
Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Long term treadmill exercise performed to chronic social isolated rats
regulate anxiety behavior without improving learning
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A B S T R A C T

Aim: The type and duration of exposure to stress is an important influence on emotional and cognitive functions.
Learning is the adaptive response of the central nervous system that occurs in hippocampus which affects from
environmental factors like exercise. In this study, we investigated effects of long term treadmill exercise on
learning and behavior on chronic social isolated rat.
Main methods: Male Wistar rats (n=32) randomly assigned into four groups: control, exercised, social isolation,
social isolation+ exercise during postnatal days (PNDs) 21–34. Social isolation protocol was applied during
14 days by placing rat in a cage one by one. Rats were exercised during 5 days, days were chosen randomly for
overall 4 weeks (20, 30, 50, 60min respectively). Finally, learning performance was evaluated by Morris water
maze (MWM). Anxiety behavior was evaluated by Open field and elevated plus maze test. At the end of learning
and behavior tests, the rats were decapitated to collect blood samples via intracardiac puncture and corticos-
terone analysis was performed with ELISA method.
Key findings: Animal weights and water consumption did not change significantly but food intake differed
among groups. Corticosterone level did not change between groups. The frequency of entering to the target
quadrant increased in exercised rat significantly. However, there was no difference in learning and memory in
rats. Treadmill exercise reduced anxiety behavior significantly.
Significance: Taken together these findings may point out that, long term treadmill exercise did not change
learning and memory but reduced anxiety level of rat without changing corticosterone level.

1. Introduction

Stress causes acute or chronic changes to the situations that per-
ceived as a threat against to the organism [1]. Lots of study attempted
to clarify the relationship between stress and cognitive functions. Sev-
eral physiological systems can affected from stressors that cause a stress
response and cognitive functions impairments in people. Especially the
hypothalamic-pituitary-adrenal (HPA) has a significant role, with the
activation of the HPA, adrenocorticotrophic hormone (ACTH) stimu-
lates the adrenal glands in humans and rats. That release from the pi-
tuitary gland can cause increase in blood levels of cortisol and corti-
costerone hormones. This hormone is also known as a stress hormone
(glucocorticoids), and adopts the body against to stress. Glucocorticoids
diffuse through the blood - brain barrier easily, bound to glucocorticoid
receptors in the brain, and affect the hippocampus, which identified
one of the important brain structures [2].

Social isolation stress has been shown to cause adverse effects in
postnatal period where the hippocampus development still exists. 3.

Postnatal week is a critical period for the development of the hippo-
campus and chemicals secreted endogenously during this period affect
the structural development [3]. Enrichment occurred during the post-
natal period, especially in the first 3 weeks are known to enhance
cognitive function [4]. Environmental enrichments like social interac-
tions and exercise can adverse the diminished effects of stress on
learning/memory and behavior. In recent years, studies that examine
the potential impact of the particular exercise on the learning/memory
and anxiety level have increased significantly [5].

Several studies indicated that exercise improves mental state, in-
creases the neuronal survival and improves resistance against brain
insults [6]. It has been suggested that the regular physical exercise
could be able to reduce the HPA axis response to stress, decreasing HPA
axis activity and serum glucocorticoid concentration. Physical exercise
also has antidepressant effect through the increase in the brain-derived
neurotropic factor (BDNF) [7]. One of the important questions about
exercise is to define the effects of type, intensity and duration, which is
the most effective on cognitive processes. Although there are human
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and rat experiments that mention this question, there are still contra-
dictions about it [5]. Low and moderate exercise improves up regula-
tion of BDNF that stimulates neurogenesis, increase resistance to brain
insult and improve learning and mental performance [8]. Also we have
known that the behavioral effects of isolation rearing on rats can
ameliorated by the antipsychotic drugs [9]. The regular physical ex-
ercise also shows an anti-depressant effect similar to that observed in
anti-depressant drugs [10,11]. All of these researches support that ex-
ercise is also known to contribute to healthy aging and correlated with
better mental health, including fewer symptoms of both anxiety and
depression [12].

In the present study, we investigated the effect of long term tread-
mill exercise on learning and memory function by MWM and anxiety
behavior was evaluated by open field and elevated plus maze tests in
chronic social isolation stressed rats. Blood samples were collected for
corticosterone level and were detected with ELISA method.

2. Materials and methods

2.1. Animals

Experimental procedures were performed accordance with the
Mersin University of Health Guide for Care and Use of Laboratory
Animals and were approved by the University of Mersin Institutional
Animal Care and Use Committee. Male Wistar rats (n=32) 3 weeks old
were acclimatized to the laboratory conditions during 8 days and ex-
posed to an inverse 12-h light/dark cycle at ambient temperature of
21 ± 1 °C. After the acclimatization period, male rats were randomly
divided into 4 groups (n=8): control (C), exercise (E), social isolation
stress (SI), social isolation stress+ exercise (SE). The food and water
were offered ad libitum. The weight of the animals was determined
weekly while food and water intake were determined daily. Total time
of experimental procedure was 8 week (Fig. 1).

2.2. Social isolation procedure

The animals in the SI and SE group were socially isolated (1 rat/
cage) in cage with dimensions 25×42×15 cm for 8 weeks, while the
non-stressed controls remained in group housing during the same
period. Every day rats were exposed stress between 08:00–14:00 for 6 h
in a separate room after completed their social isolation rats spent the
rest of the day were in standard rat cages.

2.3. Exercise procedure

After 14 isolated days, for physical exercise procedure, treadmill
apparatus was used. The running motivation of the animals was en-
hanced by direct current shock (0.1–0.15mA) at the lane terminal of
treadmill [18]. Rats were exercised during 5 days, days were chosen
randomly for overall 4 weeks. Every day exercise procedure began
14:00, between 08:00–14:00 social isolation protocol was continued
(SI, SE). The running time in exercise groups were increased progres-
sively through 4weeks. First week duration of exercise was 20min,
second week 50min, third week 50min and last week 60min. After
exercise protocol learning performances were evaluated by Morris
water maze and for anxiety behavior, elevated plus maze and open field
were used.

2.4. Morris water maze

A circular stainless steel tank (∅ 1.5 m; depth 0.6 m) was used in
the MWM test. The tank was filled with water to a depth of 50 cm. The
water and room temperature were adjusted to 22 ± 1 °C. We used very
prominent spatial cues including geometric shapes. In the tank, there
was a circular platform (∅ 15 cm) which used by rats for escape from
water. A camera above the tank was used to record the swimming track
of the rats. Behavioral data were recorded and analyzed by a computer
installed with a visual analyzing system (EthoVision, Noldus
Information Technology, Wageningen, NL). All experiments were

Fig. 1. Schedule of experimental protocol. It demonstrates all the weeks and processes during experiment.

O.S. Cevik et al. Life Sciences 200 (2018) 126–133

127



https://isiarticles.com/article/113293

