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90-151 Łódź, Poland
bpietrzak@pharm.am.lodz.pl

Pharmazie 60: 761–764 (2005)

The mechanism of action of benzodiazepines and ethanol demonstrates that these agents can syner-
gistically affect the central nervous system (CNS). The effects of both ethanol and diazepam are likely
to depend on the time of the day when they were administered. Diazepam influence on ethanol-induced
sleeping and hypothermic activity in mice as well as the influence of combined administration of these
agents on spontaneous locomotor activity and coordination in mice (rota-rod) were investigated. Ex-
periments were carried out in the light phase (10:00–12:00 h) and the dark phase (22:00–24:00 h). It
was shown that ethanol-induced sleeping time was longer in the dark phase than the light phase, and
that ethanol increased spontaneous locomotor activity both in the light and the dark. Ethanol-induced
hypothermia was lower in the dark than in the light. Diazepam decreased locomotor activity more
strongly in the dark phase than by day. It impaired the hypothermic action of ethanol in the light
phase, but did not have such an effect in the dark phase. Diazepam prolonged ethanol-induced sleep
in the light phase, enhanced its action on locomotor coordination and decreased the stimulating effect
of ethanol on spontaneous locomotor activity in mice. The chronobiological effect of the interaction
between diazepam and ethanol seems to be of practical importance (sleep and motor coordination).

1. Introduction

One of the new pharmacology specialities is chronophar-
macology. It deals with examination of the relationship
between timing of drug administration and drug efficacy.
Basic concepts of chronopharmacology involve chron-
esthesy (circadian changeability of receptor sensitivity to
drugs) and chronokinetics (circadian rhythms of drug
availability, biotransformation and excretion processes).
Circadian variations in drug efficacy (chronergy) are the
consequence of chronesthesy and chronokinetics.
Ethanol has a broad range of actions on many neurotrans-
mitter systems. The depressant actions of ethanol in the
brain are related in part to facilitation of gamma-aminobu-
tiric acid (GABA) neurotransmission via its interaction
with the benzodiazepine/GABA receptor complex.
The benzodiazepines are a family of anxiolytic and hypno-
tic drugs. When taken concurrently with ethanol, a phar-
macodynamic interaction may occur, potentiating the cen-
tral nervous system depression produced by either drug.
Diazepam is a popular and frequently used benzodiazepine,
also indicated in the alcohol abstinence syndrome. The
GABA-ergic mechanism associated with the action of both
benzodiazepines and ethanol can lead to their synergistic ac-
tion. The synergistic effect of benzodiazepines and ethanol
has been shown in experimental (Van-Steveninck et al. 1996;
Vanover et al. 1999; Vanover 1999; Storustovu and Ebert
2003; Voss et al. 2003) and clinical research (Eves and Lader
1989; Hrbek et al. 1989; Van-Steveninck et al. 1996).
Chronobiological aspects of ethanol and diazepam action
may have essential practical importance. The aim of the

study was to observe interactions between ethanol and dia-
zepam during the day/night cycle (light and dark phase).

2. Investigations and results

2.1. Ethanol sleeping time

Ethanol administered to mice in a dose of 4 g kg�1 pro-
duced sleep lasting about 12 min in a light phase. In a
dark phase sleep was longer and lasted on average 21 min.
Diazepam prolonged ethanol-induced sleep in the light
phase only (Fig. 1).
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Fig. 1: The effect of treatment with diazepam on ethanol sleeping time in
mice. Et –– ethanol, Dz –– diazepam 0.5 mg kg�1. Ethanol was
given at a dose of 4 g kg�1 i.p. ten minutes after diazepam. The
data are shown as means � SEM; a p < 0.05 versus ethanol group,
c p < 0.05 light versus dark



2.2. Rota-rod performance

Ethanol impairs motor coordination in mice both in the light
and the dark phase, however, it acted more obviously in the
light phase. Diazepam administered in the dark phase before
ethanol resulted in stronger impairment of motor coordina-
tion than was observed after ethanol given alone (Fig. 2).

2.3. Spontaneous locomotor activity

Ethanol injected at a dose of 2 g � kg�1 increased sponta-
neous locomotor activity in mice both in the light and the
dark phase. Diazepam alone clearly decreased mouse
spontaneous locomotor activity in the dark. Diazepam ad-
ministered before ethanol significantly decreased mouse
spontaneous locomotor activity. This activity was apparent
in both the light and dark phases (Fig. 3).

2.4. Ethanol induced hypothermia

Ethanol administered at a dose of 2.5 g � kg�1 produced a
marked decrease in mouse body temperature. Mean hy-
pothermia at 30 min following administration was 4.3 �C
and at 120 min 3 �C below the baseline value in the light
phase, and in the dark phase 3.2 and 1.2 �C, respectively

(Fig. 4). In the dark, hypothermia 90 and 120 min after
ethanol administration was statistically significantly lower
than in the light phase. Diazepam given before ethanol in
the light phase decreased the hypothermic action of etha-
nol, whereas it did not exert such an influence in the dark
phase (Fig. 4).
Diazepam alone decreased mouse body temperature in the
range from 1.4 �C to 0.4 �C in a similar way in both light
and dark phases.

