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Introduction: The Ubiquitin pathway is responsible for muscle atrophy; the
Atrogin-1 or muscle atrophy F-box (MAFbx) and the muscle Ring-Finger protein-1
(MuRF1) are the important factors in this pathway. This study aimed to investigate
the effect of endurance training on the intracellular content of proteins related to the
Ubiquitin-Proteasome pathway in the left ventricular tissue of rats with type-2
diabetes.

Methods: In this experimental study, 18 three-month-old male Sprague-Dawley
rats with a mean weight of 270+20 grams were selected. Type-2 diabetes was
induced in 12 rats by intraperitoneal injection of streptozotocin and nicotinamide
solutions. These rats were randomly divided into two diabetic training and diabetic
control groups. A healthy control group (six rats in each group) was also
considered. The training group did endurance training four days a week according
to the training program for eight weeks. Data were analyzed using one-way
ANOVA and Tukey post hoc tests via SPSS software version 23.

Results: MAFbx protein content showed a significant change after eight weeks of
endurance training (P=0.0001); Tukey's post hoc test showed that this significant
change was between pairs of the diabetic training compared with diabetic control
(decrease) groups (P=0.0001) and diabetic training compared with the healthy
control (increase) groups (P=0.004). MuRF1 protein content showed a significant
decrease (P=0.0001); This reduction was significant between pairs of diabetic
training compared with diabetic control groups (P=0.0001).

Conclusion: Endurance training can prevent atrophy and lead to proper left
ventricular function by reducing the content of MAFbx and MuRF1 proteins in the
heart of diabetic rats.
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Introduction

Type-2 diabetic patients suffer from many
cardiovascular complications and it is one of the
important factors of death in these patients. Diabetes
and defects in the insulin messenger can cause muscle
atrophy and increase the destruction of proteins in
muscle cells. Activation of the ubiquitin-proteasome
system leads to its important role in the breakdown of
known proteins such as muscle proteins. Among the
most important regulatory proteins of muscle
proteolysis in the ubiquitin-proteasome system are the
destructive proteins namely atherogen-1 or muscle
atrophy F-Box (MAFbx) and muscle Ring-Finger
protein-1 (MuRF1). MAFbx protein increases in
diabetics and is responsible for the destruction of
muscle proteins. Overexpression of MAFbx in the
heart causes a decrease in physiological hypertrophy.
Another member of the ubiquitin pathway is the
protein MuRF1, which is related to a family of MuRF
proteins including MuRF1, MuRF2, and MuRF3.
Transcriptional regulation of MAFbx causes a
reduction in heart protein degradation from the
ubiquitin pathway. MAFbx not only regulates protein
degradation but also reduces protein synthesis and
plays an important role in controlling heart mass. As a
unique form of physiological stress, regular exercise
training can lead to cardiac muscle adaptation and
ultimately cause physiological hypertrophy. A better
understanding of cellular-molecular mechanisms in
cardiac muscle in response to physical training,
especially endurance training, is very important to
improve the health of diabetic subjects. Therefore, in
the current study, researchers are looking for the
answer that endurance training can regulate and
optimize the intracellular content of proteins involved
in the ubiquitin-proteasome pathway (MAFbx and
MuRF1) in the left ventricular tissue of rats with type-2
diabetes.

Methods

The current research was an experimental one in which
18 three-month-old male Sprague Dawley rats were
included. In the first stage, to induce type-2 diabetes, a
dose of 110 mg/kg nicotinamide solution was injected.
Then, 15 minutes later, a dose of 60 mg/kg
streptozotocin solution dissolved in 0.1 M citrate
buffer, pH=4.5 was injected into the peritoneum of the
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rats only for one time. Blood sugar between 126 mg/dL
and 260 mg/dL was considered an indicator of type-2
diabetes. At the beginning of each session, the rats in the
training group warmed up for six minutes at a speed of
about 10 to 12 m/min. Then, the main training program
included 32 minutes of endurance training with a speed of
15 to 24 m/min. At the end of each session, the rats cooled
down for six minutes at a speed of about 10 to 12 m/min.
Endurance training was performed for eight weeks and
four sessions per week. The treadmill incline was set at
zero degrees. Twenty-four hours after the last training
session, the rats were anesthetized with an
intraperitoneal injection of 30-50 mg/kg ketamine and
3-5 mg/kg xylazine. finally, the left ventricular tissue
was removed and frozen at -80 degrees for further
measurements. The data of the present research
variables were analyzed using one-way ANOVA and
Tukey's post hoc tests at the o=0.05 level of
significance.

Results

Significant differences in weight and blood sugar
levels were observed in the first and eighth weeks
among the diabetic training group, diabetic control, and
healthy control (P<0.05). The intracellular content of
MAFbx protein after eight weeks of endurance training
showed a significant change between the research
groups in the tissue of the left ventricle of the heart
muscle (P=0.0001). Also, the intracellular content of
MuRF1 protein after eight weeks of endurance training
showed a significant change between the research
groups in the tissue of the left ventricle of the heart
muscle (P=0.0001).

Conclusion

Eight weeks of endurance training led to a decrease in
the content of MAFbx and MuRF1 proteins in the
hearts of diabetic rats. Because the variables of the
present study play a significant role in the ubiquitin-
proteasome pathway, reducing the content of these
proteins through endurance training can reduce the
process of atrophy (decrease of heart cells) and
autophagy (death of heart cells) of cardiomyocytes in
rats, so that it prevents type-2 diabetes in rats that are
prone to heart defects. Therefore, endurance training
affects the correct performance and efficiency of the
left ventricle of type-2 diabetic rats by regulating the
intracellular content of these proteins. Nevertheless, the
prescription of endurance programs for diabetics needs
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an examination of the clinical conditions of the
subjects such as the type of diabetes, the volume, and
severity of the complications of the disease, as well as
the conditions of the training programs such as the
duration, intensity, and other components, so that the
best results can be achieved for these people.
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1. Kolmogorov-Smirnov test (KS)
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1. Domain-Containing E3 Ubiquitin Protein Ligase 1 (WWP1)
2, Kruppel Like Factor 15 (KLF15)
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