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Abstract

The present study investigated the effect of repeated stress applied to
female rats on memory evaluated by three behavioral tasks: two-way
shuttle avoidance, inhibitory avoidance and habituation to an open
field. Repeated stress had different effects on rat behavior when
different tasks were considered. In the two-way active avoidance test
the stressed animals presented memory of the task, but their memory
scores were impaired when compared to all other groups. In the
habituation to the open field, only the control group showed a signifi-
cant difference in the number of rearings between training and testing
sessions, which is interpreted as an adequate memory of'the task. In the
handled and chronically stressed animals, on the other hand, no
memory was observed, suggesting that even a very mild repeated
stress would be enough to alter habituation to this task. The perfor-
mance in the inhibitory avoidance task presented no significant differ-
ences between groups. The findings suggest that repeated restraint
stress might induce cognitive impairments that are dependent on the
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task and on stress intensity.

Introduction

Stress response is an integral part of an
adaptive biological system. It is well known
that in response to stressful stimuli many
hormones and neurotransmitters are released
in order to help the organism to function in
adynamic and challenging environment (1).
In this situation, adrenomedullary epineph-
rine is released and the hypothalamic-pitu-
itary-adrenocortical (HPA) axis is activated,
releasing hormones such as CRH, ACTH
and glucocorticoids (2). In addition, it is
well recognized that several hormones re-

leased during stress can influence memory
storage (3-5). For example, epinephrine re-
leased or administrated shortly after a given
training task modulates memory processes
related to that experience (3,4,6). As is the
case for other stress-related hormones like
ACTH and vasopressin, epinephrine has an
inverted U-shaped dose-response curve: low
doses facilitate memory while high doses
impair retention (3,4). Moreover, many stud-
ies have provided evidence that glucocorti-
coids regulate learning and memory (5,7-
10). It has also been shown that stress im-
pairs hippocampal long-term potentiation
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(LTP) (11,12), a long-lasting increase in
synaptic excitability that might be involved
in the mechanism of memory storage (13-
15).

Concerning the effects of chronic stress,
evidence suggests that prolonged glucocor-
ticoid secretion can have deleterious conse-
quences, including damage to the hippo-
campus, a target tissue for glucocorticoids
(GCs) rich in corticosteroid receptors and
with marked sensitivity to GCs (16-18). The
hippocampus is a critical site for memory
(11,13,19), and the loss of hippocampal neu-
rons appears to be associated with the emer-
gence of cognitive deficits in aged rats (16).
On the other hand, chronically stressed ani-
mals do not experience all the hormonal
consequences that animals exposed to a
single stress episode do (20,21), and it was
suggested that previous exposure to chronic
stress modified behavior in a novel stress
situation (22,23). Therefore, it seems rea-
sonable that a previous history of repeated
stress would modify behavior in a novel
situation and since stress hormones can al-
ter memory storage, a repeated stress regime
could modify memory.

The present study investigated the effect
of repeated stress on memory of adult fe-
male rats. Since different tasks used to evalu-
ate memory involve different levels of stress,
we assessed behavior of animals using three
different tasks: two involving avoidance of
a stimulus, and one involving habituation to
a novel environment.

Material and Methods
Subjects

Seventy-one female adult Wistar rats (60
days old at the beginning of treatment) from
our breeding stock were used. They were
housed in groups of 6-8 animals per cage and
kept under a normal 12-h dark/light cycle
with food and water ad libitum.
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Stress model

Animals were divided into three groups:
stressed, handled and control. Restraint was
obtained by placing the animal in a 25 x 7-
cm plastic bottle, adjusting it with tape on
the outside so that the animal was unable to
move. There was a 1-cm hole at one end for
breathing. Animals were stressed 1 h/day, 5
days a week for 40 days (24). The immobili-
zation procedure was performed between
10:00 and 12:00 h and the behavioral tasks
between 14:00 and 16:00 h. In the handled
group, animals were manipulated for 2-3
min, but were not submitted to restraint.
Control animals were maintained in their
home cages untouched. The stress was main-
tained during the behavioral task period.

Behavioral procedures

Habituation to the open field. A 50-cm
high, 40 x 60-cm open field made of brown
plywood with a frontal glass wall was used
(25). The floor was subdivided with white
lines into 12 equal 13.3- by 15.0-cm rec-
tangles. Both in the training and in the test
session, the animals were gently placed fac-
ing the left corner and allowed to explore the
arena for 5 min. The performance of rearings,
line crossings, and latency to the first cross-
ing were counted in both sessions. The dif-
ference in the number of rearings between
the test and the training trials was used as the
measure of retention.

