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Stress contributes to sleep-wake behavior in all animals.
It seems that factors such as learning and memory processes can improve sleep
disorders. Therefore, the present study was conducted to determine the effects of
stress and learning (spatial memory) on total post-stress REM, NREM and waking
time in rats.

Adult rats (n=21) were divided into 3 groups; group 1 received
only immobilization stress; group 2 was subjected only to the learning process (Barnes
maze); and group 3 underwent both the stress and learning conditions. For each rat,
sleep signals were recorded for 2 hours for 3 consecutive days. After recording of sleep
or awakening signals, animal subjected to immobilization stress for 2 hours in each day.
Then, post-stress and post-learning signals were recorded for another 2 hours.

Immobilization stress resulted in significant decrease in total REM sleep
time. However, total time of NREM increased following stress. Performing the
learning task resulted in a significant increase in post-learning REM time (p<0.05).
Moreover, total NREM time did not change markedly following the learning process.
Interestingly, the learning process significantly (p<0.05) decreased total time of
awakening when compared with pre-learning condition. However, learning process
could increase REM sleep significantly (p<0.05) after the stress condition has been
administered.

Our data suggested that immobilization stress could not prevent REM
sleep after a learning process has been administered. However, the completion of a
learning process increased post-stress REM time. It seems that learning helps to
prevent the inhibitory effects of stress on REM sleep.
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Introduction

Stress is a physical and emotional response to external
stimuli; which is challenges homeostasis and induces a
multi-system response (1-4). It is believed that stress is
an important factor in a variety of health problems, such
as disturbances in sleep pattern (5,6). Ample studies
have reported marked changes in sleep patterns under
various stress paradigms (7,8). Sanford and Yang
revealed that uncontrollable stress significantly
decreased  sleep, whereas controllable  stress
significantly increases sleep (9). The finding that stress
increases sleep has been reported in several studies
(10,11). However, there are conflicting studies in this
area. In a study on humans, Levin et al. (2002) identified
that emotional stress decreases slow-wave sleep in the
first sleep cycle (12). Similarly, unpredictable or
uncontrollable foot shock shortens rapid eye movement
(REM) sleep in rodents (6). It has been suggested that
REM sleep is affected the most by stress (13,14). Ample
study reported many animal models for inducing stress
in rodents. It is suggested that the most commonly used
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model of stress is immobilization (13). Immobilization
stress is referred to as psychological stress, because it
does not cause any pain. However, in our study, we
changed this model slightly, as the animals were placed
in the narrow boxes, with some stones placed on the
floor (physical stress). There are various stressors in the
environment that disturb sleep patterns (15). However,
successfully coping with stressors can reduce sleep
disturbances and, thus, favorably influence healthy sleep
patterns. Furthermore, it has been shown that
environmental factors, such as training perform a task,
can increase REM sleep after the learning procedure.
Scientists have emphasized the role of memory
consolidation in REM sleep. Machida and colleagues in
2013 have been shown that predictive auditory cues can
change post-stress sleep, using electroencephalography
(EEG) recording. They identified that animals that
successfully learned escape, but not animals with failed
to do so, showed significantly increased post-stress
REM. They suggested that enhanced REM has a
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critical contribution in the consolidation of learning
(14). Therefore, to provide additional insights into
this topic, the purpose of this study is to investigate
whether the stress condition can impair the REM
sleep increment after learning procedure, or on the
other hand learning can improve post stress- sleep
disturbances. We examined the interaction of prior
stress and learning on total REM sleep, NREM sleep
and also waking time in rats.

Materials and Methods

Animals

Adult male Wistar rats (n=21), weighing 200-
250 gr, were used in the present study. The animals
were kept under standard laboratory conditions
(temperature: 25 = 2°C, 12 hr light dark cycle). The
animals were given free access to standard diet or
water ad libitum. After a one-week accommodation
period, the animals were randomly divided into 3
groups (n=7 per group). These Group 1was the stress
group; group 2 was the learning group; and group
3was the stress + learning group. The method of the
current study was approved by bioethics committee
of animal house in Bagiyatallah University of
Medical Science, which is in accordance with the
NIH guide lines for care of animals (Ethical
Research Code: IR.BMSU.REC.1396.393).

