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Abstract — This paper reports the effects of a diazepam treatment on voluntary ethanol intake in rats
included in an animal model of alcoholism. In a first dose-seeking experiment, rats had a choice between
10% (w/v) ethanol and water for 24 h each week. Single doses of diazepam between 2 and 20 mg/kg
injected i.p. prior to the 24-h choice caused a dose-dependent decrease in voluntary ethanol intake from
3.2 ± 0.4 g/kg/day down to 2.3 ± 0.3 g/kg/day (P < 0.01) after a dose of 20 mg/kg. In a second experi-
ment, psychological dependence was induced by a 1-year intermittent exposure to ethanol (a choice
between 10% ethanol and water for 24 h each week, followed by an i.p. injection of 2.0 g/kg of ethanol).
After this year, the rats were given a continuous choice between ethanol and water. A 3-week treatment
with diazepam (20 mg/kg/day, i.p.) was started in week 68, during which period a choice of 10% (w/v)
ethanol was available only on the first and the last days of treatment. On the first day of the diazepam
treatment, ethanol intake was decreased from a pre-experimental value of 2.7 ± 0.3 g/kg/day to
1.2 ± 0.1 g/kg/day (/> < 0.001). On the last day of the treatment, voluntary intake was higher than before
the treatment (3.8 ± 0.27 g/kg/day, P < 0.01). Ethanol intake remained elevated during the week after
the end of the diazepam treatment (P < 0.05). When single doses of diazepam (20 mg/kg) were re-tested
10 and 19 weeks after the treatment, there was no decrease in ethanol intake, indicating that the initial
effect had not been re-established.

INTRODUCTION

Ethanol intake produces a multitude of effects on
many transmitter systems in the brain (Liljequist
and Tabakoff, 1984; Peoples et al, 1996). The
effect of ethanol on the y-aminobutyric acid
(GABA)-ionophore is one of the most extensively
studied systems. Earlier experiments have shown
that there is an interaction between the acute
effects of ethanol and the GABA-ergic system
(Liljequist and Tabakoff, 1984; Allan et al., 1991;
Szmigielski et al., 1992; Ticku and Mehta, 1995).
Furthermore, some rats with a changed acute
response to ethanol have changes in their GABA
receptors (Korpi et al., 1992a; Uusi-Oukari and
Korpi, 1992). In humans with chronic alcoholism,
there are also changes in GABA function,
suggested by the decreased affinity and density
of benzodiazepine (BDZ) receptors in postmortem
material (Freund and Ballenger, 1988, 1989; Korpi
et al., \992b).

The effect of an agonist at the GABAA receptor
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is a general depression of signal transduction in
the central nervous system. Acute ethanol and
endogenous GABA agonists have synergistic
effects, so that ethanol enhances this depressing
effect (Liljequist and Tabakoff, 1984; Korpi,
1994; Ticku and Mehta, 1995). If ethanol exposure
is constant for a period of time, adaptive changes
take place to counteract this positive interaction
(Szmigielski et al, 1992; Sherif et al, 1994;
Katsura et al, 1995; Ticku and Mehta, 1995).
When ethanol is withdrawn, a withdrawal syn-
drome appears, which is due at least partly to this
adaptive state. The withdrawal syndrome in
humans is effectively treated with diazepam, a
drug with agonistic properties at the GABA/BDZ
receptor complex (Salloum et al, 1995; Shaw,
1995; Verbanck, 1995). Under these conditions,
diazepam has anticonvulsant and anxiolytic
effects.

