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Purpose: Aging-induced loss of muscle mass and subsequent reduction of strength is a fundamental cause of frailty, functional 
decline, and disability. And this may lead to muscular dysfunction, voiding dysfunction, or urinary incontinence due to pelvic 
muscle weakness induced by aging. Physical exercise has been recommended for the prevention and the treatment of these age-
related frail states. We investigated the effects of treadmill exercise on muscle strength, myostatin mRNA and protein expression, 
and gastrocnemius myocytes proliferation in aged rats to investigate the possible antiaging effects of aerobic exercise on skeletal 
muscles such as pelvic floor muscles and urethral rhabdosphincter muscle.
Methods: In this study, 5-month-old male Sprague-Dawley rats were used as the young-age group (n=20) and 24-month-old 
rats were used as the old-age group (n=20). Each group was randomly divided into two groups (n=10 in each group): the sed-
entary and the treadmill exercise group. The rats in the exercise groups were forced to run on a motorized treadmill for 30 min-
utes, once a day, for 6 weeks. For this study, a weight load test, hematoxylin and eosin staining, real-time and reverse transcrip-
tion polymerase chain reaction for myostatin mRNA, myostatin western blot, and 5-bromo-2’-deoxyuridine immunohisto-
chemistry were performed in the gastrocnemius muscle.
Results: The age-induced reduction of muscle mass and strength was associated with a decrease in myocyte proliferation and an 
increase in myostatin mRNA and protein expression in the gastrocnemius. However, treadmill exercise improved muscle mass 
and strength through suppression of myostatin mRNA and protein expression, and myocyte proliferation increase in the gas-
trocnemius against the aging process.
Conclusions: Aerobic exercise is a useful strategy for enhancing muscle function against aging-induced loss of skeletal muscle 
mass and functions. 
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INTRODUCTION

Aging is associated with a progressive decline of muscle mass, 
strength, and quality, a condition described as sarcopenia. 
Weakness in mobility resulting from muscle loss predates ma-

jor physical disability and mortality, and is associated with poor 
quality of life and needs for health care [1]. Moreover, sarcope-
nia has become a major public health concern for the current 
aging society. In the urologic field, reduction of muscle mass 
might be one cause of functional deterioration such as voiding 
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dysfunction, including urinary incontinence. This muscle mass 
reduction is caused by multiple mechanisms, including prefer-
ential type II myofiber atrophy as a result of motor neuron 
death [2], physical inactivity [3,4], altered hormonal status, de-
creased caloric and protein intake, inflammatory mediators, 
stress, and alteration of the synthesis of various proteins [3]. 
 Myostatin (growth differentiation factor-8), a member of the 
transforming growth factor-β superfamily, acts as a negative 
regulator of myogenesis. It suppresses myoblast proliferation 
and myogenic differentiation [5]. Myostatin null animals dis-
play a significantly greater muscle mass, resulting from muscle 
fiber hyperplasia and hypertrophy [6]. Myostatin inhibits satel-
lite cell activation in mice, and this has significant consequences 
in the context of aging-related muscle wasting and regeneration 
[7-9]. Therefore, considerable attention has been focused on 
whether therapeutic interventions can suppress myostatin sig-
naling for the purpose of ameliorating or attenuating the effects 
of advancing age on skeletal muscle mass and function [10]. It 
has also been suggested that myostatin inhibits human urethral 
rhabdosphincter satellite cell proliferation; therefore, inhibition 
of myostatin function might be a useful strategy for the treat-
ment of stress urinary incontinence [11].
 Physical exercise has been recommended for the prevention 
and treatment of many chronic diseases associated with aging. 
Several studies showed that exercise training improved muscle 
age-related functional decline [12,13]. Moreover, physical exer-
cise enhanced muscle metabolism, protein synthesis, and mito-
chondrial biogenesis in the elderly [14]. Pelvic floor muscle ac-
tivation and strength components were also found to influence 
female urinary incontinence. Thus, pelvic muscle training is 
recommended as a first-line therapy for stress urinary inconti-
nence [15]. Although resistance training such as a weight lifting 
was reported to increase muscle mass and strength even in the 
frail elderly [16], it may also have side effects such as hyperten-
sion and skeletal muscle injury. Therefore, it is not easy for the 
sedentary elderly to perform resistance exercise. There is a pos-
sibility that aerobic exercise may also reduce, prevent, and treat 
sarcopenia. Moreover, aerobic exercise is more appealing to 
many sedentary elders. 
 Stress urinary incontinence (SUI) is a representative aging-
related disease, which is observed in 64.9% of postmenopausal 
women [17]. Although SUI has various causes and the exact 
mechanisms are poorly understood, anatomical changes and 
dysfunction of the intrinsic urethral sphincter is considered as 
one of the major causes of SUI [18]. Moreover, it was recently 

