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ABSTRACT

Disuse of skeletal muscle leads to a reduction in muscle mass and alterations
in mitochondrial function. We previously found that treadmill exercise primarily
performed by forelimbs during a period of hindlimb muscle disuse attenuated atrophy
and decrease in mitochondrial protein contents in the immobilized hindlimb muscles.
In this study, we investigated the effects of treadmill exercise mainly performed
by forelimb during bilateral hind limb immobilization on the adaptations in soleus
muscle following cast removal in mice. Male Institute of Cancer Research (ICR)
mice were divided into three groups: a control group without immobilization (CON),
a remobilized group subjected to 14 days of hindlimb cast immobilization followed
by 3 days of remobilization period (R), and an exercise-remobilized group that

performed treadmill exercise during the immobilization period, followed by a 3 days of
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remobilization period (ER). After the intervention, the soleus muscles were harvested

and analyzed. The results showed that both R and ER groups had significantly lower

total average cross-sectional area (CSA) and levels of mitochondrial-related proteins

in the soleus muscle compared to those of the CON group. The average CSA of type Ila

and IIx/b fibers were significantly lower in the R group compared to the CON group,

while no significant difference was observed between the CON and ER groups. These

findings suggest that treadmill exercise mainly performed by forelimb during hindlimb

immobilization may induce fiber—type—specific responses in remobilized muscles.
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1. MEHE

1.1 ER$MS L UEBRBE

HEPEICR~Y 7 2 (HARTZ ATV Y — | HE) %
7z 128861275 % F CTHEEAE L, EBREH
HL7z. v AX23C, 128 0BG A 2 L
OBEEE (KFH 5 07:00-19:00) TP — 212 TH
H L7z SEHIH X SRR SR (MF; 3.6 keal/
g, B 60%, NG 13%, % » 7327 & 27%:; F )
I ZOVEERETZE, R0 B X UUKE B HICIEEL
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ST B, REBRIHEGERFRFERREG L
WHERl - HEEF A ERBMER R L 2KR0 b
cATbhz (2021-11). FiEfEHH %, ~ >
A % %W (CONE; n=10), 2:EEFEE—3H
MR RTE n=10), 2:BMFEZE+EFT b
L — =7 —3 HMEEFRE (ER#E;n=10) ®
3WICT v ¥ 2. T ARER O3 HT
LV3AM, &aToOYYAREWHINL Y FIL
(MK-680; ZHT ML, 50 b ToEATHEEI~ O
5LELTHEEL m/4, 105 B oEFTEE) % %K
M L7z, REER X OERHEL, WEEZ X7 A2
LD MHMEEL% F7TRAEEERELZ
RAET3HMMAB L7z, EREIF 7 AME3 H%
76 by K3V BT % el & L7z E TS
RFER L7 AR T RICHR R L7

1. 2 ¥7ZEEAHE
REELERBEIIEREA T IV (AT M3V
1 [Meiji s BHiG7 =~V ~V A, HE; 0.3 mg/
kg), IFVIL(IFVTL; N, Hil 4
mg/kg), HAMBRT MV T7 7 /)= (NPT 7 —
JV; Meiji Seika 7 7V~ , AEAR; 5 mg/kg) #iRA&
L7z =MER A MM 2 AE10 gH 720 100 u L %
JEWENESH TS L7z, MEEREEICH L 2 8 %
MR LT, F7 AME %2 %M L7z, FEHIE38C
ICRE S NI HES~ Y b (3oL ) S
YN=Y T —F — < EF) TREL
72, B, 15 emiZYIRL7z15mLoO~ A 7 1
Fa—TEHVTYT ZADOBDO G EE- 7.
D%, MR %2 B2 S BRI TIE
i 7 — 7 (Multipore™ Sports White Athletic
Tape; 3M Japan, 3 5t) (2 CHERIEIRAMER, 2
MEIR KNRIEMCTRIE L. ZohrbEAL
2~ (UNIFAST II; GC, ¥ 3t) % &AW L7z, &k
(2, 54, SREMED S R BRI CREBIET & itk
i % BTN F v 2 M (754 b ® s 7ous
TLOHRE) ICXoTHEL, EMSESLY VR



—130 —
BAT L7z BB T, SRR A RE O R
P TH IR T F/8A =V (T v F Ly ®
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TOX 7 A ELE & FSEEORR, =LA KT
X B EEIREEIC B W2, UMHB X7 A[E
EIRTRICA VY 7T P12 L ARE EE T2
T, FTAREL L.

