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Abstract

Aim: The aim of this study was to evaluate the combined effect of resveratrol and
aerobic exercise on the expression of genes involved in thermogenesis and lipid profile
in the subcutaneous adipose tissue of C57BL/6 mice. Methods: Thirty-two male mice
with a mean weight of 164 g were randomly divided into four groups (n=8). 1.
Resveratrol (Res), 2. Control, 3. Aerobic exercise (Exe), 4. Resveratrol+Aerobic
exercise (Res+Exe). The mice received resveratrol by gavage five times/week for eight
weeks. The exercised mice trained on a treadmill for eight weeks, five sessions/week
with an average intensity of 65-50% of maximum oxygen consumption (Vo2max).
Adipose tissue was extracted after completing the research protocol and 24 hours after
the last training session, subcutaneous adipose tissue was extracted and the expression
of genes (PGCla, FNDC5, UCP1, PRDM16, and SIRT1) in adipose tissue was
measured using Real-time PCR. Results: The results showed that the levels of
FNDCS5, SIRTL, and UCP1 in the adipose tissue of Res mice were higher than the
control group. Also, the expression of PGCla, FNDCS5, UCP1, PRDM16, and SIRT1
in the adipose tissue of Exe mice was higher than the control group. The markers of
thermogenesis and genes involved in adipose tissue browning were significantly in the
Res+Exe group higher than the Res and Exe groups. The levels of HDL in the Res+Exe
group were higher than the control group and the levels of LDL, triglyceride and total
cholesterol were lower in the Res+Exe group than the control group. Conclusions:
Aerobic exercise and resveratrol have a significant synergistic effect on increased
thermogenesis and increased expression of UCP1, PRDM16, PGCla, SIRT1, and
FNDCS5 compared to Exe and Res group alone. Increased expression of FNDC5 in
subcutaneous adipose tissue following modification of aerobic exercise and resveratrol
is modulated by SIRT1.
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Extended abstract
Background

Bostrom et al. reported that aerobic exercise increased PGC1la expression in skeletal muscle, which increased FNDC5
levels, broke down part of FNDCS5, and released it as plasma in the form of irisin. Irisin secretion is dependent on the
expression PGC1la (4). Irisin induces the expression of UCP1 protein and other markers related to brown adipose tissue,
thermogenesis, and browning in adipose tissue (4-7). Resveratrol is a polyphenolic compound found in red grapes and
grape products that improves the metabolic homeostasis of lipids and carbohydrates (9). Resveratrol improves fat
browning, thereby contributing to an increase in thermogenesis (3). The aim of this study was to investigate the combined
effects of aerobic exercise and resveratrol on the expression of genes involved in thermogenesis (PGCla, FNDC5, UCP1,
PRDM16, and SIRT1) in subcutaneous adipose tissue and lipid profile (triglyceride, total cholesterol, low-density
lipoprotein, and high-density lipoprotein) in C57BL/6 in male mice.

Methodology

Thirty-two C57BL/6 male mice were randomly divided into four equal groups: 1. Resveratrol group (Res) (n=8) 2.
Aerobic exercise group (Exe) (n=8), 3. Resveratrol+aerobic exercise group (Res+Exe) (n=8), 4. placebo group (Control)
(n=8). The exercised groups received some progressive exercise. They were again made to run on a treadmill for 50
min/day, 5 days/week, 1 session/day. During the first and second weeks of exercises, the speed was set to 15 m/min, while
for the third and fourth, fifth and sixth, and seventh and eighth weeks, it was adjusted to 17, 19, and 21 m/min,
respectively. Res and Res+Exe mice received resveratrol by gavage five times/week for eight weeks. The daily dose of
resveratrol was 400 mg/kg body weight (20-22). Twenty-four hours after the last training session, blood sampling was
performed. Adipose tissue was extracted, and the expression of genes (PGC1la, FNDC5, UCP1, PRDM16, and SIRT1) in
adipose tissue was measured using Real-time PCR.

