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ABSTRACT

Exercise and physical activity improve damage and destructive changes in the peripheral
nervous system.

ET9TETE This study aims to investigate the effects of resistance aerobic training on the expression of
SEMA3A and NCAM genes and proteins of soleus muscle in male rats of different age groups.

[VETELE A total of 30 male Wistar rats in three groups of 2-week-old (infant) (n=10), 6-week-old (young)
(n=10), and 96-week-old (elderly) (n=10) were divided into two groups of training and control. The train-
ing program included 6 days of resistance and aerobic training one day in between. The rats were eutha-
nized and the soleus muscle was extracted 48 h after the last training session. A fluorescent microscope
was used to measure SEMA3A and NCAM proteins in muscle fibers. Gene expressions were measured
by real-time polymerase chain reaction.

ST The results showed that SEMA3A gene expression was not significantly different between exer-
cise and control groups in all three age groups; however, SEMA3A protein expression was significantly
reduced in infant and young exercise groups (P<0.001). Also, NCAM gene expression was not signifi-
cantly different between training and control groups in all three age groups; while there was a significant
decrease in NCAM protein expression in young and old training groups compared to the control group
(P<0.001).

molecule, [@TEIERT The results showed that resistance aerobic training can inhibit the process of peripheral nerve
Neuromuscular damage in infant and young rats, as well as the growth and strength of the neuromuscular junction in
junction young and elderly rats.
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Extended Abstract

Introduction

egular physical exercise causes extensive

molecular, cellular, and tissue adapta-

tions in the human body, especially in the

musculoskeletal system and the nerve-to-

muscle junction. Studies have shown that
the nerve-to-muscle junction has the ability and capacity
for morphological changes as a result of muscle activity
[1]. Exercise and physical activity prohibit damage and
destructive changes in the peripheral nervous system
[2, 3]. In this regard, it was found that in the axonal ter-
minals, the expression of a group of axonal conduction
syndromes, called Semaphorins can affect neuromuscu-
lar connections [4, 5]. SEMA3A is a type of Semaphorin
that is expressed in muscle fibers and can cause axons to
be expelled from the target tissue [5, 6]. Deschenes et al.
(2011) investigated the effect of aging on the adaptation
of neuromuscular junction (NMJ) to endurance training.
The results showed that NMJ changes and nerve dam-
age in muscle fibers occur before their atrophy. Exercise,
on the other hand, delays nerve damage as we age [7].
Ghadiri et al. (2017) investigated the effects of a high-
intensity exercise period on SEMA3A (semaphorin-3A)
gene expression in the muscles of elderly mice. It was
shown that with increasing age, SEMA3A gene expres-
sion in the long extensor muscle of the toes increases;
however, exercise reduced its expression in both adult
and elderly groups [8]. Another important factor involved
in axonal growth is the neural adhesion molecules called
NCAM. These molecules belong to the large family of
immunoglobulins and are expressed only in nerve cells
[9]. Recent evidence suggests that NCAM expression in
muscle fibers increases following exercise [10]. Caldow
et al. reported a significant increase in NCAM expression
by examining early myogenic responses to exercise af-
ter 12 weeks of resistance exercise in young men [10].
Considering that, to date, the role of axonal conduction
proteins, especially SEMA3A and NCAM as a stimulat-
ing factor in neurodevelopment in NMJ following sports
adaptations at different ages has not been determined.
Therefore, the present study aims to investigate the effects
of 6 weeks of resistance aerobics training on the expres-
sion of SEMA3A and NCAM genes and proteins in the
soleus muscle of male rats in three age groups.

Methods

This was an experimental study. A total of 30 male Wis-
tar rats in three age groups of 2 weeks (100-150 g), 6
weeks (220-250 g), and 96 weeks (28-320 g) were kept
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in an environment with a temperature of 23°C + 2°C, the
humidity of 45% to 55%, and a 12 h dark cycle. During
the research, standard food, pellets, and water were pro-
vided to the rats with no limits. After being adopted to
the laboratory environment, the animals were divided into
3 groups of infants, young, and elderly in terms of age
group, and then randomly divided into 2 groups (control
and exercise) in terms of intervention.

Resistance training

The exercises included 3 training sessions per week
(Saturday, Monday, and Wednesday) for 6 weeks, which
included 3 sessions and each session included 4 times
climbing a special ladder to a height of 1 m with 26 steps
of 4 cm. There was a 30 s break for the rats between each
exercise session. After attaching the weight to their tails,
the rats were forced to climb the ladder. In the first week,
the weight attached to the rats’ tails was 30% of their body
weight, and gradually from the second week it increased
to 70%, and in the third week, the weight was 100% of
their body weight. In the fourth week, the weight was in-
creased to 120% of their body weight [11].

