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Effects of hypoxia exposure and eccentric contraction on skeletal muscle
—dynamics of key molecules related to satellite cell, capillary and pain—
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B — E
Frim

G REEZ ST 5 & Ml L ERREORICRIET 597 74 ME/LAEME(L - L, fikg~
EbT D2 L TEHBHOE/EETT S (Dumont et al. 2015), FF/EICNZ T, 774 M/ TR
RROMEBAEZECLHFGT DR RSN TEB Y (Murach wt al. 2017; Christov et al. 2007) . IT4F
k2 REBRFMEO T TY T 74 MeEAOEEIRP LN SN TETND, ARRIZBWTIE, b MISH
AIREZR R OB HA RN A E L, EBE L —= 7 - KRIEBREZB L= N v 7 IUES Y
774 ML OERRIC KT T RE A MR LR - 5 AT FREE W TRET LT,

I ERREBEIERGICEZIEER

REER NI EZ2HE T 287 & LT, [KEEFEFHER T 1 (Hypoxia Inducible Factor-1 : HIF-1)
I X DEFHE N B TS (Favier et al. 20155 Semenza, 2012) , HIF-1 /% HIF-1a & HIF-1B8 7~ 5
D ~T v REOEGEHRER - Th Y | KEER T TORGCO FERHR - THL BN TND,
HWIRFLIZIH VT, HIF-18 L ERRETELRITFAEL TWD 5T, HIF-1la (357 "7 EHL-ULT
OFEiZ 521 T %, Prolyl-hydroxylases (PHD) %, HIF-la Lo 7w U UKo Nax ki
TOBEETH Y, TORISICHEE L 2-A4x Y VLV, FICHKT L LT Fe2 24895, b R
XUk &7z HIF-1a 1 von Hippel-Lindau 7 > X7 B |GG ST F b a2, Va7 7
V—LRIZE > THRIN D, {KEER L PHD 23R C& 2R 4B/ &5 2 & CHIF-1la 2% E{LT
%, 2ZEL LT HIF-1a 13 HIF-18 & "8 K& JER U CTRENICEAT LIRSl 217 5, LasL., IKEERIR
& 2 ST TR T o0 HIF-1a Z > /87 B OREIE, FBRIZRHIRIZ K- T UIE LIRS S uiauy,
HIF-1a % > /327 B3 238 < . HeLa Ml 2 JI 72 JeATHIE Cld HIF-1a & /37 MO EA % i
WTCTEDDIE 1% 02 IZIRFER 3 RFHLIN DA T (Bagnall et al. 2014) . #IZ 1%02 (Z 4 KFfiR X iuiz
Hep 3B i Tl 15 /0B RICITM A TTEEIC 22 o 72 (Wang et al. 1995), N1z C HIF-1a OZE{L % /R~
L72% < OWFFEI in vitro THUWMERSE (1%02%) MW TE Y| B4 T HIF-la ODZELE s L
TWFZEIE 6% 02X 5000m % #8 X 5 i O WMERE R ISR O T % (Favier et al. 2015), HIF-1a ®
BEARICE G T 2MmoOEKR & L CiEMERFEM (Reactive Oxygen Species : ROS) & —fe{b % #

(nitric-oxide : NO) R & &4 TV 5 (Chaudhary et al. 2012; Guzy et al. 2005; Balligand et al. 2009) ,
ROS IZ PHD Ok T 5 Fe2t L T Fe3tiZB{b x5 2 L THIF-la DZE(LE H 725 L. NO
IZPHD # S-= b r b7 5 Z & TRIEMH(L LT HIF-1a 22 E{L S 5,

HIF-11Z X » T Bl & 5207 2 48 N SR (Vascular Endothelial Growth Factor : VEGF)
X, MBSO FER IR 7T 5 (Hoier and Hellsten, 2014), VEGF OFE/ O H1X L—=
> 7 RBIEEEE R O E HrE &2 Wk L, VEGF OBEM /) v 7 7 7 b~ 7 AT L~V TOEM
MmEHDOIKT %7~ L7z (Hoier and Hellsten, 2014), SEEEIZ, KEEEREFEZIC VEGF mRNA & 5 W3 ¥
PONTEORBINEIN LT Z & 2 RE T 258D <AFET S (Ohno et al 2012; de Theije et al. 2015;
Flann et al. 2014), F7-. VEGF % HIF-1 [Z{&1F L 72\ AMP-activated protein kinase (AMPK) #%
BIZE->TH B2 155 (Zwetsloot et al. 2008) , AMPK X AMP/ATP bt HE AN R F2 g 5212
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FoTEHEbansZ b TEY, AMPK / v 7 X7~ 7 A3HEK L~ TO VEGF mRNA
OFBNET L, AMEOERE Tk T VEGEF O LRI IH &5 (Zwetsloot et al. 2008) ,
AMPK 7% VEGF OffffizAT 5k & LT, ~AF Y — LHER FIHMEL L 772 —y &R T

(Peroxisome proliferator-activated receptor Gamma Coactivator 1 alpha : PGCla) -= X kv /7 B
HZ R IK o (estrogen-related receptor- o : ERR-a) #2213 E 2 Hiv, EESIZ AMPK OiEME bIZ~ T &
BEAT DO PGCla mRNA B A1 X 7- (Lee et al. 2006) , VEGF /a1 DA > b u #7121 ERR
o PRSI TFAE L. PGCla IX ERR-a O 7' 0 —4 —HEiIZfE S LT ERR- « 21&ME(L ST VEGF
DFEBLZFHE LT 5 (Chinsomboon et al. 2008), NO & F7-iEFHEICEHEGT HH 1D 1 >Th D,
NO [T HEHEMICIBN T, MENEAMRIZAFAET 2 NEH NOS (endothelial NOS : eNOS) & il -
\ZAFAET D4 NOS (neuronal NOS : nNOS) (2L »> THKEM 5 (Clanton, 2007), al-7 K1)
VURBERT A=A N T LT T Y VAT KD M IS O R R A 12351 2 M8 AR,
VEGF O T Gl BEFR L T eNOS K~ 7 223 Tl &4 2% (Williams et al. 2006) . %72, nNOS
KIE~T AT Wild # A 7O~ A L iz LT, VEGF-A mRNA £ L OEBMIMERENMET T2 2 L0
B 62 STV 5 (Ward et al. 2005) , Z O & #HEEIRRIESEA - 1/2 (Fibroblast growth factors :
FGF1/2) X7 v VA RTF > 1HFEGMEFAEICEGT 52 LG S TRY | ke RRFIC K> TH
Ko EHAENHEE SIS (Yun et al. 2010; Brindle et al. 2006) ,

Y7 T4 bR, BIERE FICAE L CTlfHEO AR, B E T 28Mia Th 5. EHIE
RIEREETHIEL, b L —=0 ZFOMBEIONE L TEM(L, LIk L TR L —= 7 %%
S FEAICBE 595 (Dumont et al. 2015), F(Z in vitro (2B W T, KEERERZIIYVT 714 A DIE
AL - B A (EHE U, b2 FE T AR R 522 & Cuvd  (Jash and Adhya, 2015; Li et al.
2007; Liu et al. 2012), Z O3 HIF-1 12 X - TRt S, &g IC L5 HIF-1 0oL EkiE, 7 7
A FMEALOTEMH LB L O EOEL -6, KBEIZE 507 74 M EADOIEMALS in vivo DB
G2 DL LT, OB L - CIRICERFE LT, —RrA 22 KRR IC R 2 2 & AVE R
OFAICHEHATH D Z ERFEH I TS (Jash and Adhya, 2015), L2vL. WRIZ X 55O
FIRFED ., in vivo DY T T A FEAVBRBICED L O REBE G AL0NCHEL THZL A EH LTS
FLTUWRUY,

Y7 T4 MEVTEEHICB W CEMIMAE OB ISAE L TR Y . HiFAOBIZ B O W R
EEMED RN F 2B oW 5 Z ERMb TS (Christov et al. 2007), FriZr{bikH&

(myogenin Z % 8) OV T T A M, WEtEo &SR ERN+ (VEGF-A, FGF2, HGF %) %
DT Do BT T A MM LD MEF AR iInvivo IZBWTHAEAINATEY, YL T 777 vk
A % M\ 7= Latroche (X7 VINIZH T T4 FEAZENT 2 Z &£, BHILE ORELRET L L%
B 622 L7e (Latroche et al. 2017), F72, 47 7 A M E/IMERC K> TZOEHERENK T2 2
EDRALNCENTEY, 7 T4 FEMIC KD MAEFAEREGES S MEIZ L > TR T 25 2 & 235560
SN TV5 (Rhoads et al 2013), fih 7, & MIIBWTEMIME DL FFET 2B & Ff-omlin i o
s, BMILE B EORVWVERG LV bEINZ L 507 74 MEADIEMEERE LW EARITH
% (Snijders et al. 2017), ¥iZ, %7 74 b/ & BMME OEHIZ. Type I #HEIZ W CTEling &
DHEFEZETLVIINZ EDFEHEN TS (Nederveen et al. 2016), = 5 L7-#FZefERIT, mEH4
BEOHT T4 M VOTEHALAHEICERT 5 Z &2l L T\ b, UL, 774 ML OSE M
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0 > 777 EROWERRIL, Adult O~ 7 2AZBTF 5T 714 M ofEn, 7= IR —v
OAMBETICE D MEFAEICHEEL G 27202 L2 502 Lz (Murach et al. 2017), Z iU, i#Edh

CRDMEHRAECY T T4 FEADBEBLRNZ EERRL TWD A, HNic~ U XA DE|CIRTL R
”ﬁ@@%% ez L b L —= 7 2l DR TBROMBEDRICY T T A4 M EABERL TH2RW
DI TH D, £ 2T, ARH EIZBW T, FraURieRgeE " Ak (10 8i) & &ils (20 7 A
i) ~ U ADOFRKA (b7 A, MEHRER) OmEFESCTT 714 FE/WEHRICG 2 D8 % W
HLTWD,

