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Abstract

Background: Skeletal muscle is a tissue that secretes myokines from muscle cells in response to training stimuli
and muscle contractions. Therefore, this study aimed to investigate the effect of 4-week moderate-intensity aerobic
exercise on the expression of three genes: apelin, decorin, and musclin in the skeletal muscle fibers of Wistar rats.
In addition, the study examined the changes in gene expression levels during the training period.

Methods: The present study enrolled 16 male Wistar rats with an approximate age of eight weeks and a weight range
0f200-220 grams. They were randomly divided into two equal groups: An aerobic exercise group (n=8) and a control
group (n=8). During the four-week training period, the experimental group performed aerobic exercises on a
treadmill with an intensity of 50-70% of their maximum power, for three sessions per week, while the control group
did not engage in any activity. After completing the training period, the rats were sacrificed 48 hours later to evaluate
the gene expression of the study variables using the real-time PCR method for tissue analysis. An independent t-test
was used to examine the difference between groups, and statistical significance was set at P <0.05.

Results: The independent t-test results indicated that the gene expression levels of all three variables: Musclin,
decorin, and apelin, were significantly higher in the aerobic exercise group compared to the control group.
Conclusion: The study findings suggest that aerobic exercise can potentially to increase the gene expression of three
specific myokines: apelin, decorin, and musclin in skeletal muscles. These myokines are known to play an essential
role in energy homeostasis, and their increased expression levels could have potential health benefits for individuals
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engaged in aerobic exercise.

Highlights
What is current knowledge?

Examining simultaneously and in the same and controlled condition the effect
of two modalities of aerobic and resistance training as an independent variable
on gene expression of three target myokines (decorin, muslin and apelin).

What is new here?

Considering the few researches in this field and even some contradictory
results, research that simultaneously and in the same and controlled conditions
showed the effect of two types of aerobic and resistance training as an
independent variable in the expression of three target myokines (decorin,
Maslin and Aplin), has not been reported as a dependent variable.

Introduction

Skeletal muscle is a fully vascularized tissue that can secrete proteins/peptides
(1) from muscle cells under the influence of training stimuli and in response to
muscle contractions or sports activity (2, 3). These productions and secretions of
skeletal muscles are called myokines (2) to emphasize their muscular origin (1).
Myokines are peptides secreted from skeletal muscle cells and affect other cells,
tissues, and organs in a paracrine and endocrine manner. Besides, they exert their
autocrine effects on the same muscle or other muscles (3, 4).

Muscles, specifically skeletal and cardiac, are critical mediators of systemic
energy homeostasis (6, 5). As an energy-consuming tissue, skeletal muscle
regulates the energy homeostasis of the whole body through the energy
requirements for active muscles (7). Beyond energy substrate consumption, the
muscle can also secrete humoral factors to regulate systemic energy homeostasis
through intertissued communication. As an endocrine organ, the muscle can
regulate and modulate metabolic changes in other tissues, such as the liver,
adipose, and pancreas, through gene expression and secretion of numerous
proteins (myokines), as well as metabolic substrates and mediators. Myokines
can direct energy homeostasis independently or cooperatively by regulating
multiple aspects of glucose metabolism, lipid metabolism, and insulin sensitivity
in other tissues (5, 6, 8, 9, 10). Therefore, muscle serves as a key endocrine and
metabolic mediator of systemic lipid metabolism required to control energy
homeostasis, and understanding how muscle communicates with adipose storage
tissues to coordinate energy expenditure remains a critical question.

