexone is related to the palatability 
characteristics and a preference for one liquid over another, as 
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described by Williams and Woods (1999).

Body weight
Body weight gain in each period was calculated by subtracting 
the final body weight obtained in the previous period from the 
body weight obtained at the end of each subsequent period for 
each rat. Analysis of this data showed significant interaction 
(F(3,48)= 7.15, p= 0.0005) between factors, and indicated a 
lower body weight gain in the naltrexone group than in the 
saline group in the first week of treatment. The main factor of 
treatment and period were not significant. This decrease in the 
body weight gain of Ntx group coincides with the tendency of 
the food consumption decrease in the same period for this 
group; this result agrees with other findings, which support that 
naltrexone produces a decrement in the body weight.29,30 A 
discrete decrease in food intake, affecting body weight, could be 
due to a decrease in the appetite for, or the rewarding properties 
of, food intake, during the acute effects of naltrexone, 
particularly in free-feeding conditions when the caloric demand 
is not a challenge for animals. 

Experiment 2. Food-deprived condition
As occurred in experiment 1, the factor of hours was significant 
in all experimental periods and for all the variables analyzed. 
The statistical data and multiple comparisons from the post-hoc 
test are shown in Table 2.

Food intake
Food intake after 12 h of food- and alcohol-deprivation and 
after the injection of naltrexone or saline was analyzed. The 
factor of treatment was significant in week 1 (F(1,18)= 8.91, p= 
0.0079), indicating that food intake was lower in the naltrexone 
group than in the saline group, regardless of the hour. 
Interaction between factors was significant in week 1 
(F(5,90)=7.69, p< 0.0001) and week 2 (F(5,90)=12.75, p< 
0.0001), a finding that indicated that the binge eating observed 
in both groups immediately after the 12 h of food deprivation in 
the baseline period was maintained in the saline group, but 
suppressed in the naltrexone-treated group; i.e., food intake was 
significantly lower in the naltrexone group than in the saline 
group at 2 h after injection in both weeks of treatment (Figure 
4). This value observed in the saline group was significantly 
higher than any other value observed in the previous hours in 
either the naltrexone or saline group during both weeks of 
treatment. The binge eating that took place in the naltrexone 
group after deprivation was compensated in the post-treatment 
period. 

Obviously, no analysis of food intake was conducted for the 
light phase because food was not available during that period. 
The analysis of total daily food intake showed that only the 

interaction between factors was significant (F(3,54)= 4.77, 
p=0.0051), and indicated higher food intake in the saline group 
than in the naltrexone group during week 1.

Table 2. Hour factor results (experiment 2).

Figure 4. Effect of naltrexone (Ntx) at 10 mg/Kg, or saline (Ss), on 
food intake patterns (g) from 2 to 12 h following injection during the 
dark-phase (DP) in food-deprived rats (Experiment 2). Arrows 
indicate the hour at which naltrexone or saline injection was applied. 
Data show the mean ± S.E.M for the 7 days of each period: baseline 
(BL), two weeks of naltrexone or saline treatment (week-1, week-2), 
and post-treatment (PT); significant differences between groups (*).

Food Intake 

Baseline
Treatment week-1

Treatment week-2

Post-treatment

Alcohol intake
Baseline

Treatment week-1

Treatment week-2

Post-treatment

Water intake 
Baseline
Treatment week-1
Treatment week-2

Post-treatment

Statistics (main factor)

(F(5,90)=16.27, p< 0.0001)
(F(5,90)=20.41, p< 0.0001)

(F(5,90)=30.56, p< 0.0001)

(F(5,90)=30.60, p< 0.0001)

(F(5,90)=4.87, p= 0.0005)

(F(5,90)=11.97, p< 0.0001)

(F(5,90)=21.05, p< 0.0001)

(F(5,90)=21.06, p< 0.0001)

(F(5,90)=2.78, p=0.0222)
(F(5,90)=9.23, p< 0.0001)
(F(5,90)=16.26, p< 0.0001)

(F(5,90)=6.24, p< 0.0001)

Significant 
differences among 
hours (Post-hoc  
test)
0 > 2, 4, 6, 8, 10
0 > 2, 4, 6, 8, 10
2, 6, 8 > 10
0 > 2, 4, 6, 10
8 > 6, 10
2, 4, 6 > 10
0 > 2, 4, 6, 8, 10
4, 6, 8 > 10

8 > 0, 2
4, 6, > 0
4, 6, 8 > 0, 2
10 > 0
8 > 0, 2, 4, 6, 10
6, 10 > 0, 2
4 > 0
8 > 0, 2, 4, 10
6 > 0, 2, 10
2, 4, 10 > 0

