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ABSTRACT

This work is licensed under a Creative

Commons Aribution .0 nernationsl Understanding the involved mechanisms in muscle atrophy can help develop new
© treatment methods for atrophic conditions. Skeletal muscle atrophy via biochemical and transcriptional
pathways can increase the expression of some muscle atrophy related genes. The present study aims
to assess the effect of reduced physical activity by the spinal nerve ligation (SNL) after a period of resis-
tance, endurance and combined exercises on the expression of MuRF-1 and Atrogin-1 genes in male rats.
[VETEEE In this experimental study, 30 male Wistar rats were randomly divided into four groups:
Control+SNL, combined exercise+SNL, endurance exercise+SNL, and resistance training+SNL. The exer-
cises were performed for six weeks. After this period, the protocol of reduced physical activity by the
SNL was implemented for four weeks. At the end, soleus muscle was isolated and the expression levels
of MuRF-1 and Atrogin-1 genes were measured by real-time polymerase chain reaction technique. To
examine the gene expression differences between the groups, analysis of variance and Tukey’s post hoc
test were used. The significant level was set at 0.05.
[T The results showed that the expression of MuRF-1 gene in the combined exercise+SNL and resis-
tance training+SNL groups was significantly lower than in the control group (P<0.05). The Atrogin-1 gene
expression was significantly reduced only in the combined exercise+SNL group compared to the control

: group (P<0.05).
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Introduction

uscle atrophy can be due to the lack of

physical activity for a long time. Some

factors such as gravity-free environ-

ments, decreased blood flow in the tis-

sues, poor nutrition, and denervation of
a muscle attribute to muscle atrophy. Muscle atrophy oc-
curs when protein degradation exceeds protein synthesis.
Muscle atrophy can lead to poor quality of life, inability to
perform daily tasks, and fatigue as well as some diseases
such as osteoporosis and diabetes. Research evidence sug-
gests that a number of events occur in skeletal muscles to
maintain a pure protein balance. Skeletal muscles have a
very high plasticity in response to mechanical loads. Me-
chanical unloading in rodents has been shown to reduce
muscle mass, cross-sectional area of myofibrils, and force
generation. Hence, understanding the involved mecha-
nisms in muscle atrophy can help develop new treatment
methods to deal with muscle atrophy.

Skeletal muscles atrophy via biochemical and transcrip-
tional pathways increases to the expression of some genes
called atrogene. These genes are for the ubiquitin-protea-
some system that provide a mechanism for the selective
degradation of regulatory and structural proteins. Al-
though the major pathways of protein degradation are me-
diated by calpins, caspases, autophagy-lysosomal path-
ways, and the ubiquitin-proteasome pathway, the protein
degradation by the ubiquitin-proteasome system plays an
important role in muscle atrophy. In muscle atrophy, the
MuRF1 and MAFbx (Atrogin-1) genes have been report-
ed to be up-regulated in animal and human models. These
genes encode ubiquitin E3 ligases. It seems that rats with-
out MuRF-1 Atrogin-1 are phenotypically similar to their
normal peers; however, after denervation, these animals
show little self-protection to muscle atrophy. Transcrip-
tion factor FOXO3a can bind to DNA sequences in the
promoter region of Atrogin-1 and Bnip3. Activation of
these genes by FOXO3a, along with other myogenic fac-
tors, causes the onset of muscle atrophy.

Studies have shown that eight weeks of resistance train-
ing with an intensity of 85-95% 1RM can increase the
expression of MuRF-1 and Atrogin-1 in the hypertrophic
phase, but reduces it in the atrophic phase. On the other
hand, it has been shown that after 3 months of resistance
training, the expression of MuRF-1 and Atrogin-1 de-
creased. Furthermore, one session of resistance training
for 10 weeks compared to endurance training has been
reported to increase MuRF-1 and Atrogin-1 expression.
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Based on this, the regulation of MuRF-1 and Atrogin-1
genes seems to be dependent on the type and intensity of
exercise. Overall, based on these findings, it can be said
that the MuRF-1 and Atrogin-1 genes are valid markers
for muscle atrophy. However, comprehensive informa-
tion is not available about the effects of reduced physical
activity after exercise on the muscle atrophy.