Decorin is one of the components of connective tissue attached to the narrow
strands of collagen type 1. It participates in constructing the extracellular matrix
during muscle contraction following exercise, and its expression, secretion, and
level increase (11). Undoubtedly, the signaling pathways involved in decorin
expression within skeletal muscles work so that engaging in sports activities
triggers the secretion of decorin. This substance then binds to its receptor, known
as ALK4, 5 ACTR 1I, as well as Smad2/3. Subsequently, it undergoes
phosphorylation and activation. By binding to Smad4, decorin enters the cell
nucleus and activates PGC-lo, increasing the mRNA associated with this
myokine (12). The results show that decorin plays an essential role in cell growth
by modulating the activity of growth factors and modifying the growth activity
of various cells through interaction with TGF-f (13). Because of its anti-fibrotic
and anti-inflammatory effects, decorin may be a potential therapeutic target for
diseases related to muscle wasting, as well as an emerging therapeutic candidate
for patients with solid malignancies (14).

Musclin is another exercise-induced myokine expressed in skeletal muscles
more than ten times compared to other tissues such as bone, brown fat, testis, and
spleen, and it plays a crucial role in energy homeostasis (12). Investigations have
revealed that muscle contractions (such as those during physical activity) activate
the signaling pathways of musclin gene expression in muscle cells, leading to
increased levels of musclin. When musclin binds to its receptor, it stimulates the
natriuretic peptide (NPR) and activates cGAP. This, in turn, triggers PGC-1a,
resulting in a rise in musclin mRNA levels. By following the autocrine, paracrine,
and endocrine patterns, musclin can significantly regulate, multiply, and
differentiate muscle cells, control inflammation and insulin resistance, and
suppress tumor growth (15, 12). Some researchers have considered sports activity
as a factor in reducing the circulating levels of musclin; others believe that the
musclin gene is expressed by physical activity, even daily activities. It also
increases after intense activities, emphasizing its role in the process of
mitochondrial biogenesis and, as a result, energy production and balance in the
body (16, 15).

Apelin is an exercise-regulated myokine with autocrine/paracrine activity in
skeletal muscle (17). Apelin levels in muscle and plasma are regulated by
exercise and improve metabolism in obese or T2D mice and humans (12).
Endurance training has been shown to increase apelin expression in the skeletal
muscle of obese men. Furthermore, apelin is expressed by fat cells and is
associated with energy homeostasis in metabolic diseases (18, 17).


https://jcbr.goums.ac.ir/article-1-389-en.html
https://www.ncbi.nlm.nih.gov/mesh/2023177
https://www.ncbi.nlm.nih.gov/mesh/68058575
https://www.ncbi.nlm.nih.gov/mesh/67498449
https://www.ncbi.nlm.nih.gov/mesh/67568440
https://orcid.org/0000-0002-1507-1982
https://orcid.org/0000-0003-2460-8363
https://orcid.org/0000-0002-0696-958X
https://orcid.org/0000-0002-4834-4975
https://orcid.org/0000-0002-6802-1460
https://jcbr.goums.ac.ir/article-1-389-en.html

Aerobic training and myokine gene expression in skeletal muscle

The results of the studies show that exercise can increase the secretion of
myokines such as musclin, apelin, and decorin in the blood serum and their gene
expression in the muscle. The results of the studies on decorin, musclin, apelin,
and energy homeostasis are limited and contradictory. Therefore, expanding the
understanding about which activities with different intensities can play a role in
the secretion, primarily expressing specific myokines in the muscle, can
effectively regulate the body's metabolism, energy production, and homeostasis.
Besides, it is critical in preventing, or treating many diseases, even in the
prescription of more appropriate exercise in the repair of some specific conditions
or drugs based on myokines can be valuable and practical, it seems necessary.
According to the above material, the importance and necessity of conducting new
research in this direction has doubled. Accordingly, this study aimed to
investigate the effect of 4-week moderate-intensity aerobic training on the
expression of apelin, decorin, and musclin genes in the slow twitch fibers of
skeletal muscle of male Wistar rats.

