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Abstract

Aim: Degradation of autophagy is associated with hepatic fat accumulation. Although the

increase in autophagy flux through diet, exercise, and hypoxia effectively improves the fatty

liver, its molecular mechanisms are unknown. This study aimed to investigate the effect of

nutrition and exercise on hypoxia and normoxia on liver autophagy. Methods: Twenty-four male

Wistar rats (weight=165+9 grams) were randomly divided into the normal diet (ND), high-fat Scan this QR code to see the
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Extended abstract
Background

Adaptation to exercise depends largely on the type and nature of the exercise. Endurance training is a physical activity When the
liver is exposed to large amounts of fat, it starts absorbing fat to clear FFAs from the blood and placing them in a
compartment to prevent lipotoxicity. Until recently, the breakdown of lipid droplets was exclusively attributed to lipolytic
enzymes, but now the role of lysosome-dependent autophagy has been noticed as one of the effective metabolic
mechanisms. as one of the mechanisms formed in eukaryaotic cells to deal with starvation and remove damaged parts of
the cell, autophagy decreases with extra calories and fat accumulation. Although the increase in autophagy flux through
diet, exercise, and hypoxia effectively improves the fatty liver, its molecular mechanisms are unknown. This study aimed
to investigate the effect of nutrition and exercise in hypoxia and normoxia on liver autophagy.

Methodology

Twenty-four male Wistar rats (weight=165+9 grams), after one week of adaptation to environmental conditions, were
randomly divided into the normal diet (ND) (10 percent kcal fat, 70 percent kcal carbohydrates, 20 percent kcal protein),
high-fat diet (HFD) (60 percent kcal fat, 20 percent kcal carbohydrates, 20 percent kcal protein), high-fat diet+ normoxia
exercise (HFD+NE), and high-fat diet+ hypoxia exercise (HFD+HE). After the Animals were acclimated to the treadmill,
a maximal aerobic velocity (MAV) test was evaluated to manage the training intensities for the following 12 weeks
precisely. The exercise protocol was incremental without incline and was performed thrice a week for 12 weeks. The first
week of training started with an intensity equal to 68 percent of MAV obtained in hypoxia and normoxia, and it was
maintained until the third week. In the third week, the intensity reached 75 percent of MAV, and in the fifth week, to 80
percent of MAV, and after that, the training time increased until the end of the ninth week. To maintain the appropriate
intensity of training, at the end of the fourth and eighth weeks, the maximal aerobic velocity test was performed again. A
hypoxic chamber and two vacuum pumps created a normobaric hypoxia condition (14% O2, altitudes of about 3000
meters). A normoxic condition was created with room air (20/9% 02) at 50 meters above sea level in Rasht City. Soda
Lime and silica gel chemical adsorbents were used to maintain the CO2 and humidity levels inside the chamber. In the
end, tissue samples were collected to measure changes in Ulk1 and Atg5 genes expression. Gene expression was measured
using a real-time PCR method, and data were analyzed using ANOVA tests at a significance level of p<0/05.

Results

The data analysis shows that the rats' weight increased in all groups. Compared to the ND group, the high-fat diet
significantly increased the weight in the HFD, HFD+NE and HFD+HE groups. The weight of rats in the HFD+NE and
HFD+HE groups was significantly lower than the HFD group (p<0/01). The increase in HFD+NE and HFD+HE groups
was 13%z+0/09 and 16%=0/09, respectively. The weight of the rats in the HFD+NE and HFD+HE groups was significantly
lower than the HFD group (p<0/01). Based on the results of quantification with the Oil Red Oil Stain method, it was
found that the fat content of the liver of rats in the high-fat diet group increased by 10/64 + 1/33 times compared to the
normal diet group (p<0/001). Meanwhile, the liver fat content in the HFD group was significantly higher than in the
HFD+NE and HFD+HE groups (p<0/05). The fat content of the liver of rats in the HFD+NE and HFD+HE groups is
lower than in the HFD group (p<0/05). Although exercise caused the liver fat content of rats in the HFD+NE and HFD+HE
groups to decrease compared to the HFD group, it could not make a significant difference from the ND group. There was
no significant difference between HFD+NE and HFD+HE groups in reducing liver fat content (p=0/99). High-fat diet
decreased the Atg5 gene fold by 0/42+0/02 in the HFD group compared to the ND group (p<0/05). This decrease in
HFD+NE and HFD+HE groups was 0/72+0/18 and 0.7+0.08, respectively (p<0/05). HFD was observed compared to the
ND group (P<0/001). Exercise intervention increased Ulk1 levels. In HFD+NE and HFD+HE groups, UIk1 expression
level was 1/04+0/02 and 1/71+0/18, respectively. This increase in the HFD+HE group was significant (p<0/05). The
difference in the HFD+NE group compared to the HFD+HE group was also significant (p<0/05).

Conclusion

The results of the present study, using biochemical and histological measurements, confirmed the results of previous
studies and showed that fatty liver could be induced with a high-fat diet without consuming toxins or diets lacking
nutrients. High-fat diet probably reduces autophagy by decreasing the expression of Ulk1 and Atg5 genes. The abnormal
fatty acid metabolism caused by obesity, which occurs in the liver tissue, is one of the influential factors in nonalcoholic
fatty liver disease. Although we observed a decrease in the gene expression of autophagy genes in the liver of rats fed a
high-fat diet, the cause of this defect and the mechanisms leading to the reduction of Atg5 and UIk1 are unclear. Since
obesity is associated with increased fat accumulation in the liver, chronic lipid overload or persistent lipogenesis may be
one of the drivers of autophagy defects. It is possible that a high-fat diet activates Mtor and thereby suppresses Atg5 and
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Ulk1 genes. Considering the higher activity of the Ulkl gene in the HFD+HE group and the reduction of liver fat
accumulation in the conditions of lower energy consumption during exercise compared to the HFD+NE group, probably
the hypoxia exercise through the induction of autophagy in improving the symptoms of fatty liver plays a pivotal role.
Although hypoxia training had a more significant effect on the autophagy genes, it had not an additional effect on reducing
liver fat content.

Article message: This research shows that a high-fat diet decreases the levels of genes involved in the autophagy process
(Ulk1 and Atg5) and increases the storage of LDs in the liver. The activation of autophagy flow through the reduction of
liver blood flow during exercise is one of the possible mechanisms to reduce the symptoms of fatty liver. In the HFD+HE
group, the decrease in the oxygen percentage of the environment and the reduction of the blood flow of the liver tissue
may have a double effect on the induction of liver autophagy.
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