3. Discussion

The present study has shown that some actions of ethanol
are associated with circadian rhythms. The sleeping action
has been found to be stronger in the dark than in the light
phase, however, during the light phase ethanol impairs lo-
comotor coordination to a greater extent and its hypother-
mic action is more evident.
Ethanol affects different neurotransmitters, specific ion
channel and receptors. It enhances GABA-ergic inhibition
increasing the action of g-aminobutyric acid (GABA) on
GABA-A receptors (similarly to benzodiazepines) (Korpi
1994). This mechanism of action leads to intensification
of the CNS depression produced by ethanol and by benzo-
diazepines. Benzodiazepines give a marked enhancement
of ethanol induced motor impairment and increased etha-
nol sleep time in animals (Vanover et al. 1999; Voss et al.
2003).
The chronobiological aspect of ethanol action has a dou-
ble signifance. The first is the influence of single-dose
ethanol taken at different times of day and night. The sec-
ond problem concerns the effect of chronically adminis-
tered ethanol on biological rhythms.
Investigations on the chronobiological effect of ethanol ac-
tion have been mostly performed in animals and more
rarely in humans. Reinberg (1992) defined circadian
changes in the psychological results of ethanol action.
They were the greatest at 23:00 h and the least at 11:00 h,
however, blood pressure values were not associated with
day and night rhythms. Yap et al. (1993) determined ethan-
ol concentration in blood and air breathed out by 10
healthy volunteers. Ethanol reached its highest blood con-
centration at 9:00 h.
Experiments on rats revealed that the pharmacokinetics of
low but not high ethanol doses are associated with the
circadian rhythm. Maximum elimination was observed in
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Fig. 2: The effect of treatment with diazepam on ethanol impairs motor
coordination (rota-rod) in mice. Mean time of mice performance on
the rod after treatment with: Et – ethanol (1.5 g � kg�1), Dz –– dia-
zepam 0.5 mg kg�1, Sal –– saline (0.9% NaCl). The data are shown
as means � SEM, a p < 0.05 versus ethanol group, b p < 0.05
versus saline group, c p < 0.05 light versus dark, d p < 0.05 versus
diazepam group
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Fig. 3: The influence of diazepam and ethanol on motility in mice. Et –
ethanol (2.0 g kg�1), Dz –– diazepam 0.5 mg kg�1, Sal –– saline
(0.9% NaCl). Results are presented as means � SEM, a p < 0.05
versus ethanol group, b p < 0.05 versus saline group, c p < 0.05
light versus dark, d p < 0.05 versus diazepam group

Fig. 4: The effect of treatment with diazepam on ethanol-induced hy-
pothermia in mice. Et –– ethanol (2.5 g � kg�1), Dz –– diazepam
0.5 mg kg�1, Sal –– saline (0.9% NaCl). Results are presented as
means, a p < 0.05 versus ethanol group, b p < 0.05 versus saline
group, c p < 0.05 light versus dark



