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Effect of Resistance Exercise Training on Mustn1
mRNA Expression in Rat Skeletal Muscle

Seung Lyul Oh, PhD

Research Institute for Sports Science, Hanyang University, Seoul, Korea

The aim of this investigation was to determine if resistance exercise improved musculoskeletal embryonic nuclear
protein 1 (Mustn1) mRNA expression in skeletal muscle of rat. Thirty-two male Sprague-Dawley rats were separated
into sedentary (control group, CON; n=16) and exercise-trained groups (resistance exercise group, REG; n=16).
CON and REG subsequently were separated into 4 weeks group (4 weeks CON, 4 weeks REG) and 8 weeks
group (8 weeks CON, 8 weeks REG). The rats in the resistance exercise group were trained to climb a 1-m vertical
(85 degree incline) ladder with weights secured to their tail, and they climbed the ladder 10 times 3 days per week
for 8 weeks progressively. After weeks of exercise, skeletal muscle was taken from the flexor halucis longus. After
separating the total ribonucleic acid (RNA) of each group, quantitative polymerase chain reaction was used to
analyze RNA quantitatively. After 4 weeks of resistance exercise, Mustn1 mRNA expression increased significantly
in REG compared to CON (p<0.001). Additionally, there was a significant increase of Mustn1 mRNA expression
in 8 weeks REG compared to 8 weeks CON (p<0.01). Interestingly, there was a significant difference in Musin1
mRNA between 4 weeks REG and 8 weeks REG (p<0.01). In the REG, Mustn1 mRNA increased by 3.7-fold and
2.1-fold relative to CON, respectively. In conclusion, the resistance training increased Mustn1 mRNA expression
in skeletal muscle of rat. This shows that the Musin? mRNA expression gives positive effect on myogenesis and
muscle regeneration in skeletal muscle of rat results from resistance ladder exercise.
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filament) 2] 4 7+ <A "]14 i kR ?:7\]'—1 57]'9}
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8t musculoskeletal embryonic nuclear protein 1 (Mustnl)<
AL, W, A At fREY A 2 A= ST
HA B4 A FAIT oA GEHOR 2 HES
Ho]7| gj&o] musculoskeletal-specific gene 0.2 A A o] 9
. E3] Z YA 71707 oA embryogenesis) A 2,
q%, 222 A E(i.e., preosteoblast, proliferation condrocyte,
myoblast and mesenchymal cell)o| A Musmi2] A== 37
Z7bste A2 teb e Lombardo 57 B8 24
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2 A7 A2 1033 Y Sprague-DawleyA 473 33
(Semtako Inc., Osan, Korea)2 %2 32F5 29 92 3 233
tH(control group, CON; n=16)T} #3+4 &5 % th(resistance
exercise group, REG; n=16)2.2 FLE3}4th 181 o] & A
2 T 45218 8522 Ao R FESte] F 4o R 14
3gitk: 1) 45221 FAI T4 weeks CON; 1=8), 2) 852} FA| 4]
H8 weeks CON; n=38), 3) 452} SFH (4 weeks REG; n=8),
4) 8574} -5 HTH8 weeks REG; n=8). 2E FEoA 45747t
o o R AYY B3 H72L Bl 3, 97U
27 % A$710¢ ST Aol ANt
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Table 1. Resistance exercise program

- Rest  Duration Frequency Period

Condition Reps Set Load (min) (min) (day/wk) (wk)
Adaptation period Max. 3 1 Weight bearing 1 10 4 1
Exercise period Max. 10 1 50%/body weight, every trial+15% 2 30 3 8

A 2% FFSHAT 24 YFH e F=& A Zoletil
(50 mg/kg; Virbac, Carros, France)Z} Rompun (5-10 mg/kg; Bayer,
Seoul, Korea)& 5:19] B &2 E{sto] 7 Y FUAA 13
A7 F ATE 2golA 352 VeR Agete ARAE

Z(flexor hallucis longus)] %= £ Us 25 A&34ch

AFeE](100%12 cm, 2 cm grid, 85° incline)E ©]-&3}
AP = AASHT A3 &5 22D

o Qo
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A A7) the, $3HE 23 Fol 100 em} A= 85%9)
AA ARE AT E o2k $ES 2939, 19 1034

€ W74 R=F SAS AR 25 Foke AtTFY
50% (22 AT 50%)5E Al2ste] ujgjuiet A& 24 H
FAANA 15%4 g S/, BHE 7H 23739 74
A7 7HH AEZE Bue AR 108 S5 HEE
L2 715 A 1Y METE 247 Ao &5 30l
=7FssH HH v A AH Y THOE AEE HEES
o, H ol 252 T+ S =7l A AR S AUTE
o2 7)1E3t4th
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1) Total RNA &2|

A 43S HAT WE Azbe] H3HE2(liquid
nitrogen)2 FZA|7] & BioPulverizer (Biospec 59013N,
Bartlesville, OK, USA)Z o]&3}o] Host A H 23
50-100 mg 1 mL2] Tri Reagent (Molecular Research Center,
Inc., Cincinnati, OH, USA)E #7}3}o] #23} A|F T} Chloro-
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form (Sigma, St. Louis, MO, USA)Z} isopropanol (Sigma), 75%
ethanol& ©]-&3F RNA &, I, A A B4& AR & dzxH
pelleto]] nuclease-free water 30 #LE #7}5}o] total RNAS 2