Rl R IR TR & WSR2 4 0 I Uz ) £ I RIS R R 1, Frfoe i) e Rmes & I3 e D1 & F¢
STV, 7w MR LT—HIZ 15 53D 12%02 OEEEFHRIREER & 15 2 OHEEFR % 5 [k 0 K L 7=
REVKEE SRR ER L, EORMER 2R & U CHEIER RS & KgE oW 5 T PGCla XY VEGF-A
mRNA oA/~ L TW% (Suzuki, 2016), = ® VEGF-A mRNA O 1L PGC1 o DEIINAEE 59
5 EFZBZBIVTND, [AERONEIT, 1 RO FHGERY 22 IRIA R IR R 11 72 o T, [ARFSEIC I8V T
FHIR (3 ) oM RAUIKEE Rk dZ NG i RE T C/F A ARSI S, [AERONRIE 1 K
DOFFRAREE R EE TIXA O N o7z, BIRBVRREER PSR AR & e 5 ML LT, Flefkic
K 2 iEMERESRTE ROS OBEFEHI2IEINAE 2 bivd (Lavie, 2015) , (KEFIREETIZT 7= X7 LA F

DRI E > TeRFH o FUonflmL, ZORETHEB(LIC XK > TRESFHATE 2RMUR D &
XV F oAU E—BIZLD ROSAEREFED B RSV o FroRitntrbn s, EEICHRAIERE S
k#E (10%02) 723, HWEEH = hr—/L L TT v hOFKGHO ROS 2S5 2 LA 6
ENTW% (Dominguez-Alvarez et al. 2017), MEHRIFEEREILE G EE> COPD %5 0> 18t D BRI 2 FR oD £
L, HEBNCHE R KRR R IRRE A2 R T~ 5 wTREtE S @V, 2 0 K 9 2R I I 380 T R W 34 15
FElX, BE ISR 2 EHEHOLMEREDOHMKRIICESGT 5 LEX 6N TS (Mateika et al. 2015),
L2aL, WREVEERSR O FERNR 2R LTI 0 % <1, TRV EWERE DR R 2 W T
D K DARFREE DAKERFE & TS TR E DR TR0 D < 13 VEGE O T L K T 2 A1 EI ifi A8 oD 3§

oS, RAVRRER R 25O SRR IS A A 22 vREME DV R STV D (Mateika et al. 2015), £72,
Serebrovskaya %5 (3 M K AMKEEE D E LB FITT 7+ & LTOROS DEAICENT D Z & &R
L 7= (Serebrovskaya et al. 2008), FKWHKEEFE DS~ 7 A E AN E R A2 H 72 5 THFITIIRER
MRRPESAHEL, T T4 MENMCEZDRBICHL TRIZEAERNTH D, €2 TARE
TITAerIREE SRR 2N % C, R RPKEE SRR TR 03 itk e V& lin~ 7 A BRI O MEFEEHT 714 b
BIEMAGIZ G- 2 DB A G OETHRE LT\,

0 EERfrL—=7

KEeFE (bHWiEEEH) Mr—=271CF, EKBETFTTHR L —=027 LAIE%1T 9 Living
High-Training High (LHTH) &, &6 57 %%&%Tfﬁ 9 Living High-Training Low (LHTL),
Living Low-Training High (LLTH) 23FfE9 % (Vogt and Hoppeler, 2010), {&fgE N L—=2 273 %
(R D ED DI TOI TV 2705, KERHE T TIIHBAME~DRBBEMBORT E FL—= 7 Dk
WAV A AT 572D, K7 LHTH X B A O ZEMg 2 358 L9, 2072, LHTL & LLTH
IHMERFRIZ LD A v FEHERLOOT AU v FEMZ 5 HEE LTERSN, LLTH X, L —=
VTR D HREERIREZ 21T 5 72O LHTL L0 & L0 IRV 5 Z &3 T& %, LLTH N EERIC
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HE) N T f—~ AR OBERIEMEZ SO 2 0GB TEGR S R ST Y, FrIEBRRE N —=0 7%
KXt & B WA Y 72 TR EE CIT > 7= D INIEE /2 D —>TH 5 (Vogt and Hoppeler, 2010), =2 k
H— L b L—= ZICRE L CHETAI AR REE C b L — =2 2 T 2RO A, KiR#E F L —=2 2
L2 RER LT WA R S5, LUTH (35ES /N7 o —~ o ARG E, I B 2B L C
WIES ATV D S, A AEORFoBMME M EEHT 5297 74 MEVICEG X 2B L TRl
TLUIMFRITIEE A ETFE LR,

I THAIFLEL, Y77 Ly REHWTHETBY 2250 E T — @0 REEFE (16%02) ~L—=271C
L2 Zno0ZE A L7z (Okabeet al. 2017), —iPEDOEEEFR FL—=0 71X FPHICK L, AET
RV EEER LV 6 PGCla & U VEGF mRNA BEMEME A R~ 2 & 2 582 Lz, ZAUTREESR
hL—=277 PGCla ®_L IR 5 AMPK OIEMELIZ 5 2 2 82 A L7-#F3Eic—& L TR
V) . Morales-Alamo Z51 X PRI L TIREIRE N L —= 7 %21To 7=t MIBW T AMPK @ Thr172 37
(BT DY VBRI K DIEMLAE Ul n 2 & 2 L7z (Morales-Alamo et al. 2012), [RIWFEIZHRV
TIREER N L —= ZHHTEM LI R O L T, AMPK 0V Utz (RS 5 AMP/ATP thooiinz
H72 5T 5T, AMPK @ EICAFET % LKB1 #15M(b 95 Sirtl OFFERAMETT5 2 & &2R L,
Z o Sirt1 IEMEALOK FIE NADYNADH.H MR FICER L TR Y | KEEHRIZ LD ROS B Z OO
(RO D PER A RME L7720 Th D L U7, [AMFZEE I, (RERRIC X 272 ROS 75 Z DR R
EHleblleeEZ, WICHBIDELRBEREIN L —= 7L 5MAa0bE 2B L 2

(Morales-Alamo et al. 2017), ZO#EH, FiELWER Tt ROS 2K T L NAD*/NADH.H*tb ootk
BN G- TJ7 T AMP/ATP o ms il 4, AMPK OiEMHE(LITKEER L —= T DL Ot L
WD RnoTe, HIZBPONERE R E U GHAOIEERRE 2 & 72 5T MiiHliR FL—=0278  [RIFEEE
DR Z HT-HT N —=0 7 L i L2037 7ET % (Christiansen et al. 2018), [RIWF9EIZE
WO, i BRIZARES S b L—=2 27 X 0 & ROS O LT AMPK OiEME(LZ 725 LTz, [FFET
IHEERE 2 2 5 ROS BMDJRKIT /R SV TWRWA, T 0 IS o8N X% NADPH 4% v % —+F
\Z &5 ROS DA - SOERKE L TEZHNS (Bretén-Romero et al 2012), Zi15H D AMPK OJF
ML &2 A L 720981, @A 72 ROS D584, AMP/ATP tt & NADY/NADH.H+HED/XT  ANEETH
HTEERLTWD, ZOFXIZ B LUTHELIZLUAT, Y77 Ly R L TEBESRE T (256%02) TO
kR =7 (MERTHISREL) 21T o TR Y, AR A EBEREL D bRV EZ 261012
o3, @ik b L—=2 71 PGCla X N VEGF-A mRNA OFHA &< | [RIRETHRH MK 2
EERTAHBITENM AR 2R Lz CRIER) . EKEEFE N ROS OEMNAZ b7z b3 O L RRIC, &
Wk b £72 ROS Oz 672 5325, ROS 23N LAk 2 2 U {EEE R It~ TR < (Clanton,
2007) . HaxtRYTREL TIT - 72 F 2 OIFFRIZI VT ROS MR Z L IKE L LD LN EE X bR
5, MO EEFEIC LD FERIX, AMPK-PGCla-VEGF-A (2 X 2 EHAEICB W TEBENAZITH
LRt A R 30T, ROS 721 TR RN EELRERN TH L Z L2 L T\ D, —H T, &
PEDE#EFE ML —= 7TV T 74 e DiEME LA R T 85 F (Pax7, MyoD, Myogenin) D¥EEi
WHBBAHL Y HES, EBE N L= HTIIZO L ) BRE(ITA O -T2, @BRETIZEBN
THT T4 MeAOEM bR Sz Z &k, IR N L ARST T4 FEAVOIEHELIZHEDTH
HAREEEZ R L TWD, ARE =FEIZBW I, L0 REW (4 8[#) 72EfEE (16%02) FL—=27
. BT 7Ly RREGHOMEFTER R T T4 M EIZE X 5B OV THREFT LTS,
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M FYvarsFqvra=rv7s

IO EVEE A FATT DANCRROEER 2175 2 & (FLarvT g va=v7) (I, ErREEE) I
X DR OBECTHIE O L BWEEEZ L7257 2 EXAHE T 5D (Chen et al. 2012; Lavender
et al. 2008; Maeo et al. 2017), YL a5 4 a =7 OMRIT2 A 1 HEBERETAEL, HRalE
& EFFED RO AMCRHR R OB WEE 2170 T LIZ Lo THAL D Z ERHLNICER TN D
(Lavender et al. 2008; Maeo et al. 2017) . SEFFIZAE OB ML S TWDH—FH T, ZOEFIZB
LTIHIZEAERENTIN TR,

TATTE, TvarTyva=y 7 LRRIORA T 5 AT, HOHREROLEE LTIK
SHWHRTWS, L2 L, TA Yy ZIIEAEFOY T T4 FE/LOBEESSL 2 RIE S 5 2 A REMEN
RENTVDS (Takagiet al. 2010), 2D Z & (EFHIR AN E W 2 B4 O FEDTZDIZ BT 5 nTREME %
R LTWD, Fex ORFFEEELIRT. 7 A ¥ I REBROHFER YT 74 M2 AVBIBICE 2 558
Zl& L7z (Ikezaki et al. 2017), ZDOfER, #EH% 3 HMDO 7 A o o ZITMM AN D i
HEDEIE ZBHE L2 o 7o hy, FRICHEEG RSN T T 74 M2V OBFERFICIE B 5 MyoD mRNA
DFEBELT STz, FRFICHRBEEERFORBUR T2 L TR0, LORWT A 7 O#HiIx
A B2 52 DD Z 2 b D,

