Journal of

Applied Health Studies in Sport Physiology

Azarbaijan Shahid Madani University

EST,: 1988
JAHSSP http://jahssp.azaruniv.ac.ir
opsu@nccass Original Article

The Effect of 8 Weeks of Aerobic Exercise on Serum Levels of Anti-Inflammatory
Cytokines IL-4 and IL-10 and Cognitive Function in Male Rats with Alzheimer's
Disease

Shiva Rajabi!""“', Bohloul Ghorbanian2 """ Simin Namvar Aghdash 3

Receive 2025 October 23;  Accepted 2026 January 19

Abstract

Aim: Alzheimer's disease is one of the most common neurodegenerative disorders,
characterized by amyloid-beta accumulation, neuroinflammation, and cognitive decline.
Neuroinflammation, mediated by the activation of microglia and the release of pro-
inflammatory cytokines, plays a key role in disease progression. Aerobic exercise, as a non-
pharmacological intervention, can effectively improve brain function by modulating immune
responses and increasing anti-inflammatory cytokines. The aim of the present study was to
investigate the effect of eight weeks of aerobic exercise on serum levels of Interleukin-4 (IL-
4) and Interleukin-10 (IL-10) and cognitive function in a rat model of Alzheimer's disease
induced by scopolamine. This study is the first to show that aerobic exercise can
simultaneously increase two key anti-inflammatory cytokines, IL-4 and IL-10, thereby
restoring immune balance in favor of an anti-inflammatory and neuroprotective environment cation Science, Azarbaijan
in an Alzheimer's disease model. Methods: Thirty male Wistar rats were randomly assigned Shahid Madani University,
to three groups: healthy control, Alzheimer's, and Alzheimer's with aerobic exercise. In the Tabriz, Iran

Alzheimer's groups, an Alzheimer's-like model for inducing memory and learning 9
impairment was created via intraperitoneal injection of scopolamine (3 mg per kg of body

weight) for 14 days. The exercise group trained on a treadmill for eight weeks (five sessions

per week), with weekly gradual increases in both speed and running duration. After the

y of Psychology and

Associate Professor of
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intervention, cognitive function was assessed using the Morris water maze test, and serum Sciences, Faculty of
levels of IL-4 and IL-10 were measured by ELISA. Results: The results showed that aerobic Psychology and Education
exercise led to a significant increase in the levels of IL-4 and IL-10 in the trained Alzheimer's Science, Azarbaijan Shahid
group (p<0.05), and the cognitive function of these animals improved compared to the non- Madani  University, Tabriz,

trained Alzheimer's group (p<0.001). Conclusion: Aerobic exercise, by increasing anti-

inflammatory cytokines and improving cognitive function, can be used as an effective non- Iran.

pharmacological strategy to reduce neuroinflammation and protect the brain against 3. Assistant Professor,
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Effects of Two Intensities of Combined Resistance—Aerobic Training ... 02

Extended abstract
Background

Alzheimer’s disease (AD) is the most prevalent form of dementia in older adults, accounting for nearly 70% of dementia
cases worldwide. It is characterized by progressive cognitive decline, memory impairment, and behavioral disturbances,
resulting in substantial psychological, social, and economic burdens. Neuropathologically, AD is defined by extracellular
amyloid-f plaque accumulation, intracellular hyperphosphorylated tau tangles, synaptic dysfunction, and neuronal loss.
Recent evidence indicates that neuroinflammation plays a central role in the initiation and progression of AD. Chronic
activation of microglia and astrocytes leads to excessive release of pro-inflammatory cytokines such as IL-1p, IL-6, and
TNF-a, which exacerbate oxidative stress, impair synaptic plasticity, and disrupt the blood—brain b “%n contrast, anti-
inflammatory cytokines, including interleukin-4 (IL-4) and interleukin-10 (IL-10), exert nedroprotecti ffects by
regulating immune responses and maintaining neural homeostasis. Given the limitations of phal

aerobic exercise on serum levels of IL-4 and IL-10, as well as spatial memory pe
scopolamine-induced Alzheimer’s disease.

Methodology

Thirty adult male Wistar rats (8 weeks old, 250-300 g) were randq
Alzheimer’s disease group receiving scopolamine (SCO), and Alzhei
(SCO+T). Alzheimer-like cognitive impairment was induced by4
for 14 consecutive days, while the control group received no
eight weeks, five sessions per week, using a motorized treadmiill. Each training session consisted of a warm-up, a main
exercise phase, and a cool-down, with running speed gra eased from 10 to 20 m/min and duration from 10 to
30 minutes over the intervention period. Spatial learning assessed at the end of the protocol using the
-4 and IL-10 concentrations using ELISA kits.

hly a o thrée groups: healthy control,
erf disease group undergoing aerobic training

pneal injeétion of scopolamine (3 mg/kg/day)

ut the study period. Body weight was recorded at the beginning
amiliarization period and throughout the intervention, animals

minutes at reduced speed).

minimizing stress.

Statistical analysis

Data were expressed as mean + standard deviation. Normality of data distribution was confirmed using the Shapiro—Wilk
test. One-way analysis of variance (ANOVA) was used to examine differences among groups, followed by LSD post hoc
tests for pairwise comparisons. Statistical analyses were performed using SPSS software (version 27), and significance
was set at p < 0.05.

Results
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The results revealed significant differences among groups in serum IL-4 levels (F(2,18)=1558.97, p<0.001). Scopolamine
administration significantly reduced IL-4 levels compared with the control group (p<0.001), whereas aerobic training
significantly increased IL-4 concentrations in the SCO+T group compared with the untrained Alzheimer’s group
(p<0.001). Similarly, IL-10 levels differed significantly among groups (F(2,18)=237.60, p<0.001). Rats in the
Alzheimer’s group exhibited significantly lower IL-10 levels than controls (p<0.001), while aerobic exercise significantly
elevated IL-10 levels relative to the SCO group (p<0.05). Behavioral assessments showed significant improvements in
spatial memory performance in the trained Alzheimer’s group. Escape latency and traveled distance in the Morris water
maze were significantly reduced in the SCO+T group compared with the SCO group (F(2,18)=90.68, p<0.001).

Conclusion

The present study demonstrated that eight weeks of acrobic exercise significantly increased seru
and improved spatial memory in rats with scopolamine-induced Alzheimer’s disease. These fin
exercise attenuates neuroinflammation by enhancing anti-inflammatory immune res
neuroprotective mechanisms. Consequently, aerobic training may represent a promisin
for mitigating cognitive decline and neurodegenerative processes associated with Al

Article message

Aerobic exercise alone significantly enhances anti-inflammatory cytokine res i ognitive performance

findings highlight the potential role of regular aerobic activity as amiz
Alzheimer’s-related cognitive decline. Further studies are requir 3 ing molecular mechanisms and to
confirm these effects in human populations.
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