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(3) 585–590, 2000.—The effects of intraperitoneal and intra-
hippocampal administration of the glucocorticoid dexamethasone were assessed regarding ethanol-induced anxiolysis in the
elevated plus-maze in rats. Animals pretreated with systemic injections of dexamethasone (0.5, 1.0, or 2.0 mg/kg, IP) 15 min
before ethanol (1.2 g/kg, 14% w/v, IP) administration showed a significant dose-dependent attenuation of the increased per-
centage of frequency and time spent on open arms of the maze. However, IP dexamethasone treatment 4 h before the test
had no effect. Unilateral intrahippocampal injection of dexamethasone (2 and 20 nmol in 0.5 

 

m

 

l) also significantly attenuated
the increased exploration of the open arms induced by ethanol. The results are interpreted in terms of the modulation of the
anxiolytic effects of ethanol by glucocorticoids and the possible involvement of hippocampus in this response. The rapid
blockade of ethanol induced anxiolysis by dexamethasone strengthens the suggestion that a nongenomic mechanism may un-
derlie this response. © 2000 Elsevier Science Inc.

 

Ethanol Anxiety Dexamethasone Hippocampus

 

ETHANOL affects the central nervous system (CNS) func-
tion by several different mechanisms, such as the induction of
primary perturbation of neuronal membranes (13), reduction
of calcium influx through voltage-sensitive calcium channels
(38), and alteration in the release of the neurotransmitters
dopamine (16), acetylcholine (7), norepinephrine (28), and
serotonin (35). In recent years, emphasis has been given to
the studies involving the actions of ethanol on the amino acid
neurotransmitter systems. There is evidence that ethanol can
either stimulate the GABA

 

A

 

 receptor or inhibit NMDA re-
ceptor activation (17,22).

A variety of evidence has associated increased ethanol
consumption and anxiety-related behavior. Clinical studies
have suggested that ethanol reduces the states of anxiety,
frustration, or stress (15,20,23,39). Ethanol also displays an
anxiolytic-like profile of action in different models of anxiety
(2,5,6,11). Recent studies in our laboratory have shown a
clear anxiolytic effect in rats of both sexes tested on the ele-
vated plus-maze (9,10). Moreover, rats previously classified as
anxious in the elevated plus-maze exhibited higher place pref-
erence for ethanol than nonanxious rats (3).

Although basic research has been equivocal on the rela-
tionship of corticosteroids to behavioral responses in animal
models of anxiety, recent work has shown that corticosteroid
administration produces anxiogenic effects (29), while the ad-
ministration of mineralocorticoid (MR) or glucocorticoid re-
ceptor (GR) antagonists causes anxiolytic-like effects in dif-
ferent anxiety tests, including the elevated plus-maze (1,18,
19). Interestingly, the literature on the interaction between
the behavioral effects of ethanol and corticosteroids is lim-
ited. For example, glucocorticoids have been shown to affect
the development of tolerance to and dependence on ethanol
(32,33). Moreover, corticosterone increases the severity of
symptoms exhibited by mice after withdrawal from ethanol
and other depressant drugs (26), and adrenalectomy reduces
the ethanol consumption of rats (8). In addition, a recent
study has implicated ethanol in the activation of the hypotha-
lamic–pituitary–adrenal (HPA) axis in a mouse model of
binge drinking (24). Further, the hypnotic effect of ethanol in
mice has been shown to be consistently antagonized by previ-
ous injection of a large dose (20 mg/kg) of the glucocorticoid
dexamethasone (34). Concerning other autonomic measure-
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ments, it has been shown that dexamethasone suppresses the
hypertension induced by ethanol in humans (25), while our
recent article has shown that ethanol-induced hypothermia in
rats is antagonized by dexamethasone (4). In light of these
considerations, the present study was undertaken to examine
whether ethanol-induced anxiolytic effect could be influenced
by pretreatment with the glucocorticoid dexamethasone, and
also to ascertain whether hippocampal receptors might be in-
volved in mediating this response.

 

METHOD

 

Animals

 

Male Wistar rats from our own colony, weighing approxi-
mately 310 g, 4 month old, were used. The animals were
housed in groups of eight per cage, with free access to food
and water, in a room maintained at 23 

 

6

 

 1

 

8

 

C, under a 12 L:12
D cycle (lights on at 0600 h).

