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ARTICLE INFO ABSTRACT

Article type:

Objective(s): Due to the prevalence and pervasiveness of stress in modern life and exposure to
Original article

both chronic and acute stresses, it is not clear whether prior exposure to chronic stress can

influence the impairing effects of acute stress on memory retrieval. This issue was tested in this
study.

Materials and Methods: Adult male Wistar rats were randomly assigned to the following groups:
control, acute, chronic, and chronic + acute stress groups. The rats were trained with six trials per
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day for 6 consecutive days in the water maze. Following training, the rats were either kept in
control conditions or exposed to chronic stress in a restrainer 6 hr/day for 21 days. On day 22, a
probe test was done to measure memory retention. Time spent in target and opposite areas,
platform location latency, and proximity were used as indices of memory retention. To induce
acute stress, 30 min before the probe test, animals received a mild footshock.

Results: Stressed animals spent significantly less time in the target quadrant and more time in the
opposite quadrant than control animals. Moreover, the stressed animals showed significantly
increased platform location latency and proximity as compared with control animals. No
significant differences were found in these measures among stress exposure groups. Finally, both
chronic and acute stress significantly increased corticosterone levels.

Conclusion: Our results indicate that both chronic and acute stress impair memory retrieval
similarly. Additionally, the impairing effects of chronic stress on memory retrieval were not
influenced by acute stress.
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These effects have been accompanied by morpho-
logical changes: specifically, reduced dendritic
arbors after chronic stress (9-11) and reduced spine
density after acute stress (12-14) have been

Stress is a biologically important and ubiquitous
circumstance that can influence brain functions.
Because of the importance of both the beneficial and

deleterious effects of acute and chronic stresses on
cognitive functions, they have been the subject of
numerous studies during the past 8 decades. The
response to stress involves the activation of the
hypothalamic-pituitary-adrenocortical (HPA) axis
and its final product glucocorticoids.

The hippocampus, which has the highest density
of glucocorticoid receptors in the brain, is involved in
the regulation of the HPA and the behavioral respon-
ses to stress.

This sea-horse-shaped structure is a part of a
medial temporal lobe system necessary for the
formation of stable declarative memory in humans
(1-3) and spatial memory in rodents (4, 5). Focusing
on the effects of stress on the hippocampus, a large
body of work has uncovered effects of chronic and
short-term stress on learning and memory (6-8).

described.

Numerous studies have shown that stressful
experiences and/or corticosterone can dramatically
impair subsequent cognitive processes (15), such as
the acquisition (16, 17) or the retrieval of informa-
tion (18-20). Previous findings indicated that acute
administration of glucocorticoids impairs memory
retrieval (20-22). Systemic injections of stress-level
doses of corticosterone administered to rats shortly
before retention testing impair retrieval in tasks that
rely on spatial or contextual information, including
water-maze and inhibitory avoidance (20).

Furthermore, stress-level glucocorticoid adminis-
tration to human subjects shortly before retention
testing impairs hippocampus-dependent recall of
previously learned verbal material (23, 24).

On the other hand, chronic stress is known to
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increase levels of adrenal glucocorticoids resulting in
deleterious cognitive functioning (25, 26). Chronic
restraint stress causes alterations in biochemistry,
pharmacology, and morphology within the hippo-
campus, especially in CA1 and CA3 (27-29), and
cognitive alterations have been systematically
reported after repeated exposures to stress (29-34).

We are exposed to various forms of stress daily, a
common occurrence in the lives of most individuals,
which have both positive and negative effects on
brain function. In its acute form, stress may be a
necessary adaptive mechanism for survival and with
only transient changes in the brain. Although,
prolonged stress causes overactivation and dysre-
gulation of the HPA axis thus induces detrimental
changes in the brain structure and function.
Therefore, chronic stress is often considered a
negative modulator of the cognitive functions
including the learning and memory processes.
Exposure to long-lasting stress reduces health and
increases vulnerability to mental disorders (35).