Methods

This study was experimental research conducted in a laboratory and controlled
manner. Given that it was impossible to access human subjects due to space,
ethical, and time constraints, animal subjects (male Wistar rats) were used. After
obtaining the necessary permits, rats were purchased from the Pasteur Laboratory
Animal Breeding and Reproduction Center (Tehran, Iran) and transferred to the
animal laboratory of the Sports Physiology Center of Baqiyatallah University of
Medical Sciences. They were then kept in separate cages according to the
instructions of the Iranian Society for the Protection of Laboratory Animals. Rats
were kept in individual cages in an environment with an average temperature of
22+1.4 degrees Celsius, 55+4 percent humidity, and a 12:12 light-dark cycle
according to the instructions of the Iranian Society for the Protection of
Laboratory Animals. Likewise, rats had free access to standard laboratory food
and water throughout the research. All ethical principles were observed under the
principles of working with laboratory animals and human studies approved by
Bagiyatallah University of Medical Sciences.

Sampling and intervention

The statistical sample consisted of 16 Wistar male rats with an approximate 8-
week age and a weight range of 200-220 grams, randomly divided into two
groups: An aerobic exercise group (n=8) and a control group (n=8). The sample
size was determined using G POWER software based on the statistical analysis
method of variance and alpha error level of 0.05 and power of 0.85.

The exercise training protocol included 4-week moderate-intensity aerobic
exercises with a frequency of 3 sessions per week. In the first week, the
experimental group ran on the treadmill at a speed of 18 meters per minute for 25
minutes in each session. Then, every week, the volume of training (training time
in each session) and training intensity (running speed) increased progressively
until the fourth week (19). The details of the training protocol are provided in
Table 1.

Table 1. Aerobic exercise training protocol

Week Intensity

1 18 meters per minute
20 meters per minute
22 meters per minute
24 meters per minute

Volume
25 minutes a day
30 minutes a day
35 minutes a day
40 minutes a day

B W

A one-week course was conducted to familiarize with the laboratory
environment and exercise training protocol. The familiarization training protocol
included a 3- consecutive training day for 10-15 minutes of running at a speed of
5-7 meters per minute on a treadmill. Maximum power was used to control the
training intensity. For this purpose, the standard incremental test of Biddeford et
al. (1979) (20), standardized by Leandro et al. (2007) (21) for rats and mice, was
used. The incremental test consisted of a ten-step non-inclined treadmill running
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test, run after ten minutes of warm-up at low speed. The starting speed was 5
m/min; every three minutes, the speed was increased by 5 m/min until the rats
could no longer run. The final speed was obtained as the maximum speed when
reaching the maximum power, and 50 and 70% of it were determined as the
minimum and maximum training intensities. Immediately after a day of rest, the
4-week training program was performed by the experimental group. During this
period, the control group did not engage in sports activities.

Measuring gene expression
After completing four weeks of intervention, after the last session of training and
maintenance, the animals were taken to the laboratory and sacrificed. The plantar
soleus muscle sample was taken to examine the expression of genes. In each
group, tissues were examined with the Real-Time PCR technique. First, the
primer design was done, and total RNA was extracted from the tissues and
converted into cDNA. The cDNA was then amplified by PCR and analyzed for
the genes' expression. For molecular investigations at the gene expression level,
first, RNA extraction from tissues in all investigated groups was performed
according to the manufacturer's protocol (Qiagen, Germany). The Comparative
AACt method was used to quantify the expression of apelin mRNA, muscle
mRNA, and decorin mRNA. In this AACt method, the following relationship was
used: AACt = ACt sample - ACt control

In this regard, ACt sample is the difference between the threshold cycles of
the desired gene and the housekeeper in the tested sample (patient), and ACt
control is the difference between the threshold cycles of the desired gene and the
housekeeper in the control sample (healthy). The resulting number is placed in
the relation AACt-2, which shows the difference in expression between the
control sample and the test case (Table 2).

Statistical Methods

At the level of descriptive statistics, indicators such as mean, standard deviation,
frequency distribution tables, and then the Kolmogorov-Smirnov test were used
to check the normality of data distribution. An independent t-test was used for
data analysis in the inferential statistics section. An alpha level of less than 0.05
was considered a significant level. The collected data were statistically analyzed
by SPSS version 27 software.