 

Drugs

 

Ethanol, chloral hydrate, and propilenoglicol from Merck
Laboratory (Hawthorne, NY) and sodium pentobarbital (Ab-
bott Laboratories, São Paulo, Brazil) were used to prepare
the anesthetic Equitesin

 

®

 

. Sodium chloride (NaCl) and mag-
nesium sulfate heptahydrate (MgSO

 

4

 

·7H

 

2

 

O) were supplied by
the Sigma Chemical Co. (St. Louis, MO). Dexamethasone,
obtained from Research Biochemical International (Natick,
MA), was dissolved in 0.15 M NaCl (saline). The doses used
were selected from the literature and from preliminary exper-
iments (4,9). For the behavioral tests, ethanol was prepared
by dilution in saline to the concentration of 14% w/v.

 

Surgery

 

Rats were anesthetized with Equitesin

 

®

 

, prepared by vig-
orously mixing two solutions. Solution A contained chloral
hydrate (8.5 g), MgSO

 

4

 

·7H

 

2

 

O (4.252 g), H

 

2

 

O (91.40 ml). Solu-
tion B contained sodium pentobarbital (1.94 g), EtOH (13.0
ml), and propilenoglicol (85.6 ml). The volume injected was
0.3 ml/100 g of body weight, IP. The rats were then stereotaxi-
cally implanted with a cannulae directed to the hippocampus
(AP 

 

2

 

5 mm, ML 

 

2

 

5 mm, DV 

 

2

 

6 mm). The cannula was an-
chored to the bone with stainless steel screws and acrylic ce-
ment. A stiletto was introduced inside the outer guide cannu-
lae to prevent its obstruction. Five to 7 days after recovery
from surgery, the rats were randomly assigned to the elevated
plus-maze test.

 

Elevated Plus-Maze (EPM) and Wooden Arena

 

The apparatus was a wooden, plus-shaped maze, elevated
50 cm from the floor. Two opposite arms were open (50 

 

3

 

 10
cm), and the other two opposite arms were enclosed with
walls (50 

 

3

 

 10 

 

3

 

 40 cm). To minimize falls of the animals
from the open arms, these were surrounded by a 1 cm-high
Plexiglas edge (21). The equipment was placed in a dark
room (44 lx). The wooden arena in which rats were observed
before exposure to the maze measured 60 

 

3

 

 60 

 

3

 

 35 cm.
Anxiolytic effects are defined as an increase in the proportion
of open arm entries divided by the total number of arm en-
tries, and the time spent on open arms relative to the total
time spent on both arms. Any decrease in these parameters
indicates an axiogenic effect.

 

GENERAL PROCEDURE

 

Experiment 1—Effects of Systemic Dexamethasone Pretreatment
15 min or 4 h Prior to the Testing of Ethanol-Treated Rats in the
Elevated Plus-Maze

 

Four groups of 20 rats each were injected with dexametha-
sone (0.5, 1.0, or 2.0 mg/kg, IP) or saline, respectively. Fifteen
minutes after pretreatment, each group was subdivided into
two groups to receive ethanol (1.2 g/kg, 14% w/v, IP) or saline
(0.9% NaCl, IP). After 10 min, rats were individually placed
inside the arena for 5 min and then they were placed in the
center of the elevated plus-maze where their behavior was re-
corded over a period of 5 min. Whenever a rat placed four
paws onto an arm, one entry was recorded. The frequencies
of entries on the open and on the enclosed arms, as well as the
time spent on each of the arms, were recorded, and the per-
centages of open-arm entries and of the time spent on the
open arms were taken into consideration. Other groups of
rats were tested under the same conditions, except that dexa-
methasone was injected 4 h before ethanol.

 

Experiment 2—Effects of Intrahippocampal Dexamethasone 
on the Behavior of Ethanol-Treated Rats Tested in the 
Elevated Plus-Maze

 

Two groups of rats were intraperitoneally (IP) injected
with saline or ethanol (1.2 g/kg). After 10 min, each group
was subdivided into three subgroups (

 

n

 

 

 

5

 

 10) to receive sa-
line (control group) or dexamethasone (2.0 or 20 nmol) by in-
trahippocampal route. A volume of 0.5 

 

m

 

l was injected. Ten
minutes later, each rat was placed in the arena for 5 min and
then was observed in the elevated plus-maze for 5 min, as de-
scribed in the previous experiment.

