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(1) 79–84, 1997.—Administration of opiate agonists and antagonists has been shown to increase and decrease alcohol
consumption, respectively. Because opioids can affect gastric emptying and decrease intestinal motility, the present experi-
ments were done to determine whether changes in alcohol consumption following opioid administration might be due to opi-
oid-induced changes in the pharmacokinetics of alcohol. In experiment 1, morphine in doses ranging from 1.5 to 4.5 mg/kg
dose dependently decreased the absorption of alcohol induced by oral intubation (1 g/kg) and reduced peak blood alcohol
levels (BALs). Naltrexone in doses ranging from 1.5 to 4.5 mg/kg produced a small, but significant, reduction in the absorp-
tion of alcohol, but the effects were not dose related. Similar effects of morphine and naltrexone on alcohol absorption were
observed in rats infused with alcohol (1 g/kg) through an implanted intragastric cannula. The effects of morphine on alcohol
absorption were observed whether alcohol levels were determined from tail vein or arterial blood samples or from brain sam-
ples. The effects of morphine on alcohol absorption were not blocked by pretreatment with methyl-naltrexone. However, the
peripherally acting opioid agonist loperamide reduced BALs in a manner similar to morphine. These studies indicate that al-
though opiate agonists and antagonists modify alcohol absorption to different extents, their effects on BALs are not a suffi-
cient condition to induce changes in alcohol consumption. © 1997 Elsevier Science Inc.
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Consumption

 

THE INVOLVEMENT of endogeneous opioid systems in al-
cohol intake has been a subject of interest over the last several
years. Systemic administration of low doses of opiate agonists
has been shown to increase subsequent alcohol consumption
by rats, and administration of opiate antagonists has been
shown to decrease it (4,7–9,18,19,25,26). These effects appear
to be mediated within the brain, because opiate agonists and
antagonists that do not cross the blood–brain barrier do not
affect alcohol consumption (18) and because intracerebroven-
tricular administration of a very low dose of morphine also
causes increased alcohol consumption (19).

Opioids have been shown to have profound effects on the
gastrointestinal (GI) tract, slowing gastric emptying and re-
ducing intestinal motility (12,13,23). These effects can be pro-
duced directly by stimulation of opiate receptors within the
stomach and intestine and indirectly by acting on receptors
within the central nervous system (12,13). Opioids could
thereby modify the absorption of alcohol and the blood alco-
hol levels (BALs) achieved after oral administration or con-
sumption. There is considerable evidence that consumption of
alcohol in single bouts at least is regulated by its pharmaco-

logical consequences (18,31) and that reduced rates of absorp-
tion are associated with increased consumption (1,17). Opi–
oids thus could affect alcohol consumption indirectly by alter-
ing its rate of absorption into the blood. A number of previ-
ous experiments have studied the effects of opioids on BALs,
but often the alcohol was not administered intragastrically,
which is the route of interest when one is attempting to make
inferences about alcohol consumption (6), or the opioids were
administered at various times after the administration of alco-
hol, when they would no longer affect the initial absorption of
alcohol (2).

In this paper, we describe a series of experiments in which
several opiate agonists and antagonists were administered
prior to oral administration of a low dose of alcohol (compa-
rable to that voluntarily consumed in a single bout by rats)
and their effects on alcohol kinetics were examined. In the
first experiment, the effects of several doses of opiate agonists
and antagonists on BALs produced by oral intubation of 1 g/
kg of alcohol were examined. In the second series of experi-
ments, alcohol was administered via chronically implanted na-
sogastric tubes to minimize the stress associated with oral in-
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tubation, which would otherwise itself significantly affect the
absorption of alcohol. This design was chosen to mimic as
closely as possible the experimental conditions under which
administration of opioids has been shown to modify alcohol
consumption, to be able to evaluate the possibility that
changes in consumption may be related to altered levels of al-
cohol in the body. Morphine and naltrexone in doses that
have previously been shown to increase and decrease alcohol
consumption, respectively (18), were employed in these studies.