XY 7RI, 3k MYy ZIERT A Y A Ry 7 UG & Bl U CRIERBIIC A O R
£ Z1E9 (Roig et al. 2009; Hedayatpour et al. 2015), — 5 Cx=F%t > bV v 7 IUHEITER D 1~2 H 1%
=27 2z HR GERMEMR (DOMS)) %5l & 27 (Nosaka et al. 2002; Chen et al. 2012),
ARBUEIZBNTL, TarT 4 va=r7OFERET 5720127 v M 2 o=t b
Uy 7 (Fvaryyva=r ZWHEEBEET X2 N v ZIUHE) 26 L., B R 0
mRNA BEZHE L TWD, FLars g ia =7 I3HEEOROLETHY , HEZOLETHD
TAT T EFRBRDIBENEZ OND, £, TvarT4va=r IR T 74 NeVEEBIZE X
DRI D72 5 TR, Z DT DBiRBEENRFIZMA T, 7 74 MR VEEREEFORBL A
WETHZET, TvarTava =y IRBHERT N L—= 7208 (BIRRCHZE O (2
Bz 258 aE L T D,



g Z E
EBRRAEN~ U A ERHIICB T AMEFEL YT FA P ENMIRIZTREE

I W&

KE2#% (Semenza, 2012) If N ES) (Radak et al. 2013) 13 3ICiEMEREHFE(ROS) DHEINEK T H
D, ZNOEMAGOETRBERE ML —= 71T ROSEZREIHMSELZERBEZXHND (Zuo et al.
2013), ROS OIEMZEFEFERNS)OHIINIL, TN ORI ha vy KU TAESGRSCMETRAE, VY7714 bk
VOTEVABIZH L TRV I S R RE RO Z & T, BN L DA RRNREZFLTDICKLETH D HE
M:23% 5 (Nagahisa et al. 2016; Merry and Ristow, 2016), 4 IZLLEGCH 7 7 L v K& 0 CTIKEESR
N == T ORI A U T2 Bl a5 B 30l < MR 2o e A% STRCA) 728 TP R L2 35 T
D FHFHM 21T > T % (Nagahisa et al. 2016) , {KEEFE & N2 A THFIEI X ARRHE & A 7 R 200 72
ZAb %R L THY (de Theije et al. 2015; Carberry et al. 2014) ., ROS & U RNS (2 X % 1EH M AlifiifE &
A TREFNTAEC DL R LTV 5,

Frgehy £ 72 XM R A 72 e R R 13 ROS O Z S| S| 23 2 AR bTER Y | KFrICHIRIEEE S
ITIREER O WEERICY Y B ABEOFBA{LRmIcES T, ¥ orFrdx ¥ —8Iic kb ROS 0%
R BRI E D EEZ L1 TV 5 (Semenza, 2012; Lavie, 2015), [M/RAVMKEERRZ L N L—
=7 A GEDINT, WENFELOFAN O EE2 725 LT 5HA (Suzuki, 2016), ED X 97
(A R EE D TENR LV DRI TH L DNFIANREETH D,

b b K L~L D ROS 2N S/ 5 — 75 C, B2 L 5 ROS OB M7 4 il - 5
EWV I EDMFET S (Gliemann et al. 2016) , ROS X PGCla @ LG FHENIZEIFR L CE Y (Merry and
Ristow, 2016) . PGCla i VEGF-A Oz 5 L Cv% (Chinsomboon et al. 2008), JEATHF4EIE,
HEENZ L > TS SN 2 9MAL O VEGF-A mRNA UL &Iz D CElimZE L 0 HIREZ R
L7z (Croley et al. 2005), U5 OAFFERS Rl Fifery £ 721X R AYERER R 1REE 12 L 2 ROS oINS
INERZ > THE D AlRetE 2 R LTV 5D,

ARFFE ISR L 2 TIE R OV TV 2 A 5 RTPCREZ VT, Hi (10 8#R) KOk~ 7 A

(20 7~ Hifm) 2% U CHAgAVREA R £ 72 XM KRR E N b - O TEH L, FRZH T 74 e bl
BAECEHLTHET 2 2L THD, MA T, Btk Z A 7R B ZMEBRIGE 2 ST 72012,
R DR (v 7 A, BHEBHREE) Dot ziTo7,

o ERHE

1 BMEERTY A

2 TOEBRTIETINORZOHYERMHEESITHAGRINTEB Y, 72V v ALY IR
WE->TW5D,

#eBRENY) & L T Kyudo company (Tosu, Japan) 7> 58 A L 7= 16 8O #5## (10 week-old, body weights:
30.9+0.51g) & . 17 HHD ¥ (20 month-old, body weights: 49.3+1.75g) It~ 7 A (ICR-JCL strain)
RV, v~ v AZa v hr—UiE (N:FIOz = 0.21) & RERifIKERSERE (H: FIO2=0.16), FIXMK
et (H; FIO2=0.21 and 0.16) @ 3 BEIZ45 1T 7=, Oq controller (MC-8G-S; Iijima Electronics CO.,
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gamagori, Japan) & carbon dioxide monitor (COZY-1; JIKCO, Tokyo, Japan) Z " TF ¥ > 73— (N
S1128x 35 x24cm) WS 16%02 L0 T, 0.1%CO2 LA F O FERIE LTI 72 5 £ 9 ICHlE Lz, Frfehd
KR LIFICRBN T, ~ 7 AT ERROEERE T v o N—NT 5 HEfAE Sz, MREIBERICB
T~ AL 5 B, IO 12 T 1RO 16%02 & 1 FEOFEIE EEV IR LZT, —HDOED O
KA 12 RERITF SR FICE I, 2 CO~ Y XX 12 R OB« 7 VO F, BHEERESFOR
JE 23+2°C, ML B5ET% D — VN TEB I N/, EEE TREDIZY U AKX LTy 2L E X —)L
(70mg/kg) DIEIEN B 5\ K 2R Z2 G L, BRI & L TG Ov 7 A, BEEMAZHIL-, BRIl
T HICHRIRZE I L > THifE L, £ T-80°C TIRIE L 72, WEIERN L. £EHMO % 458 LT D%
DOFENTIZH = (Fig 1A),

2 GRS ROET

WRHE X 1 7EIA (%), cross-sectional area (CSA: um?2), V7 74 bwu¥, BHMEEE L. DIRTIZEL
HEN-=FEZHW T & TS (Nagahisa et al. 2016) ., K HFEfH > 7 ns . —200C0 27 Y
F A4 vk (CM510,Leica,Nussloch,Germany) % T, JE X 10pm OHEEsFEARWT 8 7 &2 1Bk L 7=,
U Z5iRICE L, 0.1M @ phosphate buffered saline (PBS;pH7.6) Z ¥ L 4% 1%normal goat
serum (Millipore Chemicon, Billerica, Massachusetts, USA) T 10 0[]’ L A »F =2X— K L7=, 10
SRDOA % 2— Mg, Y& PBS T L, —RPUEH T 3IERA > F o=k L7, — Rk L
LTUTObDOEZNEIUE L2 1) IA v EEH (MHC) -IHCFRANIZ ST % Fast myosin

(1:2000, Sigma,St Louis, Missouri, USA) 2) MHC-IIa (R 50925063 5 SC-71 (1:1000,
Developmental Studies Hybridoma Bank, Iowa, USA), %iZ. 81/ % PBS T¥ti% L 721%. horseradish
peroxidase (HRP) #E& —WkHifk (goat anti-mouse IgG, Bio-Rad, Hercules, California, USA) Z 3 I
A S8, FUWER L. diaminobenzine tetrahydrochloride (Sigma) % HRP @ R{EIZKRT 5 L
U U7z, Yeft U= st o i 2 BEi%SE (BZ-X710, KEYENCE, Osaka, Japan) %> Cicdk L
oo HARKEIT, SRl a JLUEL LU C Typel, Ila, Ixb (CHME L, RS  7HIE, kiES 1
TR Z T ZNRIE TS 200 AOMRMEN bR LT,

WU %, FiE T T0.1IMPBS Z 1AM L 4% 2% paraformaldehyde10 232 L CHEE L, £ D%
PBS Tkif, PBS # IR L 975 10% normal goat serum, 2% bovine serum albumin # &{¢~7 12 v %
YIRRT T30 M LA X aX— L7z, IZ, PBS THHF L, 2%bovine serum albumin/PBS
ZURIE L 3% R PUAK mouse anti-paired box protein-7 (Pax7, Developmental Studies Hybridoma
Bank; 1: 1,000) X% O® rabbit anti-laminin (Sigma Aldrich, 1: 1,000) HC 2 F¢ffA > % 2 X— K L7z,
Ul % PBS THEA L, £ 2O —kEURICKHGET 2 “IkEUAE LT, U FDObH D& Hviz:
Cy3-conjugated AffiniPure goat anti-mouse IgG (1:1000,Jackson ImmunoResearch, West Grove,
Pennsylvania, USA) & AlexaFlour488 goat anti-rabbit IgG (1:1000,Molecular Proves, Breda,
Netherlands), —IKHUEH T 2 RFl A > F =2~X— h L7, Ul % PBS Ty L C. PBS Z{gHE &5
% . 4,6-diamino-2-phenylindole (DAPI, Molecular Probes) "2 5 /3=l CTYta L7z,

i L7 Pax7, laminin, DAPI O4x@m 2 NE L (BZ-X710, KEYENCE), fiifZ& #7741 k&
IV RO RHETEAE OMEIZBEH L7 (Figl B), Y7 74 FE/LiE, laminin TY S 7= LEBEN T
DAPI & Pax7IZ L » THGEEINTWD LD E LTRHREL., ity 4 7B T 74 Mgz Bl
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L7z,

BRI 72 JEJR I 2 78 oA T B Bl 2 51 L, B % (the number of capillaries per 1 mm?2)
L B R A B LT, 20X ) e BMIME & CD31 ORBIEIL. 10w m O Ickt LT
anti-laminin & anti-CD311 (1: 1000; Sigma Aldrich) iz HW =4 ta % fEid = & THERE L T\ 5,

3 RNA OHifEL U7 %A 2 RTPCR

il A T DX mRNA BB &L, LA S 72 FEIC L > T 712 o A RT-PCR %
AT ST % (Nagahisa et al. 2016), TRIZOL reagent (Molecular Probes, Breda,
Netherlands) Z T & A2 & total RNA - fifit L 72, Total RNA OFEHRLEE & =13 260nm, 280nm
DOWEDOWSEEZNET 5 Z & THRE L=, i L7- total RNA %, TURBOTM DNase (Ambion, Austin,
USA) ZMH\\T 3043 37TCTALEE L, DNA %#Fr%E L7z, DNase THLEE X 4172 totalRNAO.5pg 7> 6,
Exscript RT reagent kit (Takara, Tokyo, Japan) % VT ¢cDNA Z&5% L 7=,
% (Df“&‘ cDNA jE#) % . StepOne™ Real Time PCR System (Applied Biosystems Japan, Tokyo, Japan)