reported that inhibition of myostatin function can stimulate 
urethra rhabdosphincter cell regeneration to treat SUI [11]. 
This anatomical change in urethral support and dysfunction of 
the intrinsic urethral sphincter partly contribute to involuntary 
urine loss during activities that cause abdominal straining. 
Thus, pelvic muscle exercise has been known to increase muscle 
mass and strength, and to reduce incontinence [19]. Addition-
ally, we also reported that swimming alleviated SUI [20]. How-
ever, the exact mechanism remains unknown.
 In the present study, we investigated the effects of treadmill 
exercise on muscle strength, myostatin expression, and myo-
cytes proliferation in the rat gastrocnemius muscle to investi-
gate the possible antiaging effect of aerobic exercise on skeletal 
muscle. This study might shed new light on the mechanism in-
volved in exercise-induced improvement of aging-related func-
tional decline of muscles. 

MATERIALS AND METHODS

Experimental Animals and Treatment
Five-month-old male Sprague-Dawley rats (n=20, 310±10 g) 
and 24-month-old rats (n =20, 410 ±20 g) were used in this 
study. The experimental procedures were performed in accor-
dance with the animal care guidelines of the National Institutes 
of Health and the Korean Academy of Medical Sciences. The 
rats were housed under controlled temperature (23°C ±2°C) 
and 12-hour light/12-hour dark cycles with food and water 
available ad libitum. Each group of rats was randomly divided 
into 2 groups (n=10 in each group) according to exercise: the 
young-age sedentary group, the young-age treadmill exercise 
group, the old-age sedentary group, and the old-age treadmill 
exercise group. All rats received 50 mg/kg 5-bromo-2’-deoxy-
uridine (BrdU; Sigma Chemical Co., St. Louis, MO, USA) in-
traperitoneally once a day 30 minutes before the beginning of 
the treadmill exercise for 6 weeks.

Treadmill Exercise Protocol
The rats in the exercise groups were forced to run on a motor-
ized treadmill for 30 minutes, once a day, for 6 weeks. The exer-
cise load consisted of running at a speed of 2 m/min for the first 
5 minutes, 5 m/min for the next 5 minutes, and then 8 m/min 
for the last 20 minutes, at a 0° inclination. The animals in the 
nonexercise groups were left on the treadmill, without running, 
for the same period as the exercise group.
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Weight Load Test
To evaluate walking tension, a weight load test was performed 
40 days after the beginning of the experiment. The weight load 
test measured the weight placed on each limb during voluntary 
walking. This apparatus is composed of a starting box (translu-
cent), a path, and an arrival box (dark). When the starting box 
was illuminated with a bright light, rats in the starting box 
moved voluntarily toward the arrival box without stopping or 
turning around. The path of the apparatus was constructed to 
monitor weight load of a rat leg at a maximum of 4 different 
spots along the path. The floor of the path consisted of eight 
acrylic plates (5 cm×10 cm) attached to a load cell (working 
range 0–1,000 g, DACELL Ltd., Cheongwon, Korea). These 
plates were lined up in two rows of four. The output of each 
load cell was fed to a digital amplifier (Cyber Amp 380, Axon 
Instruments Inc., Union City, CA, USA) for appropriate ampli-
fication and filtering. The processed signal was sent to a per-
sonal computer via analog-digital converter (1401 Plus, Cam-
bridge Electronic Design, Cambridge, UK) and plotted as a 
time-weight load curve using a software program (Spike, Cam-
bridge Electronic Design). The weight load value measured at a 
given time was expressed in percent of body weight.