Experimental design

Experimental design is shown in Figure 1. As
stated above, the animals divided into 3 groups (n=7
per group). Group 1 received only immobilization
stress, group 2 was subjected to only learning
process condition, and group 3 received both
immobilization stress and underwent the learning
process. For all three groups, sleep and awakening
signals were recorded for each animal over a 2-hour
period (baseline recording) using EEG and EMG
recording. Immediately after the baseline recording
was taken, the animals were subjected to
immobilization stress for 2 hours. Immobilization
stress was induced by placing the animals in a
narrow (psychologic stress) with an uneven and
stony floor (physical stress) for 2 hours. Then, post-
stress signals were recorded for each animal in group
1 for 2 hours. Meanwhile, the animals in the groups
2 and 3, were faced with a learning test (Barnes
maze), before their post-stress signals were
recorded. These experimental steps were repeated in
each animal for 3 consecutive days. The baseline
sleep and awakening signals were recorded every
day, stating at 8:00 a.m. The average total time of
sleep and awakening over 3 days were used to
calculate percentage of total time each animal spent
in REM and NREM sleep and awakening. The
recorded values were considered as the baseline
sleep patterns of each animal. As shown in Figure 2,
we used EMG recording signals to identify the
sleeping and awakening of the animals. That is low
amplitude of EEG and high activity of EMG is
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associated to waking stage. Additionally, high
amplitude of EEG and mild activity of EMG is
associated to NREM stage. There are low amplitude
of EEG and lowest level of EMG activity during
REM sleep.

Stress protocol

We used the methods of Hoheisel et al. for stress
with some modifications (16). Immobilization is a
common stressor model used in the study of rodents.
In the present study, the animals were placed in
narrow Plexiglas boxes (16 cm long and 7 cm wide),
which some stones placed on the floor. All rats were
immobilized for 2 hours at the same time of day
(during the light cycle) for 3 consecutive days.

Electrophysiological recording of sleep

Three permanent stainless-steel screws were
implanted in the skull for EEG recording under
ketamine (65 mg/kg) and xylazine (15 mg/kg)
anesthesia. Additionally, Teflon coated stainless
steel electrodes were placed subcutaneously on the
neck muscles for EMG recording. Electrodes
attached to a connector, which was cemented to rats
head. After surgery, animals were allowed to recover
for a week. For recording of EEG/EMG signals, an
interconnect cable was used to connected the
connector rats head to an EEG/EMG amplifier
(eWave, Homemade, Science Beam Company,
Tehran, Iran), and then the amplifier was connected
to a PC with an AD converter. We used e-probe
software for acquiring and analyzing the data
(eProbe, version 7.2, Tehran, Iran) (17). Data were
sampled at 3 kHz. Average REM, NREM sleep and
waking condition EEG power was calculated for the
(beta-like waves, 30 Hz, 100 pV), (slow-wave
frequency or delta waves, 0.5-4 Hz, 150 pV) (beta
waves, 30 Hz, >100 pV), respectively. The slow-
wave power of each animal was normalized by
expressing it as percentage of its average 2 hours'
baseline. EEG and EMG were measured for 3
consecutive days during daylight, before and after
stress exposure. At the first of experiment, baseline
recording was performed for all groups on each day,
then all animals were subjected to stress for 2 hours.
After induction of stress, animals then immediately
subjected to learning process (Barnes Test) and post-
stress recording. In the total length of our
experimental period, all animals had full access to
the food and water, except in the stress box and the
Barnes test.

