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Abstract

Aim: The positive effects of exercise training on mood and behavioral disorders in
Alzheimer's patients as a non-pharmacological approach are of interest to researchers. The
purpose of this study was to investigate the effect of aerobic training on the level of anxiety and
serotonin levels in the hippocampus. and the prefrontal cortex of rats suffering from Alzheimer's.
Method: 40 male Wistar rats (80-90 days, 237+33 grams) were randomly divided into four
groups (N=10): control, training, Alzheimer and Alzheimer+training. They had two weeks of
adaptation to the environment and 12 weeks of aerobic training on the treadmill. The Alzheimer's
disease model was created at the end of the ninth week by injecting 3 mg/kg of streptozocin into
the ventricular region of the brain. After disease induction, aerobic exercise was continued for
three weeks. At the end of the training period, the dark and light box test was performed to
estimate the anxiety level of the rats, then to separate the hippocampus and prefrontal areas, and
finally to measure the amount of serotonin using the MyBio kit and the ELISA technique. To
analyze the data, one-way ANOVA with Tukey's post-hoc test (P<0.05) was performed by SPSS
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software. Results: The anxiety level of the rats in the Alzheimer+training was significantly
reduced compared to the Alzheimer's group (P=0.001). The average time and number of entering
the light section was higher than the Alzheimer's group. Serotonin levels in the prefrontal region
of Alzheimer+training group increased significantly compared to the Alzheimer's group
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Extended abstract
Background

Alzheimer's disease has emerged as a new challenge in the World Health Organization over the past century (1).
Alzheimer's is characterized by a gradual decline in cognitive abilities, including functions such as memory, attention,
language, and executive function, along with memory impairment. Additionally, patients with Alzheimer's disease (AD)
experience disturbances in judgment, orientation, and the ability to understand and communicate effectively (2).

The hippocampal formation (HPF) and the prefrontal cortex (PFC) interact in a bidirectional manner to regulate various
cognitive functions and emotional information processing. They are crucial structures in the brain's memory system,
facilitating the rapid encoding of new information, stabilization, retrieval, and organization of memory networks. There
is a strong neural connectivity between the two regions during behavior, and their functional interaction is modulated by
fluctuations. The neural ensemble formed by the hippocampal and PFC cells mutually influences each other in a circuit-
like manner, affecting emotional and cognitive processes (9). Therefore, the aim of the present study was to investigate
the effect of aerobic exercise on anxiety and serotonin levels in the hippocampus and prefrontal cortex of rats with
Alzheimer's disease.

Materials and Methods

In this experimental study, 40 adult male Wistar rats, 8 weeks old, with an average body weight of 237 + 33 grams, were
purchased from the Razi Institute as research samples. The rats were divided into four groups of ten as follows: 1. Group
1: Animals that do not exercise and receive saline. 2. Group 2: Animals that exercise and receive saline. 3. Group 3:
Animals that do not exercise and are induced with Alzheimer's. 4. Group 4: Animals that exercise and are induced with
Alzheimer's. The low-intensity endurance training protocol consisted of 12 weeks of incremental running on a treadmill
without incline, at a speed of 10 meters per minute for 15-30 minutes each day, five consecutive days per week. Initially,
the rats walked on the treadmill for 15 minutes at a speed of 8 meters per minute. Over the course of two weeks, the
intensity and duration of the activity gradually increased until reaching the final level of 30 minutes at a speed of 10
meters per minute during the maintenance or stabilization phase. Additionally, each training session included 5 minutes
for warm-up and 5 minutes for cool-down (5). Alzheimer's Model: At the end of the ninth week, the rats were induced
with Alzheimer's by the "Salari Institute of Cognitive and Behavioral Disorders.” In this model, the animals were first
anesthetized using a combination of ketamine and xylazine. They were then placed in a stereotaxic device for brain
surgery. Subsequently, 3 mg/kg of streptozotocin (STZ) in a volume of 5 microliters of sterile distilled water was injected
into the ventricular region of the brain. Laboratory Methods: After completing the behavioral test, the rats were deeply
anesthetized with ketamine (50 mg/kg; Alfasan, Woerden-Holland) and xylazine (5 mg/kg; Alfasan, Woerden-Holland).
Blood was then collected from the heart, and perfusion with cold saline was performed to remove blood from the brain.
After sacrificing the animal, the head was separated using a guillotine, and the skull was opened. The brain was completely
extracted, and the hippocampus and prefrontal cortex regions were isolated. Each brain region was placed in a sterile
microtube at -80°C. The brain was also immediately stored in liquid nitrogen after extraction. For tissue preparation to
measure serotonin levels, the samples were first homogenized in 500 microliters of buffer (TBS plus 0.2% Triton X-100,
2 mM EDTA, PBS 1 mM PMSF, and protease inhibitor cocktail), then centrifuged at 4°C for 15 minutes (Eppendorf;
15000 g). The supernatant was collected, and the total protein content was measured using a Bicinchoninic Acid (BCA)
kit from Sigma. Finally, the collected liquid was used to measure serotonin levels based on the protocol provided in the
MyBio kit using the ELISA technique. Statistical Analysis:

The Shapiro-Wilk test was used to assess the normality of data distribution in the study groups. A one-way analysis of
variance (ANOVA) was used for intergroup comparisons, and if significant, the Tukey post-hoc test was used for pairwise
comparisons.

Results
The results of the one-way analysis of variance test showed that there was a significant difference between the mean
anxiety levels in the four study groups. According to the results of the Tukey test, the time and number of rats entering
the light part of the box in the Alzheimer's control group was significantly reduced compared to the healthy control
group (P=0.016, P=0.003, respectively), which indicated successful induction of Alzheimer's. In the Alzheimer's group
that received aerobic training, the time and number of rats entering the light part of the box was significantly increased
compared to the Alzheimer's control group.
According to the results of the one-way analysis of variance test, there was no significant difference between the mean
hippocampal serotonin levels of the rats in the four study groups (P=0.149) (Figure 3), but the mean serotonin level in the
prefrontal cortex of the brain of the rats in the Alzheimer's control group was significantly reduced compared to the other
study groups (P=0.001). Also, in the Alzheimer's group that performed aerobic exercise, the average serotonin level
increased significantly compared to the Alzheimer's control group (P=0.001).
Discussion
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According to the results of this study, a history of regular aerobic exercise in groups with Alzheimer's disease significantly
changes the effects of Alzheimer's disease (including anxiety levels and serotonin levels in the prefrontal cortex of the
brain) in rats, such that a significant difference is seen in the variables of anxiety and serotonin in the brain compared to
healthy groups.

Article message

The results of the present study showed that exercise has antioxidant effects in the hippocampus in Alzheimer's model
rats. It is possible that using a treadmill exercise protocol with the intensity and duration of the present study in the
Alzheimer's model can be used as a therapeutic approach to reduce oxidative stress and anxiety. Assuming similar
results in humans (although research in the human field is needed for definitive results), it is recommended that people
perform regular aerobic exercise before the onset of Alzheimer's symptoms to prevent its harmful consequences if
Alzheimer's occurs.
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Table 1. Descriptive indices of the main research variables in the study groups
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Table 2. Tukey test results, comparing anxiety levels in research groups
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Figure 1. Comparison of anxiety levels based on the time the rats entered the lighted area
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Figure 2. Comparison of anxiety levels based on the number of rats entering the lighted area
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Table 3. Tukey test results, hippocampal and prefrontal serotonin levels in the research groups
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Figure 3. Comparison of hippocampal serotonin levels in rats in study groups
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