Tissue Preparation
The rats were euthanized immediately after the second weight 
load test (after 42 days of daily treadmill exercises). The animals 
were anesthetized using Zoletil 50 (10 mg/kg, intraperitoneally; 
Vibac Laboratories, Carros, France) and the gastrocnemius 
muscle was removed. The muscle tissues were fixed in 4% para-
formaldehyde, dehydrated in graded ethanol, treated in xylene, 
and infiltrated and embedded in paraffin. Coronal sections (5 
μm in thickness) were cut by using a paraffin microtome (Ther-
mo Co., Cheshire, UK) and mounted on coated slides, and then 
dried at 37°C overnight on a hot plate. On average, six sections 
were collected for each muscle.

RNA Extraction and Reverse Transcription-Polymerase 
Chain Reaction
Total RNA was extracted from muscle tissue using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocol. An aliquot of total RNA was reverse tran-
scribed and amplified using MMLV reverse transcriptase (RT) 
and Taq DNA polymerase (Promega, Madison, WI, USA) re-
spectively. One microgram of total RNA was added to 0.5 μg 
oligo (dT) in Diethylpyrocrbonate-treated water and incubated 

at 70°C for 5 minutes and 4°C for 5 minutes. A total of 1 mM of 
all four deoxyribonucleotides (dNTPs), 5 μL of 5μ RT buffer, 
and 200 units of superscript II RT were added. The samples 
were incubated at 42°C for 1 hour followed by 10 minutes at 
75°C and stored at 4°C. Polymerase chain reaction (PCR) am-
plification was performed using a PTC-0150 MiniCycler (Bio-
Rad, Hercules, CA, USA) in a reaction volume of 40 μL contain-
ing 1 μL of the appropriate cDNA, 0.5 μL of each primer set at a 
concentration of 10 pM, 4 μL of 10 μ RT buffer, 1 μL of 2.5 mM 
dNTP, and 0.2 μL of Taq DNA polymerase (Takara, Shiga, Ja-
pan). Following primers used are given with sequences: GAP-
DH forward, 5´-AAC TTT GGC ATT GTG GAA GG-3´ (20 
mer) and reverse, 5´-ACA CAT TGG GGG TAG GAA CA-3´ 
(20 mer); Myostatin forward, 5´-CTA CCA CGG AAA CAA 
TCA TTA-3´ (21 mer) and reverse, 5´-AGC AAC ATT TGG 
GCT TTC CAT-3´ (21 mer).

Real-Time PCR
For the LightCycler reaction, a mastermix of the following reac-
tion components was prepared: 2.2 μL water, 0.4 μL forward 
primer, 0.4 μL reverse primer and 5 μL SYBR premix EX taq 
(RR041A, Takara, Shiga, Japan). LightCycler mastermix (8 μL) 
was filled in the LightCycler glass capillaries and 1 μL cDNA was 
added as the PCR template. Capillaries were closed, centrifuged 
and placed into the LightCycler rotor. The following LightCycler 
experimental protocol was used: denaturation program (95°C 
for 3 minutes), amplification program repeated 50 times (95°C 
for 5 seconds, 60°C for 10 seconds, 72°C for 20 seconds), melt-
ing curve program (60°C–95°C with a heating rate of 0.1°C per 
second and a continuous fluorescence measurement), and finally 
a cooling step to 40°C for 30 seconds. For the mathematical 
model, it is necessary to determine the crossing point (CP) for 
each transcript. CP is defined as the point at which the fluores-
cence rises appreciably above the background fluorescence. ‘Fit 
Point Method’ was performed in the LightCycler software 3.3 
(Roche Diagnostics, Basel, Switzerland), CP was measured at a 
constant level of fluorescence. Following primers used are given 
with sequences: GAPDH forward, 5´-AAC TTT GGC ATT 
GTG GAA GG-3´ (20 mer) and reverse, 5´-ACA CAT TGG 
GGG TAG GAA CA-3´ (20 mer); Myostatin forward, 5´-CTA 
CCA CGG AAA CAA TCA TTA-3´ (21 mer) and reverse, 5´-
AGC AAC ATT TGG GCT TTC CAT-3´ (21 mer).