Z X % SYBR Green PCR Master Mix @7’ 12 b 2L & L CTodr L7z,

t%‘rllw 1777 AiE, 95°C T 10 [ O /3 iR BepE+95°C ¢ 30 B 03 fig & 58C T 1 il 7 =—U
VT MRIED 40 YA 7V THERK &3 CUW 5, Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
@O mRNA &4 NTEE= Y hr—b e UCERGE LTz, 570 mRNA X, EE57%—5 > ho cycle
threshold (CT) OfEinxs GAPDH O Ct 27 1L51< Z &I k- “C*%Eﬂ: L7= (ACT (target)), ¥—7*
> MR ORI R B &2 PRE OEICH T 285t & & UCHEM L, 2o HriE, ¢cDNA ¥~
VNI TR 2 IR SREHEIE S i Lo 7,

AR LB E B TRR T 7 A ~—DldsiX, Table 1 12 ¥ & 7, PCR 77 A v —W paxT,
MyoD. myogenin, TNFa (Fujimaki et al. 2014) . Atroginl, ATG5 (de Theije et al. 2015), BDNF
(Naumenko et al. 2015) 1%, JEfTF%E% FIZEF SN TEBY . Y D7 T A ~—|% Primer Express
software (v3.0, Applied Biosystems Japan) (25> Ci%Fl &L, 4V T X7 LA F FiZ FASMAC

(Kanagawa, Japan) (2 TIEK L7z,

2.4. Statistics.

ETOEITFLESE TR STV D, ML FRINT e YY) 7 v 2 A 5 RT-PCR 0t 45 b7z
T —# %, two-way ANOVA (hypoxic method and age differences) D2 t-test (2L DT &1T> T
Bonferroni (2 X 2 #8123 2> 572, mRNA B OB NE|A 0 Pearson’s correlation coefficients (3.
BHEORTOT —H &G L MR SN, S AE 2 p<0.05 & L,

m AR
3 KELHEE

FlnD~ 7 ADFHEEIT N B (SOL: 16.0+1.1g, GA-S:193.0+7.3g) & Ltz LT H A (SOL: 13.3+0.3g,
GA-S:173.6+17.4g) X OVIH B (SOL: 13.4£0.6g, GA-S:173.7+5.2g) Tt 7 A, WEAEAL M 26
ML, AETIH o T, Ehi~U AOMERIT, 2 TORFICBWTCHERERBLIZAR LD >
7= (N B SOL: 16.8+1.8g, GA-S:177.3+16g, H ff SOL: 17.0+0.6g, GA-S:178.2+3.9¢g, TH #f SOL:
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15.9+1.1g, GA-S:197.6+16.1g) ,

2 fHRRHE R

A I A5 A B < ARRMERFIE IS Table 2 (12 F & BV TV 5, WKEEFR L OfRRHE ¥ A 7HLBE,
PR O~ ADETOHICB W T oy ha— L L il U CHZICEL Lo T, Ei~™ AD
b T A OMIRMERFE X, FEER 72 IKEE R SIS WO T Typel KON Ha f#ECAHREICIK T L, BRI
R FRRIFIZB VTS Typel i CHEICIK T L7 (Fig2), — 4T, fifin~ 7 A DOREER, & i~ o A
D TIEETORM CTHEZRHMMEEAE DI R D> T8 i~ 7 A DA REIL 2T O
i CEALE T Z B A A LR AR AR IS R A RIR 3 & O RIRIE R S D & T A fHIZ W
T LT, Elin~ v 2 TIE, Wil CHZEL O R A NCHREREITR N o T, BT T
A N BT A R OV~ U A O, IHEREER S K o TENTHIIN L 72 E E T
Mo =, HODERRHER AT, B~ 7 A L ik L CEls~ 7 2OPHEMRICB W CHERBINA R 5T,
v~ U ADOE T AFHOBMIMEEEIL, FRoeA RV CRMILE S O F B2 % 7R
L7z (Fig 3A, B), fifii~ 7 A28\ CEMIMAEE EIXmH OMKIEESRE L b, 2> ha— L ik
THBEICEAL Lo 128 AR OIREEIC L > Tt T A fTIE~15%800 U 7=, BH i 2 /R e 13,
O FRGIKEERREE 7 AW TN L7228, 2 TOEFMFICB W Tar br— b L LT
HAEETIR N7 (Fig3C, D). i~ v A OBEEM: O BHIMNE % & BA0ME /MM ix, &
fin~ U A & U TAH RIS LT,

3 mRNA %3
Soleus muscle

O mRNABIUI N #EZ 1 & L ETRSNTWD (Fig4) . HEEOFE 7 A fHicinT,
MyoD. BDNF, MHCe mRNA ¥R =2 hu— L &g L CHEICH L, Atroginl mRNA F B
MR ARIER SR & O CHEICHEM L7 (Fig4A), ~5C, VEGF-A, PGCla mRNA #8lL=
he— L & i U Cm IR R AR CHEICIR T Lz, #ili~ v 2 ® IH # Tl Myostatin mRNA F 8173
AEICHEML., KEER MM OBRIZEH N T PGCla mRNA BN HEEL Y bAEICE» T,

i~ 7 ADE T AT A~ 7 A L B2 ) HEETVEGF-AmRNA O B 2228 B 57 (Fig
4B), [AIRFIZ ., nNOS 78 H BEIC I W CH EICHM L7, TH BECIE B~ U A B 7 A ) & [AFRIC Myostatin
mRNA HBLOF B RBEMA R b7,

W KEESETE D VEGF-A, nNOS mRNA #EL L O H #£0 PGCla mRNA #ELX, v~ 7 R & g L
TEln~ 7 A CTHEICHEM Lz, 3tz H##o BDNF & OTH #O FGF2 mRNA B BLUI &k~ 7 A2
BWTHEILKEZ R LT,

Gastrocnemius muscle

FHOMENE RN S e 7 A & RRIC HERIZBWT, 22> br—/L & il LT VEGF-A mRNA %
BAHEICIK T Lz (Fig4C), #mo THHHIZHBWTOA, FGF-2 mRNA BELOAERHINA R Hh
7oo AREAFRSIEM Cotiig TiX, TH D77 MyoD, VEGF-A, FGF-2, PGC-la lZB W THEIZEW
mRNA %8z~ L7z,



Elin~ U A OPEIERRIE O mRNA #EBLL, WiKBESECBNTay br— i+ 2 HE 221k
RS 7eno 72 (Fig 4D), H B Myogenin & O ATG5 mRNA %811 TH BE2x L CHEICE - T2,

Correlations between factors

FEATHIEIZ NO 3% 7 Z A MV OIEMHGICEAG L Tnd Z & Zit LTk Y (De Palma and
Clementi, 2012) . &Mk =372 SC 1X VEGF-A X° FGF2 % & &l & H AN 1% 733 % (Rhoads et al.
2009), £ D7z, Fx 1L nNOS KT eNOS mRNA FEMINEIG & | MEHELYT T A b DIENE
LIZBd 59 % VEGF-A <° FGF2, MyoD mRNA FEHIEINEIE & O OB 2 gt L 7= (Table 3),

i, El~ U AOW G OB T AFHIZENT, VEGF-A & nNOS @ mRNA O #INEIG ORIZATE 72
IEOMBARRA R Oz, ZORERIL, FHis, EldicBHER OXEHICBW IR 6N ot
i DBEIEAHIC 5V Tk eNOS & VEGF-A £ 7213 MyoD O#INEIG ORI A B2 EOFBIRIR D &
iz, ZORERIEZER~ Y ZCBOTIR LT, b 7 A TIAFmICBER L STHEL R o T,

vV B8
1 FhwpAERrE

Soleus muscle. &30 5 H O R AIEEESE (16%02) K OWKIKEEEIL, B~V ADE T A
i > Typel & O Typella SO fifpfEmifE 2 A IR T S &7, — LT, B~V AOE 7 AfHIZHBN
TIEBHMERFE O A BRI R O e o 7o, BRI T & RS, 2 /X7 o b 53k
{57 CdH 5 Atroginl (Razeghi et al. 2006) ® mRNA #H23, TH #E L bE L C HBEICBW CHEICHE
MUTz, HIZ, Z Ry GOt L i O FEIZEE 53 % Myostatin (Rodriguez et al. 2014) @
mRNA 7 BB R 5 S 2 B T L 7= (H:P=0.3,.IH:P < 0.05) , AHF %212 350 ) C Myostatin mRNA
FEUL, MO T 2RI R TElii~ T A0 7 A THLHLORIGZ R L TW\W5, Myostatin
mRNA %51 H2O2 (ROS O—Ff) O LY, NF-kB 75U v 72N LT LERTD 2 EAERES
CTEY (Sriram et al. 2011) . AWFFEIZIBNT TH BEIZIB W T O ERIEMMB R S 72 2 L CBhdE 5
D EHELTND,

8%02 D FEMIIKEATE & 3 M NG L 72 /e THFZEIL, ~ 7 A & T A O HERFE O F 2R S e o
7z (de Theije et al. 2015) , Z DAL L Fie 2 FATHFEDRER Z T 2 — DO ER T, (KEEE DAL
Thbd, 7v ML TARIMGEIZIT 14-15%02 OFIRAVIKEE SR 4 8 WFMRER L 72 JeiThF9tid. B
EEEOWEM EFHEEOEE DIV E T AFOFHRMERREOK T 2HE LT\ 25 (Chen et al.
2010), HERAIFH GRS DIXIER 1L, HEEICEMRR S BT AHOMBMEEELZ KT IE 200 Ltk
WV, E72SE1THESE (Chenet al. 2010) (23T, B EAZ(L SRV EMIME EEOEIMNIL, BEfFO
IRRHED 7 R b — 3 A ERHERR DI LTS EB 2 b T\ D, AIFETIE, BHlD~ T A
D T A O P MKERFE 123 T MyoD, MHCe /2 0 BDNF mRNA DA &80 2 5202 L
TV 5, [&FEZE T in vitro ICBWTH T T4 b/ OB L 5 b ARtk L, ZDEEKF & LT MyoD
DAL STV D  (Kook et al. 2008), JEATHFFEIZ IV T BDNF [JEEH AN L, B LU ik
HEOTER 2N L CRFEICHS LTnD (Yuetal. 2017) #(Z, BDNF Of4ERA /) » 7 77 M, in
vitro |23\ T myogenin, MHCe OREAZ[HE L, & A LW oBM A M s 7 (Clow and
Jasmin, 2010), X T, REMIZIBVT SC HEYE & IBTEE) 2 A5 ot TE OILRZRGE L 7= B THF%E