The mechanisms of impairment of cognition and
synaptic plasticity following stress are largely
unknown. However, based on studies in adult and older
animals and humans, a “glucocorticoid cascade”
hypothesis is suggested: there is a relationship
between cumulative exposures to high glucocorticoid
levels and hippocampal atrophy (36). In an attempt
to clarify the mechanism by which glucocorticoid
levels correlate with hippocampal atrophy, a
“neurotoxicity hypothesis” was introduced. This
hypothesis suggests that prolonged exposure to
glucocorticoids diminishes the ability of neurons to
resist insults, thus increasing the rate at which they
are damaged (37).

Several studies have shown that chronic and
acute stress produce adverse effects on learning and
memory (20, 38-40). Since two type of stress
influence plasma glucocorticoid levels that are
involved in learning and memory impairments, we,
therefore, hypothesized that the combination of
acute and chronic stresses could exert a greater
deleterious effect on learning and memory than
either factor alone. In the current study, this
hypothesis was tested on hippocampus-dependent
learning and memory using the Morris water maze
tasks.

Animals

The experimental protocol was approved by the
Research and Ethics Committee of Damghan
University. Male Wistar rats (weighing 200+20 g)
were purchased from Pasteur Institute of Iran.
Animals were kept under standard laboratory
conditions with a 12-hr light/dark cycle with ad
libitum food and water throughout the experiments.

Experimental groups and stress paradigm

The animals were randomly divided into 4
groups: control, acute, chronic, and chronic + acute
stress groups. To induce acute stress, animals
received three footshocks (0.8 mA for 1 sec with a 5-
sec inter-shock interval) 30 min before the probe
test. For chronic stress, rats were daily restrained for
6 hr/day (from 9: 00 to 15: 00) for a total of 21 days
in well-ventilated plexiglass tubes without access to
food and water. During restraint stress, control
animals were handled. In the chronic + acute stress
group, rats were restrained daily for 6 hr/day for a
total of 21 days in plexiglass tubes and received
three footshocks 30 min before the probe test. It is
important to note that this really examines the
effects of heterotypic stress and that the responses to
heterotypic stress may not exhibit habituation as is
often observed during exposure to homotypic stress.

Immediately after the chronic stress, 13 of
animals in chronically stressed groups and the
control group were decapitated, and trunk blood was
collected for corticosterone assay (see below). The
rest of the animals were subjected to retention test.
Probe test was performed on 22 days for all groups.
Timeline of experiments is shown in Figure 1.

Morris water maze (MWM) task

The MWM used in our study was a black circular
pool (140 cm diameter, 45 cm high) filled with water
(30 cm depth) at 24+2 °C. The pool was divided into
four quadrants of equal size. An invisible escape
platform (10 cm diameter) was placed in the middle
of one of the quadrants (1.5 cm below the water
surface) equidistant from the side wall and middle of
the pool. The behavior of the animal (latency,
distance and swim speed) was monitored by a video
camera, mounted in the ceiling above the center of
the pool, and a computerized tracking system
(Ethovision; Noldus IT, The Netherlands). Four
different starting positions were equally spaced
around the perimeter of the pool. The training
session consisted of six trials per day for 6
consecutive days, which were started from one of the
four start positions, used in a random sequence
identically for every rat. A trial began by placing the
rat into the water facing the wall of the pool at one of
the starting points. When a rat failed to escape
within 60 sec, it was guided to the platform by the
experimenter. Once the rat reached the platform, it
was allowed to remain for 30 sec and then placed in
a holding cage for an inter-trial interval of 30 sec.
After the last trial, each animal was towel dried and
returned to its home cage.