1. 3 Ei&EHLELEETIL—Z2T
EAT ML == 73 Ly FIVZ W
TERML 7. EEEIXE510 m, K 60450,
FLy FIVOBEFHIOE L L7z, EREEL, F
TAFEIHHR LD, 3HMETEMRE 1HKA
OFA 7 VEIE, $Thbb, FTAREEKH
(ZEHO RO EFTER) % 1T o 72.

1. 4 B1&EEREH

BB THRI, 41V 70T Ik B
AJHREE TS THORERIR X 0 BRI L CLeSsBALE &
fTofztk, I AMEMB L7z & X Hidhm
By CITBARERTHAS L, -80C TRE L 72,

1. 5 XEYVFA4X

B L2z EoOe 7 X84 7 %&2mL %
JHAxA 7 ua0F a2 —TIZAN SmmAT v
LAY — X & finE = O30 f% & O RIPA Lysis
N v 7 7 — [60 mM Tris-HCI, pH 7.4, 150 mM
NaCl, 0.25% deoxycholic acid, 1% NP-40, 1 mM
ethylenediaminetetraacetic acid (EDTA) (Merck
Milipore, Bedford, MA, USA) (2, % > /37 &4y
B EBHE#] (cOmplete Mini; EDTA-free; Roche
Applied Science, Germany) & ' > BEALAL& Wi
IK 4 % T 3% BH 55 % (PhosSTOP; Roche Applied
Science) ZHRML72b D] 2z 7212, ¥—X
7 F v ¥ —I27C2500 rpm TP 30 H DR =

SEFT- TR L7z, Z ok, WTEbLEE e LT
K ET3045HIRE S & 7%, 4C, 2800 ipm T
159 M om.LEExE T, BiEEZRIL, >
TVERE L7z

1. 6 I BRERNESR(CS)RAEEDETE

CSHEAFHMHITERMmI by P T7TEEE
WIEOMBABRIZH L Z s, I Fa Y
TEROREL LTELOMETHASONTYS
(Larsen et al., 2012). CS & KMo il 5% 1% Srere
DFkE b LI L THEM L 72 (Srere, 1969).
VT NVERESEEDOREY A= My T 7 —
(100 mM KH5POy, 0.05%Bovine Serum Albumin,
pH7.3) TAHML, % CS &A% E o A 4
TNV E LT, Yy FIVEHE6 w L, Tris-
HC1 207 u L, 5,5-Dithiobis (2-nitrobenzoic acid)
(DTNB) 18 uL, 7t F WVCoAl2 uL, FF
FopEEE9 u LE37CO% R~ A 707 L — |
NTRAEL, 1707 L — MBS IBER
(SpectraMax ABS Plus; €L % 2 — 7 /8 1 &
VXY, HWE) VT, 412mERICB T
Bt (Abs) DZ Lz Bl L7z, CSiFME (u
mol/g wet tissue weight/min) 1L TF D32 & 1) &
Lz,

CS {14 = Abs/min x Total volume X Dilution
factor / (13.6 x Sample volume)

Dilution factor {3 (tissue weight + buffer volume)
/ tissue weight & L TRk 72, 72, 13.613412
nm 2515 % DTNB O EVIEHARITH 5.