10



E YT 74 MBS L D OB O LB D H i (8-week-old) (235 T adult O~ ¥ A (16-week-old)
L0 bENZ AL NI L (Murach wt al. 2017), B2 231 K% O ik fg 2 SR A 55 IR
INZAR 2 8NT 5 D7 BIE, AR TR O IVARBRRIRE I L D~ 7 ADFE R A A A XDIR
T & SCs DIEMHALITEHIIRICE TH V15D, TV DIATHIIE R OAMSEORERIL, IREERIIC X
Y ¥~ 7 ADE T AFHIB O THMEOHT/E, b L I3 OIBMMEdE ST % aTREME 2 7RIE L
TWb, ZOHT T4 FMEAOIERLIE, BEANZITHTTIF%E (Chenet al. 2010) L[RERIC, fERE
AL S5 2 &L BMMERE LM SE 2006 Lz,

Gastrocnemius muscle. BEIE T & & A IR & Zm A Bt mfE O F 2R S 77, [FEICY
T A L RTPCR OfEH T, Atroginl, Atgh, Myostatin mRNA BB OF B2 ZBLE RS e T,
D EIE, 8% Oz DARFETHE 2 VN THERER) 72 KA i D i SRME I FE O A B 72K T 2 7R L722eAT0R5E (de
Theije et al. 2015) & %72V | 16%02 O FFEH) K O K BIKER R M RIS 72/ OZ G 2 5| 2 R - F1F L
AR E TR NZ 2R LTS, HIZk 7 AL R0 | BEERICE VT MyoD, BDNF mRNA
FEBUL, WAERF ORI S CHIIN L 2o 7o, Z OSSR, i fZE (b & &b CTHimIc
BWTIEE 7 A L0 b PEIER RIEE TR R OZENHNZ L 2R L T\ D,

—J7. IH #1238V T MyoD mRNA R HLIIHE RO H L O THEICIM L 72, Z® MyoD mRNA
OEEIMZE, 2> ha— 723 T HEEE okikiciksyTE 2, BDNF XU MHCe mRNA O#§/0%
Dol ZOZEIF, FIRIKREEREEDS, Fi~ U 2OPEMHEEROV T 74~ 25
XEHAREM A R L CRY . ZOMFBRFRRIRBESRNOE T AMERRL 2R LTINS, =
® MyoD mRNA OIE &~ 7 AZB W IR bivz, Flii~ v A L Eiin~ 7 2O OZERIX, HX
FEERSR 2 K - T/ L 5 ROS OHINEDE L (Gliemann et al. 2016) 721X, V7 74 hE/LONE
ZEAIZ X ATEMALEE I DK T (Rhoads et al. 2013) . NOS{HMEDILT (Casey et al. 2011) 12 L - CTift
PICx 2 rREMERD 5,

2 mEHFAE

Soleus muscle. JC1THF%E (de Theije et al. 2015) (X, 12 EERD~ 7 A2k 5 8%02 DK
FKIFEPREZ2 T AHICB W TIAE T AEZEEST 2 2 L 2R L7z, AWF5EIE. 20 » Hiln~ 7 A
X9 % 16%02 DFFfCAYKIRSRIRE DS, & 7 A OEBMME R L2 RIS EL 2 L 2H 6T LT,
[AKF 2, VEGF-AmRNA & nNOS mRNA 23 ZIZHI0 L, A 1A B 722 EOMBIBIRA R & 7z,
nNOS |3t F OEBRF S G L TIAE B A G5 Z &S ST Y (Huber-Abel et al. 2012) .
HIZ nNOS X~ 7 21X VEGF-A mRNA &K O FEMIAE O A E MK T2~ 7 (Baum et al. 2013),
% C, nNOS ® mRNA FEL&ITNEEEICHB W TN 5 Z LG ST s (Ward et al. 2005), A
WFEIE, B~ 7 22T D 16%02 DIKIEEIRER 2, & 7 A nNOS mRNA & ) VEGF-A mRNA
DOEME BT HT DI+ ThHd Z LA Lz, WAFOEMT, AFFEOER~ T AL T AFHT
RonfcaGE2EBM0EEEOHIMCEAL L TS EEXbND, BMILEREEOHEINIIKEESE T CH
PO TIZL > THLAEL LD T, HEOE 7 ARV T nNOS £7213 VEGF-A mRNA O¥EH
DEIN L 7227 2 L id, 26 OfF#fEm IR T2k L TV 2 aTaEMED & 5, VEGF-A mRNA OF
BRRBURTICEA LT, TRV THET SR RN A S5, VEGF-AmRNA BEHTEEERIC L -
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THYIN (6% O2/ 2 h, Gavin et al. 2016) &HAHWIIET (12% Oof 8 weeks, Olfert et al. 2001) 233
INTWD, EREMOEVT VEGF-A O mRNA HEBN X 0 E X0 BEOEMEREIC L > THE
SINDHZEEFELTND, —FHT, BMIMEN 5105 L T LE D EDICEMR OKEEERE X
VEGF mRNA 38 % {ieife Lfa? B EZEZLNTND (12% 02 8 weeks, Olfert et al. 2001), A5
DFli~ T ADE T AL, H#EER O TIZ & > THE TRV S Bl % L ORI 7R~ Lz,
AR EE AR DI T IL, BHIMOERERIZ L > T o2 BAMAE 2V R E L7256 & RIS, JERRRE 2 4 <
T 5 2 L T BT AERITR 2 55 60 7o W REME A m

M REVREER 1L, AERILOBRICF T v F oA X X —FI2 LD ROS OFRAEABRIICHEMIE 5

(Lavie, 2015), ROS [T#k % Z2EICBIH L TV 5 —5 T, EENC K 2 A ERDRICHBEEL T D

(Merry and Ristow, 2016), FFRIZHRKEEZRER L, EE CTh i[ﬁl(it’?ﬂﬂr xt LA T H Al
REMES R STV 4 (Mateika et al. 2015) iﬁn@ﬁﬁ(ﬁ’ﬂﬁﬁ& L, BT ABITR LT -3E
A BB E OB E T2 b &R D o7z, RIS, ERICBWTIHEEE 272 ) VEGF-AX
nNOS mRNA B B L 5.2 2o 7=, 2O Bid, HEEE bl U CIREE R I2IREE S 40T 2 IRFH]
PENZ EIDRERL TS EEZ NS,

Gastrocnemius muscle. Ml &% & & BN E/MARHELL L, B~ U AIZB W TER~ T ALD b
fEZR LTz, ZOfRRIXINDD/RT A= =2 X > TR 95 2 & &R L7k MM
JEFH DFATHIZEIC —E LT\ % (Verdijk et al. 2016)

JHERE A5 2 R 3 2 R AVIKER RIR TR (X, & 7 A & B/ 0 £l - EiidElZ nNOS mRNA &
VEGF-A mRNA OIZHBEBERRD b, B EROEMNE bic b S o7, FEATHE (de
Theije et al. 2015) Tix, &V 5REE D &V KRR RIRFE (8% 01T X - THEHER) Z2 R ALl DZEME 2 KL H

=07, KD 16%0:2 B IIMMEI O A BRI E e b I RhoTe, ZOZ LIXIFEIRFZ, Filin
~ U ADE T AL R0 MmO T K o TIEHEREEN LS 7o o TV RN & ZR LTV D,

MAEPERICBE 5325 - bZEFHE (NO) 1L, constitutive NOS (eNOS LT nNOS) (2L - TAKNT
B Eis (Hoetal 2012), REEFREREETD NO G CIE, eNOS OIHHEAK T2 —F T nNOS ®
WEBNNEES (Hoet al. 2012), nNOS iZ Typellb SRHEIC W TILORRHE L W LR EH D

(Hoshino et al. 2002), & 7 A fif & bl U7z B, BEIERRIEEIZI T 2 @0 nNOS HBU L, Mo HEn

LR TIRBEOBRBICEM L7z LS D, 5T, MEOEVERESE (8%02) & HWi=/efTirst

mammeaazm@ BT, M%%ﬁﬁﬂ%%®mﬁ%ﬁ&@ﬁTw$Lt; %, KEER T C
@ nNOS @ _EJF7igi (Ward et al. 2005) & 2% NO 2 K2 i OB MM ERIZEL CLE-T22 &
WEER L T D008 LitZewy,

MPEDOEEIMZX, T VIS EHEMSE ST & TeNOS mRNA # ESfAGI L, m&EFHAEICEEGT 5

(Egginton et al. 2016) , FFRIZ~ 7 A DR BN 2 72 SATAFFEIC I T g s e Oz &
o377 oS ERAZ L0 L7122, eNOS KB~ R IBW T 7 Y v R GH#
DHPMERF EZE TRz, BT, nNOS K~ T ATIEEL S b B SR -T2 2 LA
S Tw% (Williams et al. 2006a), =D Z &, MDA nNOS Tix72 < eNOS [ZB&E L Tl
%ﬁi%@l ST ZEERLTWD, 20Ok, FJ*%®£%¥:%Fﬁb\f:%ﬁﬁ%ﬂlﬁb\f\ VEGF-A ®OFH

WEB N T T v oG Om T O MEFAEFERZ THIE Lz, ZofRIT. mEosmc k2
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eNOS & & H EENTET DR L LT VEGF-A ODIEEEZ /RB L TW5 (Williams et al. 2006b) , AHF
FEIZBWTC IH #f1%, HAE L ik L C VEGF-A  (P<0.05) & eNOS mRNA (P=0.063) FBIOBIMZ 75
L7z, B2, BliOPEERICHB W TOH eNOS & VEGF-A @ mRNA Hi N O B2 A B 72 £ O BB f%
DR OGN, FWEEET & U CEEEE N COEE PITITmE OILRNAE U D03, B L& ik U< E
FHCIXZoMEIEE?TH< . NOS BHFANC L 5 MEILREOWET b ool Z ERH LM EIT
W% (Casey et al. 2011), Z OFHRIE, AUFFEOE#~ 7 2 OPEIET KB I 0 Tl K 12 IEDFAB
BB R ONRP-oToZ e ZHALTNDHEBZXHND,