3 & Spectrophotometer (NanoDrop, Wilmington, DE, USA)S
o]-§-5to] &3¢ (absorbance) 2t A = (purity) & =3t ot
T3t 2% agarose gelE o] &34 A7 =L AA L, UV
transilluminator (Bio Rad, USA)E E3] 4] total RNAY] qualityS

24890,

2) Real-time quantitative polymerase chain reaction
(qPCR)

RNAZ A% 245}7] $lakel SYBR Green o §3F qPCR
& AAssIe $207) 229] primer seti Sl ofeto)
primerBank o] 4| gAY 5o} AJ st om, TRt primer set@}
cDNA AZ-& SYBR Geen supermix?} 23510 iCyclerE o]-&
3t gPCRES A3t A7 EX35}% T qPCR datax house-
keeping gene$l Gapdh®} vl gt At Aol 4=X](dCt=gene —
Gapdh)E ©]-8-5}9] normalization3t Gapdh thH] A<l ¢4
AL HE 9 v & (2n-dC)S Am|RtTh A4 gPCR W&
iQ SYBR Green Supermix (Bio Rad)E ¢]-€-3}4] total volume|
50 L (1Q SYBR Green Supermix, Primer 1, Primer 2, Sterile
water, DNA template)7} =74 951, gPCR ¥ 2AE
denaturation (95°C, 40s), annealing (58°C, 40s), extension (70°C,
40s)0.2 d7gsto] AT
Gapdh sense; F 5-GGGTGTGAACCACGAGAAAT-3', antisense;
R 5-ATGGCATGGACTGTGGTCAT-3' (146 bp), Mustn sense;
F 5-GGGAGTCTGTCCAAGAACCA-3', antisense; R 5-TTG-
GGCTTCTCGAAGACTGT-3' (137 bp)o]tt.

LA A}9] primer sequence=

5. A= X2

BE ZHA o gt Byt (mean)d} EH A (standard devia-

2 pasgon, e5A0I SAYUY 4%, 242
FA 9] ¥3t, Mustn] mRNA L@ 9] |35 BA4317] YA
S #E T-AA (paired samples t-test) S AL} A o]AF 2
I A= i3 FAA AFS SPSS ver. 18.0 (SPSS Inc.,
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Fig. 1. Changes of the body weight. **Significant differ—
ence between control group (CON) and resistance ex-
ercise group (REG). Significant at *»*p<0.01.
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Fig. 2. Absolute flexor halucis longus (FHL) weight. *Sig—
nificant difference between control group (CON) and re-
sistance exercise group (REG). Significant at *p<0.05.

45894179 oA E LEAT Hlalo] EATRAA o £&
A% 2712 wylo, ek BAROR 3t o] 2
Ho|z|= otk 28y 8324} FTHCON, 532.8£172 g REG,
16274150 g p<00DAAE LEYeko] EAZ T v
$oi% A BAvh v Ae® UetFg 1)
ZAd 242 579 W3l Anny AHoR 27l

N 9913+ 70| 7} LFEFRITHCON, 6604583 mg <REG, 760+
47.0 mg; p<0.05). Bt AhA Q] TA LY FA(mg/g)=
423} TZ(CON, 13320.1 <REG, 1.720.1; p<0.01)7 823}
ATHZ(CON, 14+0.1 <REG, 1.740.1; p<0.01) ZEo]A] 29|
gt Aol & Hlth whebA 837+ AR At 52 &
2 PAS FE Aoz et

2. Mustnl mRNA £8io| H35}

3 B ALfelE o83 AR Akl $52 7 A
A Musinl mRNA 22 21344 Z7h4171% A0 2 thebit
th(Fig. 4). 423} ©EATHCON, 0.088£0.006; REG, 0330+
0.029; p<0.001)T+ 823} 2-EFTHCON, 0.109+0.027; REG,
0.234+.0033; p<0.01) =% ZAH kol 8|3 Musin] mRNA
HH Y| Fof7t F7HE B, 452 2FH T4 weeks REG)
o] 832} &5 X @8 weeks REG) E.t} Musml mRNA 2 9|
S99 2717 tebtthp<0.01).

E3 Fig 5 SANTY et Musml mRNA 23 9] v]-&-2
Ojujsl=d], 472} LFHTEL 4744 FA- G H o 37
Hf, 853k SE AT 82 FA T HF oF 2.1 ¢
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Fig. 3. Relative flexor halucis longus (FHL) weight. **Sig—
nificant difference between control groups (CON) and re—
sistance exercise groups (REG). Significant at *»*p<0.01.
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Fig. 4. Musculoskeletal embryonic nuclear protein 1
(Mustn1) messenger ribonucleic acid (MRNA) expression.
GAPDH:  glyceraldehyde-3—-phosphate dehydrogenase.
*xSignificant difference between control group (CON) and
resistance exercise group (REG). "*Significant difference
between 4 weeks REG and 8 weeks REG. Significant at
xxp<0.01, "p<0.01.
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Fig. 5. Musculoskeletal embryonic nuclear protein 1 (Musin7)
mRBNA expression in contrasts with 4 weeks control
groups (CON) and 8 weeks CON.
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