1.7 J9xZX&>7H0vy k

W2 T VE R O & 2 X B RE % Bicinconic
Acid Assay (BCAVE) 12 Clll5E L 72 (BCA Protein
Assay Kit; B+ 7 1 )V A HEHESE, KBK) . RIPA
Lysis/N\v 77 =B XUV TNy 77— (025
mol/L Tris-HCI, pH6.8, 8 (w/v) %Sodium Dodecyl
Sulfate (SDS) , 40 (w/v) %Glycerol, 0.02 (w/v)
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%Bromophenol Blue, 20 (v/v) %3-mercapto-1,2-
propandiol; &7 AV AHGHIEE) = VT H >
TNVERZ1IO ug/ u LD EHIHRL, 7z
Ay Ty TAYTHFYTVELL 2O
B, xRy rTuy T4 TRt TVE2D
250, —J7E90TC TR VL. b9 —
JilEOXPHOS D7 = A% »7uy N 7w
ELTRANVEERL 272> 72, 7.5-15% D SDS
RYT7UVNVTIFTFVIZ, £L—=210 ugd
¥y BEERT T4 L, 150 VT6045H SDS-
RUVT 7 I)NT I FEGIKE 21T - 72, Bk
Bfk, 7o v MEIZLD SV D 5 Polyvinylidene
difluoride (PVDF) Jii& (Merck Milipore) D ¥x5:.
1o 72 (BET5-100VT755 ). BE#T
%2, A » 7 L ¥ % Tris-buffered saline containing
0.1% Tween 20 (TTBS) (Zi% L, PVDF Blocking
Reagent (REERE, KB T60M 7wy ¥ 7
WP % AT o 720 Z O TTBS T 545 [ 3 [ i
L, —RIUEAFGICE L TR (20C) Tk
M, 4AC MUt &7z, iR L 7z—kiukix
OXPHOS (1:5000, ab110413, abcam, Cambridge,
UK), COX IV (1:2000, abl4744, abcam), PGC-1
a (1:1000, #516557, Merck Millipore), 4HNE
(1:1000, ab48506, abcam), SOD2 (1:1000, #13141,
Cell Signaling Technology, Danvers, MA) T 4.
PUBHE T2 TTBS T54- M 3mIYEE L, Anti [gG
(H+L) ~ 7 A (American Qualex, San Clemente,
CA) F 721X Anti IgG (H+L) 7 ¥ v b (American
Qualex) O WHUE & 607 M BUG S &7z, 2RI
IRBUGHET 1, 6% FFOSTTBS C 545 i 3l gk L,
b5 38 e e i 3 2E (Pierce ECL Western Blotting
Substrate; Thermo Fisher Scientific, USA) & X
IS S TN Feu gL L, b3t E
(ChemiDoc XRS; Bio-Rad, Hercules, CA, USA) T
Psg L7z, Bt L7223 > Nid, ImageLab software v
6.10. (Bio-Rad) |2 Xk W g L7z, 2Dk, x>
7Ly xRV — S (Beacle Inc., 5HR) TY
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1. 8 HEBIEARIER

BHLAFEO I Afae bIHA v T A
(BL7 A V2 s 20 72MKavs b
CHEEIZZT, WAERTHA STy Ry
CHTHRE IS E L L THR L. 20,
29 4F A% v (CM1950; Leica Microsystems,
Germany) % J\W T8 umTHYI L, HMiEAZ
PERL L 72, AR S b P g ta 2179 £
T-80C TIRE L 7-.

1. 9 SEHE#ILFEE

PERC L 72 FRIEAR 2 -20C 0 7 &  » CHREEH
ZEREEER S 72, T ICRa S 71, AR
A % 5% goat serum, 1% BSA/phosphate buffered
saline (PBS), M.O.M. blocking reagent (Vector
Laboratories, Newark, CA, USA) T604- 71 v
X UM AT o2, DK, —RIUE LN
Z, ACT—Mn s &7 R L -k
¥ MyHC type I (1:50, # BA-D5; Developmental
Studies Hybridoma Bank (DSHB) , Towa, IA),
MyHC type ITa (1:100, # SC-71; DSHB), MyHC
type IIb (1:100, # BF-F3; DSHB), Laminin (1:200,
SC-59854, Santa Cruz Biotechnology, Dallas, TX)
TH B, FIS# T %, PBSTH4 2 M ¥k &
L, WPk & 37C T604 il st S & 72 X
JB#T 2, #L#EFEA % VECTASHIELD Vibrance
Antifade Mounting Medium (Vector Laboratories)
THE AL, HIEHMH TH S BIOREVO BZ-
X810 (KEYENCE, K) (2 TH# L7z gL
72§75, Hybrid Cell Count 7 7)) r—3 3 »
(KEYENCE) % Fi \» "C i e o0 4 T TR % 54501
L7

1. 10 AT hX2 UL /ITHT2 (HE) 46
PERE L 72 RLRR A % Mayer’ s hematoxylin (&
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LT AV AR TTMGE L etk
50C T34 MKk kE % 1TV, =4 Yy (B+L7
AV AHIEAESE) THOR Mgt L7z, Z ik,
B% Ty ) —)V (FL7 1L afEHEE) c58
M2ME, 100% =% /—) (E1X7 4V 2 HIGH
) CHMR2EBIAKL, FYL Y (BELT7AVA
FGHESE) 545 3B LI & 1T o 72, HL#k
BEARIZDPX YW ¥ T 4 ¥ 7 X7 147 A (Sigma-
Aldrich) THA L7z, 3 XTORERE HOGHMEE
BIOREVO BZ-X810 (KEYENCE) CH#i5z L 7-.