KA T T eNOS B0 FJ75iHEIE (Ho et al. 2012) . # O BEM fH & @ TR 381 2 Frfc (KL &
I REVIREE R O D eNOS KU VEGF-A mRNA FELOA B/ IR L T SRR H S, &
MW@ A 2 — L b L= 7 (SIT) & RFANE b L— =0 7% Hl L2 A TR RIS B0 T,
EAIMAE B O E eNOS & L X7 EE &M SITIZ X VHRMICELTZ EARSTND
(Cocks et al. 2013), ZDZ &iF, FflIREEB LV &, A X — VDb 5 EF D eNOS OIINZH
DThLHILERELTNDNE LIV,

Frioc RIS St & bele UL Fili~ 7 A RIS O [ R B RIE SR R 2 S50 1238V T VEGF-A mRNA
WA RN % & R MyoD mRNA 2885 L 7=, =0 = L 1%, eNOS-VEGF-A 8o &5k
YT T4 P RADPEEGET DL R L TV D, EERICHT 74 hiviE NO Ik - TEHELE N
52 ERHMBLNTED (De Palma and Clementi, 2012) . F721&ME(L L7277 7 4 FE/LIX VEGF-A X
FGF2 H O MEF/ERN 7235 2 L8 & T % (Rhoads et al. 2009), AWFFEIZEHWTIE
FGF2 mRNA 754 lin~ v 2 O PENE %2R & 5 C M R HMRRE R IR IR 2 L > THREICHEINT 5 Z £ 6 i
7ol Al OBEME R REEIZIHB VT eNOS mRNA 0% ELiL, MyoD, VEGF-A |[Zxf L CHE 2 FHBE %
Fio Tz, ZoZ Lk, HliOMHERREIHIZBNTYT 74 Mvay, NO iBEMED VEGEF-A DO
MZEMTEL TV 2 ARt 2 /e LT D,

Conclusion

Filin~ v A (10 8fw) 12IBWT, Ffci 7RISR IR 3R (3 s O BEIER) Tid7e < B 7 A28V Tl #R
MEmRA IR NS, U7 74 M VEERFORBZ NS Tz, BT, @i~ 7 2280 TRV
FeRIE, BEEA Cid/e< B 7 AT nNOS & VEGF-A mRNA OB IS, [FIRF 2 B i & 5% B
DOHEMA LS, Foxld, FlnCIRmE FRRE 715, 75 ORI D B 235 8675 00 ML 8 37T A2 126 LT
ARICELR DR Z 263 Lt
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Table 1 Real-time RT-PCR primer sequences.

gene Forward sequence Reverse sequence

GAPDH CATGGCCTTCCGTGTTCCTA GCGGCACGTCAGATCCA

Pax7 AAATCCGGGACCGGCTGCTGAA AGACGGTTCCCTTTGTCGCCCA
MyoD GGATGGTGTCCCTGGTTCTTCAC CTATGTCCTTTCTTTGGGGCTGGA
myogenin AACTACCTTCCTGTCCACCTTCA GTCCCCAGTCCCTTTTCTTCCA
VEGF-A AGTGGCTTACCCTTCCTCATCTT CGGGTCCTGCCCCATT

FGF2 TGGTATGTGGCACTGAAACGA TCCAGGTCCCGTTTTGGAT

BDNF TAGCAAAAAGAGAATTGGCTG TTTCAGGTCATGGATATGTCC
PGCla GGACAGTCTCCCCGTGGAT TCCATCTGTCAGTGCATCAAATG

Neuronal NOS GGTCTTCGGGTGTCGACAA
Inducible NOS GGATCTTCCCAGGCAACCA
Endothelial NOS TTGTCTGCGGCGATGTCA

MHCe GAGCAGCTGGCGCTGAA
myostatin ACCACGGAAACAATCATTACCAT
TNFa ATGGCCTCCCTCTCATCAGT
Atroginl ACCGGCTACTGTGGAAGAGA
ATGS TTGAATATGAAGGCACACCCC

GAGTAGGCAGTGTACAGCTCTCTGA
CAATCCACAACTCGCTCCAA
GAATTCTCTGCACGGTTTGCA
TCTGATCCGTGTCTCCAGTTTCT
TGCCATCCGCTTGCATT
CTTGGTGGTTTGCTACGACG
CCTTCCAGGAGAGAATGTGG
CTCTTGAAATGTACTGTGATGTTCCAA

GAPDH; glyceraldehyde-3-phosphate dehydrogenase, Pax7; paired box transcription factor-7, MyoD;

myogenic determination factor, VEGF-A; vascular endothelial growth factor-A, FGF2; fibroblast

growth factor 2, BDNF; brain-derived neurotrophic factor, PGC1la; proliferator-activated receptor

gamma coactivator 1-alpha, NOS; nitric oxide synthase, MHCe; myosin heavy chain embryonic,

TNFa; tumor necrosis factor alpha, ATG5; autophagy-related gene 5
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Table 2 Muscle fiber properties in each experimental group.

Fiber Youn; old
SOL &

type N 31 IH N H IH
Populationofmuscle I 513 %34 59.8 +£4.5 57.9+2.8 52.7+4 50.6 5 53.5+5.3
fiber type (% Ila 48.7+34 402 +4.5 42.1+28 473 +4 494 %5 46.5+53
Miisele fiberatea I 2041 +68 1563 +1151 1615+501 1915+74 1938 +95 2215 +240
(um?) Ila 1734 %76 1207 £87 F 1419 87 1944 £203 1966 80f 1891 +110F
Myonuclear I 2514006 247=+0.1 246008  2.45=+0.08 264007  2.630.09
number/fiber IIa 227007 209012  2.13%0.1 236 +0.1 244005  2.1940.08
Myonuclear I 928438 679+191 736267  882+36 831 +46% 911 60
domainsize (u’)  Tla 854 %32 637277 754434 925 69 880 +33% 953 62
Satellite cell I 33=+1.1 40=+13 61+13 22411 34+1.1 5017
number/100 fiber IMa 4.0%07 27+13 5.6+0.7 29+1.1 6.0+13 39+13
Fiber-containing I ND ND 1.1£0.7 74426 8.1+3.8 17412
central nucleus (%)  Tla ND ND 0.6 +0.6 79432 53439 22411

Fiber Youn, Old
GA-S 8

type N H H N H IH
Population of muscle

+ + + + +

fiber type (%) IIxb 100 £0 100 £0 100 £0 100 £0 100 0 100 0

Muscle fiber area

(u?) b 2518438 2402425  2723£111 2612197 2513151 2718 £152
Myanugleas Mxb 1734005 1672005 1754007 2.06%0.11 1.840.05  1.8320.06
number/fiber

Myonuclear

o 5 IIx/b 1665 £58 1658 =36 1799 60 1469 =153 1550 =111 1671 £112
domain size (um°)

Satellite cell
+ +13 + + + +
aumber/100 fiber Ixb 53+13 6.0+1.3 7.8+34 5.0+0.8 6.0+13 5.0+0.38

Fiber-containing

+
cériteal fiicleis (9] IIxd 1308 3.3=%1.1 28*x16 15.6 £3.61 8725 11.1%33

Data are shown for properties of muscle fiber types and CSA in the soleus muscle (SOL) and
superficial portion of the gastrocnemius (GA-S) in normoxic control (N), continuous hypoxia (H), and
intermittent hypoxia (IH) groups of young and old mice. Values are the mean + SE. }: Significant
difference from each N group (P < 0.05). f: Significant difference from young mice in each group (P <
0.05).
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Table 3 Pearson's correlation coefficients between each factor.

MyoD VEGF-A FGF2
SOL GA-8 SOL GA-8 SOL GA-8
Young -0.16 0.16 0.67% 025 -0.05 0.16

old 0.01 0.09 0.52*%  0.28 048 -0.10

nNOS

Young 024  0.50% 0.14 0.59* 0.50  0.35
eNOS

old 0.32 0.31 -0.08 0.08 057*% 0.49*%

Pearson's correlation coefficients (R) between the ratio of the increase in nNOS, eNOS, and MyoD
mRNA expression, and the ratio of the increase in MyoD, VEGF-A and FGF2 mRNA expression.
Pearson's R was calculated based on total data for three experimental groups in each muscle from

young and old mice. *: Significant correlation between each factor (P < 0.05).
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Figure 1 Images for MHC-I1a (A), satellite cells (B), central myonucleus (B), and capillaries (C) in the
gastrocnemius. (A): Stained fibers represent MHC-I1a, and the area surrounded by the dashed line is
the superficial portion of the gastrocnemius. (B) Image representing the basal lamina (green),
myonucleus (blue), and satellite cells (red). White arrows indicate satellite cells (SCs) or central

myonucleus (CMN). (C) Image representing co-localization of capillaries detected by laminin (green)
and CD31 (red).
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Figure 2 Images of muscle fibers in the young soleus muscle stained by laminin (green) from the N
group (A), H group (B), and IH group (C).
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(A) Capillary density in SOL (B) Capillary density in GA-S
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Figure 3 The capillary density (number/ 1 mm2) and capillary-to-fiber ratio of the soleus (A, C) and
superficial portion of the gastrocnemius (B, D) muscles in each experimental group of young and old
mice (N: white bar, H: gray bar, IH: black bar).

Values are the mean + SE. 1 Significant difference from each N group (P < 0.05). I* Significant
difference from young mice in each group (P < 0.05). The capillary density (A) was higher in the old
soleus muscle of H groups than of N groups (P=0.022). In old gastrocnemius muscles, capillary
densities (B) and capillary-to-fiber ratios (D) in all groups were lower than those in young mice
[capillary densities: N (P=0.049), H (P=0.001), IH (P=0.001), capillary-to-fiber ratios: N (P=0.001), H
(P=0.001), IH (P=0.001)].
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Figure 4 mRNA expression in both hypoxic groups compared with each N group in the soleus (A, B)
and superficial portion of the gastrocnemius (C, D) muscles from young and old mice.