Retention of the spatial training was assessed 22
days after the last training session with a 60 sec free-
swim probe trial using a new starting position. The
parameters measured in the probe trial were time
spent in the quadrant containing the platform during
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Figure 1. Timelines of experiments

training (target quadrant), time spent in the
quadrant opposite to the training quadrant (opposite
quadrant), initial latency to cross the platform
location, number of crossing platform location,
proximity (the average distance from the center of
the platform during the probe test), swimming
speed, and total swim distance.

Corticosterone Assay

To measure corticosterone, the rats were
decapitated at immediately after the probe test in
four experimental groups and at the end of 21 days
restraint stress (see timeline of experiments in
Figure 1), their trunk blood was collected in tubes
with EDTA, centrifuged (3500 * g, 15 min), and the
plasma was stored at -70 °C until used for the
corticosterone assay. Corticosterone levels were
determined by an ELISA assay (Cayman Chemical,
Item Number 500655).

Statistical analysis

Data is expressed as the mean * standard error of
the mean (SEM). Behavioral data were analyzed by
one-way and two-way (ANOVA), followed by Tukey’s
test for post hoc comparison of the means. For the
analysis of the corticosterone levels, a one-way
ANOVA with LSD post hoc test was conducted.
Statistical differences were considered significant
when P<0.05. All analyses were performed using the
Statistical Package for the Social Science (SPSS)
software in a PC-compatible computer.
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Spatial learning in the MWM

Distance traveled, escape latency and swimming
speed data of the animals during the 6 days of
training in water maze are illustrated in Figure 2, A
two-way ANOVA (group x training days) was used to
analyze the escape latencies during training.
All animals were able to improve their performance
as shown by the reduction of escape latencies
(Figure 2A). Statistical analysis showed significant
differences in escape latency between different
training days (Fsg0=58.8, P=0.000, n=84), no
significant differences among groups (F3g0=0.364,
P= 0.779, n=84), and no interaction between days
and groups (F1s,80=1.12, P= 0.338, n=84).

Data related to the distance traveled to reach the
platform followed similar to the latency pattern. All
groups traveled shorter distances to reach the
platform as training progressed (Figure 2B). Two-
way ANOVA analysis showed significant differences
in swimming distance between different training
days (Fsg0=54.07, P=0.000, n=84), no significant
differences among groups (F3g0=0.777, P=0.513,
n=84), and no interaction between days and groups
(F1s80=1.27, P=0.221, n=84). The analysis of
swimming speed also showed no significant
differences as training days progressed (Fsgo=0.449,
P=0.813, n=84) among groups (Fzg=1.067, P= 0.373,
n=84) and no interaction between days and groups
(F1s80= 1.442, P= 0.129, n=84) (Figure 2C).
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Figure 2. Traveled distance, average escape latency, and
swimming speed during 6-day training in MWM

Traveled distance (A), average escape latency (B), and swimming
speed (C) across all training days. As shown the mean latency and
traveled distance to find the platform declined progressively in all
animals. Analysis showed distance traveled and escape latency on
the 6% day of training were statistically different (P< 0.001) from
the first day of training. Data is expressed as mean+SEM of 84
animals

***P< 0.001 versus the first day of training in each group

Effects of stress on memory retrieval

The aim of this study was to examine the effect of
chronic+acute stress on memory retrieval in Morris
water maze task. Exerted stress followed learning in
MWM. The probe test was performed 22 days after
last acquisition trials. In probe trials, time spent in
target quadrant was used to evaluate long-term
memory. A two-way analysis of variance (ANOVA),
with zones as repeated measure, showed significant
effects of group (F350=3.02, P= 0.043, n=54) and zone
(F150=10.73, P=0.007, n=54), and a significant
interaction between group and zone (F350=3.91,
P=0.017, n=54). Between-group comparisons
indicated that the acute stress group (P<0.05), the
chronic stress group (P<0.01) and the chronic +
acute stress group (P<0.01) spent significantly more
time in the opposite quadrant and less time in the
target quadrant as compared to the control group
(Figure 3A). Also, within group comparisons
revealed that the control group spent significantly
more time in the target quadrant than in the
opposite quadrant (P<0.05), and all stress groups
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Conirol  Acutestress  Chronic stress Chronic+Acute stress.

