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Abstract

There have been limited studies on the effect of the combination of aerobic exercise and alcohol
consumption on regulators of antioxidant defense systems, especially erythroid nuclear factor
2 associated with factor 2 (Nrf2) in heart muscle. The aim of this study was to investigate the
effect of eight-week aerobic exercise with ethanol consumption on Nrf2 gene expression in
heart tissue and antioxidant parameters of plasma in male rats. Totally, 32 rats with an average
weight of 230 £ 6 g were divided into four groups including control, aerobic exercise, ethanol
20% at a dose of 4 g/kgbw, and ethanol+ aerobic exercise. At the end of the period, levels of
Nrf2 gene expression, total antioxidant capacity (TAC) and malondialdehyde (MDA) were
evaluated. Data were analyzed by two-way ANOVA at the significant level of p<0.05. The
results showed that aerobic exercise had a significant effect on Nrf2 gene expression
(P=0.0068). The results suggested no significant effect of ethanol consumption (P=0.312) and
interaction effect between aerobic exercise and ethanol consumption (P=0.237) on Nrf2 gene
expression. Aerobic exercise significantly increased the expression of Nrf2 gene in the aerobic
exercise and ethanol+ aerobic exercise groups compared to the control. Ethanol consumption
significantly reduced TCA and increased MDA levels compared to other groups. The findings
suggested that ethanol consumption was decreased and plasma levels of TAC and MDA were
increased, respectively. In contrast, aerobic exercise through increasing TAC and Nrf2 gene
expression levels led to a decrease in the oxidative damage caused by ethanol consumption.
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Extended Abstract

Background and Purpose

There have been limited studies on the effect of the combination of aerobic
exercise and alcohol consumption on regulators of antioxidant defense systems,
especially erythroid nuclear factor 2 associated with factor 2 (Nrf2) in heart
muscle. The transcription factor Nrf2 is a major regulator of antioxidant proteins
(). Nrf2 is expressed in all tissues of the body, but most strongly in the heart,
brain, kidney, muscle, lung, and liver (2). Regulation of Nrf2 transcription factor
is affected by various factors including exercise (3). Physical activity has been
suggested as a useful non-pharmacological approach to modulate gene expression
of this antioxidant pathway, especially in the heart muscle. The aim of this study
was to investigate the effect of eight-week aerobic exercise on the damages caused
by 20% ethanol consumption on oxidative stress indices (malondialdehyde
(MDA) and total capacity antioxidant (TAC)) in plasma and Nrf2 gene expression
in the heart tissue in rats.

Materials and Methods

Totally, 32 male rats with an average weight of 230 + 6 g were divided into four
groups including control, aerobic exercise, ethanol 20% at a dose of 4 g/kgbw and
ethanol+aerobic exercise. All groups were anesthetized with an intraperitoneal
injection of ketamine (30-50 mg/kg body weight) and xylazine (3-5 m /kg body
weight) 48 hours after the last ethanol ingestion and exercise session during
overnight fasting. The blood sample was taken from the liver vein, and
immediately the heart tissue was collected and frozen at -80°C. The whole RNA
was extracted from the heart tissue of different rat groups. The extracted RNA
samples were used for cDNA synthesis after genomic contamination with DNasl,
RNase-free enzyme (Sinaclone, Iran). Nrf2 gene expression was evaluated using
real-time PCR performed using SYBER Green gPCR Master Mixes (Ampligon,
Denmark) in Rotor gene 6000 (Corbett). Real-time PCR reactions were conducted
in a final volume of 20 pl and each reaction was performed duplicate. The reaction
mixture consisted of 3 ul cDNA (50 ng/ul), 8 uL RealQ Plus 2x Master Mix Green
(Ampliogon, Denmark), 0.4 pL of each specific primer (10 pmol), and 8.2 pL of
DNase/RNase free water. PCR in real-time was applied with the following
primers: Forward: 5- GCTGCCATTAGTCAGTCGCTCTC -3' and Reverse: 5'-
ACCGTGCCTTCAGTGTGCTTC -3' for the rat Nrf2 gene (4) and Forward: 5'-
GGCAAGTTCAACGGCACAG -3 and Reverse: 5'-
GACGCCAGTAGACTCCACGAC -3' for the rat GAPDH gene. Relative gene
expression was quantified by the 242t method. Plasma TAC was determined by
the ferric reducing antioxidant power assay proposed by Benzi et al. (1996) (5),
and MDA was measured using the thiobarbituric acid method (6). Graph Pad
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Prism 6.07 was applied for data analysis. Data were analyzed through two-way
ANOVA analysis at the significant level of p<0.05.

