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The aim of this study was the effect of a course of aerobic exercises on
depression and oxidative stress factor changes in the hippocampus and
prefrontal cortex of rats with Alzheimer's disease. For this purpose, 40
8-week-old male Wistar rats with an average weight of 237133 grams
were randomly divided into four groups of 10: control, exercise,
Alzheimer's, and exercise+Alzheimer's. The training protocol consisted
of 12 weeks of running on a treadmill at a speed of 12 meters per minute
and for 30 minutes in each session. At the end of the training period, the
tests of feeding sensation suppression and tail suspension were
performed to estimate depression as well as hippocampal and
prefrontal malondialdehyde levels using the Bradford method. Also, in
order to induce Alzheimer's, an amount of three mg/kg of streptozocin
in a volume of five microliters of sterile distilled water was injected into
the ventricle of the brain. The results showed that exercise training
caused a significant decrease in depression in eating delay tests and
immobility duration in Alzheimer's rats. Also, exercise caused a
significant decrease in malondialdehyde levels in the hippocampus of
Alzheimer's rats, while a significant difference was observed in the
prefrontal area. It didn't happen. It seems that sports activity creates
immunity against Alzheimer's and is probably effective in preventing
depression in Alzheimer's patients.
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Extended Abstract

Background and purpose

Alzheimer's disease has been raised as a new challenge in the World Health Organization
during the last century (1). This disease is a chronic neurodegenerative disorder that is
related to learning and memory disorders and reduces the quality of life through increased
levels of depression (2). However, chronic neuroinflammation, increase in cerebral
reactive oxygen species and hypoxia and dysfunction of mitochondria are pathological
factors that lead to the formation of tau1 protein and amyloid (AB) as pathological markers
of Alzheimer's disease (3).

Malondialdehyde is an active and highly reactive aldehyde compound that is produced
from the peroxidation of unsaturated fatty acids and is used as a marker to measure
oxidative stress levels. The existence of a significant difference in increasing
malondialdehyde levels and reducing the activity of antioxidant enzymes in patients may
play an important role in the development of dangerous complications in these patients.
Studies have shown that physical activity plays an effective role in improving
neurodegenerative diseases. As shown in animal models of Alzheimer's, moderate-
intensity exercise has anti-inflammatory and beneficial effects on immune function and
plays an important role in protecting against diseases with low inflammation, including
Alzheimer's (4).

Since the interaction between stressful factors and protective growth factors may play a
role in the processes affected by stress and exercise on Alzheimer's and also considering
the existence of contradictory results. The present study seeks to investigate the effect of
a period of exercise training on changes in the oxidative stress factor in the hippocampus
and prefrontal cortex of the brain and the level of depression in rats with Alzheimer's
disease.

Materials and Methods

In this experimental study. 40 8-week-old male Wistar rats with an average body weight
of 237 + 33 grams were purchased as a research sample from Razi Institute. The mice

were classified into four groups of ten as follows:
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First group: animals do not exercise and receive saline.

The second group: animals exercise and receive saline.

The third group: animals do not exercise and have Alzheimer's disease.

The fourth group: animals are trained and have Alzheimer's disease.

The instructions for low endurance training included 12 weeks of incremental running on
a treadmill without a slope at a speed of 10 meters per minute for 15-30 minutes per day
and five consecutive days per week. The rats first walked on the treadmill for 15 minutes
at a speed of 8 meters per minute, and gradually over the course of 2 weeks, the intensity
and duration of the activity increased until it reached the final amount of 30 minutes and
a speed of 10 meters per minute in the maintenance or stabilization phase. Also, 5
minutes for warming up and 5 minutes for cooling down were considered in each training
session (5).

Alzheimer's model: At the end of the ninth week, the rats were diagnosed with Alzheimer's
by the "Institute of Cognitive and Behavioral Disorders". In this model, animals were first
anesthetized with a combination of ketamine and xylazine. Then they were placed in the
Stereotaxy machine to perform brain surgery. Then three mg/kg of streptozotocin (STZ)
in a volume of five microliters of sterile distilled water was injected into the brain ventricle.
Laboratory methods: After completing behavioral tests, rats were deeply anesthetized by
ketamine (50 mg/kg) and xylazine (5 mg/kg (.Then, perfusion was performed to remove
the blood from the brain, and then the animals were killed. Next, the hippocampus and
prefrontal cortex regions of the brain were isolated and kept at -80 degrees Celsius. At
the end of the experiments, the hippocampal tissue was homogenized using a mechanical
homogenizer and transferred to microtubules and centrifuged at 4000 rpm for 3 minutes.
The total protein in the supernatant was measured using the Bradford method using
bovine serum albumin as a standard. Also, the evaluation of lipid peroxidation was
investigated by measuring malondialdehyde (MDA) using thiobarbituric acid reagent
(TBARS). In this method, a quantity of the sample was incubated with 0.8% thiobarbituric
acid solution, acetic acid buffer (pH = 3.2) and sodium decyl sulfate solution (8%) at 95

degrees Celsius for 1 hour and the color reaction in 532 nm was measured.
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Findings

