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ABSTRACT

Objective: Alzheimer's disease (AD) is the most common neurodegenerative disease affecting
more than 50 million people worldwide. The aim of the present study was to determine the
effect of aerobic exercise and resveratrol on hippocampal mitochondrial fusion in rats with
Alzheimer's disease.

Methodology: To conduct the present experimental and laboratory study, 35 male Wistar rats
were purchased from the Pasteur Institute of Iran and after one week of familiarization with the
new environment, they were randomly divided into five groups: Control (NO), Alzheimer's
(AD), Alzheimer's-exercise (ADT), Alzheimer's-resveratrol (ADRSV), and Alzheimer's-
exercise-resveratrol (ADTRSV). The supplement groups received 20 mg of RSV (per kilogram
of body weight) orally daily during the intervention period. The aerobic exercise program
included treadmill running at a speed of 6-18 meters per minute, five days a week for eight
weeks.

Results: The results showed that AD induction caused a significant decrease in the expression
of MNF1 and MNF2 (p=0.0001). A significant increase in the expression of MNF1 and MNF2
was observed in the ADT, ADRSV, and ADTRSV groups compared to AD (p<0.05).
Conclusion: Mitochondrial dynamics are disrupted following AD induction in hippocampal
tissue, and exercise and resveratrol increase mitochondrial fusion and reduce fission by
increasing Mfnl and Mfn2 levels. However, the combination of exercise and resveratrol did not
have a synergistic effect on fission genes.
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Extended Abstract

Introduction and State of Problem

Pathological features in Alzheimer's disease are evident with amyloid deposition and include
changes in mitochondrial physiology (1). The Mfnl and Mfn2 proteins regulate mitochondrial
fusion in cells (2). Chronic physical activity can stimulate the growth and development of new
nerve cells in the brain and plays a vital role in nerve regeneration and neuroprotection (3).
AD-induced pathology can be significantly attenuated by resveratrol through modulation of
underlying mechanisms, potentially slowing the onset and further progression of AD (4). Based
on the above, researchers are seeking to answer the question of whether aerobic exercise and
resveratrol supplementation affect hippocampal mitochondrial fusion in rats with AD.
Methodology

In the present experimental and laboratory study, 35 8-week-old male Wistar rats with a mean
weight of 223.174£9.08 grams were randomly divided into five groups of eight: normal (NO),
Alzheimer's (AD), Alzheimer's-training (ADT), Alzheimer's-resveratrol (ADRSV), and
Alzheimer's-training-resveratrol (ADTRSV). Amyloid beta was used to induce Alzheimer's
disease in mice. The animals' memory performance in this test was assessed by measuring the
animals' spontaneous alternation behavior during an eight-minute task session (5).

Rats performed aerobic exercise on an animal treadmill for eight weeks, five days a week, at an
intensity of 18 meters per minute for 45 minutes (6). Resveratrol (20 mg/kg from Sigma-
Aldrich) or an equivalent volume of saline (salt solution) was administered orally and gavage to
mice every morning (between 8 am and 10 am) for 2 months (8 weeks) (7). After completing
the research protocol, all samples were anesthetized and sacrificed using chloroform under
completely similar conditions (48 hours after the last training session and 12 to 14 hours of
fasting). Immediately after isolation and washing with saline, the hippocampal tissue was
immediately placed in tubes containing RNA later to prevent RNA degradation and transferred
to liquid nitrogen and then stored in a refrigerator at -80°C until measurement. Then, primer
design was performed and total RNA was extracted from the tissues and converted to cDNA.
Then, the cDNA was amplified by PCR and examined for the expression of the mentioned
genes. Finally, descriptive statistics (mean and standard deviation) and Shapiro-Wilk statistical
tests, one-way analysis of variance and Tukey's post hoc test were used to statistically analyze
the data using SPSS statistical software version 26 at a significance level of p<0.05.

Results

The test results showed a significant decrease in the rate of changes in MNF1 expression in the
AD (p=0.0001), ADT (p=0.001), ADRSV (p=0.001), and ADTRSV (p=0.043) groups
compared to the control. Further, a significant increase was observed in the ADT (p=0.041),
ADRSV (p=0.027), and ADTRSV (p=0.001) groups compared to AD. The test results also
showed a significant decrease in the rate of changes in MNF2 expression in the AD (p=0.0001),
ADT (p=0.029), and ADRSV (p=0.008) groups compared to NO. In addition, a significant
increase was observed in the ADT (p=0.010), ADRSV (p=0.035), and ADTRSV (p=0.0001)
groups compared to AD; and ADTRSV compared to the ADRSV group (p=0.047).

Discussion and Conclusion

The results of the present study showed an improvement in mitochondrial dynamics following
resveratrol consumption in AD rats. Resveratrol is effective in regulating mitochondrial
fission/fusion balance by influencing the expression of OPA1/MFN2 and Fis1/Drpl, thereby
maintaining mitochondrial homeostasis and reducing neuronal mitochondrial homeostasis. A
study showed that mitochondrial fission and fusion dysfunction could be reduced by resveratrol
pretreatment through the improvement of MFN2 and Fis1 expression, which were inhibited by
rotenone (8).
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Resveratrol can exert distinct neuroprotective effects against Ap-related AD-induced

mitochondrial dysfunction and dynamics (9). Another result of the present study was the

improvement of mitochondrial fusion following the combination of exercise and resveratrol

supplementation. Also, the effect of the combination of exercise and supplementation on Mnf2

was significant only compared to the supplementation group. Few studies have examined the

simultaneous effects of exercise training and resveratrol supplementation on mitochondrial

dynamics. In this context, researchers have stated that aerobic exercise along with the use of

antioxidant supplements, including resveratrol, greatly helps in inhibiting the production of free

radicals and oxidative stress in the heart tissue cells of NAFLD patients, thereby increasing the

expression of the MFnl and MFn2 fusion genes (10). It seems that resveratrol consumption

improves AD disease by reducing inflammatory mediators and oxidative stress and increasing

antioxidant capacity (11) and increases the amount of fusion proteins.

Originality/Value

Currently, there is insufficient evidence for disease-modifying drug treatments for AD and the benefits of

these treatments are limited. For this reason, non-pharmacological treatments for the management of

dementia and mild cognitive impairment (MCI) are currently a relevant research topic.

Research Limitations/Implications

The limitations of the present study were the lack of simultaneous tissue sampling from all mice, as well

as forced injection of resveratrol and forced exercise. Also, since AD disease leaves its effects in the long

term, perhaps the length of the research period in the present study is another important limitation for

accurately examining the effects of exercise training and resveratrol consumption on this disease.
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Figure 1: Changes in hippocampal MNF1 expression in different groups using one-way analysis of variance (at the

p<0.05 level).
a Difference from the NO group, b Difference from the AD group.




NO: normal, AD: Alzheimer's, ADT: Alzheimer's-exercise, ADRSV: Alzheimer's-resveratrol, ADTRSV:
Alzheimer's-exercise-resveratrol.
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Figure 2. Changes in hippocampal MNF2 expression in different groups using one-way analysis of variance (at the
p<0.05 level).
a Difference from the NO group, b Difference from the AD group, ¢ Difference from ADTRSV.

NO: normal, AD: Alzheimer's, ADT: Alzheimer's-exercise, ADRSV: Alzheimer's-resveratrol, ADTRSV:
Alzheimer's-exercise-resveratrol.
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