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Abstract

Rodents submitted to restraint stress show decreased activity in an
elevated plus-maze (EPM) 24 h later. The objective of the present
study was to determine if a certain amount of time is needed after stress
for the development of these changes. We also wanted to verify if
behavioral tolerance of repeated daily restraint would be detectable in
this model. Male Wistar rats were restrained for 2 h and tested in the
EPM 1, 2, 24 or 48 h later. Another group of animals was immobilized
daily for 2 h for 7 days, being tested in the EPM 24 h after the last
restraint period. Restraint induced a significant decrease in the percent
of entries and time spent in the open arms, as well as a decrease in the
number of enclosed arm entries. The significant effect in the number
of entries and the percentage of time spent in the open arms disap-
peared when the data were submitted to analysis of covariance using
the number of enclosed arm entries as a covariate. This suggests that
the restraint-induced hypoactivity influences the measures of open
arm exploration. The modifications of restraint-induced hypoactivity
are evident 24 or 48 h, but not 1 or 2 h, after stress. In addition, rats
stressed daily for seven days became tolerant to this effect.
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Exposure to environmental stress has been
implicated in the etiology of many human
disorders such as depression, anxiety and
cardiovascular disease (1).

In laboratory animals, long-lasting stress-
induced effects on behavior have also been
demonstrated. For example, rats submitted
to 2 h of restraint show an exploratory deficit
of new environments such as an open arena
24 h after the stress (2-5), suggesting that
previous stressful experiences may modify
the animal response to new aversive stimuli
(2). Neurochemical changes such as an in-
crease in benzodiazepine receptor affinity in
the frontal cortex (6) or an increase in the
5HIAA serotonin metabolite in the same re-

gion and in the hippocampus and raphe nu-
clei (7) have also been reported. In addition,
some studies suggest that chronic restraint
could induce tolerance to some of the behav-
ioral (8,9) or neurochemical (7) stress-in-
duced changes.

We have recently shown that the restraint-
induced decreased activity is also evident
when the animal is exposed to the elevated
plus-maze, an animal model of anxiety (2-5).
Using this model we have demonstrated that
the restraint-induced deficit is attenuated by
hippocampal injection of serotonin agonists
(2,3) or cycloheximide, a protein synthesis
inhibitor (4).

It has been suggested that stress-induced
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long-lasting behavioral changes involve plas-
tic alterations in the central nervous system
(1) which might need some time to develop.
The objective of the present study was to
investigate if a certain time is needed for the
development of restraint-induced decreased
activity in an elevated plus-maze. We also
wanted to determine whether behavioral tol-
erance to restraint stress will also be detect-
able in our model.

Male Wistar rats (200-220 g) were housed
in pairs in a temperature-controlled room
(23 ± 1oC) under standard laboratory condi-
tions with free access to food and water and
a 12-h light cycle (lights on at 6:30 a.m.).
The animals (N = 11-16/group) were immo-
bilized for 2 h in a wire chamber and tested
in the elevated plus-maze.

The restraint chamber (6.3 x 19.3 cm)
was made of wire and had an adjustable roof.
The wood plus-maze consisted of two open
and two enclosed arms of equal length and
width (50 x 10 cm). The open arms had a 1-
cm high Plexiglas edge while the enclosed
arms had 40-cm high wooden sides. The

plus-maze was elevated 50 cm above the
floor. Experiments were carried out in a
sound-attenuated, temperature-controlled
room, illuminated by two 40-W fluorescent
lights placed 1.3 m away from the elevated
plus-maze. The observer stayed in the same
room, 1 m or so away from the maze.

The groups consisted of animals tested 1,
2, 24 or 48 h after the 2-h period of acute
immobilization. An additional group was
restrained daily for 2 h for 7 days, and tested
in the plus-maze 24 h after the last restraint
period. The restraint period was chosen based
on previous findings from this and other
laboratories showing that it is effective to
change exploratory activity in the elevated
plus-maze and/or an open arena (2-5,9,10).
The number of entries with the four paws,
and time spent in the open or enclosed arms
of the elevated plus-maze were recorded for
5 min. Control animals (N = 65) remained in
their home cages throughout the experiment.

The percent of open arm entries (100 x
open/total entries) and of time spent in the
open arms (100 open/open + enclosed) was
calculated for each rat. These data and the
number of enclosed and open arm entries
were analyzed by one-way ANOVA followed
by the Duncan test for multiple compari-
sons. Since a significant effect on the num-
ber of enclosed arm entries was observed,
analysis of covariance (ANCOVA) using
this variable as covariate was also applied to
the percentage of entries and time spent in
open arms (11).