Western Blot
The muscle tissues were collected, and immediately frozen at 



80    www.einj.org

Ko, et al.  •  Effects of Treadmill Exercise on Myostatin and Muscle in the Elderly

http://dx.doi.org/10.5213/inj.2014.18.2.77

INJ

-70°C. The tissues were homogenized with lysis buffer contain-
ing 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 10% glycerol, 1% 
Triton X-100, 1.5 mM MgCl.6H2O, 1 mM ethylene glycol tet-
raacetic acid, 1 mM phenylmethylsulfonyl fluoride, 1 mM Na2-

VO4, and 100 mM NaF, and then centrifuged at 14,000 rpm for 
30 minutes. The protein content was measured using a Bio-Rad 
colorimetric protein assay kit (Bio-Rad). Thirty micrograms of 
protein were separated on sodium dodecyl sulfate-polyacryl-
amide gels and transferred to a nitrocellulose membrane. 
Mouse GAPDH antibody (1:3,000 Cell Signaling Technology, 
Beverly, MA, USA), rabbit antimyostatin antibody (1:1,000; 
Millipore, Billerica, MA, USA) were used as primary antibod-
ies. Horseradish peroxidase-conjugated antimouse antibody 
(1:2,000; Amersham Pharmacia Biotech GmbH, Freiburg, Ger-
many), and horseradish peroxidase-conjugated antirabbit anti-
body (1:3,000; Vector Laboratories, Burlingame, CA, USA) 
were used as secondary antibodies. The experiment was per-
formed in normal laboratory conditions and at room tempera-
ture except for the membrane transfer, which was performed at 
4°C using a cold pack and prechilled buffer. Band detection was 
performed using the enhanced chemiluminescence detection 
kit (Santa Cruz Biotechnology, Dallas, CA, USA).

Hematoxylin and Eosin Staining 
To detect histological changes in the muscles, hematoxylin and 
eosin (H&E) staining was performed. The slides were dipped 
into Mayer’s hematoxylin for 30 seconds, and then rinsed with 
tap water until clear, dipped in eosin 30 seconds, and rinsed 
again with water The slides were air-dried at room temperature 
and then dipped twice in 95% ethanol, twice in 100% ethanol, 
twice in a solution of 50% ethanol and 50% xylene, and twice in 
100% xylene. The coverslips were finally mounted using Per-
mount (Fisher Scientific, Waltham, MA, USA).

BrdU Immunohistochemistry
To detect newly generated myocytes in the muscles, BrdU-spe-
cific immunohistochemistry was performed. Paraffin embed-
ded muscle section slides were deparaffinized in xylene and re-
hydrated in graded alcohols, followed by a 5-minute wash in 
running water. Tissues were denatured for 10 minutes in boiling 
10 mM citric acid (pH 6.0) and allowed to return to room tem-
perature for 10 minutes. The sections were first permeabilized 
by incubation in 0.5% Triton X-100 in phosphate buffered saline 
(PBS) for 20 minutes, then pretreated in 50% formamide-2× st 
andard saline citrate at 65°C for 2 hours, denatured in 2 N HCl 

at 37°C for 30 minutes, and rinsed twice in 100 mM sodium bo-
rate (pH 8.5). The sections were then incubated overnight at 4°C 
with a BrdU-specific mouse monoclonal antibody (1:600; 
Roche, Mannheim, Germany). The sections were then washed 
three times with PBS and incubated with biotinylated mouse 
secondary antibody (1:200; Vector Laboratories) for 1 hour. The 
sections were then incubated for another 1 hour with an avidin-
peroxidase complex (1:100; Vector Laboratories). For visualiza-
tion, sections were incubated in 50 mM Tris-HCl (pH 7.6) con-
taining 0.03% diaminobenzidine, and 0.03% hydrogen peroxide 
for 5 minutes. The slides were air-dried overnight at room tem-
perature and coverslips were mounted using Permount (Fisher 
Scientific).