 

MATERIALS AND METHODS

 

Animals

 

Male Wistar rats weighing 250–300 g were obtained from
Charles River Laboratories (Montreal, Quebec, Canada).
They were housed singly and fed a standard rat chow diet with
food and water available ad lib. To minimize the effects of
food consumption on alcohol absorption, food was removed
from the hoppers 2 h prior to pretreatment with opiate ago-
nists or antagonists and was restored at the end of testing. The
temperature of the colony room was maintained at 21 

 

6

 

 1

 

8

 

C,
and lights were on from 0700 to 1900 h daily throughout the
experiments. All testing was carried out between 1000 and
1500 h.

 

Implantation of Nasogastric Tubes

 

Nasogastric tubes were implanted in all animals under pen-
tobarbital anesthesia [50 mg/kg intraperitoneally (IP)] in a
manner similar to that described by Kissileff (11) except that
PE 10 tubing was extended by PE 50 tubing, which was passed
subcutaneously and externalized at the back of the neck. The
PE 50 tubing was ultimately fed through an inverted drilled
out plastic bolt, and this assembly was anchored subcutane-
ously in a collar of Marlex mesh. Although there was some at-
trition, in general this procedure allowed the cannulae to re-
main functional for a period of several months. Following
surgery, animals were allowed to to recover until they were
eating and drinking normally and had returned to their preop-
erative weight. During this time, as well, they were infused
several times per week with 5 ml of water to prevent the tips
of the cannulae from becoming obstructed and to accustom
the animals to the handling that was associated with intragas-
tric infusion.

 

Drugs

 

All drug solutions were freshly prepared on the day of ex-
periments. Alcohol was dissolved in tap water as a 12% (w/v)
solution. All other drugs (morphine, naltrexone, methyl-naltr-
exone, and loperamine) were dissolved in saline in concentra-
tions such that the volume of injection was 1 ml/kg of body
weight.

 

Blood and Brain Ethanol Determinations

 

Blood samples (50 

 

m

 

l each) were taken from the tip of the
tail of each rat at various time intervals after alcohol adminis-
tration for determination of blood alcohol levels. During the
collection of blood samples, rats were restrained in a cone
made from a hard paper binder. Collection of each blood
sample from the rat took an average of 30 s. In experiment 1,
blood samples were collected at 15, 30, 60, 90, 120, and 180
min after administration of alcohol. In the second experiment,
blood samples were collected 5, 10, 15, 20, 25, 30, 45, 60, 90,
120, and 180 min after infusion of alcohol. The concentration

of alcohol in the blood was determined by gas chromatogra-
phy with 

 

n

 

-butanol as internal standard (15,17).
To determine brain alcohol concentration, animals were

killed by cervical dislocation 7.5 min after oral administration
of alcohol. Brains were rapidly removed and rinsed with 0.5
ml of 0

 

8

 

C saline. Brains were then blotted dry, weighed, and
homogenized in sufficient solution of perchloric acid (25
mM)/thiourea (0.6 M) to bring the total volume of the homo-
genate to 10 ml. Samples were frozen at 
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8

 

C for later anal-
ysis of brain alcohol content. At that time, a 50-

 

m

 

l sample of
the brain homogenate was analyzed by gas chromatography
using a 2-foot glass column, i.d. 4 mm, packed with Halciomid
M18 on Poropak 80/100 mesh. A 50 

 

m

 

l sample of blood was
also drawn from the left ventricle simultaneously with the re-
moval of the brain, and this was analyzed in the same way as
the other blood samples.

 

Experiment 1

 

The first experiment was designed to examine the effects
of various doses of morphine and naltrexone on the absorp-
tion and elimination of 1 g/kg of orally administered alcohol.
Thirty-two rats were used for the study. They were randomly
divided into four groups with 

 

n

 

 

 

5

 

 8 per group and were desig-
nated to receive pretreatment with 0.0, 1.5, 3, or 4.5 mg/kg of
morphine 30 min prior to oral intubation with 1 g/kg of alco-
hol. Blood samples were then collected at various intervals
from the tails of the animals as described above.

One week later, the same animals were randomly reas-
signed to four groups, 

 

n

 

 

 

5

 

 8 each, and were designated to re-
ceive pretreatment with 0.0, 1.5, 3.0, or 4.5 mg/kg of naltrex-
one 30 min prior to alcohol intubation.