The Barnes test assessing spatial learning and
memory

The Barnes maze test is a procedure for checking
spatial memory (17,18). The maze used in the current
study consisted of a Plexiglas plate (120 cm in
diameter), with 3 cm between its edges and 18 holes
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Figure 1. Experimental protocol in different three groups.
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Figure 2. Demonstration of EEG and EMG variation during sleep-wake stages in rat. As shown in diagram, low amplitude of
EEG and high activity of EMG illustrate waking stage. Furthermore, high amplitude of EEG and mild activity of EMG is
associated with NREM stage. There are low amplitude of EEG and lowest level of EMG activity during REM sleep.

with a diameter of 10 cm. A dark box (escape hole)
made of black Plexiglas with dimensions of 20 x 15
x 10 cm, was placed under one of holes. Four paper
(A4 size) with different colored shapes were
positioned on the laboratory wall to serve as visual
cues. Two lamps (150 W), serving as annoying
stimuli, were placed 110 cm above the top of the
maze. Thirty minutes before the experiment, the
animals were allowed to adapt to the environment.
We put visual guide on the wall so that the animal
could find the escape hole through them, with
training. At the beginning of the experiment, the
animals were placed in the center of the maze. Then,
they freely moved in all directions until reaching the
escape hole. The time to reach the escape hole (delay
time) and the number of errors made when
attempting to reach the hole were measured and
evaluated. Three training sessions (each session
consisted of 5 trials) were run on 3 consecutive days.
The same procedure was repeated again on the
fourth day (as a probe day) for the assessment of
memory.
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Statistical analysis

Statistical analyses were performed with the SPSS
software (Statistical Package for the Social
Sciences, version 20.0, SPSS Inc, Chicago, Illinois,
USA). Data are expressed as mean = SEM.
Additionally, paired t test was used for statistical
analysis (treatments against corresponding baseline
(pre-stress) and post-stress against each other),
and p < 0.05 was considered significant.

Results

Effects of stress on total time of REM, NREM
and waking

The baseline recordings of the stress rats did not
differ for any sleep parameter we examined. As
shown in Figure (3A), immobilization stress resulted
in significant post-stress decrease in REM sleep time
that we examined (p<0.05). However, total time of
NREM sleep significantly increased following stress
as compared with baseline recording (pre-stress
condition) (p<0.05). Furthermore, immobilization

Journal of Advances in Medical and Biomedical Research



12 Spatial Learning Paradigm Can Increase Post-Stress...

stress could not have a significant effect on the time
of awakening.

Effects of learning on total time of REM, NREM
and waking

Undergoing the learning task resulted in a
significant increase in post-learning REM sleep time
when compared with the baseline (pre-learning)
EEG recording (p<0.001, Figure 3B). However,
NREM sleep did not change markedly following the
learning process. Interestingly, undergoing the
learning process led to significant decreases in
awakening time (p<0.05, Figure 3B).

The effects of interaction of stress with learning
on total time of REM, NREM and waking

Learning significantly increased post-stress total
REM sleep time during three days (2 hours per day)
compared to the baseline sleep (before stress
exposure and learning processes) (p<0.05, Figure
3C). However, learning process did not have any
significant change in the post-stress total time of
NREM sleep and awakening compared to the base

line sleep (Figure 3C).
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The difference between the baseline response and
post-intervention response showed that stress caused
a significant decrease in REM sleep (Figure 4).
Additionally, learning, stress, and the interaction
between learning and stress increased NREM sleep.
However, there was no significant variation in these
increments among the three groups. Similarly, no
differences were found in the amount of wakefulness
reduction between groups (Figure 4).

The effects of stress on delay time and number
of errors in learning task

As shown in Figure 5, immobilization stress did
not any significant change in the number of errors on
days 1, 2 and 3 in learning task as compared with
sham group (Figure 5A). However, the number of
errors markedly increased in stress animals as
compared with the sham group on probe day
(p<0.05, Figure 5A). Furthermore, immobilization
stress significantly increased delay time on days 1
(p<0.05) and 2 (p<0.001) in learning task as
compared with sham group. However, stress did not
any significant change in the delay time on day 3 and