Results

The results of the expression of apelin, decorin, and muslin genes are reported as
mean, standard deviation, and comparison of gene expression between the
control and aerobic training groups (Table 3).

The results obtained from the independent t-test showed that the gene
expression of all three variables, muslin (P=0.0001), decorin (P=0.0001), and
apelin (P=0.0001) in the aerobic training group was significantly higher than in
the control group.

8=
. control
6- =3 aerobic training
4_
2_
0_
musclin decorin apelin

Figure 1. Gene expression changes of the three variables musclin, decorin,
and apelin in the soleus muscle of male wistar rats. *: P=0.0001

Table 2. Primer sequence of studied genes

Gene name Primer type Primer sequence The length of the Accession
YP q piece Multiplication number
} Forward CCACCCACAACCAGAGAAGA
Musclin Reverse TATGCTCTACAGACCCAGCC 169 nt NM_207612.2
Decorin ;‘:\Z';‘STS GCTGGACCATTTGAGCAGAG GGGGATTGTCAGGGTCGTAA 88 nt NM_024129.1
Apelin f{’er;’:srg CTGCTGCTCTGGCTCTCC TGGTCCAGTCCTCGAAGTTC 126 nt AB023495.1
GAPDH E‘;:Zfsrg CAAGTTCAAGGGCACAGTCA CCCCATTTGATGTTAGCGGG
Table 3. Mean and standard deviation of the variables in the studied groups
. Control group Aerobic exercise group . . .
Variable M£SD M=S t Sing. Effect size
Musclin 1.0£000.194 6.120.32.422 9913 *0.0001 4956
Decorin 1.0£000.612 4.0+098.850 -8.365 *0.0001 4182
Apelin 1.0+000.373 3.1+482.518 -10.995 *0,0001 -5.498

*Significant difference
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Discussion

The present study investigated the effect of moderate-intensity aerobic exercise
on the expression of apelin, decorin, and musclin genes in the skeletal muscle of
male Wistar rats. To further understand the potential role of myokines in
fundamental aspects of variation in the adaptive response to exercise training
(exercise capacity), this study used an experimental design in male Wistar rats.

The research findings indicate that the expression values of apelin, decorin, and
muslin genes in the training group were significantly higher than in the control
group.

The muscle acts as a fundamental endocrine and metabolic mediator of
systemic lipid metabolism required to control energy homeostasis by secreting
various factors called myokines (6, 22), which can be altered by exercise (23).
Musclin is one of the exercise-induced myokines expressed several times more
in skeletal muscles than in other tissues and plays an essential role in energy
homeostasis (24). Recent studies indicated that mice without musclin have a
lower physical capacity (25), and decreased expression of musclin was also
observed in obese mice after exercise (26). Yu et al. (2016) revealed that 8-week
aerobic and resistance training decreased basal levels of musclin gene expression
with increased GLUT-4 expression in the skeletal muscle of obese mice fed a
high-fat diet, inconsistent with the results of the present study (26). The type of
exercise (endurance or resistance), duration, and diet are the reasons for the
difference in the results of different studies (26). In humans, the musclin response
to exercise is not known. Indicatively, musclin responds to daily and intense
physical activity, indicating the role of musclin in mitochondrial biogenesis and
energy balance (25). Most studies have focused on the role of musclin on insulin
resistance. Therefore, its results are in line with the results of this research. So,
an increase in musclin mRNA expression was observed in the training group, and
this increase in response to aerobic exercise was caused by an increase in musclin
gene expression in the soleus muscle tissue, occurring during the activation of
PGC1-a in muscle cells.

Aplin is a myokine involved in the pathophysiology of obesity, IR, type 2
diabetes, and cardiovascular function (27). Currently, controversy has been
observed regarding the response of apelin concentration after exercise
interventions (18, 28). While a study involving patients with diabetes reported an
increase in circulating apelin levels after continuous aerobic training (26),
another investigation showed no change after a similar exercise program (18).