 

Experiment 2

 

The second experiment was designed to extend the obser-
vations on inhibition of alcohol absorption made in experi-
ment 1. To minimize the stress associated with oral intubation
through an intragastric needle, rats (

 

n

 

 

 

5

 

 24) were implanted
with intragastric cannulae through which alcohol solution was
delivered as described above. The experiment consisted of
four different phases.

In phase 1, the effects of IP pretreatment with morphine
and naltrexone on alcohol kinetics were investigated. The IP
route of administration was employed to determine the possi-
ble differences in the effects of these agents on alcohol kinet-
ics and to provide appropriate comparison to the loperamide
study (phase 2), which also used IP administration. To exam-
ine the effects of morphine on alcohol kinetics, rats were di-
vided into two groups (

 

n

 

 

 

5

 

 12 each) and were designated to
receive pretreatment with saline or morphine (3 mg/kg IP) 30
min before the infusion of 1 g/kg of ethanol. Blood samples
were collected from the tail vein of the rat 5, 10, 15, 20, 25, 30,
45, 60, 90, 120, and 180 min following alcohol administration
for determination of alcohol levels. The effects of IP adminis-
tration of naltrexone (3 mg/kg) on alcohol kinetics were ex-
amined 1 week later in the same animals. Rats were randomly
reassigned to two groups and received pretreatment with sa-
line or naltrexone 30 min prior to alcohol administration.

In the second phase, the effect of loperamide on alcohol
kinetics was examined. Loperamide has effects on the GI
tract similar to those of morphine (19) but does not affect al-
cohol consumption (15). The design for this phase of the ex-
periment was similar to that of phase 1. Loperamide hydro-
chloride (1 mg/kg) was administered 30 min prior to infusion
of 1 g/kg of alcohol. Control animals received an equivalent
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volume (1 ml/kg) of the Tween vehicle (2 drops Tween in 10
ml saline).

In the third phase of the experiment, the ability of methyl-
naltrexone (10 mg/kg), an opiate antagonist that does not
cross the blood–brain barrier, to antagonize morphine-induced
inhibition of alcohol absorption was investigated. Rats were
randomly divided into two groups (

 

n

 

 

 

5

 

 12 each) and were
treated with saline or morphine (3 mg/kg IP) 30 min before al-
cohol administration. Each of the morphine and saline treat-
ment groups was also divided into two equal subgroups, one
of which received a pretreatment with methyl-naltrexone 30
min prior to the treatment with morphine or saline; the sec-
ond half of each group received an IP injection of saline. One
week later, the same two treatment groups were retained, i.e.,
morphine and saline, but pretreatments were reversed such
that rats that had received methyl-naltrexone the previous
week received an injection of saline 1 h before the alcohol,
and those that had received a saline pretreatment the previ-
ous week received an injection of methyl-naltrexone.

In the first and second phases of experiment 2, all blood
samples were drawn from the tail vein, which is believed to
represent mixed arterial–venous blood. Although alcohol
equilibrates rapidly in the body, arterial blood generally has
higher alcohol levels than venous blood immediately follow-
ing alcohol administration (20,27,29), and arterial and brain
levels are more likely to determine the behavioral effects of
alcohol (5,20). Consequently, in the third phase of experiment
2, arterial blood (from the left ventricle) and brain alcohol
levels were determined 7.5 min after alcohol administration
(1g/kg) in rats pretreated with morphine (3 mg/kg IP) or sa-
line.

 

Data Analysis

 

Two-way analysis of variance (ANOVA) was used to eval-
uate the effects of opioid agonists and antagonists on BALs.
Newman–Keuls tests were used for post hoc testing where ap-
propriate. Student’s unpaired 

 

t

 

-tests were used to evaluate the
effects of morphine pretreatment on brain alcohol and arte-
rial blood alcohol levels. The statistical significance level was
set at 0.05.

