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Chronic restraint stress impairs spatial memory while
decreasing hippocampal BDNF levels in rats
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Abstract

Aim: This study investigated the potential role of chronic restraint stress (CRS) on spatial
memory, recognition memory, brain-derived neurotrophic factor (BDNF) and acetylcholine
(ACh) levels in young adult rats.
Material and Methods: In the study, 16 female rats of 12 weeks old were used. Rats
were divided into two groups as control and CRS (n=8). CRS was applied 5 hours a day
for 21 days. Following the end of CRS, recognition memory of rats was evaluated with
new object recognition test (NORT) and spatial memory was evaluated with Morris water
maze (MWM) test. At the end of the study, rats were euthanized and hippocampal tissue
homogenates were obtained. Hippocampal BDNF and ACh levels were determined by
ELISA method.
Results: Exposure to CRS did not significantly change the exploratory behavior and
discrimination index of rats (p > 0.05). In the test phase in which spatial memory was
evaluated, CRS decreased the time spent in the target quadrant (p > 0.01). There was
no significant difference between days in the training phase. CRS significantly decreased
BDNF level in hippocampus (p > 0.05). Hippocampal ACh levels were not statistically
significant (p > 0.05).
Conclusions: CRS weakened cognitive functions in rats. This effect was mainly accompa-
nied by a decrease in hippocampal BDNF levels. Our findings point to the potential role of
BDNF in understanding the molecular mechanism of CRS-induced cognitive impairment.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Stress is a necessary and important mechanism for living
things at the physiological level. However, the constant
stress experienced by modern humans has devastating ef-
fects on the organism. One of the processes that are signif-
icantly affected by the destructive effects of stress is learn-
ing and memory performance. Chronic stress has been re-
ported to cause atrophy and dysfunction in the frontal cor-
tex, hippocampus and some other areas of the brain. [1].
High cognitive functions such as learning and memory can
be negatively affected by chronic stress. Importantly, the
hippocampus, which is among the limbic brain regions, has
been reported to be susceptible to the detrimental effects
of stress [2]. In a previous study, it was reported that pro-
longed exposure to stress reduces long-term potentiation
(LTP) in the hippocampus, characterized by impairments
in neurogenesis, spatial learning, and working memory [3].
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Chronic restraint stress (CRS) is one of the most common
experimental models of psychoemotional stress. In CRS,
animals are placed in an unavoidable stress environment,
resulting in structural and functional changes associated
with learning and memory impairment [4]. In a previous
report, CRS was reported to reduce cell proliferation and
expression of brain-derived neurotrophic factor (BDNF)
in rat hippocampal tissue [5]. BDNF is an important neu-
rotrophin that plays a pivotal role in synaptic plasticity.
CRS has been reported to reduce BDNF levels of the hip-
pocampus in different physiological conditions [6]. In addi-
tion, chronic stress has been reported to cause shrinkage of
the dendrites of hippocampal CA3 and dentate gyrus neu-
rons, and loss of spines in CA1 neurons [7]. On the other
hand, there is evidence showing that CRS may cause neu-
ronal dysfunction and cell damage in the hippocampus via
the cholinergic system [8].

Cholinergic synapses have a widespread anatomical dis-
tribution in the central nervous system. Localization in
the striatum and neocortex, especially in the limbic sys-
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tem including the hypothalamus, suggests that cholinergic
transmission has critical importance on learning, memory,
attention and cognitive functions [9]. Acetylcholine (ACh)
is an important neurotransmitter functional in the basal
ganglia cortex and basal forebrain. An increase in ACh
release in the hippocampus has been reported after acute
stress [10]. Moreover, a previous study has shown that in-
creased acetylcholinesterase (AChE) levels cause memory
impairment [11]. Taken together, these findings support
the hypothesis that CRS may cause cognitive impairment
by affecting hippocampal neurochemistry. However, the
molecular and behavioral mechanism of the effect of CRS
on memory performance is not clear.
The aim of this study was to examine the effects of CRS
exposure on young adult rats on recognition memory, spa-
tial memory, hippocampal ACh and BDNF levels.