Aerobic exercise

At first, the rats were subjected to a program of familiar-
ization with how to work on the turntable for 3 days. Ex-
ercises were performed for 3 sessions per week (Sunday,
Tuesday, and Thursday) and 3 days of resistance exercises
on alternating days for 6 weeks. The intensity of the train-
ing in the first week was equal to 25% of the maximum
speed of the subjects, and then it reached 50% of the maxi-
mum speed in the sixth week [12]. The rats were eutha-
nized in a completely sterile environment 48 h after the
last training session. Using a surgical razor, an incision was
made in the back of their legs, and the soleus muscle was
extracted, and immediately frozen in liquid nitrogen. This
was applied to evaluate the expression of genes and pro-
teins. A light microscope was used to measure SEMA3A
and NCAM proteins in the muscle fibers. The quantitative
polymerase chain reaction (QPCR) method was used to
evaluate the expression of SEMA3A and NCAM genes.
Meanwhile, B-actin was used as a control gene. One-way
analysis of variance (ANOVA) and the Tukey post hoc test
were used to determine the significance of the differences
between the groups. All statistical studies were performed
using the Prism 5 software (Table 1).
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Table 1. Sequence of Primers

Variables Sequence of Primers
F: GGCTCCTGCTTCGTAGTCT
SEMA3A R: CTACTGGACATTTCTTTGGTC
NCAM F: GCTCATGTGCATCGCTGTTAACC

R: CTGTCAGTGGTGTGGTCTCGTTG

Results

The results of this study showed that the expression of the
SEMA3A gene was lower in the training groups compared
to the control group in all three age groups; however, this
difference was not significant. The results also showed a sig-
nificant decrease in SEMA3A protein in young and mid-age
exercise groups compared to the control group (P<0.001). In
the elderly group, the exercise showed a significant increase
compared to the control. Regarding NCAM gene expres-
sion, the results showed a significant decrease in all three age
groups after the exercise. NCAM protein expression was sig-
nificantly reduced in the exercise groups of mid (P<0.001)
and elderly (P<001); however, in the young group, this de-
crease was not significant (Figure 1).
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Discussion

The present study investigated the effects of resistance
aerobic training on the expression of SEMA3A and NCAM
genes and proteins as two effective factors in altering the
nerve fiber supply at NMJ in different age groups. SEMA3A
as a repellent protein in various conditions, such as destruc-
tive diseases of the central and peripheral nerves and the ag-
ing process, destroys motor neurons, especially in the fast-
twitch fibers [4]. Therefore, the results of the present study
showed that although there was an insignificant decrease in
SEMA3A gene expression in all three age groups, its protein
levels were significantly reduced in both young and mid-
age groups. A significant increase in the expression of this
protein was shown in the elderly group. However, Ghadiri
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Figure 1. Comparing the effects of exercise on the expression levels of SEMA3A and NCAM genes
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etal. (2017) reported a significant decrease in SEMA3A ex-
pression in the long extensor muscle of the fingers in older
male rats after 4 weeks of intense intermittent exercise. The
reason for this inconsistency may be explained by the type
of exercise and the type of studied muscles, as it has been
reported that different sports exercises cause different ad-
aptations and results in the soleus muscle [8]. Accordingly,
based on the findings, it can be stated that the expression of
SEMA3A protein is related to the amount of neuromuscular
activity. Following resistance aerobic training, the expres-
sion of this protein decreased significantly in the young and
mid-age groups. One of the significant findings of the pres-
ent study was the lack of change in NCAM gene expression
in all three age groups and also a significant decrease in its
protein expression in both mid-age and elderly groups. In
the study of Taybi et al. (2019), which examined the effects
of intense intermittent training on the cross-sectional area
of muscle fibers and the expression of muscle-destroying
genes in the plantaris muscle of elderly rats, they found that
aging significantly reduces NCAM, and exercise increased
the muscle cross-section and NCAM, which contradicts the
findings of the present study [13].

The results of the present study showed that the expres-
sion of nerve repellent and healing proteins because of
exercise is different at different ages. The expression of
SEMA3A in the soleus muscle of infant and young group
rats decreased and no significant difference was observed
in the elderly. Exercise also decreased NCAM expression
in the soleus muscle of young and elderly group rats, but
these changes were not significant in the infant group rats.
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