Data Analysis
To compare myostatin relative expression, densitometric analy-
sis of the detected bands was performed using the Molecular 
Analyst ver. 1.4.1 (Bio-Rad). The cross-section areas of muscle 
tissue from each slice was measured using Image-Pro Plus 
computer-assisted image analysis system (Media Cyberbetics 
Inc., Silver Spring, MD, USA) attached to a light microscope 
(Olympus Co., Tokyo, Japan). The BrdU-positive myocytes in 
the muscle tissue were counted. The number of BrdU-positive 
myocytes was expressed as the number of myocytes per square 
millimeter of all area in the muscle tissues. 
 Statistical analysis was performed using one-way analysis of 
varivance followed by Duncan’s post hoc test, and the results are 
expressed as the mean ±standard error of the mean. Signifi-
cance was set as P<0.05.

RESULTS

Effects of Treadmill Exercise on Walking Strength in the 
Weight Load Test
The walking strength results obtained from the weight load test 
are presented in Fig. 1. When the weight load in the young-age 
sedentary group was set as 100%, the level of weight load was 
110.18% ±3.61% in the young-age treadmill exercise group, 
81.94%±2.01% in the old-age sedentary group, and 91.89%± 
2.07% in the old-age treadmill exercise group.
 These results showed that walking strength in the weight load 
test was significantly decreased in the old-age rats (P<0.05) and 
treadmill exercise alleviated aging-induced decrease of walking 
strength (P<0.05) (Fig. 1).
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Effect of Treadmill Exercise on the Gastrocnemius 
Histological Alteration 
The gastrocnemius histological alterations are presented in Fig. 
2. After H&E staining, the gastrocnemius tissue in old-age rats 
displayed subjectively greater numbers of hypertrophy in mus-
cle fibers and a substantial amount of connective tissue within 
the perimysium compared to the young-age rat muscle. How-
ever, compared to old-age sedentary rats, treadmill exercise 
during 6 weeks reduced atrophic muscle fiber and connective 
tissue within the perimysium in the gastrocnemius of old-age 
treadmill exercised rats (Fig. 2).

Effect of Treadmill Exercise on Myostatin mRNA Level in 
the Muscle
Myostatin mRNA levels are presented in Fig. 3. When myo-
statin mRNA level in the young-age sedentary group was set as 
100.00, myostatin mRNA level was 72.59±16.06 in the young-
age treadmill exercise group, 537.36±63.07 in the old-age sed-
entary group, and 222.89±19.08 in the old-age treadmill exer-
cise group.
 These results showed that myostatin mRNA expression in 
the muscle was significantly increased in the old-age rats 
(P <0.05) and treadmill exercise suppressed aging-induced 
myostatin mRNA expression (P<0.05) (Fig. 3).

Fig. 1. Effect of treadmill exercise on walking strength in weight 
load test. (A) Young-aged sedentary group, (B) young-aged 
treadmill exercise, (C) old-aged sedentary group, and (D) old-
aged treadmill exercise group. a)P<0.05 compared to the young-
aged sedentary group. b)P<0.05 compared to the old-aged sed-
entary group. 
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Fig. 2. Effect of treadmill exercise on histological alteration in 
the muscle. Photomicrographs of cross-section area in the gas-
trocnemius. Section were stained for hematoxylin and eosin. 
Scale bar 250 μm. (A) Young-aged sedentary group, (B) young-
aged treadmill exercise, (C) old-aged sedentary group, and (D) 
old-aged treadmill exercise group. 

A B

C D

Fig. 3. Effect of treadmill exercise on myostatin mRNA expres-
sion in the muscle. GAPDH was used as an internal control. 
Upper: The results of band detection using reverse transcription 
polymerase chain reaction (PCR) method. Lower: The levels of 
myostatin mRNA following real-time PCR. (A) Young-aged 
sedentary group, (B) young-aged treadmill exercise, (C) old-
aged sedentary group, and (D) old-aged treadmill exercise 
group. a)P<0.05 compared to the young-aged sedentary group. 
b)P<0.05 compared to the old-aged sedentary group. NS, non-
significant.