Gray and black bars represent continuous hypoxia (H) and intermittent hypoxia (IH) groups,
respectively. Values are the mean + SE. §: Significant difference from the N groups for each gene (P <
0.05). *: Significant difference between H and IH groups for each gene (P < 0.05). #: Significant
difference from young mice in each group (P < 0.05).

(A) In the young soleus muscle, a significant increase was observed in the MyoD (P=0.013 in H vs. N),
BDNF (P=0.002 in H vs. N), MHCe (P=0.035 in H vs. N), Atroginl (P=0.011 in H vs. IH), and
myostatin (P=0.020 in IH vs. N) mRNA expression. On the other hand, a significant decrease was
observed in the VEGF-A (P=0.044 in H vs. N) mRNA and PGC1la (P=0.005 in H vs. N, P=0.035 in IH
vs. N) mRNA expression. (B) In the old soleus muscle, VEGF-A (P=0.009) and nNOS (P=0.035)
mRNA expression was significantly increased. In the IH groups, myostatin mRNA expression was
significantly higher than that in the N groups (P=0.011). The mRNA expression in old mice was
higher in VEGF-A (H: P=0.001, IH: P=0.001), nNOS (H: P=0.001, IH: P=0.001) and PGCla (H:
P=0.001) than in the young mice, and was lower in BDNF (H: P=0.039) and FGF2 (IH: P=0.031) than
in the young mice. (C) In the young gastrocnemius muscle, VEGF-A mRNA was significantly
increased (P=0.016 in H vs. N). FGF-2 mRNA expression was significantly higher than that in the N
groups only in the gastrocnemius muscle of the IH groups (P=0.028). In the IH groups, the
expression of MyoD (P=0.049), VEGF-A (P=0.001), FGF-2 (P=0.005), and PGC1la (P=0.014) mRNA
was significantly higher than that in H groups. (D) The expression of myogenin (P=0.024) and ATG5
(P=0.028) mRNA was higher in the H groups than in the IH groups. The expression of pax7 (P=0.022)
and myogenin (P=0.048) in the old IH groups was lower than that in the young IH groups.
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® = =
BEEBETCOERE N L —=V B S5 7 vy RERBICEX DR

I W&

KigR FL—=2 27037 2V — MTBEWTRAMREA Om L2 A E L TR HnHTWnS  (Vogt
and Hoppeler, 2010; Wang et al. 2007; Stray-Gundersenetal.). L2>L., E#M (4-8#HM]) F7-IiLE
FEOIREESE (B 4000-5000 m) 1%, B fHARIC kT L CRREESCIATEIRBICHEE 2 72 57 (Vogt and
Hoppeler, 2010; Wang et al. 2007; de Theije et al.), Z DEDOEhFEEZFRVTREESR FL—=2 7 ZFIH
THHEEL T U -a—, ML —=2 71| BlEGEE S (Vogt and Hoppeler, 2010)
IO RL—= U 7, HEE) SRS L A S DR IRV A P L A2 LT R P L—=
JHRERD L RAME LTV, 2 OMGRICHK SO TR, RAMKEERE (VOrmax) o
m |k & vascular endothelial growth factor-A (VEGF-A) ™ b J5 3 (2 B9~ 2 B M f 4 2 FE O BN % GiF
Bl L Cuw5% (Vogt and Hoppeler, 2010),

MR L~ /U2 BN T < ORFFEDS, (KEEHR T CLE(L LT VEGF-A 2/ L7z EREEn S 24
hypoxia inducible factor-1a (HIF-1a) DFHA 247> TRV | HEEH) « (M0 RMKER RIS BT 520 ®E
T REINFEF S Cuv%  (Favier et al. 2015; Semenza 2012), %7 71 b/ (SCs) 1FILJEME FiZ
JRTET AR ch Y . e L mEHEIZES L TWb (Christov et al. 2007; McClung et al.
2015; Rhoads et al. 2009) , SCs IZEM B FTHHALE LT, AVIZHIE R LR 7 & BB IA 1D 53 %
175 (Christov et al. 2007), SCs IZIEFIKILIKIETHAET 525, AT « SMIZRBIIIC X > CTIEPE(E L T
B 24T 5 IRIEARIBREEIZ 3 C SCs Db HE 415 —F5C, 1EMAL & I et S 41D 2 & 3Rk
XT3 (Jash and Adhya, 2015; Li et al. 2007; Liu et al. 2012), F 7=, J&E#) h L —=271% SCs
KAt sH, SCHMEEME T OKEEZ T LS5 (Imaoka et al. 2014), Z 415 ORFZEREFIZ IS0
T, BHCBT D2MEFAENMEESRE F L —= 27X osTHFEIND Z L2, D7 & bEamIiciX
SCs DIEMHALEG- L TVWD EEZ HbiLd, LnL, BE M L—=71281F% SCs L MAEFHA L O
BIGRIEICBE T DG MITIT & A EAE L 7RV,

Foxide FEEDWIALBEICBITA2EME N L —=0 7 OREEH LN THZ A RKAZEL LTy
Do BRI DNA AT =Y TN NI FHEORIT D 72012, RERHEEFFOKIENZTT
NThb, BEET, BOMICKTHIEMEE L —=0 7 OMBEZ R UTEARITIE S A EFE LRV,
ARG BN T, Fex 13EOHWIZIB W TREIP KRS T COER) N SCs OTEMALCMER £, Ik
a2 RYTHAEGRE BT THELEZMEL TV D,

o ERHE
1 8t bv—=vr7aban

B TOFNAT A AT REGE B ERR G OEEA M ER ZTKREZ T TBY, 7AU S
AR EN) ERAREHIE > TV D,

BUHDFIM = 7=V T 7 Ly N (E8E 580, 45 38, 6.5+ 1.7 ik, {KH 502 + 14 kg) 2AMIEIC
bz, 377 vy NigA—7r7a—~<27 %2351 T (Pascoe et al. 1999) L v KI/L LT
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AT 252 1F (Sato I, Sato AB, Uppsala, Sweden), »72< &8 F Ly RIV ETEBRNBHBIND 4
A BAER A 6 KFEIE 2 ~7 & — /L ORE I E DTz,

Fo—=r77m hapd, 16 BEOH N L—=0 78228 TT A afbsivic 7 o A —3—
ﬁ%%ﬁ%bfwé@mmev-&77v/bj:7/5A SR L —=2 7 (n=4, FI02=0.21)
LRI b L —=2 7 (n=4,F102:=0.15) (230 ohie, ¥ 77y Rid 4 BEOM, 6%DH0R %
bbby FINVETO ML —=27 2RI 3 HFZT, 20 O 4 AL 2 ~7 2 —/L ORE IS
Ref sz, hb—=227%v T aix, V4+—2A7 v 7 (1.7m/s for 1 min and 4m/s for 2 min)
Xx o2 VU 2 (Twm/sfor Imin) . HEEF T Tl 4172 100% VOzmax (11.7+0.2m/s, 2 47) .
—/LZ 7 (1.7m/s for 3 min) THERL S AL, WFCILETH D,

2 AR

b == I ORIV T, BTORITFHERSE T COMMAanmie 7. —EHOWHEA
fafaklk (pretest) # =22 h 2 —/L (normoxic training group pretest: Nor Con; hypoxic training group
pretest: Hypo Con) & L CHW, 2 [BIH O AR (posttest) 1 b L —=2 7 HIH O T I T
7= (normoxic training group posttest: Nor Tr; hypoxic training group posttest: Hypo Tr) .

77 Ly RIdEFRBICELEELZ T 572012 6%EAO Ly RI NV EZETLIE, Y771
v RGN E 72 2 L2l 272012, FLy RIAVTOEFBHOM, mA—ZX hL—F—IlZko
TLA%k (S810, Polar, Kempele, Finland) & 1T AR OB M Thiiz, 1.7m/s DT & 3.5m/s Dl
BT =0T v T 2lTolztk. 77 Ly NiX 2570 6m/s TEITZBRAE LT, €DK, 2 57 2m/s
FTOME A MEE, MEOWMIY T 7Ly RBNENZREO T TR Ly B IVETT O E 2 #ER
TE R L 2R W7 RIEUIRABIZ 2 2 £ Tkt S 7z, HEMRIZ O DIREY AT L& EFIKEIZT 2 HAYT
BTy ik by R % 90 BREIT L, S0 m%D 30 BRICHWT VO B8 FHE S iz,
oo V3, W AR T O ETHINE & VO OMERTT- 72,

38 WYY v LA LR IR AR

KW ARV T, it (BERE~50 mg) (XRFTHEE T (lidocaine, Fujisawa
Pharmaceutical Co., Osaka, Japan) CHE OHIE OFRIERT GRpIOY > 7V > bR EIZ 2 ecm
DIN) oRIREOES (KT bem) 7 bR AMHEROFT (pre). H% (post). 4 KfH#% (4h). 24
RefElf% (24h), 3 A2 (Bd). 7 A% (7d) OWFED=— NS F 7 —Z L > T 67 (Lindholm
and Piehl, 1974) . £ T O o 7 /UTIRIKE R IT K o THAS S, il S d £ T—80°C TRfFE STz,

MRHES A TRIGE. FEATOIE & AR 5L TRIE Sz (Kawai et al. 2013), i ool (7
pm) (F—20CH 27 VA A% >+ (CM510, Leica,Nussloch, Germany) % AW TIER S iz, U=

BIZE Z 41, 0.1M phosphate buffered saline (PBS, pH7.6) |2 1%® IE % ¥ ¥ 1fLiE (Millipore-Chemicon,

Billerica, MA, USA) %I 2 7= ¥RIEAIZ 10 Z3 IR 7z, RICELT O - IREUAD TS S 4u7- : (1) Myosin
heavy chain-Ila (MHC-IIa) and MHC-IIx (ZfF2A9IC UG T 5 fast myosin (Sigma,St. Louis, USA; 1
4,000), (2) MHC-ITa (ZHFRMIZ 6T D SC-71 (Developmental Studies Hybridoma Bank, Iowa,
USA;1:1,000), WA X - wPUROFIZ Bfr@E 2 72 12, horseradish peroxidase (HRP, Bio-Rad,
Hercules, CA, USA; 1:1,000) 23 & L7 2 IHLIRO H1IZ =01 C 3 KRl 2>41 72, Diaminobenzidine
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tetrahydrochloride (Bio-Rad)i%, HRP O JRifE & rd k& L THW -, P I/ ihifdiEmGix, ik
#5(E600, Nikon, Tokyo, Japan) & image-processing system (DS-U1, Nikon) % fV CTHgi S 7z, fhfk
HELL, TIU0 ORIZHERAL AR AR EICIE > T Type I, Ila, IIx #RHEICOFES L. ZOEIG L ki
REMTEFE I3 72 < & b 300 RO A B L TR S v,