 

RESULTS

 

Experiment 1

 

Pretreatment with morphine in doses ranging from 1.5 to
4.5 g/kg SC dramatically inhibits absorption of alcohol follow-
ing oral intubation (Fig. 1a). ANOVA revealed a significant
effect of pretreatment [

 

F

 

(3, 185) 

 

5

 

 12.4, 

 

p

 

 

 

,

 

 0.001] and time
[

 

F

 

(5, 185) 

 

5

 

 12.4, 

 

p

 

 

 

,

 

 0.001] as well as a treatment 

 

3

 

 time in-
teraction [

 

F

 

(15, 185) 

 

5

 

 2.3, 

 

p

 

 

 

,

 

 0.01], which confirms the vi-
sual observation that morphine inhibits alcohol absorption
and that the effect is time and dose dependent. Post hoc New-
man–Keuls tests indicated that BALs in rats treated with 1.5
and 3.0 mg/kg of morphine were essentially similar to one an-
other (

 

p

 

 

 

.

 

 0.05) but were significantly lower than those in rats
pretreated with saline. BALs in rats pretreated with the 4.5-
mg/kg dose of morphine were significantly lower (

 

p

 

 

 

,

 

 0.05)
than those in rats pretreated with saline or 1.5 or 3.0 mg/kg of
morphine, indicating that the effects of morphine on alcohol
absoption were dose dependent.

The effects of pretreatment with various doses of naltrex-
one on the absorption and elimination of alcohol (1 g/kg by
oral intubation) are shown in Fig. 1b. ANOVA showed a sig-

nificant effect of naltrexone pretreatment [

 

F

 

(3, 185) 

 

5

 

 4.7,

 

p

 

 

 

,

 

 0.01] and time [

 

F

 

(5, 185) 

 

5

 

 3.6, 

 

p

 

 

 

,

 

 0.001], indicating that
BALs vary with time following alcohol administration and
that naltrexone pretreatment significantly lowers BALs. Post
hoc Newman–Keuls tests revealed that all naltrexone-pre-
treated groups had significantly lower BALs than the saline
group. There were, however, no significant differences among
various naltrexone-pretreated groups (

 

p

 

 

 

.

 

 0.05).

 

Experiment 2

 

The effects of pretreatment with morphine (3 mg/kg IP) or
naltrexone (3 mg/kg IP) on the absorption of an intragastric

FIG. 1. Effects of pretreatment with various doses of (a) morphine
and (b) naltrexone on blood alcohol levels after oral intubation with
1 g/kg of alcohol. Vertical lines through the data points, in this and
subsequent figures, represent SEM. n 5 8 animals per group.



 

82 LINSEMAN AND LÊ

infusion of 1 g/kg of alcohol are shown in Fig. 2a and b, re-
spectively. ANOVA showed a highly significant effect of mor-
phine pretreatment [

 

F

 

(1, 200) 

 

5

 

 51, 

 

p

 

 

 

,

 

 0.001] and a signifi-
cant time 

 

3

 

 pretreatment interaction [

 

F

 

(10, 200) 

 

5

 

 9.4, 

 

p

 

 

 

,

 

0.001], indicating that pretreatment with morphine inhibits
the absorption of ethanol. BALs were slightly reduced during
the absorptive phase in the naltrexone-pretreated group and
slightly raised in the later phase (Fig. 2b). This visual observa-
tion is confirmed by ANOVA. A significant effect of naltrex-
one pretreatment 

 

3

 

 time [

 

F

 

(10, 200) 

 

5

 

 4.27, 

 

p

 

 

 

,

 

 0.001] but no
main effect of naltrexone pretreatment was observed.

Pretreatment with loperamide also reduced alcohol ab-
sorption in a manner similar to that of morphine (Fig. 3).
There was significant effect of loperamide pretreatment [

 

F

 

(1,

200) 

 

5

 

 24.3, 

 

p

 

 

 

,

 

 0.001] as well as a significant pretreatment 

 

3

 

time interaction [

 

F

 

(10, 220) 

 

5

 

 13.9, 

 

p

 

 

 

,

 

 0.001], such that the
group difference was most pronounced at earlier times after
infusion of alcohol.

