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Treadmill Exercise Increases Muscle Satellite Cell Activation Independent of Oxygen
Concentration in Rat

Chang-Hyun Lim"?, Hee-Jeong Son’

Human Physiology, Korea National Sport University, Seoul; 2Department of Kinesiology, McMaster University, Hamilton, ON, Canada, *Center for Sport Science in
Gyeonggi, Suwon, Korea

PURPOSE: This study was performed to investigate the effect of hypoxia in conjugation with endurance exercise training on skeletal
muscle satellite cell activity in rats.

METHODS: Sprague-Dawley rats (20 weeks, N=21) were randomly divided into Control (Con, n="7), normoxia exercise (NE, n=7),
and hypoxia exercise (HE, n=7) groups. Exercise training was performed on a rodent treadmill at a frequency of 5 days/week for 4
weeks, with gradual increases in exercise intensity. The rats were sacrificed 48 hours following the last exercise session. We conducted
immunohistochemistry and western-blot for evaluating satellite cell cycle in phenotype and protein levels.

RESULTS: Any groups did not increase body weight, muscle weight and cross-sectional area were not increased in any groups after 4
weeks (p>.05). Satellite cell proliferation improved in NE (p=.001) and HE (p<.001) groups. NE (p=.028) and HE (p<.001) groups
significantly increased the number of centrally-located myonucei compared to Con.

CONCLUSIONS: Treadmill exercise can induce satellite cell proliferation and differentiation regardless of oxygen partial pressure in the
air, and increasing muscle metabolism efficiency is expected through muscle remodeling by satellite cell activation.
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Fig. 1. Experimental design.
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5) SDS—PAGE

Shbo) Bakg Sfstol B4 WEAIAR
(25 mM Tris-Cl [pH 7.5], 250 mM NaCl, 5 mM EDTA, 1% NP-40, 1
mM phenymethylsulfonyl fluoride [PMSF], 5 mM dithiothreitol [DTT])
of 4°C Al /el M 2417 SF8FA] AR-8-2 et ] 14,000 rpm O
2 3057 YA EEel ) Hof Rl AFEdl(total cytosol fraction)S %
F4-S 72 & 2X SDS loading buffer (60 mM tris pH 6.8, 25% glyc-
erol, 2% SDS, 144 mM 2-mercaptoethanol, 0.1% Bromophennol Blue)E
HysIsih glef 2ol 2lel
acrylamide, 1.5 M tris pH 8.8, 10% Ammonium persulfate, TEMED)¥}
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fate, TEMED)o]| £525}91.21, Standard marker (SDS-PAGE Molecular
Weight Standard, BioRad)2} §7] 80 VollA] 417|952 AAISF3Act
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714 separating gelo]] Z=A|51E Tl 28 Nitrocellu-

3] washingdt & 22} 4|

7) Immunohistochemistry
ZAT0] Yoot LAE 99 OCT Helslo] Hu%
2 10 um FAZ §FA BPAHE W 5 4% paraformaldehydeo]] 557+
TAIZCE 0.1 M PBSE AFG 310} 25 FEAHE AT F 20°C
ol 4] 100% methanole]] 1027 E7HFICE7 T 10% donkey serum (D9663,
Sigma, USA)Z} 0.1% triton X-100-& 4101 W= reagent 2 A2 4] block-

2l sample &

http://www.ksep-es.org



https://doi.org/10.15857/ksep.2019.28.1.22

ingsF Atk
13 kel FA07] Arefel SAALES) -8 SHelap] el
Pax7 (MAB 1675, R&D systems, USA)S- /\}3—0]- 1, FehH AL =4

t} 12} ?J'E]H]'E]E 1% Bovine Serum Albumin (BSA, BSA100, BOVO-
GEN, Australia)Z} 0.1% tiriton X-100-2 3313+ 0.1 M PBSe]| 1:100 H]-&
2 BIMAIA 4°Col|A] sample} S| overnighta}T Overnight 5 22}
QTEJHIC] 2 Alexa fluor 594 donkey anti-rabbit IgG antibody (MOP-
A-21207, Life technologies, USA)2} Alexa fluor 488 donkey anti-mouse
IgG antibody (MOP-A-21202, Life technologies, USA)S AF-8-5}0] AR
of| A 44|17} =<t incubationA]F T} 22} ¢FE]RIT] Q] incubation®] 1lA
2|, 4, 6-diamidino-2-phenylindole (DAPI)o| 331 VECTASHIELD
mounting medium (H-1200, VECTOR, USA)& ©]&
o} ZF AE AR} 71, sample 0.1 M triton-PBSZE 104 59t A ¥4
immersings}o] A|2s}31.om, 2H4) o]u]z]= LEICA TCS SP8 confocal

3l mountingd}}

microscope (Leica Microsystem, Germany)2] Diode laser (405 nm wave-

600 -

—e—Con
-=— NE
550
@ —i— HE
=
T 500 |
2
g I [
450 -
400 | | | |
1 2 3 4
Week Q

length)@} OPSL laser (488 nm, 552 nm wavelength) & A}-8-5}¢]
ST} Mackey et al. [8]2] A--Aute} 71—o] T]HH]:EQ}
OCT A2|d sampleS FE} S7HEE

o=

2-37)6] A2 Aof 7HA B 2007 01%94 THRE LA
3. X=X2| H S

AE-e B3 Yol AIHE-2 SPSS/PC+Version 18.0 L& TS A}
&3t} Hatdt FEHAE AFETHH 2 D 2 Akl S ASP] ¢
Bl YA (One-way ANOVA)S -85}k AR H5-2- Tukey
HSD W& AR-IIAL, 7] 8 222 a= 052 330k
e 2t
1. HIZS ¥ 2] Hs

45771 Aehd A Aof| whE A F-2) MskE dwE A3k Con FHo]
NES}HE ehol] vl A]7]of uhet S7hsh= B2 AA e

Soleus muscle weight (g)

0.25

0.20

0.15

0.10

0.05

NE HE

Con

B/

Fig. 2. Change of body weight (A) and soleus muscle weight (B). Con, Control group; NE, Normoxia exercise group; HE, Hypoxia exercise group.
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Fig. 3. Immunohistochemical image (A) and change of cross-sectional area (B). Red line, laminin; Con, Control group; NE, Normoxia exercise group; HE, Hy-

poxia exercise group. Scale bar=100 um.
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Fig. 4. Immunohistochemical image of myonuclear (A) and change of the number of myonucear (B), myonuclear domain (C) and central nuclei (D). Red
line, laminin; Blue dots, myonuclei; Yellow arrow, central nuclear; Con, Control group; NE, Normoxia exercise group; HE, Hypoxia exercise group. *p<.05, sig-
nificant difference from Con; **p<.001, significant difference from Con. Scale bar=100 um.
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Fig. 5. Immunohistochemical image of quiescent satellite cell (A) and change of the number of quiescent satellite cell (B) and ratio of satellite cell per myo-
nuclear (C). Red line, laminin; Yellow circle and green dot, quiescent satellite cell; Con, Control group; NE, Normoxia exercise group; HE, Hypoxia exercise
group. *p<.05, significant difference from Con; **p<.001, significant difference from Con. Scale bar=100 pm.
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Fig. 6. MyoD (A) and myogenin (B) protein expression. Con, Control group; NE, Normoxia exercise group; HE, Hypoxia exercise group. *p<.05, significant

difference from Con.
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