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Abstract

Background: Box 7 protein (PAX7) and myogenic differentiation (MyoD) proteins are the essential proteins
to regulate the satellite cell and muscle hypertrophy.

Objectives: We aimed to investigate the effect of resistance training (RT) on PAX7 and MyoD in soleus and
extensor digitorum longus (EDL) muscles of old rats.

Methods: In this experimental study, 12 old female rats were randomly divided into two groups including
RT and control groups. The RT program was three days a week for eight weeks, in which the rats climbed
a one-meter vertical ladder with 26 steps. The carried weights varied from 50% of body weight in the first
week to 100% of body weight in the 8th week. Kolmogorov- Smirnov test and independent sample ¢ test
was used for statistical analysis (P<0.05).

Results: MyoD protein in RT group significantly increased in soleus and EDL muscles compared with
the control group (P=0.001). Also, Pax7 significantly increased in the soleus muscle in the RT group
compared with control group (P=0.002); nevertheless, there was no significant difference in Pax7 protein
in the EDL muscle between the RT and control groups (P=0.10).

Conclusion: RT can lead to proliferation and renewal of satellite cells in the soleus and EDL muscles by
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increasing PAX7 and MyoD proteins.
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Background

Sarcopenia is the gradual loss of muscle mass and
strength/performance in old age, which is increasingly
identified as an important factor in the occurrence of
negative health consequences towards the end of life (1).
The diagnostic criteria for this disease are the changes
in muscle strength and volume, cellular and molecular
changes, and consequently the changes in muscle quality
(2). Recent evidence suggests that in the elderly, a large
proportion of satellite cells change from a silent state
to an aging state, which prevents the proliferation and
regeneration of the satellite cell reservoir. To determine
the myogenic status of satellite cells, the expression
of the transcription factor of the paired box 7 protein
(Pax7), myogenic regulatory factors, and the myogenic
differentiation (MyoD) protein, are important for
identifying the silent satellite cells, proliferation, and
differentiating satellite cells, respectively. The first step in
this muscle repair process is to activate the silent satellite
cells by the Pax7 protein, which leads to rearranging
MyoD (3). The results indicate that skeletal muscle
satellite cells require Pax7 expression, or Pax7 expression
is responsible for the survival of satellite cells (4). It has

been reported that in animal models, MyoD is lower in
fast and slow-twitch muscles of elderly rats, while this
amount is lower in the soleus muscle at the lowest value
and also the response of the MyoD gene of the soleus
muscle to the plantaris (plantar muscle) (5). Under the
damaged muscle (pharmacology, pathology, or exercise),
the expression of the MyoD gene increases, indicating
the proliferation of satellite cells in order to repair the
damage (6). In this regard, resistance training (RT) is an
efficient strategy to increase skeletal muscle mass and
strength in the elderly (7,8). Sports activities activate the
adaptation processes and muscle structure repair. RTs are
very effective for compensating sarcopenia, which has
many clear effects on this phenomenon. Moreover, long-
term RT can restore the contents of muscle fiber satellite
cells to the level of healthy untrained adults (9). RT would
lead to muscle hypertrophy in the elderly. Here, some
possible mechanisms that lead to RT-induced muscle
growth resulting in the elderly may be increased muscle
protein synthesis, activation and proliferation of satellite
cells, production of anabolic hormones (testosterone),
and decreased cytokine activity. Furthermore, it has
been shown that satellite cells increase in both type I
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and type II muscle fibers in response to a period of RT
in healthy young men. In addition, increasing age can
disrupt the activation and proliferation of the satellite
cells in elderly men (10). Snijders and colleagues reported
that the content of satellite cells and MyoD protein
content increased significantly after 12 weeks of RT (5).
D’Souza et al found that 9 weeks of exercise significantly
increased Pax7 protein in gastrocnemius and soleus
muscles (11). Despite the many benefits of exercise in the
physiological health of skeletal muscles in the elderly, very
little research has been done on the effect of exercise on
the amount of protein involved in the sarcopenia process
in these people. Currently, a certain conclusion has not
been reached regarding sports exercises because of the
differences in the studied muscles, as well as different
participant preparation, age, and sex.