The effects of morphine and morphine 

 

1

 

 methyl-naltrex-
one pretreatment on absorption of alcohol are shown in Fig.
4.

 

 

 

There was a significant overall effect of treatment [

 

F

 

(1,
14) 

 

5

 

 7.73, 

 

p

 

 

 

,

 

 0.014], i.e., BALs in morphine-treated rats
were reduced. The overall effect of pretreatment, however,
was not significant. There was a significant overall effect of
time [

 

F

 

(10, 24) 

 

5

 

 52.6, 

 

p

 

 

 

,

 

 0.0011], a significant treatment 

 

3

 

time interaction [

 

F

 

(10, 294) 

 

5

 

 6.5, 

 

p

 

 

 

,

 

 0.001], and a significant
treatment 

 

3

 

 pretreatment interaction [

 

F

 

(1, 294) 

 

5

 

 5.7, 

 

p

 

 

 

,

 

0.02]. In regard to the latter, pretreatment with methyl-nal-
trexone slightly reduced the BALs of the saline group (as had
naltrexone in experiment 1 and this experiment) but had no
effect on BALs of the morphine-treated group.

Pretreatment with morphine also significantly reduced
brain alcohol levels (

 

t

 

 

 

5

 

 4.65, df 

 

5

 

 13, 

 

p

 

 

 

,

 

 0.001) as well as ar-
terial blood alcohol levels (

 

t

 

 

 

5

 

 3.04, df 

 

5

 

 13, 

 

p

 

 

 

,

 

 0.01) after al-
cohol administration (Fig. 5).

 

DISCUSSION

 

These experiments have shown that small doses of mor-
phine dramatically reduce BALs attained as a result of oral
administration of alcohol through either an intubation needle
or an intragastric cannula. BALs demonstrate a reduced rate
of absorption, reduced peak BALs, and reduced area under
the curve, a pattern indicative of reduced absorption of alco-
hol primarily as a result of a reduced rate of stomach empty-
ing (34). Although the entire blood alcohol curves presented
are based on values obtained from tail blood, which will un-
derestimate arterial and brain ethanol levels before equilibra-
tion within the body has taken place (20), results from the last
phase of experiment 2 demonstrated that pretreatment with
morphine reduced arterial blood and brain alcohol levels as well.

FIG. 2. Effects of pretreatment with (a) 3 mg/kg of morphine IP and
(b) 3 mg/kg of naltrexone IP on blood alcohol levels after intragastric
administration of 1 g/kg of alcohol. n 5 12 animals per group.

FIG. 3. Effect of 1 mg/kg of loperamide IP on blood alcohol levels
after intragastric infusion of 1 g/kg of alcohol. n 5 12 animals per
group.
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These results differ from those previously reported on opi-
ate effects on BALs (6), but in that study, the alcohol was ad-
ministered IP, thus bypassing the stomach, and the rate of
stomach emptying may be an extremely important factor in
determining the rate of absorption of alcohol following oral
consumption. Hubbell et al. (9), however, also reported that
rats pretreated with 1 mg/kg of morphine consumed more al-
cohol and attained higher BALs than did saline-pretreated
rats. Although it is difficult to evaluate the effects of mor-
phine on BALs from that study (9) due to the differences in
amount of alcohol consumed between the saline- and mor-
phine-treated groups, the results indicated that morphine pre-
treatment did not produce as dramatic effects on BALs as
were observed in the present study. With the possible excep-
tion of the differences in the morphine dose employed (1 vs.
1.5 mg/kg) we do not have any explanation for the discrep-
ancy between our findings and those of Hubbell et al. (9).