The results are shown in Figure 1. Re-
strained rats showed a decreased number of
entries (F5,134 = 4.84, P<0.01; Duncan test,
P<0.05), percentage of entries (F5,134 = 2.7,
P<0.05; Duncan test, P<0.05) and percent-
age of time spent (F5,134 = 3.9, P<0.01;
Duncan test, P<0.05) in the open arms, as
compared to non-immobilized animals, 24
and 48 h after stress. The former group also
showed a decreased number of entries into
enclosed arms (F5,134 = 5.4, P<0.01; Duncan
test, P<0.05). No effect was found in ani-
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Figure 1 - Elevated plus-maze ex-
ploration by rats (N = 11-16) 1, 2,
24 or 48 h after a 2-h restraint
period, as compared to non-
stressed animals (Control, N =
65). A further group (Chronic)
was tested 24 h after seven con-
secutive daily periods of 2-h re-
straint (N = 16). The upper panel
shows the mean (± SEM) num-
ber of entries into enclosed
arms. The lower panel shows
the mean (± SEM) percentage of
entries (open bars) and time
spent (hatched bars) in the open
arms. *P<0.05 compared to con-
trol (ANOVA followed by Duncan
test).
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mals tested in the plus-maze 1 or 2 h after
restraint stress. ANCOVA using the number
of entries into enclosed arms as the covariate
showed that, although there was a trend in
the number of entries into open arms (F5,133 =
2.22, P = 0.056), no significant effect was
found on this variable or on the percentage
of time spent in the open arms. Repeated
daily immobilization periods for one week
induced tolerance to the restraint-induced
decreased activity (Duncan test, P>0.10).

The elevated plus-maze is a widely used
animal model of anxiety (11). In this test, the
percentage of open arm entries and time
spent in the open arms has been validated as
a measure of anxiety (11).

The maze used in the present experiment
was modified by the addition of a small edge
to the open arms. Although this procedure
has been shown to reduce the anxiolytic
effects of benzodiazepines in a different rat
strain (12), we have been able to detect both
anxiolytic and anxiogenic effects of differ-
ent treatments, including benzodiazepine
agonists and inverse agonists (13). This modi-
fication may have been responsible for a
reduction in the percentage of time spent in
the open arms in our laboratory as compared
to others. The results for the nonstressed
group in the present study, however, were
not significantly different from those reported
in several similar studies performed in our
laboratory (3,4,6).

Exposure to 2 h of restraint stress modi-
fied the rat behavior in the elevated plus-
maze 24 h later, decreasing the exploration
of open arms. A similar effect was found
when the animals were tested 48 h, but not
when they were tested 1 or 2 h after stress.
However, the restraint procedure also de-
creased the number of enclosed arm entries.
Based on experimental evidence, this pa-
rameter has been proposed to reflect general
exploratory activity (11). Considering that
the significant effects on the number of en-
tries and percentage of time spent in the open
arms disappeared when the data were sub-

mitted to ANCOVA using the number of
enclosed arm entries as a covariate, the re-
sults indicate that the restraint stress resulted
in a decrease in general activity.

A decrease in general exploratory activ-
ity in an open arena after restraint stress has
been previously described (9). In the el-
evated plus-maze most studies found a de-
crease in the percentage of open arm entries
and/or time spent in them (2-5,10). How-
ever, results concerning the number of en-
closed arm entries are conflicting, with re-
ports of no change (2,4,5) or decreased (3,10)
activity. One explanation for these conflict-
ing results could be that an anxiogenic effect
of restraint enhanced the aversive novelty
aspect of the maze, inducing secondary
changes in general activity. Similar reduc-
tions in general activity have been found
after anxiogenic drugs or procedures such as
FG-7142 (14) or ethanol withdrawal (15).
Exposure to a previous aversive experience
could conceivably increase anxiety when the
animal is confronted by a new threatening
situation represented by the novelty aspects
of the elevated plus-maze. To test this possi-
bility it would be interesting to repeat in
previously stressed rats the factorial analysis
study performed by File (11) in nonstressed
animals.

Other groups have also found interfer-
ence of previous stressful situations in ani-
mal models of anxiety 24 h later. For ex-
ample, 15 min of restraint or forced swim-
ming were able to decrease open arm explo-
ration of the elevated plus-maze (16), whereas
30 min of immobilization increased defen-
sive postures in a social test (17).

The lack of behavioral changes when the
rats were tested 1 or 2 h after immobilization
shows that a certain time is needed for the
appearance of behavioral consequences of
restraint stress in the elevated plus-maze
performance. The mechanisms underlying
this phenomenon are unknown. However,
plastic changes in the central nervous system
are probably needed for its development. It
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has already been shown that restraint and
other forms of stress induce expression of
immediate early genes such as c-fos or c-jun
in several brain regions, including the hippo-
campus (18-20). These genes are proposed
to act as �third messengers�, leading to alter-
ation of target genes expression related to
some stress-induced long-lasting changes in
animal and human behavior (1). We have
also recently shown that cycloheximide, a
protein synthesis inhibitor, after either icv or
hippocampal administration, attenuates the
behavioral consequences of restraint stress
(4,5).

The behavioral changes induced by re-
straint stress on plus-maze performance dis-
appeared when the animals were submitted
to repeated 2-h daily immobilization peri-
ods. A similar effect was found by Kennett et
al. (9), using an open arena instead of the
elevated plus-maze. Both data suggest that
animals become tolerant to repeated restraint
stress. Interestingly, in Kennett�s model tol-

erant animals were more prone to showing
signs of the �serotonergic syndrome� after
systemic administration of a serotonin ago-
nist, suggesting that stress tolerance was ac-
companied by signs of serotonin supersensi-
tivity. This may involve the hippocampus
since our group has shown that administra-
tion of 5HT1A agonists into this region at-
tenuates the restraint-induced deficit of plus-
maze open arm exploration (2,3).

In conclusion, our results showed that a
restraint stress experience induces behavior-
al changes in rats, expressed as a deficit in
open and enclosed arm exploration of an
elevated plus-maze 24 or 48 h later. They
also suggest that daily repeated restraint in-
duces tolerance to this effect.
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