Objectives

It has been found that aging does not affect all types
of fibers in the same way, and type II fibers are more
affected. Thus, in addition to a slow-twitch muscle, we
also considered a fast-twitch muscle, so that in addition
to measuring the content of proteins, we can also compare
these types of muscles with each other. Therefore, we
aimed to investigate the effect of RT on Pax7 and MyoD
proteins in soleus and extensor digitorum longus (EDL)
muscles of old rats.

Methods

In this experimental study 12 female 20-month-old
Sprague-Dawley rats with a mean +* standard deviation
(SD) weight of 250 + 30 g were purchased and kept under
standard conditions to adapt with the new environment
for one week. Then all rats were randomly divided into
two groups (RT and control) of six rats. The RT groups
underwent eight weeks of RT, three sessions per week,
climbing a one-meter vertical ladder with 26 steps, with
two centimeters of space between each step with a slope
(85 degrees). Each session consisted of three sets via
five repetitions, with one minute of rest between each
repetition, and two minutes of rest between each set. In the
first week, the carried weights increased by 50% of body
weight, and gradually increased by 10% per week, and
tinally reached 100% of their body weight by the eighth
week. In order to warm up and cool down, climbing the
weightless ladder twice was considered before and after
each training session (12). 24 hours after the last training
session, the rats were anesthetized by ketamine (30-50
mg/kg) and xylazine (3-5 mg/kg), then soleus and EDL
muscles were removed, rinsed in physiological saline, and
then immediately placed in a frozen nitrogen tank (for
transferring to the freezer) for further measurements at
a temperature of -80 °C in the freezer. PAX7 and MyoD
were measured by Western blot method.

Western Blot Method

To extract the muscle tissue proteins from the buffer,
RIPA containing 0.05 mM Tris buffer (pH=8), 150 mM
sodium chloride, 0.01% EGTA, 1% sodium dodecyl sulfate
(SDS) with 0.1% of anti-protease cocktail (Sigma, USA)
were used. Proteins were measured by a luminescence
chemical reaction (ECL) by densitometry analysis with
Image] software (version 1/8/1122). Pax7 antibody (serial
number: SC-81648, Santa Cruz Company, USA), MyoD
antibody (serial number: ab64159, Abcam Company,
USA), and beta-actin antibody (serial number: SC-47778,
Santa Cruz Company, USA) were used (13).

Statistical Analysis
Kolmogorov-Smirnov test and independent sample ¢ test
were used for statistical analysis (P<0.05).

Results

Mean and SD of PAX7 and MyoD proteins are shown in
Figures 1 and 2. The results of independent sample ¢ test
showed that 8 weeks of RT significantly increased MyoD
in the soleus and EDL muscles (P=0.001, Figures 1A &
B). Besides, 8 weeks of RT led to a significant increase in
Pax7 in the soleus muscle (P=0.002, Figures 2A & B). In
contrast, eight weeks of RT did not significantly change
Pax7 levels in the EDL muscle (P=0.10, Figures 2A & B).

Discussion

The results revealed that eight weeks of RT significantly
increased MyoD levels in the soleus (about 65%) and EDL
(about 200%) muscles and significantly increased Pax7 in
the soleus muscle (about 31%). Nevertheless, this increase
in Pax7 protein content in the EDL muscle (about 23%)
was not significant. In other studies, it has been shown
that increasing age could disrupt the activation and
proliferation of satellite cells in elderly men (14). One
study investigated the content of Pax7 and MyoD proteins
induced by RT following the strengthening of the satellite
cells in the skeletal muscle of men and women. In men,
the Pax7 protein content did not change significantly
after 12 hours, and then decreased within 24 hours after
exercise. On the other hand, the Pax7 protein content in
women decreased at 12 and 24 hours after RT. In men,
the content of MyoD protein increased at 12 and 24 hours
after RT. In women, it decreased 12 hours after RT, and
no significant change was observed 24 hours after RT (3).
The achieved results of the current research on the soleus
muscle are inconsistent with the results of the mentioned
study on the Pax7 protein content.