Control  Acutestress  Chronic stress  Chronic+Acute stress
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Figure 3. Effects of stress on retention performance in a water
maze task

(A) All stress groups spent less time in the target quadrant and
spent more time in the opposite quadrant compared to the control
group (B) The Average proximity (C) The platform location
latency (D) The number of crossings in the area of the original
location of the platform. Stress impaired memory retention, as
evidenced by the fact that the stressed rats had significantly larger
proximity values, more platform location latency, and lower
number of crossings compared to the control group. Data are
expressed as mean+SEM

*P<0.05, **P<0.01, ***P<0.001 and 1 P<0.05, 1P<0.01 compared
with controls

### P< 0.001 within group comparisons

spent significantly more time in the opposite
quadrant than in the target quadrant (all, P< 0.001).

Figure 3B represents the average proximity to the
platform. One-way ANOVA showed a significant
difference among the four groups (F3s4=3.427,
P=0.023, n=58). The control group had a smaller
average proximity than the acute (P<0.05), chronic
(P<0.05), and chronic+acute stress groups (P<0.01).

One-way ANOVA on platform location latency
data indicated a significant difference among the four
groups (F354=3.111, P=0.034, n=58). Acute stress
(P<0.01), chronic stress (P< 0.01), and chronic+acute
stress groups (P<0.05) showed increased escape
latency as compared with controls (Figure 3C). One-
way ANOVA on quadrant entries also displayed a
significant difference between groups (F3s4=3.281,
P=0.027, n=58). As represented in Figure 3D, the
control group had more crossings as compared to
acute (P<0.01), chronic (P<0.05) and chronic+acute
stressed groups (P<0.05). These findings show that
stress could impair memory retrieval.

To control the differences in the MWM per-
formance, we recorded swimming speed of animals
(Figure 4A). One-way ANOVA showed no significant
differences of swimming speed among the four
groups (F354=1.90, P= 0.14, n=58). Also, there were
no significant differences in total distance traveled in
the four groups (F3s54=1.97, P= 0.13, n=58, Figure
4B).
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Figure 4. Effect of stress on swimming speed and total distance
traveled in a water maze task during the retention test

Swimming speed (A), and total traveled distance (B) in the probe trial.
The figures show there were no significant differences in both total
traveled distance and swimming speed in the four groups. Data is
expressed as mean = SEM of 15-16 animals in each group

Corticosterone assay

There was a significant difference in cortico-
sterone levels between control and chronically
stressed groups after 21st days’ stress (8.37+3.3
ng/ml in control versus 103.9+8.9 ng/ml in the
chronically stressed group, P<0.01). Also, one-way
ANOVA analysis indicated that there were significant
differences in corticosterone levels between groups
(Figure 5, F33¢=10.67, P=0.000, n=40). As was
expected, post hoc Tukey analysis showed acute,
chronic, and chronic+acute stress groups had
significantly elevated levels of corticosterone in
comparison to controls at the post-probe time,
respectively (P<0.01, P<0.001, P<0.001, Figure 5).
There were no significant differences in cortico-
sterone levels among acute, chronic, and
chronic+acute stress groups.

Extensive evidence from animal and human
studies indicate that stress and glucocorticoids
influence cognitive function (41-43). Previous
studies have shown stress levels of glucocorticoids
impair memory retrieval in animals as well as
humans (39, 44-47). In this study, we found that both
chronic and acute stress impair memory retrieval.
Moreover, the impairing effect of chronic stress was
not affected by acute stress.

During learning, all animals were able to improve
their performance as shown by the reduction
of escape latencies and traveled distance. Statistical
analysis showed no significant difference in swi-
mming speed, distance traveled, and escape latency
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Figure 5. Mean plasma corticosterone levels for stressed
groups immediately after probe test
Mean+SEM of corticosterone levels in
immediately following the probe test
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among the four groups during training days.