 

Histology

 

At the completion of the testing, rats were deeply anesthe-
tized with Equitesin

 

®

 

, and each rat was transcardially per-
fused with 0.9% NaCl followed by a 10% formaldehyde solu-
tion. A 0.5-

 

m

 

l microinjection of Evans Blue was applied
through the guide cannulae to mark the exact location of the
previous microinjection. Brains were removed and stored in
10% formalin for at least 5 days. Frozen sections (40 

 

m

 

m)
were obtained using a microtome, and were then placed in a
slide for further evaluation. Cannulae placement was verified
under a light microscope.

 

Statistics

 

Statistical comparisons were performed using analysis of
variance (ANOVA) with pretreatment and treatment as in-
dependent variables. Dependent variables were the percent-
ages of entries and time spent on the open arms, and the fre-
quency of enclosed arm entries. Multiple post hoc comparisons
were performed using the Tukey’s HSD test. The level of sta-
tistical significance adopted was 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

In all experiments, the administration of 1.2 g/kg ethanol
produced the expected increase in the exploration of the open
arms of the elevated plus-maze, without any change in the fre-
quency of enclosed-arm entries, suggesting an anxiolytic effect
for this drug (Fig. 1). The results of the influence of pretreat-
ment with dexamethasone 15 min before ethanol in the plus-
maze test are shown in Fig. 1. The overall ANOVA for the %
open-arm entries revealed a significant effect of the pretreat-
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ment, 

 

F

 

(3, 72) 

 

5

 

 4.16, 

 

p

 

 

 

,

 

 0.01, of the ethanol treatment, 

 

F

 

(3,
72) 

 

5

 

 10.68, 

 

p

 

 

 

,

 

 0.01, and of the interaction factor, 

 

F

 

(3, 72) 

 

5

 

3.26, 

 

p

 

 

 

,

 

 0.05. The ANOVA for the % of time spent on open
arms showed a significant main effect of ethanol treatment,

 

F

 

(3, 72) 

 

5

 

 11.45, 

 

p

 

 

 

,

 

 0.01, and for the interaction factor, 

 

F

 

(3,
72) 

 

5

 

 3.80, 

 

p

 

 

 

,

 

 0.05, without significance for the pretreatment
factor, 

 

F

 

(3, 72) 

 

5

 

 2.45, 

 

p

 

 

 

5

 

 0.07. Further comparisons showed
that dexamethasone significantly reduced the values of entries
and time spent on open arms (Tukey test, 

 

p

 

 

 

,

 

 0.05). ANOVA
of enclosed-arm data showed that drug pretreatment pro-
duced neither significant effects, 

 

F

 

(3, 72) 

 

5

 

 1.49, 

 

p

 

 

 

5

 

 0.22, nor
a significant interaction factor, 

 

F

 

(3, 72) 

 

5

 

 0.16, 

 

p

 

 

 

5

 

 0.91, but
produced a significant effect for the treatment factor, 

 

F

 

(1, 72) 

 

5

 

4.36, 

 

p

 

 

 

5

 

 0.04. Post hoc comparisons did not detect any differ-
ences between groups.

Figure 2 depicts the influence of dexamethasone injected
4 h before ethanol treatment. ANOVA for the % open-arm
entries revealed significant differences for ethanol treatment,

 

F

 

(1, 72) 

 

5

 

 4.27, 

 

p

 

 

 

5

 

 0.04, without differences for dexametha-
sone pretreatment, 

 

F

 

(3, 72) 

 

5

 

 0.77, 

 

p

 

 

 

5

 

 0.51, or interaction
factor, 

 

F

 

(3, 72) 

 

5

 

 2.55, 

 

p

 

 

 

5

 

 0.06. Post hoc analysis showed dif-
ferences between ethanol and saline-treated rats (

 

p

 

 

 

,

 

 0.05;
Tukey test). ANOVA for the % time spent on open arms
showed significant differences for ethanol treatment, 

 

F

 

(1, 72) 

 

5

 

7.78, 

 

p

 

 

 

,

 

 0.01, without differences for dexamethasone pre-
treatment, 

 

F

 

(3, 72) 

 

5

 

 0.01, 

 

p

 

 

 

5

 

 0.99, or interaction factor, 

 

F

 

(3,
72) 