We observed an increase in the content of Pax7 protein
in the soleus muscle. However, in Luk and colleagues’
study (3), after 12 and 24 hours, insignificant and
reduction can be observed, respectively. One of the most
important factors in these results is the time of measuring
protein content. Measuring the content or levels of
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Figure 1. MyoD Protein Levels in the Studied Groups. (A) Western blot images of MyoD protein and beta-actin (B-actin) as the control
loading in the soleus muscle tissue (SOL) and ED. (B) Bar chart (mean and standard deviation) shows the quantified values of MyoD protein
bands. * Shows a significant difference at the level of P<0.05.
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Figure 2. Pax7 Protein Levels in the Studied Groups. (A) Western blot images of Pax7 protein and beta-actin (B-actin) as the control loading in
the soleus muscle tissue (SOL) and EDL. (B) Bar chart (mean and standard deviation) showing the quantified values of Pax7 protein bands.*

Shows a significant difference at the level of P<0.05

proteins in the laboratory can have very different results.
However, it is worthwhile to mention that the Pax7
protein content in the EDL muscle, despite the increase,
was insignificant, which was consistent with the results of
the Pax7 protein content after 12 in the mentioned study
and not with other times. Regarding the results of MyoD
protein content, we found an increase that was consistent
with the results of Luk and colleagues’ study (3) in men,
but was contradictory in women. Despite the differences
in the results of both studies, the type of exercise used was
RT. As such, other factors such as intensity, repetition, and
recovery period between sets must be considered. The
type of subjects could also be another essential factor in
our study. All these factors, in turn, can affect the results of
studies. In another study on the effect of RT on Pax7 and
MyoD protein content in elderly men (i.e. 67 years). The
group performed RT of the leg press and leg extensions at
approximately 95% of their 10-RM, with a 2-minute rest
between each set. The vastus lateralis muscle was biopsied.
In this regard, Pax7 protein content was not significant in

the RT group. After RT, MyoD protein content increased
significantly (15). The results of the mentioned study
were inconsistent with the results of our study in terms
of the Pax7 protein content in the soleus muscle, but were
consistent in terms of the EDL muscle. The results of both
studies are consistent in terms of MyoD protein content.
The most important factor that can be mentioned is
the sex of the subjects; we studied female rats while
the mentioned study was done on men. Muscle type is
another important factor. The vastus lateralis muscle in
human subjects is an intermediate muscle, whereas the
soleus muscle in rats is a very fast muscle. It seems that
the composition of the fiber type affects the response of
these proteins, especially the MyoD protein.

The RT in the vastus lateralis muscle in human subjects
increased the expression of the MyoD gene immediately
and six hours after the training session, which is in
consistent with the results of the current research (16).
Muscle biopsies in different parts of the muscles and at
different times after a period of exercise indicate acute
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changes in the satellite cell content and activation status
during or after exercise. The satellite cells have also been
shown to increase in both type I and type II muscle fibers
in response to a period of RT in healthy young men,
which may occur in different ways or may not occur at
all (15,17). The satellite cells move to the damaged area to
participate in the repair of muscle tissue from the intact
part of the myofibril under the membrane. By activating
the satellite cells, six hours after muscle damage, the
expression of the MyoD gene increased rapidly. For this
reason, in adult skeletal muscle, this transcription factor
is considered as an indicator of the satellite cell activation
and proliferation (18).

Conclusion

It appears that RT by increasing PAX7 and MyoD, can
lead to proliferation and renewal of satellite cells in the
soleus and EDL muscles. It also seems that the study of
PAX7 changes in EDL muscle depends on factors such
as intensity, and type and duration of training, and more
studies should be done in this area.