Previous studies of the effect of GABA agonists
on voluntary ethanol intake in laboratory animals
have been inconclusive, as both decreases and
increases (Chan, 1984; Smith et al, 1992) as well
as no effect (Beaman et al, 1984; Daoust et al,
1987; Korpi, 1994) have been found. Furthermore,
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one study reported a decrease in intact rats, while
no effect was seen in physically dependent rats
(Ferko et al, 1979). With regard to the BDZ
component of the GABA-ionophore complex,
BDZ partial inverse agonists (McBride et al.,
1988; Balakleevsky et al, 1990; June et al, 1992;
Rassnick et al., 1992; Korpi, 1994) and antago-
nists (Korpi, 1994) have been shown to decrease
voluntary ethanol intake. However, a major con-
cern when interpreting results from these animal
studies is how the animals have been exposed to
ethanol. A number of experimental techniques to
increase the ethanol intake of the rats have been
used (Carroll et al., 1990; Sinclair et al, 1992;
Stewart and Grupp, 1992), but few of these
resemble the exposure pattern in human alcohol-
ics. Furthermore, in many experimental studies,
only single doses of drugs acting at the GABA/
BDZ receptor complex have been tested. This is in
contrast to the clinical situation. Diazepam, when
used as a treatment during ethanol withdrawal in
humans, can be given for at least half a week
(Salloum et al, 1995; Shaw, 1995). Longer expo-
sures are also seen in alcoholics, since many
general practitioners fail to record alcohol abuse
when prescribing benzodiazepines (Graham et al.,
1992), and many alcoholics use benzodiazepines,
with or without prescription (Woods et al., 1992).

In our laboratory, we have developed a model
of psychological dependence in the rat. This
model uses an empirical definition of psychologi-
cal dependence, i.e. that the individual rats, when
given a choice between ethanol and water, take the
same daily dose of ethanol (in g/kg) independently
of the ethanol concentration offered, within the
range of 5 to 25% (Wahlstrom, 1987). This state of
psychological dependence is induced during a 1-
year treatment period. This stability of the ethanol
intake is not seen in rats recently introduced to
ethanol (Myers and Oblinger, 1977). The stability
of the ethanol intake makes it possible to treat
these psychologically dependent rats with a drug
for different periods of time with or without access
to ethanol. This is intended to resemble the
clinical in-patient or out-patient situation when a
drug is given to, or taken by, human alcoholics.

Since diazepam is given to alcoholics during
withdrawal, and also used by alcoholics both with
and without prescription, and since the effect of
diazepam on ethanol intake is unclear, despite a
possible common mechanism of action, we

decided to test the effect of a diazepam treatment
on voluntary ethanol intake in rats participating in
our rat model of alcoholism.

Parts of this paper were previously presented at
the XXIVth Annual Nordic Meeting on Biological
Alcohol Research (BAR), Imatra, Finland, 24-26
May 1996 and have been published as an abstract
(Hedlund and Wahlstrom, 1996).

MATERIALS AND METHODS

Animals

Male Sprague-Dawley rats were purchased
from the Mollegaards Breeding Centre Ltd, Li
Skensved, Denmark (Mol:SPRD Han). They were
housed individually for 10 days before the start of
experiments. Each cage was equipped with two
drinking bottles. One of the bottles always con-
tained tap water; the other contained either water
or an ethanol solution (5, 10 or 20%, w/v). Food
(commercial rat pellets, R34, Lactamin, Stock-
holm, Sweden) consisting of 16.5% raw protein,
4.0% raw fat, and 58.0% NFE (carbohydrates),
1255 kJ/100 g, was available ad libitum. The room
where the rats were housed had a reversed light/
dark schedule (lights on 19:00-07:00) and a room
temperature around 23°C. All handling of the rats
was done between 07:00 and 09:00. The age of the
animals was determined from the age/weight
curve (supplied by the breeder) and was approxi-
mately 10 weeks at the start of the first experi-
ment, and 5 weeks at the start of the second
experiment, with a chronic ethanol exposure.

Chemicals

Ethanol (AB Svensk Sprit, Sweden) as a drink-
ing fluid was mixed with tap water to give con-
centrations of 5, 10, and 20% (w/v). Ethanol for
injection was dissolved in 0.9% (w/v) NaCl to
give a concentration of 10% (w/v) and admini-
stered i.p. at a dose of 2.0 g/kg. Diazepam
(Apoteksbolaget, Sweden) was suspended in 5%
gum arabic (Apoteksbolaget, Sweden) prior to
injection (Carlsson and Wahlstrom, 1993) and
injected i.p. Control animals were given the
vehicle in which the active drug was given.

Experimental design

The main experiment involved treatment with
diazepam in psychologically dependent rats