GAPDH

A B C D

Myostatin 

M
yo

sta
tin

 m
RN

A
 le

ve
ls

600

400

200

0
A B DC

NS

a)

a), b)



82    www.einj.org

Ko, et al.  •  Effects of Treadmill Exercise on Myostatin and Muscle in the Elderly

http://dx.doi.org/10.5213/inj.2014.18.2.77

INJ

Effect of Treadmill Exercise on Myostatin Protein Level in 
the Muscle
Myostatin protein levels are presented in Fig. 4. When myo-
statin protein level in the young-age sedentary group was set as 
1.00, myostatin protein level was 1.02±0.06 in the young-age 
treadmill exercise group, 1.74±0.08 in the old-age sedentary 
group, and 1.35±0.07 in the old-age treadmill exercise group.
 These results showed that myostatin protein expression in 
the muscle was significantly increased in the old-age rats 
(P <0.05) and treadmill exercise suppressed aging-induced 
myostatin protein expression (P<0.05) (Fig. 4).

Effect of Treadmill Exercise on Myocyte Proliferation in the 
Muscle
Micrographs of BrdU-positive cells in the muscle are presented 
in Fig. 5. The number of BrdU-positive cell was 74.69±7.16/
mm2 in the young-age sedentary group, 131.13±12.73/mm2 in 
the young-age treadmill exercise group, 28.24 ±5.08/mm2 in 
the old-age sedentary group, and 50.70±5.89/mm2 in the old-

age treadmill exercise group. 
 These results showed that myocytes proliferation in the mus-
cle was significantly decreased in the old-age rats (P <0.05), 
whereas, treadmill exercise enhanced aging-induced decrease 
of myocyte proliferation (P<0.05) (Fig. 5).

DISCUSSION

Aging-related muscle reduction is a direct cause of several age-
related muscle diseases. Low physical activity levels were ob-
served in elderly people, and muscle strength is a critical com-
ponent of walking ability. This decline in muscle strength is di-
rectly correlated with loss of skeletal muscle fibers and in-
creased muscle fiber atrophy.
 Several studies in the urologic field showed that exercise 

Fig. 4. Effect of treadmill exercise on the expression of myo-
statin protein. GAPDH was used as an internal control. Upper: 
The results of band detection using the enhanced chemilumi-
nescence. Lower: The relative expression of myostatin protein. 
(A) Young-aged sedentary group, (B) young-aged treadmill ex-
ercise, (C) old-aged sedentary group, and (D) old-aged tread-
mill exercise group. a)P<0.05 compared to the young-aged sed-
entary group. b)P <0.05 compared to the old-aged sedentary 
group. NS, nonsignificant.
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Fig. 5. Effect of treadmill exercise on myocyte proliferation in 
the muscle. Upper: Photomicrographs of 5-bromo-2’-deoxyuri-
dine (BrdU) positive myocytes in the muscle. Sections were 
stained for BrdU (black arrowheads). Scale bar 150 μm (A) and 
400 μm (a). Lower: Number of BrdU-positive cells in each 
group. (A) Young-aged sedentary group, (B) young-aged tread-
mill exercise, (C) old-aged sedentary group, and (D) old-aged 
treadmill exercise group. a)P<0.05 compared to the young-aged 
sedentary group. b)P<0.05 compared to the old-aged sedentary 
group.
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training improved muscle age-related functional decline. Wom-
en with pelvic organ prolapse have reduced pelvic floor muscle 
strength and reduced pelvic floor muscle thickness, and there is 
an association between pelvic muscle thickness and pelvic floor 
muscle strength in human [21]. In one study, women in the uri-
nary incontinence group (mixed, urge, and stress) showed a 
successive decrease of electromyography activity with increasing 
age [22]. Furthermore, magnetic resonance imaging studies 
showed that the forward displacement and compression pro-
duced by the levator ani muscle is smaller in older than in 
younger women [23]. Thus, pelvic floor muscle training is one 
possible exercise therapy to reduce functional disorders like 
stress urinary incontinence and pelvic organ prolapse, which are 
probably of muscular origin [19]. The urethral sphincter muscle, 
which is the major muscle responsible for the urinary continent 
system, is composed of a thin inner layer of smooth muscle and 
a thick outer layer of striated muscle [24]. Apoptosis of the ex-
ternal rhabdosphincter cells is suggested as one of the major un-
derlying causes of stress urinary incontinence [25]. Thus, al-
though a large part of the low urinary tract symptoms, which 
are reduction in bladder capacity, uninhibited contractions, and 
diminished urethral pressure, are related to the aging-bladder it-
self [26], aging-related reduction of muscle changes can also af-
fect the low urinary tract symptoms [24,25]. Because proving 
the effect of exercise on the pelvic floor muscles or urethral 
rhabdosphincter muscle in animal models remains difficult, we 
analyzed the effect of an exercise regimen such as treadmill ex-
ercise on the gastrocnemius muscle which is most representative 
muscle in exercise related research in an old-age rat model to 
determine the effect of exercise on sarcopenia and the antiaging 
effect of pelvic floor muscle training. We evaluated the aging-in-
duced alteration of walking ability, such as speed and ground 
tension (walking strength) using a weight load test. In addition, 
histological alteration of cross sectional area in the muscle was 
measured using H&E staining. Cross sectional areas of the gas-
trocnemius in old-age rats showed muscle fiber hypertrophy 
and a substantial amount of connective tissue within the peri-
mysium compared to the young-age rat muscle. Walking 
strength in the weight load test was decreased in the old-age rats 
compared to the young-age rats. Such changes in muscle histo-
logical alteration and walking strength indicate that aging in-
duced a decrease in muscle function. Our findings support pre-
vious reports indicating that aging decreased muscle strength 
through increased muscle fiber hypertrophy in human and ani-
mals [27,28]. 