Step-down inhibitory avoidance. The ani-
mals were trained and tested for the one-way
step-down inhibitory task using a 50 x 25 x
25-cm plywood box with a glass-wall front
and a floor consisting of I-mm bronze bars
spaced 10 mm apart (25). The left end of the
grid was covered with a 5-cm high, 25-cm
wide, and 7.5-cm long wood platform. Dur-
ing the training trial, the animals were gently
held by the body and lowered onto the plat-
form with their noses pointing to the left
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corner, at which point a timer was activated.
The timer measured the latency to step down
(i.e., placing all four paws on the grid) at
which point an intermittent footshock (0.3
mA, 60 Hz) was delivered until the animal
climbed back onto the platform. In the test
session, the animals were again placed on
the platform. No footshock was given in the
testing session. A 300-s ceiling was imposed
on testing session latency measurements;
latencies 2300 s were counted as 300 s.
Differences in testing-training session laten-
cies were used as retention scores.

Two-way active avoidance. The animals
were trained and tested in a two-way active
avoidance task in an automatic 50 x 25 x 25-
cm opaque acrylic shuttle-box whose floor
was a grid of 1-mm diameter bronze bars
spaced 10 mm apart (25). Both the training
and the test sessions consisted of 30 tone-
footshock trials, preceded by 3-min free ex-
ploration of the shuttle-box, with no stimula-
tion. In each session, the intertrial interval
varied at random between 10 and 50 s. Each
7-s tone was immediately followed by a 0.5-
mA footshock delivered until the animals
crossed the midline. The shock was omitted
if the animals crossed to the opposite side of
the grid during the tone (avoidance response).
The difference in the avoidance responses
between the test and the training trials was
used as the measure of retention (25).

Statistical analysis

Parametric data are reported as mean +
SEM and were analyzed by one-way ANOVA
or by repeated measures ANOVA, followed
by the Student-Newman-Keuls test when in-
dicated. Comparisons between training and
test sessions were made by the Student paired
t-test. Non-parametric data (i.e., latency to
step-down from the platform in the test ses-
sion of the inhibitory avoidance task) are
reported as median (interquartile range) and
were analyzed by the Kruskal-Wallis test,
followed by the multiple comparison test

based on Kruskal-Wallis scores, when indi-
cated.

Results

Effect of repeated stress on
the open field task

There was no significant difference in
training performance between groups in the
habituation to the open field, when consider-
ing the number of rearings (one-way
ANOVA; P>0.05). The control group pre-
sented a significant difference between train-
ing and test sessions (Student paired #-test;
P<0.01), which was interpreted as an ad-
equate memory of the task (Figure 1). On the
other hand, no difference was found in
handled and chronically stressed animals
(Student paired #-test; P>0.05).

The number of crossings in both sessions
was also analyzed. No differences from con-
trol values were found in this parameter
(control group: 76.4 + 4.6 for training ses-
sion and 72.0 + 4.1 for test session; handled
group: 80.7 + 5.8 for training session and
85.2 £ 5.6 for test session; stressed group:
66.6 £ 7.0 for training session and 66.1 + 8.5
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Figure 1 - Effect of chronic re-
straint stress on performance in
an open field task. Data are re-
ported as mean + SEM (N = 23-
24 animals/group) number of
rearings. There were no signifi-
cant differences between groups
(one-way ANOVA, P>0.05).
*P<0.01 compared to the train-
ing session (paired Student t-
test).
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Figure 2 - Effect of chronic re-
straint stress on performance in
the test session of a step-down
inhibitory avoidance task. Data
are reported as median (inter-
quartile range) of the latency to
step-down (N = 10-11 animals/
group). There was no difference
between groups (multiple com-
parisons based on the Kruskal-
Wallis test; P>0.05).

Figure 3 - Effect of chronic re-
straint stress on performance in
a two-way active avoidance task.
Data are reported as mean +
SEM number of active avoid-
ances in the training and testing
sessions, and as the difference
between these sessions (delta)
(N = 15-16 animals/group).
*P<0.05 compared to all other
groups (Student-Newman-Keuls
test).
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for test session) or in the latency to the first
crossing (both ANOVA, with P>0.05).

Effect of stress on the inhibitory
avoidance task

In the step-down inhibitory avoidance
task, there was no significant difference be-
tween groups in the training session (one-
way ANOVA; P>0.05). In the test session,
although the chronically stressed group pre-
sented an increased latency to step-down
from the platform, there was no significant
difference in performance between groups
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(multiple comparisons based on the Kruskal-
Wallis test; P>0.05) (Figure 2).