Materials and Methods
Animals
Female Wistar albino rats (12 weeks old) were purchased
from Karadeniz Technical University Surgical research
center (Trabzon, Turkey). 16 rats were divided into 2
groups (n=8). Groups were formed as 1) control, 2)
chronic restraint stress (CRS). Rats were housed in labo-
ratory conditions standardized for temperature (23±1 °C,
50±5% humidity) and light (12 h light/dark cycles). Food
and water restrictions were not applied except for the CRS
protocol. Ethics committee approval of the study was ob-
tained from the Animal Experiments Local Ethics Com-
mittee of Recep Tayyip Erdogan University.

Restraint stress protocol
After one week of adaptation to housing conditions, the
CRS paradigm was applied to rats randomly divided into
two groups of similar weights. The restraint stress appa-
ratus is made of plexiglass with the dimensions of 23 x 6.5
x 6.5 cm. Stress protocol modified from a previous study
(12). Accordingly, CRS was applied for 5 hours every day
for 21 days. During the stress period, food restriction was
applied to all groups. Rats were returned to their normal
cages after restraint stress.

New object recognition test (NORT)
NORT was modified from previous studies (13). A black
platform made of plexiglass with the dimensions of 90 x
90 x 45 cm was used in the experiment. The experiment
was performed on three consecutive days. Accordingly, in
the 1st day session (habit), rats were placed on the plat-
form for 5 minutes and allowed to acclimate. On day 2,
rats were allowed to explore the same two objects placed
on the platform for 5 minutes. On day 3 (test session),
one of the familiar objects was replaced with a new ob-
ject and the rats were allowed to explore the objects for 3
minutes. Discovery of an object was defined as approach-
ing the object in the range of 0-1 cm. Before each test,
the objects and platform were cleaned of previous animal
remains (urine, etc.) with 70% ethanol. The tests were
carried out daily between 14:00 and 17:00. Cognitive be-
haviors were recorded with the ANY maze program (ANY
maze 5.2, Dublin / Ireland).

Morris water maze test (MWM)
The test protocol used in the study was modified from our
previous study (13). In this experiment, a water pool with
a diameter of 150 cm was divided into 4 equal quadrants.
The rats’ escape platform (15 cm diameter) was placed at
the midpoint of the target quadrant. The water in the
tank was adjusted to the ideal temperature (25±2 °C).
On the first day of the experiment, rats were floated for
60 seconds to reach the platform placed 1 cm above the
water. The rats that found the platform were allowed to
stay there for 30 seconds. The water was made opaque
on the first day of the learning trials. Next, the platform
was lowered 2 cm underwater. Then, the rats were left
in the water 3 times a day for 4 days and waited to find
the platform. The time taken to locate the platform was
determined as the escape latency. On the test day (day
5), the platform was removed from the water and the time
spent by the rats in the target quadrant, average velocity
and the number of quadrant entries were recorded with
the software program.

Measurement of BDNF and ACh levels in the hippocampus
At the end of the experiment, rats were euthanized un-
der high-dose anesthesia (ketamine and xylazine), and the
hippocampus was dissected on a cold platform and stored
at -80 C. At the analysis stage, the hippocampus tis-
sues were thawed under appropriate conditions and ho-
mogenates were prepared. Briefly, cold PBS (phosphate
buffered saline, pH:7.4) was added to the hippocampus at
2 times the tissue weight. Afterwards, the samples were
homogenized with a 30 Hertz/5 minutes (min) homoge-
nizer. Then, the supernatants were collected by centrifu-
gation at 3600 rpm for 15 minutes at +4 °C. BDNF and
ACh levels in hippocampal homogenates were measured
using rat-specific ELISA kits according to the manufac-
turer’s instructions (Elabscience, Texas, USA).