2 > 10 
10 < 0, 2, 4, 6, 8
4, 8 > 0, 2, 10
6 > 0, 10
2 > 10
8 > 0, 10
2, 4, 6 > 10
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Binge eating is a typical behavior that follows a period of food 
deprivation. Under this condition, naltrexone produced a 
significant decrease in food intake during the 2 h following 
injection, indicating a complete inhibition of the binge eating 
that was observed in the saline group. This effect is consistent 
with most other studies that have analyzed the effect of 
naltrexone on food intake in both humans31,32 and rodents.33-35 
In most studies in rodents, the effects of naltrexone are studied 
in free-feeding animals,33-35 and some have involved 
continuous infusions of the opioid receptor antagonist.33 In the 
present experiment, in contrast, only a single dose of naltrexone 
was given; therefore, the decrease in food intake in only the two 
initial hours after naltrexone injection may be due to a decrease 
in the bioavailability of the drug over the course of the day.
In the food deprivation scheme used in this research, rats had 
the opportunity to compensate the amount of food consumed 
during the 12 h of the dark phase, the period in which food was 
available ad libitum. However, the initial decrease in food 
intake apparently did not produce a compensatory feeding 
behavior, since no differences were observed between groups in 
food intake in the subsequent hours. Therefore, the opioid 
blockage seems to decrease the appetite for, or the rewarding 
effects of, food intake, regardless of the previous period of 
deprivation. 

Alcohol Consumption
There was no significant difference when alcohol consumption 
was analyzed, as both groups showed very similar patterns of 
consumption across all periods (Figure 5); nor was any 
significant difference found when total daily alcohol intake was 
analyzed. 

Figure 5. Effect of naltrexone (Ntx) at 10mg/Kg, or saline (Ss), on 
alcohol intake patterns (g/Kg) from 2 to 12 h following injection 
during the dark-phase (DP) in food-deprived rats (Experiment 2). 
Arrows indicate the hour at which naltrexone or saline injection 
was applied. Data show the mean ± S.E.M for the 7 days of each 
period: baseline (BL), two weeks of naltrexone or saline treatment 
(week-1, week-2), and post-treatment (PT); significant differences 
between groups (*).
 

Most studies agree that naltrexone decreases alcohol 
consumption,7,14,24,27,28 a finding that differs from the results of 
this study, in which naltrexone did not affect alcohol 
consumption. We used standard animals in the present study i.e. 
the initial amount of alcohol consumption was not a criterion of 
inclusion in the study; therefore, it is possible that alcohol 
consumption was not a highly significant stimulus compared 
with food or water intake, at least in this condition of 
food-deprivation.

Water Consumption
The analysis of the factor of treatment in week 1 indicated that 
water consumption was significantly higher in saline than 
naltrexone regardless of the hour (F(5,90)=7.02, p=0.0163). 
The ANOVA showed significant interaction between factors in 
week 1 (F(5,90)= 4.85, p>0.0001) and week 2 (F(5,90)=6.44, 
p< 0.0001). This result indicates that water consumption was 
lower in naltrexone than saline at 2 and 4 h after injection in 
both weeks of treatment (Figure 6). Water consumption during 
the 12 h of the light phase was significantly lower in the 
naltrexone group than in the saline group during the two weeks 
of treatment: week 1 (F(1,18)=7.63, p= 0.0128) and week 2 
(F(1,18)=10.25, p=0.0049). 

Figure 6. Effect of naltrexone (Ntx) at 10mg/Kg, or saline (Ss), on 
water intake patterns (mL) from 2 to 12 h following injection 
during the dark-phase (DP) and in the 12 h of the light-phase (LP) 
in in food-deprived rats (Experiment 2). Arrows indicate the hour 
at which naltrexone or saline injection was applied. Data show the 
mean ± S.E.M for the 7 days of each period: baseline (BL), two 
weeks of naltrexone or saline treatment (week-1, week-2), and 
post-treatment (PT); significant differences between groups (*).

Total daily water intake, showed significant differences with 
respect to the factor of treatment, regardless of period 
(F(1,18)=4.51, p=0.0477), and indicated higher water intake in 
the saline group than in the naltrexone group.
Barrios De Tomasi and Juárez (2011) found that water 
consumption was lower in the naltrexone group than in the 
saline group between 2-4 h after injection when a similar procedure 
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of two weeks of naltrexone treatment was used, but without 
alcohol exposure. In the present study, naltrexone decreased 
water consumption significantly during the 4 h following 
injection in both weeks, contrary to what was observed with 
respect to alcohol consumption. Therefore, the most relevant 
effects of Naltrexone in this experiment was observed on water 
intake, even without any deprivation of this liquid, and in the 
presence of alcohol consumption, which suggests the 
participation of opioid activity in the regulation mechanisms of 
liquid intake as a primary incentive, since consumption of 
alcohol diluted in water was not affected by naltrexone.