Statistical Analysis:
Data were expressed as mean + standard error of the mean (SEM). ANOVA test was used for comparison between groups
and the post-hoc Tukey test was used for comparison between groups.

Results:

The results show that the levels of HDL, and TG in the Exe, and Res+Exe groups were significantly higher than the
control group. Also, serum LDL levels in the Res, and Res+Exe mice were significantly lower than the control. The levels
of serum TC were significantly lower in the Exe, Res, and Res+Exe groups than the control. The results showed that
PGC1la mRNA in the Exe, and Res+Exe mice was significantly higher than the control. Also, the levels of PGCla mMRNA
in the Res+Exe group were significantly higher than the Res group. Also, the levels of PGC1la expression in the Exe group
were significantly higher than Res group (Figure 1). The data show that FNDC5 mRNA in the Exe, Res, and Res+Exe
mice was significantly higher than the control group. Also, the levels of this gene in the Res+Exe group were significantly
higher vs. the Res mice (Figure 1). The results showed that exercise and resveratrol had synergistic effects on UCP1
expression in the Res+Exe group vs. the Exe, and Res groups (Figure 1). The results showed that PRDM16 mRNA
expression was higher in the Exe, and Res+Exe mice than control group. But resveratrol alone did not affect on PRDM16
MRNA expression in the Res group (Figure 1).The data showed that SIRT1 mRNA was significantly higher in the
Res+Exe, Res, and Exe groups than the control group. Also, the expression of this gene in the Res mice was significantly
higher than the Exe group. There were synergistic effects of exercise and resveratrol on the expression of SIRT1 in the
Res+Exe group vs. the Exe, and Res groups (Figure 2).
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Figure 2 - Effects of aerobic exercise and resveratrol on SIRT1 gene expression in different groups. *: p<0.05.

Discussion:

The results of the present study showed that aerobic exercise and resveratrol have synergistic effects on FNDC5, PGCla,
and PRDM16 expression vs. the Res group. Also, exercise and resveratrol also had a synergistic impact on UCP1
expression in the Res+Exe group vs. the Exe, and Res groups. Resveratrol administration and the combination of exercise
and resveratrol improved serum lipid profile in male C57BL/6 mice. This study showed that resveratrol increased the
expression of FNDCS5 in subcutaneous adipose tissue. The results of this study are consistent with the study of Android
et al. In 2019. This study reported that resveratrol activates SIRT1 in white adipose tissue, and the increase in FNDC5
following resveratrol intervention occurs through the SIRT1 mRNA (22). SIRT1 regulates glucose homeostasis, insulin
production, and fat metabolism (11).Recent studies have reported that one of the possible mechanisms of resveratrol
effects on metabolism occurs through the AMPK signaling pathway (22, 29). AMPK enzyme affects SIRT1 expression
and modulates PGC1a expression (20). On the other hand, by performing physical activity and increasing the amount of
AMP during aerobic exercise, the AMPK signaling pathway is activated (30, 31). AMPK is a fuel-sensitive enzyme
activated during physical activity in human and rodent skeletal muscle, as well as in adipose tissue and liver, due to the
increased AMP/ATP ratio (32). Resveratrol treatment decreased TG, TC, and LDL levels. The results of this study are
consistent with recent research (22). As a result, resveratrol and aerobic exercise improved fat metabolism in male
C57BL/6 mice.

Conclusion:

The findings of the present study show that resveratrol and aerobic exercise have significant synergistic effects on
thermogenesis and FNDC5 markers in the subcutaneous adipose tissue of mice. SIRT1 is one of the key genes
associated with FNDC5 and energy homeostasis and heat production in the body. We suggested that resveratrol and
aerobic exercise have significant synergistic effects on thermogenesis. The combination of resveratrol and exercise may
be effective for metabolic diseases such as type 2 diabetes.
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