 Various proteins are implicated in the reduction of muscle 
mass and hypertrophy in muscle fiber according to the normal 
aging process. Among them, myostatin is a regulator of skeletal 
muscles, and it plays a key role in the development and the 
maintenance of muscles. Myostatin levels increase with muscle 
atrophy due to neuromuscular inactivity, and with severe mus-
cle wasting in elderly and myoatrophy patients [29]. Therefore, 
increased myostatin level in human muscles potentially ex-
plains the underlying mechanism of decrease muscle mass in 
sarcopenia. Additionally, myostatin is known to affect myocytes 
proliferation [6]. It was reported that the beneficial effect of 
myostatin deficiency is greater in elderly mice [29].
 In this study, the expression of myostatin mRNA in the gas-
trocnemius was significantly increased in the old-age rats com-
pared to young-age rats. Moreover, myostatin protein expres-
sion was enhanced in the old-age rats, indicating that aging in-
duced myostatin expression. In addition, these alterations led to 
the suppression of myocyte proliferation in the muscle. The 
present results showed that myocyte proliferation in the gas-
trocnemius was reduced in the old-age rats compared to young-
age rat. The current data demonstrated that myocyte prolifera-
tion was decreased with increasing expression of myostatin by 
aging. Our findings support previous reports indicating that 
aging-induced increase in myostatin expression caused the sup-
pression of myocyte proliferation [30]. 
 Treatments of aging related muscular weakness focus on the 
increment of muscle mass and strength, improvement of func-
tional performance, and reduction of disability. Aerobic exer-
cise can acutely increase muscle protein synthesis in healthy, in-
dependent older people [31]. A previous study reported that 
long-term aerobic exercise reduced myostatin mRNA levels in 
rat muscles [32]. 
 In the present study, treadmill exercise decreased myostatin 
mRNA and protein expression in the gastrocnemius of old-age 
rats, showing that treadmill exercise ameliorated aging-induced 
myostatin expression in old-age rats. Furthermore, treadmill 
exercise induced an increase in myocyte proliferation in old-
age rats by suppressing myostatin expression. Treadmill exer-
cise induced alterations that led to a change in muscle fiber and 
strength levels. Progressive endurance exercise has also been 
shown to increase muscle mass, strength, and function in el-
derly people [33]. Moreover, several studies reported that long-
term aerobic exercise such as treadmill running and bicycle in-
creased the synthesis of myofibrillar muscle protein both in 
young and old adults [34,35].
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 Here, we showed that aerobic exercise could help overcome 
aging-induced decreasing of myocyte proliferation and down-
regulation of myostatin expression, thus facilitating sarcopenia 
recovery following aging. These effects might re-enforce pelvic 
floor and urethral sphincter muscles and support the recovery 
from functional deteriorations like stress urinary incontinence 
and pelvic organ prolapse, which are partially of muscular ori-
gin.
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