1. 11 #REtIE

T IR B FEATOR L, £
7z, #ERTALEEIZ1E GraphPad Prism 7 % a7z, 5
NRTHF—F 2B T, Shapiro-Wilk Hi%E % 92
LIERSEOMELX TR 72, 3BMOIBIZE L
T, IEHMENTRD & N E1d—ICE B 5 BT
4T\, O Tukey-Kramer 212 £ A £ [Lifg
W% S L7z, IERESRO b N b o7z
&, VITANIN - T AEEREML, EDE
Dunn#58 & iV CHERBMEL FEii L 72, &
NTOMEHI BT, G 5% Kz AE L
L7,

2. MEHER

2. 1 FHiRAEAERTETE

A R B B SF RN RS 1L, CON#E
CIERLC, REE, BEREF L B ICAHEICIRNEZ
AR L7z (p<0.001,p<001; E1-B).

FARAE 7 A TR OB IZ OV, & A
71 MAHETIZREE, ERHFEE HIZCONEE L I L
THEIKRMEZ R L7 (p<0.001; ®1-C). A4
TMaB LI xbMMETIE, CONBEE LEL T
REEICTHEIRMEZ R L7272% (p<0.01), EREE
L CONBEOMIZE R 22RO SN A h o7 (K
1-D, E).

2. 2 I hOCRYTEAERRRAEE - 2>
NVEE

CSH RIE ML, CONBEL LKL TRHEEB &
OBRBEE L ICHEICKMEZ R L7 (p<0.00L;
2-B).

BIEER TR T 5 EE R IFREEAR S
YSTHEIZOWTT 2 A Ty MEIZED
Em b L7z, EAERIORER KT T4 % NDUFBS
(H2-C), #H4&1k1loSDHB (H2-D), #4&1k
Il ® UQCRC2 (K 2-E), # & K1V ® MTCOl
(B2-F), BLXUATPAERKIERTHLHEAEKVD
ATP5A (H2-G) ¥ d CONHE & I L CREE
BIUERHE D ICHBIZEMEZ R L7z (p<0.05).
BERIVERBR T 5 COX VS » /327 H 1 CON
BEL B L CR#EB L OBREECTHEIK W ES
RL72 (p<0.001,E2-H).

MY P THEGHRO EELHIEEASTH
%HPGC-1a % » /%7 EIZCONHE & Lk L CRE
BILUERFETHRIKRMAZ /R L7 (p<001,p<
0.001, X 2-1).

LA N L ADIRIED—DTH % 4HNE & /%
7 BIXCONBEL Il L CREEB X OERBETH
HllEEr R L7 (p<0001; ®2-d). —F, fit
ALEEE TH 5 SOD2 % » /37 B3 CONHE L 1t
L CREEBLVERBECHEICHKMERL 72
(p<0.001, E 2-K).

FH L 2T oOHBICBW TS, REEELER
HoOMICAEELZEIRO N 1o 72,

3. & =

RIFFE T, HEE 7 AR 2 W P O R %
L LB N == v Z7OFERIE, 7 ARME
fEER3HRIZB VT, NEEITH D T AFHD
EERTOHEMEBOBRTBLOTI bar FY 7
WZBET 2 5 V8 RO 2 Hfls 5 2 ki
T&ELDo72b0D, 4 71 a, I x/biiH ok
W THi R O 2 30 L 72
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CON: * FRBE (58 % L2 W2eile) 5 Re 208 HI [ 2 + 3 H WS e R B ER: 208 B [ 2+ EATE B —~3 H ME SRR A v 2 A5 v 70y
MGG B: 7 =V ERG IS (CS) RRIGE; C-H: ISR &R & > 77 B & (C: 4 4k 1 _NDUFBS; D: #4{K1I_SDHB; E: #
A RIT_UQCRC2; F: # A KIV_MTCOL; G: #1 & 1KV_ATP5A; H: COX IV) ; . PGC-1 o ¥ ¥ /37 B &;J: 4HNE % > /¥ 7 ' &; K: SOD2 ¥
YOSY R, T YT ERERE TR L. $RTOF— & 1d, CON BRI A 2 MxHE TR L 72, %p < 0.05, **p < 0.01, ***p<0001v5.
CON %

WIS L CTRZ DRSS L. 7 v MIBWT, FTAFEEREIARE V) 2T v TR T
H 072478 T B A BLER) AL (SEL) | 1, IGEROEV Y A T EIC X 518
BIEG AL (FFAL, FREL) (ZHATEWIHE)E BOEELZ TR T olz—T, 4 TUHHET
ARSI e s sy Y, SEERHA WEFMEIZL 5 5 A — DSR4 70 7 > 72T RE
BT 5 & A 7 UHAMEE H 9 2 4T B S |2 w4 WA s, LoT, FTABEMMAIZERL
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