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Introduction and Purpose: In recent years, the effect of aerobic exercise on brain
neurotransmitters, particularly GABA and serotonin, has gained significant attention.
However, the difference in the effects of voluntary and forced aerobic exercises on
these neurotransmitters remains challenging. The present study aimed to investigate
the effects of two types of aerobic exercise, voluntary (swimming) and forced
(treadmill), on the levels of GABA and serotonin neurotransmitters in the hippocampus
of male rats.

Materials and Methods: This applied study was conducted as an experimental design.
Twenty-four male Wistar rats were randomly divided into two experimental groups
and one control group. The aerobic exercise groups performed forced treadmill running
and voluntary swimming exercises for 4 weeks, 5 sessions per week. Forty-eight hours
after the last exercise session, the rats were anesthetized, and tissue sampling was
performed. The levels of GABA and serotonin neurotransmitters were measured using
the western blot method. Data were analyzed using SPSS software and one-way
ANOVA.

Results: The results showed a significant decrease in serotonin levels between the
control group and the forced aerobic exercise group (treadmill) (P<0.04). However, no
significant difference was observed in serotonin levels between the voluntary aerobic
exercise group (swimming) and the control group (P>0.25). Additionally, no
significant differences were found between the research groups regarding GABA
levels (P<0.09).

Discussion and Conclusion: Four weeks of forced aerobic exercise (treadmill) led to
an increase in serotonin neurotransmitter levels in the hippocampus of male rats but
did not affect GABA levels. Moreover, voluntary aerobic exercise (swimming) did not
result in significant changes in the levels of GABA and serotonin neurotransmitters in
the hippocampus of male rats. Therefore, forced aerobic exercise (treadmill) could be
utilized to increase serotonin levels in male rats.

Key Words: Voluntary aerobic training; Forced aerobic training; Swimming exercise;
Neurotransmitter; hippocampus.


http://sbs.hsu.ac.ir/
https://www.hsu.ac.ir/
mailto:0000-0003-1183-9517
https://www.hsu.ac.ir/
mailto:https://orcid.org/0000-0003-1183-9517
https://www.hsu.ac.ir/
mailto:https://orcid.org/0000-0002-7999-4292
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/

50 Journal of Sport in Biomotor Sciences, Volume 16, Number 32, 2024-2025

Extended Abstract

1. Introduction and Purpose

In recent years, numerous studies have examined the
effects of aerobic exercise on cognitive function and
brain neurotransmitters. Gamma-aminobutyric acid
(GABA) and serotonin, known as key regulators of the
central nervous system, play essential roles in mood
modulation, memory, and the regulation of neural
activity. Imbalances in the levels of these
neurotransmitters are associated with various
psychological and cognitive disorders, such as
depression and anxiety. Research has shown that
aerobic exercise can alter the levels of these
neurotransmitters and lead to improvements in brain
function and mood.

However, the difference between the effects of
voluntary and forced aerobic exercise on GABA and
serotonin levels has not been fully elucidated. In
voluntary exercise, animals or humans engage in
physical activity based on their internal motivation,
whereas forced exercise follows predetermined
protocols that are externally controlled. This
distinction may have various effects on changes in
neurotransmitter levels. Therefore, the present study
aimed to investigate and compare the effects of two
types of aerobic exercise—voluntary (swimming) and
forced (treadmill)—on GABA and serotonin levels in
the hippocampus of male rats. This research could
provide new insights into the application of aerobic
exercise in enhancing brain function and preventing
neurological disorders.

2. Materials and Methods

The present study was conducted experimentally using
a developmental design with three groups (two
experimental and one control group). Twenty-four 8-
week-old male Wistar rats, with an average weight of
180 + 10 grams, were purchased from the Pasteur
Institute of Iran and randomly divided into three
groups: voluntary aerobic exercise (swimming),
forced aerobic exercise (treadmill), and control. After
a two-week acclimatization period, the rats were kept
under standard conditions (temperature 22 + 2°C,
humidity 50 + 5%, and a 12:12 light/dark cycle).

The voluntary aerobic exercise protocol involved the
rats swimming for 4 weeks, 5 sessions per week, and
30 minutes per session in a pool with a temperature of
32°C. In the forced aerobic exercise protocol, the rats,
after a familiarization period, performed treadmill
running for 4 weeks, 5 sessions per week, at varying
speeds (from 20 to 30 meters per minute). The
duration of exercise in this group gradually increased
from 25 minutes in the first week to 35 minutes in the

last week. Forty-eight hours after the completion of the
exercise protocols, the rats were anesthetized, and
their hippocampi were collected for the evaluation of
GABA and serotonin levels. The hematoxylin and
eosin staining method was used to examine
histopathological changes. Additionally, GABA and
serotonin levels were measured using the Western blot
technique. Data were analyzed using one-way analysis
of variance (ANOVA) and Tukey's post hoc test in
SPSS version 23, with a significance level of P<0.05.
3. Results

The statistical analysis of the present study showed a
significant difference in serotonin levels between the
experimental and control groups. Specifically, the
results of one-way ANOVA demonstrated a
significant decrease in serotonin levels between the
control group and the forced aerobic exercise group
(treadmill) (P=0.05). These findings indicate that
forced aerobic exercise led to a significant reduction
in serotonin levels in the hippocampus of male rats.
However, the comparison between the control group
and the voluntary aerobic exercise group (swimming)
did not show a significant difference in serotonin
levels (P=0.25), suggesting that voluntary exercise had
no marked effect on either increasing or decreasing
serotonin levels.

Regarding GABA levels, the results of ANOVA
showed no significant difference between the
experimental groups (voluntary and forced) and the
control group (P=0.09). Although it was observed that
voluntary aerobic exercise (swimming) somewhat
increased GABA levels in the hippocampus, these
changes were not statistically significant.
Furthermore, the results of hippocampal imaging
using hematoxylin and eosin staining in male rats
indicated signs of neurogenesis in the voluntary
aerobic exercise group (swimming). These changes
suggest that voluntary physical activity may lead to the
growth of new neurons in the hippocampus, which
could potentially have positive effects on brain
structure and function.

4. Conclusions

The present study investigated the effects of two types
of aerobic exercise—forced (treadmill) and voluntary
(swimming)—on GABA and serotonin levels in the
hippocampus of male rats. The results showed that 4
weeks of forced aerobic exercise (treadmill)
significantly decreased serotonin levels in the
hippocampus. This finding aligns with studies
suggesting that forced exercise increases serotonergic
system activity and may lead to improvements in
mood and cognitive function associated with exercise.
In contrast, voluntary aerobic exercise (swimming)



51 aerobic exercise and levels of GABA and serotonin neurotransmitters / Shabkhiz and et al

did not significantly affect serotonin levels. This lack
of change may be due to the lower intensity or self-
regulation of exercise intensity by the animals, leading
to an insignificant effect on serotonin levels.
Additionally, no significant changes in GABA levels
were observed in either exercise group (forced and
voluntary). These findings suggest that the exercise
interventions used in this study may not have been
sufficient to stimulate significant changes in the
GABAergic system. However, the absence of changes
in GABA does not necessarily indicate a lack of
positive adaptations, as exercise can enhance other
aspects of brain physiology, such as neurogenesis and
synaptic plasticity.

Overall, this study suggests that forced aerobic
exercise can be an effective tool for decreasing
serotonin levels in the hippocampus, but voluntary
aerobic exercise may require greater intensity and
duration to induce similar changes. Future studies
should aim to determine the optimal intensity and
duration for impacting brain neurotransmitters and
their associated mechanisms.
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