Acknowledgment

This research was the result of a doctoral dissertation and the
efforts of the authors of this research, which was conducted at
Shiraz University. We would like to thank all the people who
helped us in this important matter.

Authors’ Contribution
Laboratory studies and tests: H E; Study and review: ] N AND F
D; Analysis and interpretation of data: H E and M H.

Conflict of Interests
The authors declare no competing interests.

Ethical Approval

The researcher received introduction letters from Shiraz School
of Rehabilitation Sciences with Approval ID: IR.SUMS.REHAB.
REC.1399.038.

Funding/Support
Shiraz University supported the study.

References

1. Landi F Calvani R, Cesari M, Tosato M, Martone AM,
Ortolani E, et al. Sarcopenia: an overview on current
definitions, diagnosis and treatment. Curr Protein Pept Sci.
2018;19(7):633-8. doi: 10.2174/1389203718666170607113
459.

2. Zhao Y, Zhang Y, Hao Q, Ge M, Dong B. Sarcopenia
and hospital-related outcomes in the old people: a
systematic review and meta-analysis. Aging Clin Exp Res.
2019;31(1):5-14. doi: 10.1007/s40520-018-0931-z.

3. Luk HY, Levitt DE, Boyett JC, Rojas S, Flader SM, McFarlin
BK, et al. Resistance exercise-induced hormonal response
promotes satellite cell proliferation in untrained men
but not in women. Am J Physiol Endocrinol Metab.
2019;317(2):E421-E32. doi: 10.1152/ajpend0.00473.2018.

10.

11.

12.

13.

14.

15.

16.

17.

Chang NC, Rudnicki MA. Satellite cells: the architects of
skeletal muscle. Curr Top Dev Biol. 2014;107:161-81. doi:
10.1016/b978-0-12-416022-4.00006-8.

Snijders T, Nederveen JP, Bell KE, Lau SW, Mazara N,
Kumbhare DA, et al. Prolonged exercise training improves
the acute type II muscle fibre satellite cell response in
healthy older men. ] Physiol. 2019;597(1):105-19. doi:
10.1113/jp276260 .

Fathi M, Gharakhanlou R, Soleimani M, Rajabi H,
Rezaei R. The effect of resistance exercise on MyoD
expression in slow and fast muscles of Wistar rats. Journal
of Sport Biosciences. 2015;6(4):435-49. doi: 10.22059/
jsb.2015.53217. (Persian).

Peterson MD, Rhea MR, Sen A, Gordon PM. Resistance
exercise for muscular strength in older adults: a meta-
analysis. Ageing Res Rev. 2010;9(3):226-37. doi: 10.1016/j.
arr.2010.03.004.

Peterson MD, Sen A, Gordon PM. Influence of resistance
exercise on lean body mass in aging adults: a meta-analysis.
Med Sci Sports Exerc. 2011;43(2):249-58. doi: 10.1249/
MSS.0b013e3181eb6265.

Snijders T, Nederveen JP, Joanisse S, Leenders M, Verdijk
LB, van Loon LJ, et al. Muscle fibre capillarization is a
critical factor in muscle fibre hypertrophy during resistance
exercise training in older men. J Cachexia Sarcopenia
Muscle. 2017;8(2):267-76. doi: 10.1002/jcsm.12137.
Mackey AL, Karlsen A, Couppé C, Mikkelsen UR, Nielsen
RH, Magnusson SP, et al. Differential satellite cell density of
type I and II fibres with lifelong endurance running in old
men. Acta Physiol (Oxf). 2014;210(3):612-27. doi: 10.1111/
apha.12195.

D’Souza D, Roubos S, Larkin J, Lloyd J, Emmons R, Chen H,
et al. The late effects of radiation therapy on skeletal muscle
morphology and progenitor cell content are influenced by
diet-induced obesity and exercise training in male mice. Sci
Rep. 2019;9(1):6691. doi: 10.1038/s41598-019-43204-8.
Karbasi S, Zaeemi M, Mohri M, Rashidlamir A, Moosavi
Z. Effects of testosterone enanthate and resistance training
on myocardium in Wistar rats; clinical and anatomical
pathology. Andrologia. 2018;50(3):€12908. doi: 10.1111/
and.12908.