The apelin/apelin receptor system plays an essential role in glucose
metabolism and insulin sensitivity. Low-dose intravenous apelin can lower blood
glucose and improve glucose tolerance in healthy rats. When hepatic glucose
production is entirely inhibited during the hyperinsulinemic-euglycemic clamp,
apelin can decrease blood glucose by increasing glucose uptake from skeletal
muscle and adipose tissue, thereby increasing total glucose consumption (29, 30,
31).

Skeletal muscle plays an essential role in maintaining normal glucose
homeostasis and regulating whole-body carbohydrate metabolism. Apelin can
increase glucose transport in isolated soleus muscle (29, 30) and synergize with
insulin. Studies have shown that the effect of apelin on reducing glucose levels
depends on the activation of AMPK and eNOS (30, 32). However, apelin has
been reported to increase glucose uptake mainly through the AMPK pathway
rather than the eNOS pathway in cultured C2C12 muscle cells (33). In addition,
apelin can increase the phosphorylation of Akt in isolated C2C12 myotubes (30,
34). Notably, plasma apelin concentrations increased in obese and insulin-
resistant rats fed a high-fat diet, while intravenous apelin injection during the
hyperinsulinemic-euglycemic clamp remained effective in improving insulin
sensitivity (29). Therefore, exogenous administration of apelin can significantly
improve glucose tolerance and insulin sensitivity, mainly dependent on
improving skeletal muscle metabolic functions, in addition to increased skeletal
muscle glucose uptake. It was found that apelin knockout mice showed increased
insulin resistance during high-fat diet feeding, further confirming the role of
apelin in regulating glucose homeostasis (33). In human adipose tissue explants,
apelin can stimulate glucose transport in an AMPK-dependent manner, while 3
T3-L1 adipocytes can achieve the same result by activating the PI3K/Akt
signaling pathway. In addition, apelin increased insulin-stimulated glucose
transport in insulin-resistant T3-L1 cells (35).

In addition to skeletal muscle and adipose tissue, apelin increased glucose
uptake and Glut4 membrane translocation in the myocardium of C57BL/6 J mice
in vivo. According to the results of laboratory experiments, apelin also increased
glucose transport in the HOC2 embryonic cardiomyocyte cell line (30, 34).

Glucose can rapidly stimulate apelin secretion in mouse intestinal epithelial
cells. Aplin increases the net flow of glucose across the mucosal barrier of the
gastrointestinal tract. Moreover, phosphorylating AMPK increases glucose
transport from the intestinal lumen into the blood and regulates the ratio of
sodium-glucose transporter 1 (SGLT-1) to glucose transporter 2 (GLUT2).
Conversely, administering an apelin blocker can reduce hyperglycemia after oral
glucose administration. Glucose stimulates apelin secretion in the intestinal
epithelial cells, and apelin increases glucose transport from the intestinal tract to
the blood. The interaction between glucose and apelin increases portal vein
glucose levels, stimulating rapid insulin secretion and improving insulin
sensitivity (36, 37). Therefore, apelin can also maintain glucose homeostasis by
increasing intestinal epithelial glucose uptake, thereby increasing portal blood
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glucose and insulin secretion. A study showed an increase in muscle apelin gene
expression in response to exercise and stated that this increase is positively
related to improving insulin sensitivity (6). The results of another study have
shown that endurance training can play a role in increasing the expression of the
apelin gene in the skeletal muscles of obese men. Fat cells also express it and can
affect energy homeostasis in metabolic disease (6, 27). Therefore, in line with
previous studies, the results of the present study also showed that the increase in
apelin mRNA expression in response to aerobic exercise is caused by the increase
in the level of apelin gene expression in the soleus muscle tissue, after the
activation of PGC1-a in muscle cells.

