"H
!
o

/
// University of Tehran Press

#

The Effect of Complex Wheel Running on Hippocampal Histology and Memory
Function in Rats Model of Alzheimer's Disease

Nadia Tajevanchi'™

Journal of Sport Biosciences b

Online ISSN: 2676-4148

, Rasoul Hashemkandi Asadi®?
Farzad Zehsaz 4

, Roghayeh Poozesh Jadidi 3/,

1. Department of Exercise Physiology, Tabriz Branch, Islamic Azad University, Tabriz, Iran. E-mail:_NadiaTajavanchi@gmail.com
2. Corresponding Author, Department of Exercise Physiology, Tabriz Branch, Islamic Azad University, Tabriz, Iran.
E-mail: r_hashemkandi@yahoo.com

3. Department of Exercise Physiology, Tabriz Branch, Islamic Azad University, Tabriz, Iran. E-mail: poozesh2016@gmail.com
4. Department of Exercise Physiology, Tabriz Branch, Islamic Azad University, Tabriz, Iran. E-mail4: f-zehsaz@iaut.ac.ir

Article Info

ABSTRACT

Avrticle type:
Research

Avrticle history:
Received:

5 December 2023
Received in revised form:

20 February 2024
Accepted:

17 May 2024
Published online:

22 August 2024

Keywords:

Alzheimer's Disease,
Complex Wheel Running,
Memory Function,
Hippocampus Histology.

Introduction: This study aimed to investigate the effect of running on a complex
running wheel on hippocampus histology and memory function in rats model of
Alzheimer's disease.

Methods: 24 rats were randomly selected and divided into three control (C),
Alzheimer's control (AC), and Alzheimer's + complex wheel training (AT). To
induce Alzheimer's disease in Alzheimer's groups, a mixture of ketamine (60 mg/kg)
and xylazine (8 mg/kg) was injected into the hippocampus of rats. The AT group ran
for 12 weeks on a complex running wheel, while the control groups (C and AC) were
kept in cages for 12 weeks and did not participate in any training. In this research,
the Tmaz test was used to test the spatial memory of rats. To analyze the data, a one-
way analysis of variance was used at a significance level of 0.05.

Results: The results showed that running training has a significant effect on the
hippocampal neuron density of rats. AT group showed higher neuron density than
the C group. However, running training did not have a significant effect on the
thickness of the hippocampal pyramidal layer of rats in the AT group, also, the
difference between the AT and AC groups was not significant.

Conclusion: Running activity can increase the overall neuronal density of the
hippocampus and thus help improve memory function in Alzheimer's patients.
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E'xtended Abstract

Introduction

The cerebral cortex and hippocampus are closely related
to cognitive function and neurogenesis in the brain.
Amyloid beta and tau proteins are related proteins in
Alzheimer's  disease. In  Alzheimer's disease,
neurodegeneration occurs due to the accumulation of
two abnormal proteins, amyloid beta, and tau, in the
brain. A characteristic feature of Alzheimer's disease is
the excessive formation or reduced removal of amyloid
beta. Microscopically and pathologically, Alzheimer's
disease is described as extracellular accumulation of
senile plaques in addition to intracellular accumulation
of fibrillary tangles in different parts of the brain,
especially in the hippocampus. In old age, the
hippocampus is affected by cognitive decline, which is
also seen in neurological disorders such as Alzheimer's
disease. Although hippocampal degeneration is also
seen in other neurological diseases such as dementia, its
severity is significantly greater in Alzheimer's disease.
An active lifestyle may potentially delay cognitive
decline and the onset of dementia in individuals at high
genetic risk by targeting Alzheimer's disease risk factors
before or during the preclinical stage. In previous
research, the question that is raised is whether physical
activity can affect the neuronal density of the
hippocampus and its pyramidal layer, and thus affect
memory function.

Methods

The method of the present research is experimental and
practical and was carried out in a laboratory research
design. The statistical population of this research project
includes 24 adult male Wistar rats from the Research
and Reproduction Center of Laboratory Animals of
Pasteur Institute and transferred to the Research Center
of the Shahid Madani University of Azerbaijan. After
selection and familiarization with the training protocol,
the animals were randomly divided into three control
(C), Alzheimer's control (AC), and Alzheimer's +
complex wheel running training (AT) groups. The
training group performed 12 weeks of training and the
control groups were kept in cages for 12 weeks and did
not participate in any training. To ensure the induction
of Alzheimer's disease, shuttle box tests were used.
Also, in this research, the TMAZ test was used to test
the spatial memory of rats. The TMAZ test is a cognitive
test that proves the final effectiveness of training. Rats
were induced into deep anesthesia by ketamine (50
mg/kg) and xylazine (5 mg/kg). Then perfusion was
performed to remove blood from the brain, after animal
death, the brain was extracted, and the hippocampus and
motor cortex areas were isolated. Shapiro-Wilk test was
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used to determine the normality of data distribution and
Levine's test was used to check homogeneity of
variances. To investigate the significant changes in each
of the research variables among different groups, a one-
way analysis of variance was used at a significance level
of 0.05.

Results

The results showed that running training has a
significant effect on the hippocampus neuron density of
rats, and the AT group showed higher neuronal density
than the C group. However, no significant effect of
running training on the thickness of the pyramidal layer
of the hippocampus of rats was observed in the AT
group. Also, differences between AT and AC groups
were not significant.

Conclusion

The results of the present study showed that complex
wheel running increased the hippocampal neuron
density, but this increase was not significant in the
pyramidal layer of the hippocampus. Therefore, the
possible increase and improvement of memory function
as a result of physical activity can be influenced by the
increase in neuronal density in other parts of the
hippocampus, as well as other changes, including the
increase in  neurotrophic factors, changes in
neurotransmitters and their receptors, vascular changes,
increasing the density of dendritic spines, reducing
inflammation, and increasing synaptic flexibility, which
have been investigated in previous research.
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