According to the results of one-way analysis of variance, there is a significant difference
between the depression rate (eating delay test) of rats in the four studied groups
(P=0.001). The results of the Tukey test also showed that the control group showed a
significant decrease in the level of depression compared to the Alzheimer's group (P =
0.002), while there was a significant difference in the level of depression (the delay in
eating test). Saline group was not observed compared to other Groups were not observed
(P<0.05). The level of depression (eating delay test) in the Alzheimer's group also
increased significantly compared to the control, aerobic exercise and Alzheimer's +
aerobic exercise groups respectively (P=0.002; P=0.001; P=0.045). In addition, a
significant difference was observed in the level of depression (immobility duration test) of
the rats of the studied groups (P=0.003) (Chart 2). The results of Tukey's test showed
that there is a significant decrease in the level of depression (immobility duration test) of
the control group compared to the Alzheimer's group (P=0.015), while there is a
significant difference in the level of depression (immobility duration test) of the control
group compared to other groups were not observed (P<0.05). Also, a significant decrease
in the level of depression (immobility duration test) of the aerobic exercise group
compared to the Alzheimer's group was observed (P=0.005), while there was a significant
difference in the level of depression (eating delay test) of the aerobic exercise group
compared to other groups was not observed (P < 0.05). The level of depression
(immobility duration test) in the Alzheimer's group also increased significantly compared
to the control, aerobic exercise and Alzheimer's + aerobic exercise groups respectively
(P=0.015; P=0.005; P=0.023).

On the other hand, the results of the one-way analysis of variance showed a significant difference

between the levels of malondialdehyde in the hippocampus brain cortex of the studied groups

(P=0.001). The results of Tukey's test showed that there is a significant decrease in

malondialdehyde levels in the hippocampus of the control group compared to the Alzheimer's
group (P=0.001), while no significant difference was observed in the levels of malondialdehyde in

the hippocampus of the control group compared to other groups (p>0.05). Also, a significant
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decrease was observed in the hippocampal malondialdehyde levels of the aerobic training group
compared to the Alzheimer group (P=0.001), while no significant difference was observed in the
hippocampal malondialdehyde levels of the aerobic training group compared to the other groups
(p>0.05). Hippocampal malondialdehyde levels in the Alzheimer's group also increased
significantly compared to the control, acrobic exercise, and Alzheimer's + aerobic exercise groups
(P=0.001). However, the results of the one-way analysis of variance test showed that there is no
significant difference between the levels of malondialdehyde in the prefrontal cortex of the brain
of the studied groups (p>0.05).

Conclusion

In general, the aim of this study was to determine the effect of a period of exercise training
on the level of depression and changes in the oxidative stress factor in the hippocampus
and prefrontal cortex of rats with Alzheimer's disease. One of the findings of the current
study was the reduction of depression (eating delay test) and (immobility duration test) in
rats with Alzheimer's disease. So that the group of animals that exercise and receive STZ
has the highest effectiveness of exercise on changes in the level of depression and the
level of treatment of rats with Alzheimer's disease in this group is higher. This finding is
in line with the research results of Jaszek et al. (2021), Valenzuela et al. (2020) (6, 7).
Evidence shows that exercise slows the progression of Alzheimer's in transgenic mice
and reduces the risk of Alzheimer's in humans (8).

Another result of this research was the reduction of the oxidative stress factor
malondialdehyde in rats with Alzheimer's disease, so that in the group where the animals
exercised and received STZ, the greatest effectiveness of exercise training was shown
on the reduction of malondialdehyde levels in the hippocampus of the brain. The data
seems to be one of the reasons for the reduction of MDA is the necessary adaptation to
optimize the oxidation of fat to provide energy and prevent the side effects caused by
excess oxygen in the oxidation pathway and exercise through increasing hormones such
as epinephrine, norepinephrine, prostanoids and the activity of macrophages has an
effect on the oxidative function of cells and the structure of the cell membrane and causes

an increase in oxidative stress and lipid peroxidation (9).
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Article message

The results of the present study showed that exercise has antioxidant effects in the
hippocampus in Alzheimer's model rats. Probably, using the exercise protocol on the
treadmill with the intensity and duration of the current study in the Alzheimer's model can
be used as a therapeutic approach in reducing oxidative stress and depression. This
reduction is probably due to changes in the levels of low and high density lipoproteins,
the systemic effects of exercise on neuroprotection and the reduction of B and T

lymphocytes. However, more studies are needed to elucidate the effective mechanisms.
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1. Tau Proteins

2. Amyloid Abeta
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