Studies have yet to be conducted on the effect of sports activity on decorin
levels, and different results have been obtained. Some have confirmed the
positive effect of sports activity (38), and some have not observed any change in
the amount of decorin (39). Correspondingly, in most studies, the changes of
decorin in skeletal muscle tendons have been investigated, and the information
related to the regulation of decorin in the growth of skeletal muscles in response
to exercise is limited (40) and was investigated for the first time by Tosta
Kanzleiter (2014) (11). On the other hand, few studies have addressed the effect
of different intensities of sports activity on decorin levels in skeletal muscle. Only
Zhu et al. (2018) investigated the effect of eight weeks of exercise with different
intensities on the expression of decorin in the Achilles tendon of Wistar rats. The
results indicated an increase in the expression of decorin in the moderate-
intensity exercise group compared to the control group and a decrease in the
expression of decorin in the high-intensity exercise group compared to the control
and moderate-intensity groups. This may explain why moderate-intensity
exercise increases tendon strength and tensile strength, and intense exercise
decreases decorin levels and decreases tendon strength and stiffness (41).
Seemingly, the difference between the study's results by Zhu et al. (2018) and the
present study can be attributed to the investigated tissue (tendon and muscle) and
different intensities of sports activity in these studies. Furthermore, in line with a
limited number of studies, the results of the present study also showed that after
4-week aerobic training, decorin mRNA expression increases through
phosphorylation and activation of Smad2/3 and activation of PGC1-a. Therefore,
regarding the expression of the physiological mechanism of the effect of exercise
on decorin expression, intervening factors such as the intensity and duration of
exercise, muscle damage, the type of subjects, the method of examining gene
expression, and the type of target tissue (tendon and muscle) can be effective.
The effect mechanisms of sports training on decorin are complex and require
more studies.

Demonstratively, the difference in the results of the studies can be attributed
to the type of skeletal muscles (slow-twitch and fast-twitch) involved and the type
of sports activity —no research related to the effect of different intensities of
sports activity that simultaneously measured decorin levels. The study of Potter
et al. (2017) examined the effect of exercise on TGF-B and decorin levels.
Besides, the results indicated increased TGF-f levels in the training group and no
change in decorin gene expression in the Achilles tendon of male Wistar rats (42).
Sotoudeh et al. (2017) investigated the decorin gene expression in the soleus
muscle as a result of eight weeks of intermittent aerobic exercise in an animal
model of breast cancer. In addition, the study's results indicated an increase in
decorin levels in the soleus muscle (2). This research's results are consistent with
the results of the current research.

Skeletal muscle is an endocrine organ that not only contains
essentialmetabolic molecules whose expression changes metabolism but also
communicates with other tissues through the secretion of hormones known as
myokines.

The co-activating factor of peroxisome proliferator-activated receptor-
gamma (PGC1-a) is one of the crucial metabolic molecules expressed in muscle.
It plays an essential role in maintaining glucose, lipid, and energy homeostasis,
and its expression increases with exercise in skeletal muscle (43). Myokines are
probably a bridge between the interaction between skeletal muscle and other
tissues involved in homeostasis and energy metabolism, including fat tissue (8).

Therefore, regarding the expression of the physiological mechanism of the
effect of exercise training on the expression of muslin, aplin, and decorin genes,
seemingly, intervening factors such as the intensity and duration of exercise,
muscle damage, the type of subjects, the method of examining gene expression,
and the type of tissue, (tendon and muscle) can be the reason for the difference
in the studies.

Conclusion

The present research is conducted in muslin, apelin, and decorin gene expression
using rat samples with aerobic exercise, which is vital. In general, the results of
this study showed that four weeks of moderate-intensity aerobic exercise
significantly increased the gene expression of the studied variables. According to
the present study's findings, performing aerobic exercise training by increasing
the expression of musclin, apelin, and decorin plays an essential role in energy
homeostasis, showing the importance of this type of exercise in health.
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