 

5

 

 2.41, 

 

p

 

 

 

5

 

 0.07. Further post hoc analysis revealed signif-
icant differences between saline and ethanol-treated rats (

 

p

 

 

 

,

FIG. 1. Influence of pretreatment with dexamethasone (D) on the
anxiolytic effect induced by ethanol (E) in rats. Dexamethasone (0.5,
1.0, or 2.0 mg/kg, IP) was injected 15 min before ethanol (1.2 g/kg, 14%
w/v, IP), and 15 min later the animals were tested on the elevated plus-
maze. S 5 saline. Each value represents the means 6 SEM of 10 ani-
mals. *Significantly different from the control group; #significantly dif-
ferent from saline (0) 1 ethanol (E) group (Tukey’s HSD test).

FIG. 2. Influence of pretreatment with dexamethasone (D) on the
anxiolytic effect induced by ethanol (E) in rats. Dexamethasone (0.5,
1.0, or 2.0 mg/kg, IP) was injected 4 h before ethanol (1.2 g/kg, 14%
w/v, IP), and 15 min later the animals were tested on the elevated
plus-maze. S 5 saline. Each value represents the means 6 SEM of 10
animals. *Significantly different from the control group (Tukey’s
HSD test).
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0.05; Tukey test). These results suggest that dexamethasone
administered 4 h before ethanol treatment is ineffective.

The effects of intrahippocampal dexamethasone (2 and 20
nmol) on ethanol-induced anxiolysis are presented in Fig. 3.
For dexamethasone, 2 nmol separate ANOVAs for the % en-
tries on open arms revealed a significant interaction factor,

 

F

 

(1, 36) 

 

5

 

 9.97, 

 

p

 

 

 

,

 

 0.01, with nonsignificant effect of pre-
treatment, 

 

F

 

(1, 36) 

 

5

 

 1.59, 

 

p

 

 

 

5

 

 0.21, and treatment, 

 

F

 

(1, 36) 

 

5

 

2.43, 

 

p

 

 

 

5

 

 0.12, while for the % time spent on the open arms all
factors were significant: pretreatment, 

 

F

 

(1, 36) 

 

5

 

5.93, 

 

p

 

 

 

,

 

0.05; treatment, 

 

F

 

(1, 36) 5 7.02, p , 0.05, and interaction fac-

tor, F(1, 36) 5 15.22, p , 0.001. For dexamethasone 20 nmol
data, ANOVA showed a significant interaction factor for the
% open-arm entries, F(1, 36) 5 7.17, p , 0.05, and for the %
open-arm time, F(1, 36) 5 10.00, p , 0.01 (Fig. 3). Post hoc
analysis confirmed that dexamethasone (2 and 20 nmol) sig-
nificantly reduced the ethanol-induced anxiolysis (Tukey test,
p , 0.05). Again, no significant differences were detected in
the frequencies of enclosed-arm entries: pretreatment, F(1,
36) 5 2.10, p 5 0.16; treatment, F(1, 36) 5 1.69, p 5 0.20; in-
teraction factor, F(1, 36) 5 3.53, p 5 0.07.

DISCUSSION

The present results demonstrate for the first time a clear
antagonism of the ethanol-induced anxiolytic effect by sys-
temic and intrahippocampal injections of dexamethasone, a
specific glucocorticoid receptor agonist, in rats tested in the
elevated plus-maze. Blockade of this anxiolytic response was
evident at 15 min but not at 4 h following IP administration of
dexamethasone. Also, a rapid antagonism of ethanol-induced
anxiolysis was seen after the microinjection of GR agonist
into the hippocampus, suggesting that HPA–hippocampal in-
teractions are important modulators of anxiety.

These findings are in agreement with our previous data
obtained on the antagonism of ethanol-induced hypothermia
by dexamethasone in rats (4) and on the reversion of ethanol-
induced hypnosis by dexamethasone and cortisol in mice (34).
It is important to note that the doses of glucocorticoid used
herein were about 10 times lower than those used in studies of
the antagonism of hypnosis (34), but were within the same
range used to reverse ethanol-induced hypothermia (2 mg/kg,
IP) (4). Moreover, the antagonism of the anxiolytic effect was
obtained at doses where dexamethasone per se did not alter
anxiety responses in the plus-maze.