Thus, memory performance impairment in stress
exposure groups was due to disruption of memory
retrieval.

Findings indicated chronic stress impaired
memory retention as the stressed animals spent
significantly less time in target quadrant, had longer
platform location latencies, and larger average of
proximity than their non-stressed control group.
Also, corticosterone levels significantly increased
in chronically stressed animals as measured
immediately after the period of 21st days’ stress and
after the probe test.

McLaughlin et al (2007) reported the use of chronic
restraint stress, with wire mesh, for 6 hr/ day for 21
days as a reliable and efficient method to produce
psychological stress and to cause CA3 dendritic
retraction and spatial memory deficits in male
Sprague-Dawley rats (48). In this study, we used the
same method for chronic stress and found that
corticosterone levels significantly increased and
spatial memory retrieval reduced in the stressed rats
as compared to the control groups. The results of
previous studies are in agreement with our finding
that chronic stress has an impairing effect on
learning and memory (40, 49, 50).

Most studies on the relationship between chronic
stress and spatial memory have focused on the
hippocampus because of its crucial role in spatial
learning and its well-known susceptibility to stress
(33). The hippocampus plays a critical role in spatial
memory’s ability because damage to the
hippocampus corresponds with spatial memory
impairments in both animals (30, 50, 51) and
humans (52-54). Stress resulted in enhanced release
of catecholamines and glucocorticoids due to the
activation of sympathoadrenal and hypothalamic-
pituitary-adrenal axes (55). The impairing effects of
chronic stress on learning and memory are mainly
mediated via elevated levels of glucocorticoids.
Chronic stress may affect hippocampal function
through such mechanisms as CA3 neuronal
remodeling (56), suppression of synaptic activity
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(45, 57), and altered neurogenesis (51, 58, 59).
These changes in the hippocampus following chronic
stress or elevation of glucocorticoids have been
related to changes in spatial learning and memory
(60).

Retention was impaired when the animals were
tested 30 min after the footshock. Also, acute stress
increased average proximity and escape location
latency compared with the controls. The finding that
plasma levels of corticosterone, from blood collected
immediately after the probe trial, was elevated in the
acutely stressed group compared with the control
group, suggests that increased adrenocortical
function induced by the stressor may have disrupted
memory retrieval.

There is evidence that glucocorticoids impair
retention performance when rats or human subjects
are tested shortly after training when circulating
levels of glucocorticoids are still elevated (44-46).
These effects on retention performance suggest that
the retention impairment is directly related to
increased adrenocortical function.

Glucocorticoids can affect retention performance
by selectively influencing memory retrieval proce-
sses and these effects appear to depend on GR
activation. In one study (20), rats that were given an
aversive experience of footshock exposure 30 min
before retention testing, failed to remember the
platform location as indicated by equal swim times in
both target and opposite quadrants. Stress effects on
memory retrieval are time-dependent and retention
performance was not impaired when rats were
tested either 2 min or 4 hr after footshock exposure.
This time course on retention impairment correlated
with plasma corticosterone levels that peak 30 min
after stress exposure and return to baseline within 4
hr. Our result in this study was in agreement with
findings of de Quervain et al that indicated foot-
shock exposure 30 min before retention testing
impaired memory retention (20).

Also, our study indicated chronic plus acute stress
impaired memory retention as the stressed animals
spent significantly less time in the target quadrant
and had longer platform location latencies and
average of proximity than their non-stressed control
group. Also, corticosterone levels increased signi-
ficantly more in these animals than controls at
immediately after the probe test.

As mentioned before, animal studies (20), as well
as studies on healthy human volunteers (23), have
demonstrated that retrieval of learned information is
susceptible to glucocorticoid-induced impairment.
By administrating cortisone at different times to
different groups of healthy volunteers (one hour
before word presentation to test consolidation; and
one hour before the delayed recall test to test
retrieval), it was found that only declarative memory

was affected by acute exposure to glucocorticoids;
there was no effect on acquisition or consolidation.

