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Abstract

Aim: Due to the increasing development of metabolic diseases such as diabetes, the heart is one
of the most important tissues that are damaged by this disease. Also, long-term oxidative stress
in the heart tissue causes changes in the expression of various genes, including mitochondrial
biogenesis genes. The effect of exercise in different phases of the circadian cycle on the
protection of heart tissue in diabetes is unknown. The aim of this study was the effect of
endurance training in the light and dark phase on some indicators of mitochondrial biogenesis
in the heart tissue of diabetic rats. Methods: In this study, 30 NMRI mice with an average age
of 8 to 10 weeks were randomly divided into 6 groups: dark phase healthy control, light phase
healthy control, dark phase diabetic control, light phase diabetic control, dark phase diabetic
exercise, and exercise. Diabetics were placed in the light phase. Then they became diabetic by
feeding with high-fat diet and intraperitoneal injection of streptozotocin. The endurance training
protocol (Vmax 50-60%) was 5 days a week for 8 weeks. After anesthesia, blood and heart tissue
were removed. The data were evaluated by ANOVA method at a significance level of p < 0.05.
Results: 8 weeks of endurance training significantly increased the expression of PGC-1a, NRF-
1, Atf2, AMPK genes (P<0.05) in the heart tissue of diabetic rats. The changes in the two phases
of light and darkness in different groups did not show any significant difference (P< 0.05).
Conclusion: Endurance training can lead to better performance by increasing the expression of
mitochondrial biogenesis genes in the heart tissue of subjects with diabetes. Endurance activity
in two phases of light and dark has no significant difference in the desired factors and more
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Extended abstract
Background

Due to the increasing development of metabolic diseases such as diabetes, the heart is one of the most important tissues
that are damaged by this disease. Also, long-term oxidative stress in the heart tissue causes changes in the expression of
various genes, including mitochondrial biogenesis genes. Diabetes is associated with a circadian rhythm disorder, and
exercise can improve metabolic disorders related to the circadian rhythm The effect of exercise in different phases of the
circadian cycle on the protection of heart tissue in diabetes is unknown. The aim of this study was the effect of endurance
training in the light and dark phase on some indicators of mitochondrial biogenesis in the heart tissue of diabetic rats.

Materials and Methods
The current research is experimental and laboratory type. The statistical sample of this research was made up of 30 adult
male NMRI laboratory mice with an average age of 8-10 weeks and an average weight of 25-30 grams.

Experimental design

In order to induce diabetes, a combination of low-dose streptotocin (STZ) and high-fat diet (HFD) was used. Based on
this, the rats in the diabetic groups received HFD (60% of caloric diet) for 5 weeks. They reached an average weight of
270 £ 20 grams. After reaching the weight of the rats, STZ solution (20 mg per kg) was injected intraperitoneally once to
induce diabetes. After purchase, the mice were kept in transparent polycarbonate cages in an environment with humidity
of 45-55%, temperature of 22+2 degrees Celsius and light-dark cycle of 12:12 hours. In the next step, the diabetic rats
were randomly divided into the following four groups (each group of 5 heads): (1) light phase diabetic control group (CD-
ZT3) (2) dark phase diabetic control group (CD- ZT15), (3) light phase diabetic exercise group (TD-ZT3) and (4) dark
phase diabetic exercise group (TD-ZT15). Also, the non-diabetic groups were divided into two groups (each group had 5
heads), light phase healthy control (CH-ZT3) and dark phase healthy control (CH-ZT15).

Training protocol

The rats in the training groups received an eight-week program of aerobic exercise including running on the treadmill
twice a day (morning and night) after a one-week training adaptation period. The exercise program of the present study
was carried out from a one-week adaptation phase in order to acquaint the animals with the laboratory conditions. After
that, 8 weeks of endurance training (6 days per week) with a training intensity of 50 to 65% of the maximum speed was
implemented incrementally. So, the speed was 8 meters per minute in the first week and 9 meters per minute in the second
week, and 1 meter per minute was added every two weeks from the third week onwards. The duration of training in the
second, fourth and last two weeks was constant compared to the previous week, but the fifth and sixth weeks were
increased by 5 minutes compared to the previous week. The training duration during the period from the first to the eighth
week was 60 to 80 minutes. 48 hours after the end of the eight-week training period, rats were anesthetized by
intraperitoneal injection of ketamine (75 mg per kg of body weight) and xylazine (10 mg per kg of body weight). Blood
samples were taken directly from the heart.

Statistical analysis
The data of the present study were analyzed through the ANOVA statistical test and Tukey's post hoc test. SPSS version
23 software was used and P<0.05 was considered statistically significant.

Results

8 weeks of endurance training significantly increased the expression of PGC-1a, NRF-1, Atf2, AMPK genes (P< 0.05) in
the heart tissue of diabetic rats. The changes in the two phases of light and darkness in different groups did not show any
significant difference (P< 0.05). The findings of the present study showed that there is a significant increase in the level
of blood glucose variables (P=0.018) and weight (P=0.031) in diabetic rats compared to healthy control rats. Also, the
effect of aerobic training on changes in blood glucose levels (P=0.002) and weight (P=0.040) was significantly reduced
in exercise groups compared to diabetic groups. Changes in the levels of blood glucose variables in two phases of darkness
and light in all studied groups showed a significant difference (P=0.027). Of course, there was no significant difference
in weight changes in two phases of darkness and light (P=0.07).

Discussion

The results of the present study showed that the disease of diabetes is due to the disturbances it causes in the metabolism.
It reduces mitochondrial biogenesis factors in heart tissue. Also, doing eight weeks of endurance training increases the
gene expression of heart mitochondrial biogenesis factors and improves the function of heart tissue. Despite this, in order
to prescribe endurance programs for diabetics, the clinical conditions of the subjects such as the type of diabetes, the
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volume and severity of the complications of the disease, as well as the conditions of the training programs such as duration,
intensity and other components should be examined in order to The best results can be achieved for these people. Since
the effect of endurance training in two phases of light and darkness in the desired factors was not significantly different
in diabetic rats. It is not possible to definitely consider the time of exercise as a therapeutic approach in the treatment of
patients with diabetes, and more extensive research is needed.

Article message

According to the research findings, Endurance training can lead to better performance by increasing the expression of
mitochondrial biogenesis genes in the heart tissue of subjects with diabetes. Endurance activity in two phases of light and
dark has no significant difference in the desired factors and more research is needed.
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