probe day (Figure 5B). .
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Figure 3. Effects of stress (A), learning paradigm (B), and interaction of stress with learning (C) on total time of REM, NREM
and waking. Total time of signal recording was normalized as 100 %. Since, the sleep recordings were performed in the same
animals, paired t test was used for statistical analysis. *p<0.05 and ***p<0.001 indicated significant differences with pre-stress,
pre-learning, pre-stress + learning condition.
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Figure 4. The difference value of REM, NREM and Wake stages before and after performance of learning or stress and both of
these protocols. The graph indicates the significant decrease in REM sleep in stress exposed group (*p< 0.05). *p<0.05 indicated
significant differences with pre-stress + learning condition.
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Figure 5. The effects of stress on (A) number of errors and (B) delay time and in learning task. Data are expressed as mean+SEM.
Data analyzed using one-way analysis of variance (ANOVA) followed by post hoc LSD multiple comparison tests. Total time of
signal recording was normalized as 100 %. *p<0.05 and ***p<0.001 indicated significant differences with sham group.

Discussion

In The first major finding of this study is that
immobilization stress was followed by a significant
decrease in total REM time, whereas our model of stress
was followed by significant increases in total time of
NREM. Furthermore, immobilization stress did not have
a significant effect on the total time of awakening in our
EEG recording. In our experiment, we used a model in
which immobilization stress was induced in a narrow
environment to induce psychological stress (19).
Additionally, we used a modified model; specifically,
the animals were placed in narrow plexiglass boxes with
some stones placed on the floor to induce physical stress.

Ample evidence indicates that stress and sleep
disturbances are often related (20). Sanford et al. (2010)
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identified that uncontrollable foot shocks shorten REM
sleep, while controllable foot shocks increase REM
sleep. Additionally, total NREM was decreased in mice
only when shock training involved uncontrollable foot
shocks (9). Moreover, cold stress (21) and social conflict
(22) increase NREM sleep. Similarly, sleep after
exposure to an open field or compartment for assessing
intrinsic anxiety and search activity also indicate an
initial decrease in REM sleep, followed by an increase
(23). Therefore, stressor controllability is known to
significantly affect sleep. It is doubtful that REM sleep
involved basic activities that require low intelligence (24).

The second major finding of this study is that
performance in the learning task (i.e., spatial learning via

Journal of Advances in Medical and Biomedical Research
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the Barnes maze test) was linked to a significant increase
in total post-learning REM sleep. That is, directionally
different markedly changes in REM occurred after the
learning task than stress. However, total NREM sleep
time did not change markedly following the learning
process. So, the change in REM sleep is unlikely simply
due to increased memory consolidation. REM sleep
increases after learning, including after tow way active
avoidance procedure (25-27), spatial learning in the
Morris water maze (28), and operant learning (29).

In the present experiment, we attempted to determine
how stress and learning influence total time spent in
post-stress REM and NREM sleep, as well as total
waking time, in rats. Therefore, our third major finding
is that learning performance is related to an increase in
total post-stress REM sleep time. However, learning did
not significantly change the total post-stress NREM
sleep and waking times. Thus, the increase in REM sleep
after learning might be a functional response of the brain
to the stress that is confronted during wakefulness.

Several studies have reported that post-training REM
sleep is critical for efficient memory consolidation
(30,31). Smith (2001) reported that REM sleep
deprivation after a learning process results in memory
deficits (32). Moreover, there is a high correlation
between learning and REM sleep in the last sleep cycle
before waking (30). Additionally, it has been shown that
time spent in REM sleep increased following successful
task acquisition (33). Smith and Lapp (1986) reported
that the acquisition of a shuttle avoidance task induced a
significant rise both in REM sleep time and the number
of REM episodes, but there was no variation in REM
density (34).

We further examine the effects of stress on delay
time and the number of errors committed during the
learning condition. Immobilization stress results in a
significant increase in the number of errors only on
probe day. Furthermore, immobilization stress
significantly increased delay time in the learning task
only on days 1 and 2.

Conclusion

In conclusion, the data presented here suggest that
immobilization stress leads to a decay in total REM
sleep time. However, undergoing a learning process
increased total post-stress REM sleep time. Thus, it
seems that learning helps to overcome the inhibitory
effects of stress on REM sleep.
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