Result

The results showed that aerobic exercise had a significant effect on Nrf2 gene
expression (P=0.0068). The findings indicated no significant effect of ethanol
consumption (P=0.312) and interaction effect between aerobic exercise and
ethanol consumption (P=0.237) on Nrf2 gene expression. Aerobic exercise
significantly increased the expression of Nrf2 gene in the aerobic exercise and
ethanol+ aerobic exercise groups compared to the control group (p<0.05). In the
current study, TAC was measured as an estimate of the potential composition of
different antioxidants in the body. The results of two-way ANOVA analysis
suggested that the effect of aerobic exercise (P=0.013) and ethanol consumption
(P=0.024), as well as the interaction effect between aerobic exercise and ethanol
consumption (P=0.0005) were significant for TAC. The results of Tukey's post-
hoc test demonstrated that ethanol consumption significantly decreased TAC in
the ethanol group compared to the other groups. The TAC decreased significantly
in the ethanol group (0.0809ng/mgProtein) compared with the control group
(1.121ng/mgProtein) (p<0.01) and the exercise group (0.825ng/mgProtein)
(p=0.05). Moreover, TAC increased significantly (p<0.01) in ethanol+ aerobic
exercise group (1.172ng/mgProtein) compared with the ethanol group. In the
present study, MDA was measured as an index for lipid peroxidation. The results
of the two-way ANOVA analysis showed that the effect of aerobic exercise
(P=0.0001), ethanol consumption (P = 0.0001) and interaction effect between
aerobic exercise and consumption ethanol (P=0.0001) was significant for plasma
MDA levels. The results of Tukey's post hoc test showed that ethanol
consumption significantly increased MDA in the ethanol group compared to other
groups. The amount of MDA in the ethanol group was 0.365ng/mgProtein which
was significantly increased compared with the control group (0.149ng/mgProtein)
(p<0.0001). The level of MDA in the aerobic exercise group was 0.104
ng/mgProtein, which was significantly decreased compared to the ethanol group
(p<0.0001) and the control group (p<0.05). Further, the MDA in the ethanol +
aerobic exercise group was 0.128 ng/mg Protein, which was significantly
decreased compared to the ethanol group (p<0.0001). The present study evaluated
the combined effects of physical exercise and chronic ethanol consumption and
concluded that alcohol consumption might increase cardiac MDA and reduce
myocardial antioxidant potential. Like the ongoing study, Benzie et al. (6)
suggested that resistance exercise could reduce the harmful effects of alcohol on
the heart and improve the heart's capacity antioxidant. Regular exercise might
improve the damage caused by oxidative stress and reduce lipid peroxidation



Farajtabar: Effect of Aerobic Exercise and Ethanol Consumption... 68

through adaptations created by the expression level of genes controlling
antioxidant defense systems.

Conclusion

The findings of the present study showed that ethanol consumption was decreased
and TAC and MDA levels in plasma were increased. In contrast, aerobic exercise
through increasing TAC levels in plasma and Nrf2 gene expression levels led to
a decrease in the oxidative damage caused by ethanol consumption. On the other
hand, the results of the current study illustrated that regular aerobic exercise
combined with ethanol consumption improved ethanol-induced oxidative
damage. Regular and moderate exercise seems to maintain health and reduce the
risk of cardiovascular disease not only by modulating some of the genes that
control cell oxidation/reduction status but also by improving the performance of
the cardiovascular system via various mechanisms. If the positive effects of the
current study are repeated in human subjects, regular aerobic exercise may have
therapeutic potential to counter the harmful effects of chronic alcohol usage.
Keywords: Ethanol, Aerobic exercise, Erythroid nuclear factor 2 related to factor
(2) (Nrf2), Gene expression, Antioxidant
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Table 1-The charactriziation of primers used in Real Time PCR process
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F 5- GGCAAGTTCAACGGCACAG-3’
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NM_017008.4 144
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Figure 1- PCR product electrophoresis using specific primers of GAPDH and Nrf2
genes on 1% agarose gel
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Figure 2- Fold change of Nrf2 gene in exercise, ethanol and exercise + ethanol
groups compared to control group
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Figure 3- The rate of plasma TCA levels in the studied groups
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Figure 4- Plasma levels of MDA in the studied groups
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