Khani M, Motamedi P, Dehkhoda MR, Dabagh Nikukheslat
S, Karimi P. Effect of thyme extract supplementation on
lipid peroxidation, antioxidant capacity, PGC-1a content
and endurance exercise performance in rats. J Int Soc
Sports Nutr. 2017;14:11. doi: 10.1186/s12970-017-0167-x.
Snijders T, Verdijk LB, Smeets JS, McKay BR, Senden JM,
Hartgens F, et al. The skeletal muscle satellite cell response
to a single bout of resistance-type exercise is delayed with
aging in men. Age (Dordr). 2014;36(4):9699. doi: 10.1007/
s11357-014-9699-z.

Nederveen JP, Joanisse S, Séguin CM, Bell KE, Baker SK,
Phillips SM, et al. The effect of exercise mode on the acute
response of satellite cells in old men. Acta Physiol (Oxf).
2015;215(4):177-90. doi: 10.1111/apha.12601.

Willoughby DS, Nelson MJ. Myosin heavy-chain mRNA
expression after a single session of heavy-resistance
exercise. Med Sci Sports Exerc. 2002;34(8):1262-9. doi:
10.1097/00005768-200208000-00006.

McKay BR, Ogborn DI, Bellamy LM, Tarnopolsky MA,

88 | Hormozgan Med J . Vol 25, No 2, 2021

hmj.hums.ac.ir


https://hmj.hums.ac.ir
https://doi.org/10.2174/1389203718666170607113459
https://doi.org/10.2174/1389203718666170607113459
https://doi.org/10.1007/s40520-018-0931-z
https://doi.org/10.1152/ajpendo.00473.2018
https://doi.org/10.1016/b978-0-12-416022-4.00006-8
https://doi.org/10.1113/jp276260
https://doi.org/10.1016/j.arr.2010.03.004
https://doi.org/10.1016/j.arr.2010.03.004
https://doi.org/10.1249/MSS.0b013e3181eb6265
https://doi.org/10.1249/MSS.0b013e3181eb6265
https://doi.org/10.1002/jcsm.12137
https://doi.org/10.1111/apha.12195
https://doi.org/10.1111/apha.12195
https://doi.org/10.1038/s41598-019-43204-8
https://doi.org/10.1111/and.12908
https://doi.org/10.1111/and.12908
https://doi.org/10.1186/s12970-017-0167-x
https://doi.org/10.1007/s11357-014-9699-z
https://doi.org/10.1007/s11357-014-9699-z
https://doi.org/10.1111/apha.12601
https://doi.org/10.1097/00005768-200208000-00006
https://hmj.hums.ac.ir/article-1-1106-en.html

[ Downloaded from hmj.hums.ac.ir on 2024-04-28 ]

Esmaeili et al

18.

Parise G. Myostatin is associated with age-related human
muscle stem cell dysfunction. FASEB J. 2012;26(6):2509-
21. doi: 10.1096/1j.11-198663.

Almeida S, Claudio ER, Mengal V, Oliveira S, Merlo E,
Podratz P, et al. Exercise Training Initiated Late After

Myocardial Infarction is Related With Better Cardiac
Function, Oxidative and Antioxidative Protein Expression.
FASEB J. 2015;29(S1):966.7. doi: 10.1096/fasebj.29.1_
supplement.966.7.

hmj.hums.ac.ir

Hormozgan Med ] . Vol 25, No 2, 2021 | 89


https://hjm.hums.ac.ir
https://hmj.hums.ac.ir
https://doi.org/10.1096/fj.11-198663
https://doi.org/10.1096/fasebj.29.1_supplement.966.7
https://doi.org/10.1096/fasebj.29.1_supplement.966.7
https://hmj.hums.ac.ir/article-1-1106-en.html
http://www.tcpdf.org