Statistical analysis
SPSS 24.0 (IBM Corp., Armonk, NJ, USA) and GraphPad
Prism 8 (GraphPad Software Inc., La Jolla, CA, USA)
software programs were used for statistical analysis and
generation of graphics. Data are given as mean standard
error (± SEM). The normality of the data distribution
was evaluated with the Shapiro Wilk test. Then, Mann
Whitney-U test was used for pairwise comparisons. P <
0.05 was considered significant.

Results
Effects of CRS on recognition memory
The exploratory behavior and discrimination ratio of rats
are shown in Figure 1. There was no difference between
the groups in the training session with two identical ob-
jects. Similarly, in the test session in which a familiar
object was replaced with a new object, the total time
rats spent recognizing both objects were not significant
between groups (Fig 1A, p > 0.05). On the other hand,
although there was a moderate increase in the discrimina-
tion ratio in stress group rats, this value was not significant
(Fig 1B, 0.21±0.03, 0.26±0.01, p > 0.05). These results
indicate that CRS had no significant effect on exploratory
behavior and discrimination ratio in rats.
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Figure 1. Effect of CRS on exploratory behavior and
discrimination ratio in rats. Data are presented as SEM
(n=8). Abbreviations: CRS; chronic restraint stress.

The effect of CRS on spatial learning and memory func-
tions
Spatial memory tests of rats were evaluated by MVM. As
shown in Figure 2A, we found that in the memory test
session on day 5, the time spent by the stress group in
the target quadrant was significantly reduced compared
to the control (p<0.01). This result indicates that CRS
weakens memory performance. As another finding, no sig-
nificant difference was found between the mean velocities
of the groups (Fig 2B, P>0.05). On the other hand, we ob-
served that the number of entry into the target quadrant
of the stress group rats was lower than the control (Fig
2C, p<0.01). In addition, although there was a moderate
increase in the escape latency of the stress group on the
2nd day of the training trials on consecutive days, these
values were not statistically significant (Fig 2D, p>0.05).

The effect of CRS on BDNF levels in the hippocampus
In this study, we evaluated BDNF levels in homogenates
prepared from hippocampus tissues by ELISA method. As
seen in Figure 3, BDNF levels in rats exposed to 5 hours
of restriction per day for 21 days were found to be signif-
icantly lower in the stress group compared to the control
(4.323 ± 0.49, 5.472 ± 1.14, P<0.05, respectively).

The effect of CRS on ACh levels in the hippocampus
ACh content was analyzed in rat hippocampal tissue ho-
mogenates to further evaluate the potential effects of CRS.
Accordingly, a moderate decrease in ACh level was ob-
served in stress group rats compared to the control group
(207.6 ±35.8, 171.8±38.9, respectively). However, this dif-
ference was not statistically significant (Fig 4, p>0.05).

Discussion
In the present study, we examined the potential effects
of CRS on cognitive behaviors, neuronal plasticity and
cholinergic system in young adult rats. We used NOR
and MWM tests to investigate whether CRS can affect
cognitive functions such as learning and memory. Object
exploration time in the NOR test did not differ signifi-
cantly in both sessions. Moreover, there was no difference
between the groups in terms of discrimination ratio. Our
results showed that CRS did not affect the discrimination
ratio. However, a recent study has shown that restraint

Figure 2. Effect of CRS on learning and memory
functions in rats. Data are presented as SEM (n=8).
**p<0.01. Abbreviations: CRS; Chronic restraint stress.