Effects of repeated stress on two-way
active avoidance

In the two-way active avoidance task,
there was no significant difference in train-
ing performance between groups (one-way
ANOVA; P>0.05). Control and handled ani-
mals showed better retention scores (test-
training number of avoidances) when com-
pared to chronically stressed animals (one-
way ANOVA, followed by the Student-
Newman-Keuls test; P<0.05) (Figure 3).
Comparisons between training and test ses-
sions showed significant differences for all
groups (Student paired ¢-test; P<0.001 for
control and handled groups, and P<0.05 for
chronically restrained group). There were no
differences in the number of intertrial cross-
ings (i.e., crossings to the other side of the
box not related to the stimulus).

Discussion

It has been well established that acute
stress or the administration of hormones re-
leased by stressful experiences may alter
memory of certain tasks (3,4,6). Depending
on the level of stress involved, this effect
could be a facilitatory or an inhibitory one
3).

Several studies have suggested that ex-
posure to glucocorticoids, hormones released
by the adrenal cortex during stress, may
increase the vulnerability of hippocampal
cells to certain insults that can damage hip-
pocampal neurons (17,26). The hippocam-
pus plays important roles in cognition and
neuroendocrine function (13,19), and is
known to be important for the consolidation
of memories in different tasks, including the
tasks studied in this report (27). It should be
noted that while deleterious effects of excess
glucocorticoid on the brain have been shown,
there is little evidence indicating whether
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brain function itself is compromised in a
situation of repeated stress.

The data reported here suggest that re-
peated stress has different effects on rat be-
havior when different tasks are considered.
The behavioral studies revealed evidence of
impairment that was dependent on the task
and on the type of chronic stress used, since
handling, that can be considered stressful for
the animals, also affected performance in the
open field task. In the inhibitory avoidance
task, there was no significant increase in the
latency to step-down, which is not due to an
action on motor activity, because this re-
peated stress did not modify ambulation in a
novel environment. The performance in the
two-way active avoidance task was affected
only in the repeatedly restrained animals,
while in the open field task performance was
affected in both the chronically restrained
and handled groups, suggesting that even a
very mild chronic stress would be enough to
alter performance in this task. Our results
with the open field task are similar to those
obtained by Dachir et al. (9) in a previous
study, using implanted corticosterone sus-
tained-release pellets for 2 weeks. In that
study, chronic corticosterone treatment in-
duced habituation impairment that was re-
versed by treatment with nimodipine.

It should be noted that the effects of a
chronic stress regime are not dependent on
the level of stress associated with the memory
task: exposure to the open field does not
involve pain or a high level of stress, while in
the inhibitory avoidance task the animals are
exposed to one low intensity foot-shock, and
inthe two-way active avoidance they receive
several foot-shocks.

It was previously observed that chronic
stress may depress exploratory activity (22).
In the present study, we observed an in-
creased latency to step down in the inhibito-
ry avoidance and a decreased number of
crossings in the open field test, but neither
effect was significant. It is important to con-
sider that the stressed animals could present

different levels of emotional reactivity inter-
fering with memory. It has been shown that
exposure to an inescapable shock leads to a
deficit in escape behavior (28). In addition,
animals submitted to a chronic variable stress
regime show escape deficit in a shuttle-box
task (29). Both stimuli, inescapable shock
and chronic variable stress, are utilized in
models of depression (30,31). The repeated
restraint stress used in the present study,
however, is not considered a model of de-
pression. Actually, previous work by Ely et
al. (24) has shown that this type of repeated
stress can induce a state of anxiety in rats.
So, the evaluation of memory in other tasks
is also desirable.

In the present work we used female rats
to assess the effects of repeated restraint
stress on memory. A sex difference in the
response of the hypothalamus-pituitary-ad-
renal (HPA) axis to stress exists (32,33),
with females reacting more robustly than
males (32,34). It appears that testosterone
can act to inhibit HPA function, whereas
estrogen enhances it (32,35). So itis possible
that males would have different responses
when submitted to this repeated stress.

The possibility of an adaptation of these
animals to chronic stress should be consid-
ered, in such a way that this task would cause
a different degree of stress in chronically
stressed and control animals. Studies have
demonstrated that prolonged exposure to dif-
ferent kinds of stress causes hyperrespon-
siveness of the hypothalamus-pituitary-ad-
renal axis to a new stimulus, although there
is a desensitization of the relative responses
of'the pituitary ACTH to the primary stressor
(21,36). Other studies have shown behavior-
al effects of a single restraint stress that are
not present after repeated restraint periods in
males. Female rats, although less affected by
a single restraint, failed to adapt over 5 daily
restraint periods (37,38).

In our study we used animals housed in
groups. It has been shown in rats, pigs and
lambs that stress responses are considerably

345
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more pronounced and persistent in animals
deprived of possibilities of social contacts
and that isolation can be considered another
type of stress (39,40).

These results led us to conclude that
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