The method of reducing physical activity by the spi-
nal nerve ligation (SNL) causes muscle atrophy, reduces
muscle mass, and possibly affects the expression of genes
involved in muscle atrophy. The present study aims to as-
sess the effect of reduced physical activity by SNL after
a period of resistance, endurance and combined exercises
on the expression of MuRF-1 and Atrogin-1 genes in the
soleus muscle of Wistar rats. The questions are whether
the MuRF-1 and Atrogin-1 have a role in the inactivity
period, and whether exercise-induced adaptation can be
effective in preventing or reducing muscle atrophy caused
by reduced physical activity.

Materials and Methods

In the current experimental study, 30 male Wistar rats
were randomly divided into four groups: Control + SNL,
combined exercise + SNL, endurance exercise + SNL, and
resistance training + SNL. The exercises were performed
for six weeks. The endurance exercise was performed at
moderate intensity (60-70% of VO2 max) on a treadmill
for six weeks, four sessions per week. For resistance train-
ing, the animals climb a one-meter ladder with a slope of
85 degrees while the weights were attached to the ani-
mals’ tail by a cylinder. This training was performed for
six weeks. The resistance training sessions were held in the
morning (9 o’clock) and in the evening (2 o’clock) once
every three days. Rats performed three sets with five rep-
etitions in each session. The rest interval was two minutes
between sets and one minute between repetitions. If neces-
sary, an electric shock (0.2-0.3 mA) was used to stimulate
the rats to climb the ladder. In the first week, 50% of the
animals’ body weight was used with a gradual increase in
the weights during the training program. The combined
training program included three weeks of resistance train-
ing and three weeks of endurance exercise.

After the training period, the protocol of reduced physi-
cal activity by SNL was implemented for four weeks. The
SNL is a method that is widely used to study the mech-
anisms of neuropathic pain and the effect of drugs and
pain-related behaviors. To implement this model, the rats
were first anesthetized with sodium pentobarbital. Then,
their fifth lumbar spinal nerve was tightly ligated accord-
ing to Kim and Chang’s method. At the end of study,

Madahi M, et al. The Effect of Decreased Physical Activity on MuRF-1 and Atrogin-1 after Exercise Training. STJRM. 2022; 11(2):250-263.


http://medrehab.sbmu.ac.ir/issue_1066_1067.html

Scientific Journal of
Rehabilitation Medicine

soleus muscle was isolated and the expression levels of
the MuRF-1 and Atrogin-1 were measured by real-time
polymerase chain reaction technique. To determine the
gene expression differences between the groups, analysis
of variance and Tukey’s post hoc test were used. The sig-
nificant level was set at 0.05.

Results

The results showed that the expression of MuRF-1 gene
in the combined exercise+SNL and resistance training +
SNL groups was significantly lower than in control group
(P<0.05). Moreover, the Atrogin-1 gene expression was
significantly reduced only in the combined exercise +
SNL group compared to the control group (P<0.05).

Discussion

According to the results of the present study, it seems that
rats with resistance training were more resistant to SNL-
induced atrophy than the group that performed endurance
exercise. These results indicate that the resistance training
is an important factor in preventing the increased expres-
sion of atrophic genes such as MuRF-1 and Atrogin-1 in-
volved in SNL-induced muscle atrophy. Therefore, it the
resistance training should be included in the rehabilitation
program of patients with reduced physical activity.
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17. Total RNA

18. QlAzol Lysis Reagent

19. Eppendorff, Germany

20. Mouse Molony Leukemia Virus (MMLV)
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15. KimandChung
16. Thread Silk
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21. Real time-PCR

22. Primix syber green lI

23. Duplicate

24. Macrogen Inc. Seoul <Korea

25. National Center for Biotechnology Information (NCBI)
26. B-actin

27. Kolmogorov—Smirnov test

28. Levene's test
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30. Peroxisome proliferator-activated receptor gamma coactivatorl-
alpha (PGC-1a)
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29. Forkhead Box Proteins
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32. Turnover
33. Cathepsin-L
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31. Forkhead box protein (FoxO)
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34. Phosphatidylinositol-3-kinase (PI3K)/Akt and the mammalian
target of rapamycin (mTOR)(PI3K/AKT/mTOR)
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