In our study, there was no significant difference
in platform location latency, average of proximity,
time in target quadrant, and number of crossings
between acute, chronic, and chronic + acute stress
groups. Furthermore, there was no significant
difference in corticosterone levels between chronic
stress and chronic + acute stress groups.

Wright et al reported novel findings that chronic
stress impairs spatial memory through changes in
the HPA axis and that attenuating corticosterone
levels can restore spatial memory (61). These
findings are consistent with the hypothesis
presented by Roozendaal et al (2001) and
Roozendaal (2002) that elevated corticosterone
levels at the time of memory assessment may
mediate spatial memory impairment in rats with a
compromised hippocampus (62, 63). Our data may
indicate that enhanced corticosterone secretion as a
result of exposure to behavioral tasks (probe test)
may mediate this effect. Corticosterone levels in
chronically stressed animals immediately after the
probe test was significantly more than chronically
stressed group immediately after termination of
stress. One limitation of the results in this study that
needs to be addressed is that corticosterone levels
must be measured in all groups immediately after
ending of stress and after the probe test, but we
measured it only in the chronically stressed and the
control groups.

Chronic stress and the subsequent corticosterone
hypersecretion increase adrenal weight (64), which
can release additional corticosterone in response to a
stressor. There is evidence that chronic stress
increased total corticosterone levels in response to
the Y-maze procedure and down-regulated hippo-
campal GR mRNA expression, which may have
functional consequences at the level of receptor
capacity. GR reduction or changes in other brain
areas may have been responsible for the enhanced
corticosterone response to the Y-maze procedure
because GR are proposed to mediate corticosterone
release during the stress response and diurnal
rhythms (65-67), and alterations in extrahippo-
campal brain areas have been shown to be involved
in enhanced corticosterone response to novel
stressors after chronic stress (68, 69). The reduction
in GR mRNA and an enhanced -corticosterone
response to the Y-maze procedure in chronically
stressed rats is consistent with the hypothesis that
stress-induced corticosterone elevations on the day
of memory assessment impairs spatial memory in
chronically stressed rats.

In our study, probably alterations of rats’
hippocampus in both chronic and chronic plus acute
stress groups and similar corticosterone levels after
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the probe test are related to similar memory
retrieval impairment in the two groups.

In this study, we expected that prior chronic
stress enhances hippocampal vulnerability to acute
stress, thereby further increasing spatial memory
retrieval impairment induced by acute stress.
However, there were no significant differences in
memory retrieval impairment of three stress
exposure groups, suggesting that memory impair-
ment has reached a ceiling effect in the chronic plus
acute stress group, and so acute stress could not
further increase memory retrieval impairment. Also,
one possibility for interpretation of this finding
might be that other adaptation systems are activated
during chronic stress that can prevent acute stress
effects, thus that we did not observe additive effects.

On the other hand, brain regions other than the
hippocampus may have been affected by chronic
restraint stress paradigm and could have contributed
to the memory impairment, since corticosteroid
receptors are present ubiquitously in the brain and
consequently, every region has the potential to be
affected by chronic stress. It will be interesting to see
whether chronic restraint stress also induces
morphological changes in regions other than
the hippocampus. In addition, the interaction of
glucocorticoid with several neurotransmitter
systems in the brain such as adrenergic (70, 71),
dopaminergic (21), and opioidergic (22, 72) systems
may influence memory retrieval.

Chronic + acute stress same as acute and chronic
stress alone impair retrieval of spatial memory. A
similar effect of three types of stressors on memory
retrieval suggests that the extent of memory
impairment by stress is not influenced by prior
stress experience. Future studies may provide a
clearer indication of the exact areas of the memory
process that are impaired by excess levels of
glucocorticoids and the mechanisms by which it
happens.
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