Although increased or decreased exploration of the open
arms are usually considered as an index of anxiety, measure-
ment of general activity in the elevated plus-maze is still un-
der debate. As discussed by File (12), the frequency of en-
closed-arm entries is an important measurement of general
activity in this test, appropriate for assessing whether the ef-
fect of the drug is an anxiolytic one. In our study, the fre-
quency of enclosed-arm entries was not affected by the treat-
ment with either ethanol or dexamethasone, suggesting that
the interaction between these drugs was not a consequence of
nonspecific effect on locomotor activity.

Mineralocorticoid- and glucocorticoid-receptor antago-
nists seem to reduce behavioral measurements related to anx-
iety in different tests (1,18). Rats preexposed to stressful stim-
uli showed reduced anxiety-related behaviors in the elevated
plus maze after intracerebroventricular administration of MR
antagonist (18). Moreover, intrahippocampal pretreatment
with a mineralocorticoid antagonist produced anxiolytic ef-
fect in rats tested on the plus-maze (1) and black-white box
(29). Interestingly, these effects were observed after the short
period of time that had elapsed between the injections and
the test, suggesting a nongenomic effect (29).

Systemic administration of dexamethasone is known to be a
good GR agonist in comparison with MR stimulation in vivo
(30), thus activating the inhibition of the HPA axis and thereby
decreasing corticosteroid secretions. In the present study, we
measured the circulating levels of neither corticosteroid nor
ethanol. Although the mechanism underlying the antagonism
of ethanol-induced anxiolysis following dexamethasone pre-
treatment remains unsolved, this response does not seem to be
a consequence of an altered ethanol metabolism. For example,

FIG. 3. Influence of treatment with dexamethasone (D) on the anxi-
olytic effect induced by ethanol (E) in rats. Dexamethasone (2.0 or
20.0 nmol) was injected 10 min after ethanol (1.2 g/kg, 14% w/v, IP),
and 5 min later the animals were tested on the elevated plus-maze.
S 5 Saline-treated animals. Each value represents the means 6 SEM
of 10 animals. *Significantly different from the respective control
group; #significantly different from saline (S) 1 ethanol (E) group
(Tukey’s HSD test).
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in the study reporting antagonism of hypnosis, the pretreat-
ment with dexamethasone did not affect blood ethanol concen-
trations (34). Moreover, in our study, intrahippocampal injec-
tions of dexamethasone were equally effective in blocking the
increased exploration of the open arms in the elevated plus-
maze produced by previous injections of ethanol. Therefore,
our data suggest that a pharmacodynamic rather than a phar-
macokinetic interaction between ethanol and dexamethasone
is responsible for the antagonism observed in this study.

The blockade of the ethanol anxiolysis by dexamethasone
could be a consequence of an action in both GR or MR, be-
cause this glucocorticoid may act in both types of receptor (14).
However, because the blockade of ethanol anxiolysis occurred
in a short period of time, this fact suggests a direct action at the
level of plasma membrane. For example, dexamethasone may
alter neurotransmitter levels in the rat central nervous system.
Systemic administration of this drug resulted in increased
glutamate concentrations in the hippocampus, without affect-
ing aspartate, glycine, GABA, or acetylcholine levels (27).
Moreover, the glucocorticoids corticosterone and dexametha-

sone induced rapid and transient increase in extracellular as-
partate and glutamate levels in the CA1 area of the hippocam-
pus obtained through microdialysis in rats. This effect was not
blocked by corticosteroid receptor antagonists or by pretreat-
ment with the protein synthesis inhibitor anisomycin, implying
a nongenomic mechanism of action in this process (37). On the
other hand, it was shown that IP dexamethasone increased, in a
time dependent manner, N-methyl-D-aspartate–induced exci-
totoxicity in 7-day-old rats (31). Therefore, it is speculated that
the actions of dexamethasone observed in this study might be
explainable in terms of interference with neurotransmitter sys-
tems, particularly the glutamatergic system, which is also af-
fected by ethanol (36).

In conclusion, the rapid antagonism of the anxiolytic effect
of ethanol by dexamethasone pretreatment supports and pro-
vides additional evidence for the influence of glucocorticoids
in the hippocampus on the modulation of anxiety responses.
Certainly, further experiments using protein synthesis inhibi-
tors or selective glucocorticoid receptors antagonists should
be conducted to better understand this antagonism.
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