Figure 3. The effect of CRS on hippocampal BDNF levels
in rats. Data are presented as SEM (n=8). *p<0.05. Ab-
breviations: CRS; Chronic restraint stress, BDNF; Brain-
derived neurotrophic factor.
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Figure 4. The effect of CRS on hippocampal acetyl-
choline levels in rats. Data are presented as SEM (n=8).
Abbreviations: CRS; Chronic restraint stress.

stress for seven days reduces the discrimination index [14].
The variable results in the NOR test suggested that it may
be related to the duration of exposure to stress and age.
On the other hand, in the MWM test, in which spatial
memory was evaluated, it was determined that the time
spent in the target quadrant of the stress group rats was
less than that of the control. This result points to the
role of CRS in the deterioration of spatial memory. Simi-
larly, CRS reduced the number of rats entering the target
quadrant. In a previous study, it was reported that CRS
caused a longer escape latency in acquisition trials and sig-
nificantly reduced the time spent in the target quadrant
in the test phase [15]. In another study, it was reported
that spatial memory was impaired in MWM tests of male
rats exposed to restraint stress for three hours a day for
14 days [16]. Taken together, the present results revealed
that exposure to prolonged restraint stress could poten-
tially impair spatial memory in rats.

It has been stated that chronic stress generally impairs
various hippocampal-dependent memory tasks. Experi-
mental studies have revealed that stress alters the synaptic
plasticity and firing patterns of hippocampal neurons [17].
The hippocampus is an important limbic structure where
brain functions such as learning and memory are regu-
lated. BDNF is a neurotrophin widely expressed in the
hippocampus and cortex [18]. Neuronal and glial cell de-
velopment, synaptic plasticity, memory functions and neu-
roprotective effects of BDNF have been reported [19]. In
a previous study, CRS was shown to cause cognitive im-
pairment by reducing hippocampal BDNF expression [20].
In another study, it was reported that acute stress as well
as chronic stress caused a significant reduction in BDNF
mRNA in the hippocampus [21]. Consistent with the
MWM test results, we found that CRS exposure for 21
days significantly reduced the level of BDNF in the hip-
pocampus of rats. In a previous study, it was reported that
intrahippocampal BDNF infusion in rats prior to chronic
restraint stress protocol may protect against deficits in
learning and memory in MWM and long-term potentia-

tion [22]. Taken together, these results point the role of
BDNF in explaining the molecular mechanisms underlying
the cognitive impairment caused by CRS.
Chronic stress has been associated with Alzheimer’s dis-
ease (AD), a neurodegenerative disease due to its effects
on neuronal atrophy and synaptic degeneration [23]. It
is known that cholinergic insufficiency plays an important
role in the etiology of AD. Therefore, examining the poten-
tial relationship between chronic stress and cognitive im-
pairment remains important. We observed that restraint
stress for 21 days moderately reduced the hippocampal
ACh level, but this result was not statistically significant.
In a previous study, it was shown that two hour restraint
stress markedly increased ACh levels in the hippocampus,
but ACh returned to baseline after one hour [24]. In ad-
dition, Masuda et al. reported that restraint stress for
one hour a day for 4 days caused a significant increase
in ACh release in the hippocampus of female rats [25].
Variable results in hippocampal ACh levels have been as-
sociated with difference in duration of stress exposure. On
the other hand, in a recent study, it was shown that the
level of AchE increased in the brain tissue of rats admin-
istered with CRS for 4 hours a day for 28 days [26]. AchE
level could not be measured in this study. Therefore, we
suggest investigating the effect of CRS on AchE enzyme
activity in future studies.

Limitations

We state that our study has some limitations. In fact, we
have potential questions for understanding the molecular
mechanism of cognitive impairment caused by CRS. How-
ever, in the presented study, we focused on the effect of
CRS on cognitive behavior and hippocampal BDNF and
ACh levels. Therefore, we suggest that future studies in-
vestigate the effects of CRS on markers of hippocampal
neuroplasticity.

Conclusion
In this study, we examined the potential effects of CRS on
memory functions. The results of the study showed that
CRS reduced the level of BDNF in the hippocampus and
impaired spatial memory. We suggest that BDNF may
be a potential target for the prevention of CRS-induced
learning and memory impairments.

Ethical approval
Ethics committee approval of the our study was obtained
from the Animal Experiments Local Ethics Committee of
Recep Tayyip Erdogan University.
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