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antioxidant defense and also affects skeletal muscles. This research aimed to
investigate the interaction of Berberine supplementation with aerobic exercise on
Malondialdehyde (MDA), Superoxide Dismutase (SOD), Glutathione Peroxidase
(GPX), and also the Caspase-3 gene expression in quadriceps muscle tissue of type-
1 diabetic rats.

Methods: 35 male Wistar rats were randomly divided into five groups: 1) healthy
control, 2) diabetic control, 3) Berberine supplement, 4) aerobic exercise and 5)
Aerobic exercise + Berberine supplement. After ensuring the induction of diabetes
by STZ in the treatment groups, moderate intensity aerobic exercise was performed
for six weeks with a frequency of five sessions per week according to the schedule.
Berberine supplementation with a dose of 50 mg/kg was implemented by gavage on
all days of the week and half an hour before exercise.

Results: The MDA and SOD levels in Berberine + aerobic exercise group
significantly decreased (P<0.0019) and increased (P<0.0063), respectively compared
to other groups. The level of GPX in the Berberine + aerobic exercise group had a
significant increase compared to the diabetes control and aerobic exercise groups
(P<0.0005 and P<0.001, respectively). Also, there was a significant increase in GPX
level in the Berberine supplement group compared to the diabetes control group
(P<0.0017), however, there was no significant difference between the group of
Berberine + aerobic exercise and Berberine supplement (P=0.132). The Caspase-3
gene expression in Berberine + aerobic exercise group had a significant decrease
compared to diabetes control and aerobic exercise groups (P<0.0001 and P<0.001,
respectively). This variable also had a significant decrease in the Berberine
supplement group compared to the diabetes control group (P<0.0005).

Conclusion: It seems that the simultaneous intervention of Berberine
supplementation and aerobic exercise has positive synergistic effects and plays an
important role in reducing MDA, caspase-3 gene expression, and increasing SOD
and GPX in the quadriceps muscle of type-1 diabetic rats.
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Extended Abstract

Introduction

Diabetes is one of the metabolic diseases characterized
by chronic hyperglycemia and is associated with
increased oxidative stress and inflammation in the body.
In the process of oxidative stress, reactive oxygen
species (ROS) are produced, especially in mitochondria.
One of the indicators of oxidative stress is the
accumulation of Malondialdehyde (MDA) in the body,
which contributes to the damage of the main cellular
components such as lipids, proteins, and DNA. The
body's antioxidant defense system provides a vital
defense to the biological system by limiting the
damaging effects of ROS. There are many antioxidant
enzymes in the body, including Superoxide Dismutase
(SOD) and Glutathione Peroxidase (GPX), which limit
the destructive effects of ROS. Alternatively, there are
signaling pathways linking oxidative stress to cellular
processes that lead to cellular protein loss and muscle
atrophy. Evidence suggests that a protease called
caspase-3 may also selectively contribute to muscle
atrophy. Exercise and Berberine supplementation may
help as anti-inflammatory agents and increase the
capacity of the antioxidant system in the body. This
research aimed to investigate the interaction of
Berberine supplement with aerobic training on MDA,
SOD, GPX, and Caspase-3 as an indicator of atrophy in
quadriceps muscle tissue of diabetic male Wistar rats.

Methods

35 healthy adult male Wistar rats (about 8 weeks old)
were purchased from the Pasteur Institute of Iran,
Tehran, and randomly divided into 5 groups (n=7). In
the treatment groups, diabetes was induced by
intraperitoneal (IP) injection of streptozotocin at a dose
of 60 mg/kg. After the confirmation of diabetes, the
aerobic training program was performed for six weeks
with the frequency of five sessions per week according
to the training program, as well as Berberine
supplementation with a dose of 50 mg/kg according to
the program in the respective groups on all days of the
week. Forty-eight hours after the last training session (to
eliminate the body's response to the last session of
physical activity) and after 12 hours of fasting, blood
sampling was drawn from the control and treatment
groups. First, the animals were anesthetized by
intraperitoneally injection of ketamine-Xylazine
solution and then euthanized. The tissue of the
quadriceps muscle of the right leg of the rats was
removed and immediately transferred to the nitrogen
tank. On the day of the experiment, a piece of quadriceps
muscle tissue weighing 100 mg was removed and placed
in one milliliter of PBS buffer (pH=4.7). Then, the
samples were completely dissolved using a

homogenizer (model T 10 Basic, IKA, Germany) on ice
for five minutes. The solution was centrifuged at 4000
rpm for 20 minutes at 4°C. The clear supernatant was
transferred to a 1 ml microtube. In order to measure
antioxidants, special kits were used and the tests were
performed according to its standard instructions using
the ELISA method. Relative gene expression of
caspase-3 in quadriceps muscle tissue was measured by
RT-PCR technique and after its quantification using 2°
AACT formula, relative changes of the caspase-3 gene
were calculated and analyzed. Data analysis was done
through one-way analysis of variance and Tukey's post
hoc test (P<0.05).

Results

The MDA and SOD levels in Berberine + aerobic
exercise group significantly decreased (P<0.0019) and
increased (P<0.0063), respectively compared to other
groups. The level of GPX in the Berberine + aerobic
exercise group had a significant increase compared to
the diabetes control and aerobic exercise groups
(P<0.0005 and P<0.001, respectively). Also, there was
a significant increase in GPX level in the Berberine
supplement group compared to the diabetes control
group (P<0.0017), however, there was no significant
difference between the group of Berberine + aerobic
exercise and Berberine supplement (P=0.132). The
Caspase-3 gene expression in Berberine + aerobic
exercise group had a significant decrease compared to
diabetes control and aerobic exercise groups (P<0.0001
and P<0.001, respectively). This variable also had a
significant decrease in the Berberine supplement group
compared to the diabetes control group (P<0.0005).

Conclusion

Six weeks of aerobic training alone has no significant
effect on oxidative stress, antioxidant defense, and
atrophy of quadriceps muscles of diabetic rats, but its
simultaneous intervention with Berberine supplement at
a dose of 50 mg/kg has beneficial and significant effects.
This improvement resulting from the simultaneous
intervention of aerobic exercise and Berberine
supplementation indicates more detoxification of free
radicals and increased fight against inflammatory
conditions caused by diabetes. On the other hand, the
decrease in caspase-3 gene expression indicates a
decrease in cell apoptosis and, as a result, a decrease in
quadriceps muscle atrophy in diabetic rats. Therefore,
the simultaneous use of aerobic exercise and Berberine
supplementation can be a suitable solution to reduce
oxidative stress, increase antioxidant defense, and
reduce the amount of muscle atrophy in diabetic
samples. However, to generalize it to human samples,
more clinical research is needed.
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