the dark, i.e. the rats’ active phase (Piekoszewski 1997). It
was also stated that the highest activity of alcohol dehy-
drogenase and hepatic microsomal enzymes (MEOS) oc-
curs just at the time of highest activity of animals (Sturte-
vant and Garber 1980). Williams et al. (1993) evaluated
the development of tolerance to the hypothermic activity
of ethanol administered in dark and light phases in the
mouse and the rat. Tolerance developed only in animals
that were given ethanol in the light phase. Baird et al.
(1998) studied the effect of ethanol on body temperature
and locomotor activity in rats in relation to alcohol dose
and time of its administration. After a single dose of ethan-
ol these parameters were measured for 48 h. Ethanol was
administered 4 times a day (every 6 h starting at 1:00 h).
A dose of 1 g/kg did not cause significant hyperthermia,
significant hyperthermia occurring only after doses of 2 g �
kg�1 at 13:00 h and 19:00 h. The greatest temperature de-
crease following ethanol administration was recorded at
19:00 h after both dosess, i.e. 1 g � kg�1 and 2 g � kg�1. The
greatest decrease in locomotor activity was also observed
at 19:00 h, however, this change was statistically signifi-
cant only at the dose of 2 g � kg�1. Administration of
ethanol dose of 2 g � kg�1 in the afternoon resulted in a
shortening of the locomotor activity phase in animals.
In rats with free choice of ethanol the highest uptake was
observed during the initial dark phase and correlated with
an increase in activity (Sturtevant and Garber 1980; Gau-
vin et al. 1997). In humans consumption of the highest
ethanol doses has been observed in the final part of the
light phase and correlates with the end of locomotor activ-
ity (Sturtevant et al. 1976; Minors and Waterhouse 1980).
The authors suggest there is not only an indirect but also
a direct mechanism for the effect of alcohol on the biolo-
gical clock.
Our study on diazepam reveals its association with circa-
dian rhythm and its effect on spontaneous locomotor ac-
tivity in mice, which has been found to be lower in the
dark than the light phase after diazepam treatment. Yan-
nielli et al. (1996) demonstrated that the antianxiety action
of diazepam is related to circadian rhythm, being more
pronounced between 16:00 h and 20:00 h. Golombek et al.
(1993) in their study on rats in a plus maze test observed
the highest anxiolytic action of diazepam by night and the
lowest by day. Diazepam influenced induction of somato-
sensory potentials in rats to a greater extent in the light
than the dark phase (Todorova 1992). Diazepam decreases
nocturnal secretion of melatonin in humans (Monteleone
et al. 1989). A high diazepam dose (10 mg kg�1) inhibits
expression of the mPer1 gene (the gene responsible for
circadian rhythms of life processes) in the mouse cerebel-
lum, which is associated with a decrease in their locomo-
tor activity (Akiyama et al. 1999).
In the present study evaluating the interaction of ethanol
and diazepam in the dark and light phases we have de-
monstrated that diazepam decreased the hypothermic ac-
tivity of ethanol in the light but not the dark phase. Diaze-
pam decreased the stimulating effect of ethanol (2.5 g
kg�1) on mouse locomotor action to a similar extent in
both phases. Ethanol in the dosage used in our study in-
creased spontaneous locomotor activity in mice, which is
associated with a higher level of dopamine secretion in
the CNS (Gesse 1985, Brodie 1990). Diazepam prolonged
ethanol-induced sleep in the light phase and enhanced its
effect on motor co-ordination in mice in the dark phase.
The Chronobiological aspect of the diazepam and ethanol
interaction seems to have practical importance (sleep and
motor coordination).

4. Experimental

4.1. Animals and treatment

Treatment experiments were carried out on BALBc male mice (28–35 g).
The mice were housed in group cages under normal laboratory conditions:
temperature of 20–21 �C, light/dark cycle (light phase 6.00–18.00, dark
phase 18.00–6.00). The experiments in the dark phase were carried out in
red light. The animals had free access to commercial chow food and water.
All experiments were performed between 10:00–12:00 h (light phase) and
22:00–24:00 h (dark phase). Ethanol was given intraperitoneally (ip) as a
20% w/v solution. Diazepam (0.5 mg kg�1) (Relanium “Polfa”) was admin-
istered intraperitoneally (i.p.) 10 min before ethanol. Control mice received
isotonic solution in corresponding volume. Each group studied consisted of
10 mice.

4.2. Ethanol sleeping time

Mice received ethanol (4 g kg�1 i.p.) with or without pretreatment with
diazepam and the duration of absence of righting reflex was measured
(Czarnecka and Pietrzak 2002; Pietrzak and Bogucka-Kubik 2002).

4.3. Rota-rod performance

The mice were placed on a rod 17 mm in diameter rotating at 11 rpm.
Before the session mice were pretested on the apparatus. For this experi-
ment mice which remained on the rod for at least one minute were selected.
Ethanol was given at a dose of 1.5 g kg�1 i.p. with or without pretreatment
with diazepam (10 min before ethanol). The times the mice remained on
the rod were measured.

4.4. Spontaneous locomotor activity

Motility was recorded by placing mice in photoelectric actometers (Uni-
versal Motility Metter, Protex, Poland) and locomotor activity was meas-
ured by a computer-aided device. Motility was expressed as the percentage
of locomotor activity within the tested time. Experiments were performed
in a special sound-proof room. The animals were not previously adapted to
the apparatus. Locomotor activity was measured in two 30-min periods
starting after administration of ethanol (2 g � kg�1 i.p.).

4.5. Ethanol induced hypothermia

Body temperature was measured in the rectum twice at 30-min intervals
and the mean of these measurements was regarded as the basal initial tem-
perature. Following ethanol administration at a dose of 2.5 g � kg�1 i.p.,
body temperature was measured at 30-min intervals for 2 h and the differ-
ence from the initial value was recorded.

4.6. Statistics

The statistical analysis of parameters was performed using the Statistica
version 5.0 Stat-Soft program. The homogeneity of variance was tested by
Bartlett’s test. Statistical evaluation was performed using two-way Anova
(for ethanol sleep time, rota-rod performance, locomotor activity), or three-
way Anova (temperature) and post-hoc comparisons were performed with
the NIR test. All parameters were considered statistically significantly dif-
ferent if p <0.05.
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