It has been shown that opioid activity modulates the reinforcing 
qualities of the preferred stimulus;26 that is, when water is 
preferred over alcohol, naltrexone will affect water 
consumption but not alcohol intake, which could explain the 
present results. 
It has been demonstrated that the amount of water intake is 
related to the amount of food ingested.36 Although the effect of 
naltrexone on food consumption followed the same direction as 
that observed with respect to water consumption, the effect on 
the latter incentive was more evident, despite the fact that the 
animals were not water deprived in any way. Though these 
changes would seem to support an apparent interdependence 
between the consumption of these two incentives, a direct 
action of naltrexone on appetitive or consummatory water 
intake, per se, is suggested. It is noteworthy that the decrease in 
water consumption was maintained during the light phase, a 
behavior not observed in either experiment 1, under 
free-feeding conditions, or in the baseline and post-treatment 
periods of experiment 2. It seems clear that an interaction 
between food deprivation and naltrexone’s action on the 
regulation of liquid intake accounts for the observed effects, but 
at present we have no explanatory rationale for such an effect.

Body weight
Body weight gain showed no any significant difference in 
experiment 2. Despite the inhibitory effect of naltrexone on 
food intake, body weight was not affected significantly, 
however in previous experiments17 body weight gain showed 
biphasic changes throughout the study: it was lower in the 
naltrexone group than in the saline group in the first week of 
treatment, but was inverted in the post-treatment period; i.e., 
body weight was higher in the naltrexone group than in the 
saline group. The increase in body weight gain in the naltrexone 
group at the end of the study indicated an apparent 
compensatory effect that came as a response to the initial 
decrease in the first week of treatment, a result congruent with 
the absence of differences in total daily food intake between the 
groups in any period. This result may be due to the fact that 
body weight is regulated more efficiently than daily food intake, 

Maldonado R. The endogenous opioid system and drug addiction. 
Ann Pharm Fr. 2010; 68:3-11. 
Olive MF, Koenig HN, Nannini MA, Hodge CW. Stimulation of 
endorphin neurotransmission in the nucleus accumbens by ethanol, 
cocaine and amphetamine. J Neurosci. 2001; 21(RC184):1–5.
Marinelli PW, Quirion R, Gianoulakis CA. Microdialysis profile of 
β-endorphin and catecholamines in the rat nucleus accumbens 
following alcohol administration. Psychopharmacology. 2003; 
169:60–67.

1.

2.

3.

and it is possible that in food-deprived conditions this 
regulation becomes even more efficient. In this vein, Hadcock 
and Scott, (2005) found that naltrexone did not affect the body 
weight of lean rats, a result that would support this notion.

Conclusions 
It is important to point out that the main objective of this study 
was to analyze the consumption patterns of alcohol and primary 
incentives such as food and water after a single daily dose of 
naltrexone. The rationale was that the kinetics described for this 
opioid receptor antagonist could generate a differential action 
throughout the day, and that food deprivation might be an 
additional factor in the possible differential effect of the drug.
It is clear that naltrexone decreased food consumption in 
food-deprived rats, which did not occur under the free-feeding 
condition. It might be expected that the effects of naltrexone 
would be less evident during food deprivation due to the 
nutritional requirements produced by this condition; however, 
contrary to that rationale, our results suggest that the opioid 
system could play a more important role in the appetitive 
mechanisms than in the consummatory mechanisms of feeding 
behavior. 
Naltrexone had no effect on alcohol consumption in either the 
free-feeding or food deprivation condition; however, alcohol 
intake was lower during food deprivation. This is not surprising, 
as the rats showed no preference for alcohol over water, and 
food deprivation enhanced their seeking for the primary 
incentive, with the animals spending more time on feeding and 
water intake than alcohol consumption. It is possible that 
naltrexone has an evident effect when alcohol is a very relevant 
stimulus, as indeed occurs in conditions of alcohol dependency, 
but this problem was not examined in this research.
In general, reports in the literature have focused on the study of 
naltrexone’s effects on food and alcohol consumption as they 
relate primarily to its underlying rewarding mechanisms. 
Results of this study give evidence that naltrexone also affects 
water consumption, apparently regardless of its effect on food 
intake. However, the effect of naltrexone was differential, as it 
depended on the different conditions of food deprivation. 
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