The effects of morphine on alcohol absorption were not
modified by pretreatment with methyl-naltrexone, a peripher-
ally acting opiate antagonist. On the other hand, loperamide,
a peripherally acting opiate agonist (22), was found to de-
crease alcohol absorption in a manner similar to that of mor-
phine. It has been well documented that the effects of opioids
on GI motility include an inhibition of gastric emptying and
intestinal transit (12,13). Such effects can be mediated periph-
erally and/or through a central mechanism of action on vari-
ous opioid receptor types located in the GI tract and the cen-
tral nervous system [see (12) for review]. The failure of
methyl-naltrexone to modify the effect of morphine on alco-
hol absorption indicates that morphine can reduce alcohol ab-
sorption through a central mechanism. On the other hand, the
effect of loperamide on alcohol absorption also supports the
notion that opioids can inhibit GI motility through a direct ac-
tion on opioid receptors located in the GI tract (12). Surpris-
ingly, naltrexone and methyl-naltrexone also reduced the rate
of alcohol absorption. The effects of naltrexone on alcohol
absorption, however, were minimal compared with those of
opioid agonists, and such effects were not dose related. The
fact that methyl-naltrexone produced effects comparable to

those of naltrexone indicates that such effects of opiate antag-
onists on alcohol absorption are likely to be mediated periph-
erally. It is difficult to explain these paradoxical effects of opi-
oid agonists and antagonists on alcohol absorption. A number
of studies, however, have suggested possible dual effects of
opioids on GI motility (12). For example, administration of
enkephalinase inhibitors has been shown to increase gastric
emptying of a fatty meal in mice, and such effects can be re-
versed by methyl-naltrexone, indicating a peripheral site of
action (16). Similarly, naloxone has also been reported to de-
crease antroduodenal contractility in humans (24). To address
this issue, future studies should examine the effects of intra-
ventricular injection of methyl-naltrexone or naltrexone.

Because stress has been shown to interfere with alcohol
absorption (10), we attempted to minimize the possible con-
tribution of stress by oral infusion of alcohol through an im-
planted intragastric cannula (experiment 2). Whether the dif-
ferences in the extent of naltrexone’s effects on alcohol
absorption between experiments 1 and 2 might be related to
differences in the level of stress involved in administration of
the alcohol is not known. Clearly, however, the patterns of the
effects of naltrexone and morphine on alcohol absorption
were essentially similar between the two experiments. It
should be pointed out that endogenous opioid systems are in-
volved in stress responses (30,35). How pretreatment with
naltrexone or morphine might interact with stress produced
by procedures involved in alcohol administration and in col-
lection of blood samples is not known.

As mentioned earlier, opiate antagonists such as naloxone
or naltrexone have been shown to reduce (4,7,8,18,26),
whereas morphine, depending on the doses employed, en-
hances (9,18,19,25,26) alcohol consumption. The purpose of
these experiments was to determine if the effect of low doses
of opioids on alcohol consumption, i.e., increasing it or de-
creasing it, might be explained by an effect on the pharmaco–
kinetics of alcohol. A reduced rate of absorption could in-
crease the rate of acquisition of acute tolerance to alcohol
(14,21), and a reduced peak BAL could reduce the degree of

FIG. 4. Effect of methyl-naltrexone (10 mg/kg IP) blockade on the
effect of morphine on blood alcohol levels after intragastric infusion
of 1 g/kg of alcohol. n 5 12 animals per group.

FIG. 5. Effects of 3 mg/kg of morphine IP on (a) brain and (b)
arterial blood alcohol levels 7.5 min after intragastric infusion of 1 g/
kg of alcohol. n 5 7 or 8 animals per group.
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intoxication produced by alcohol, both of which could in-
crease the capacity for drinking alcohol because the signals
for alcohol drinking would be postponed. Morphine and nal-
trexone in doses that have been found to increase and de-
crease alcohol consumption, respectively (18), were found to
reduce alcohol absorption, although to different extents. Fur-
thermore, loperamide, a peripherally acting opiate-like drug,
also reduced alcohol absorption in a manner and extent simi-
lar to morphine, but did not have any effect on alcohol con-
sumption (18). Together, these observations indicate that re-

duction in BALs is not a sufficient explanation for the
modulation of alcohol consumption by opiate agonists and an-
tagonists. It likely that the opposite effects of morphine and
naltrexone on ethanol might be due to their different effects
on the rewarding effects of alcohol. In this context, ethanol
and morphine has been shown to stimulate dopamine release
in the nucleus accumbens, an effect that has been implicated
in their rewarding properties (28,32). On the other hand, nal-
trexone has been shown to block such effect of ethanol on
dopamine release (3,33).
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