4 V774 Menr LEMLEORE

T T A N eAE L BRI R R X LA RIS TR TR S 7 J7IEIZE - CTRE S 417z (Okabe et al.
2017), Y > T A BHIO T m BTG & 50 u m ORI/ 723, —20CD 7 VA A% v b ETIER S
N7, Tum QU X 0.IM PBSIZ 4% D /87 RV AT VT & REFED LIZEIRN T 10 43 M 24U E
Shic, ZTHRHOURIFTRIZER T T 10% D 1EF ¥ FiiE 43T 0.1M PBS & 2% bovine serum
albumin OIRGHIEN T 30 /o ME <7z, HIZUIR X 2% bovine serum albumin/PBS TH# /S 417z
—IRPLK (mouse anti-paired box protein-7 : Pax7, Developmental StudiesHybridoma Bank; 1 : 1,000,
rabbit anti-laminin, Sigma, 1: 1,000)NIZ=IE T 1 REfE N2, £ 0%, UL T O ZRFUKANT
A Fa— hENTz : Pax7 HuR D728 @ Cy3-conjugated AffiniPure goat antimouse IgG (Jackson
ImmunoResearch, West Grove, USA; 1:1,000) & 7 X = HUAD7-® D Alexa Fluor 488 goat
anti-rabbit IgG (Molecular Probes, Breda, Netherlands; 1 : 1,000), 8] 3% 2 PBS THR Sz
4,6-diamidino-2-phenylindole (DAPI) &ENIZEIR T 5 o ME L CHta X7z, anti-Pax7,
anti-laminin, DAPI ® Y4 li{4 |3, image-processing software (Adobe Photoshop Elements 12, Adobe,
San Jose, CA, USA) L » TIZHE 4, SCs OFFHMD 7= DIz v b7z (Figure 2(a)) . SCs 13 JEHRE
T OEEDIMFIZALIE T 5D DAPL & Pax7 Ol A EOMINE & L7z, SCs/fibers 1%, 3 DDk~
A TENEN TR S LTz,

50 m OEIIE, RO FIEIC X > T &kPifk(anti-laminin) & 2 X$TIK (Alexa Fluor 488 goat
antirabbit IgG) % H\ /=4 ta% % 1§ 7=, laser-scanning confocal system (C1, Nikon) % v T4 72<
EBYIR Lo 4 5 Frti Sz, A< &b 15 oMl Qum fE) 2 -2 bEbi, 2
WICA L > 7 BRI FEEE STz (Figure 2(b)) . BRI DI TV 2 BRI 235HI S,
M #E & LRSIz (the number of capillaries per Imm?2),

5 RNA OHEEL Y 7% A A RTPCR

Total RNA 134555 > 7 /L7535 TRIzol (Molecular Probes, Breda, Netherlands) # W Tt &h
72o RNA OFE & §13 260nm / 280nm DWW 2 5HI 5 Z &I X » TRIE S L7z, Total RNA (3K
12, Y7 ® DNA ZHU 0 Br< 72912 37°C T 30 43 TURBO DNase (Ambion, Austin, USA)#LEE %
%Z1}7-, DNase #LH %= F7- RNA (0.5 pug) 1%, Exscript™ RT reagent kit (Takara, Tokyo, Japan)
IZR > T 1IARE DNA ZEGKT 272DV bRz, 55772 ¢cDNA X SYBR Green PCR Master Mix
protocol in StepOne™ Real-Time PCR System (Applied Biosystems Japan, Tokyo, Japan) & i\ 7= U
T vZ A 5 RT-PCRIZ X » THAT S 7=,

VMg~ 1 77T M3 AN D 10 53 D 95CDZNERPE & 40 A 7 VDZNE (B308D), T =—V > 7 LAl
£ (1770 TS5, glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA @ &3
miEgE L L CHW SN, SRS F O mRNA @ cycle threshold (Ct)id GAPDH o Ct Ol & 85
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ENDZ LI ko TEREL X172 [ACt (target)], FERYELS T OFRHY 7238l fEIX, Pre Of & LT %
Tl ko TR Sz, MRBERTERAEAT IC 3 W CIRRFERAYIC GG S 72 cDNA o 7R b e o
7

AWFE THWE R RA) T Z A ~—(X Table 1 (IZ/R LTV 5, 4 PCR 77 4 ~—(% Primer Express
software (Applied Biosystems Japan) Takal 4L, £DOF U X7 LA F Fid FASMAC (FASMAC,
Kanagawa, Japan) 7»GHEA ZiL7c,

6 et

E2TOT—HE, mean+ SEM TEILIN TS, —HER t-test (X, ETCHT—HDar ba—/L &
== T RIOENZ LT 57O HW BN TE Y . B2 mRNA BEOFEEE L AKEER OE W& It
B anicbnbiniz, EHL0EAICBWTYH, MtAaEMITp <0.05 IZRE LT,

m #EHR
1 {kELEBRES

REIIWFET R L —= 7% AEITIET L7 (Nor: from 498 + 6 to 489 + 8 kg; p = 0.034; Hypo: from
499 + 6 to 483 + 7 kg; p = 0.006),, Figure 3R SN TV 5 X H 12, Wi Am BRI 1T % E17T Ak
IXMAEC ML — = JRICHREISHEM L7223, X0 K& 7280 (40.1%) (X EeERE (14.0%, (from 4317
+ 217 to 4921 + 232 m; p = 0.0006) TiH72 < KEAEHE TR O/ (from 4036 + 225 to 5653 = 266 m; p
=0.0001), Figure 3 (D)IZ/REN TS X 912 VOsmax (XFRET k L—= 1 ZH%ICRIN LT=28, 4572
HEIMEH BAERE (from 162.5 + 5.3 to 166.2 + 4.6 mL/min/kg) Tix72 < (KEEFERE (from 159.5 + 4.9 to
177.7 £ 2.8 mL/min/kg; p = 0.011) TOAR N7,

2 FERRAMERRE

FERIREC N L —= 7l b B3, B S A 7RI Pre OfEHZE{L L7y > 7= (Figure 4(a),
type I: 11.0-13.1%; type Ila: 57.0—63.8%; type IIx: 24.7-31.4%) . [AEkIZ, AfRHERETRIRE S £7-2T
D EBREGNM THERERIIA LN o 7= (Figure 4(b), type I: 3145-3621 umZtype I1a: 3956—4072
pm? type IIx: 4967-5176um?2), Ml (58 % BT LM HE CHNA R S 407203 BRI FERIC B W
ToOHR B (Figure 4(c). Nor: from 286 + 11 to 304 + 6/mm?2; Hypo: from287 + 11 to 329 + 18/mm?;
p =0.045), Figure 4(d) C/r &1 5 SC number/fiber 1%, F L —=2 7 HIZHIETHT MM L7 (Nor
Tr, type I: from 0.26 +0.04 to 0.28+0.03; type I1a: from0.28+0.03 to 0.30+0.04; type IIx: from0.18+0.02
to 0.24+0.02, Hypo Tr, type I: from 0.24 + 0.06 to 0.26 + 0.03/fiber; type I1a: from 0.25 £ 0.03 to
0.30+0.03/fiber; type IIx: from0.17+0.02 to 0.2+0.01/fiber)

3 mRNA %#

Pre 726 D2t % 7~ L2 AEXHHY mRNA B OZE(LIX, Figure 5 1B W TORINLTV S, Pax7 mRNA
HHLL Pre ORESTETOSRMETHUILTEBY ., 7d £ CORICERFETHEM LT, &5&EMoAEZIX
BN o 7275, MyoD mRNA ¥ 8.13 Hypo Tr (23T Pre OEEA T 2.3 551 L 7=, MyoD mRNA
DORRRFHIZEALIT, 2 TOFEBRFET 4h IZB W TR F LT 24h 705 7d ORITHEINT 2 71723 75 17z, Nor
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Tr &g L C. myogenin mRNA ¥ 8L/% Hypo Tr T Pre (p =0.023) & Post (p =0.002) OFESICE
WTTHEIZEI L 72, myogenin mRNA ZELOKRFHIZ(LIL, Pax7 <° MyoD mRNA & 38 {ELOfHE A %7K~
LC, 24h 225 7d O CTHINM L7=, VEGF-A mRNA #8l/%, Hypo Tr (23T Hypo Con & kb L C
Pre (p = 0.029) & Post e (p = 0.020) DB CHEITHIN L 7=, 42T D FEBREAFITIV T VEGF-A mRNA
BT 4h OWRESTEINT A EZ/R L, b L —=27%I21E 24h & 7d THOIMEMZ R L7z, 2> bR
—/L & L C, VEGF receptor-2 (KDR) mRNA #$8ii% Hypo Tr (23 T 4h (p =0.031) OFERT,
Nor Tr (25T 7d (p=0.016) DKL THEICHII L 7=, Peroxisome proliferator-activated receptor
coactivator-la (PGC-1a) mRNA FEBLI%, T O FEERSIM TV T VEGF-A [FIERIZ 4h OFF S THINL .
24h~3d O MUK FEH\ %7~ L7=, Anglopoietin-1 (ANGPT1) mRNA RBEBUIE KM THERE(L AR
720257273 Hypo Tr 1235 T Pre & Post OREACTHINT 2%~ L7z, Hypo Tr 1231 T HIF-1
a mRNA 313 Pre DK C Hypo Con (p =0.042) X° Nor Tr (p =0.041) & i L CHEZHML
Hypo Con & H#E LT 3d THEICK T L7 (p=0.007), F72. HIF-1a« mRNA 33X Nor Tr {25\
T, Nor Con &L LT 7d OFES CHEIZHEM L (p=0.040), & TORERFELRMEIZB VT, HIF-1a
mRNA FBLOMFFIZE(IT b L— = %I 2@ 7 67z (24h~17d),

Hepatocyte growth factor (HGF) mRNA & HIF-1a mRNA FEBLORERFZ(LIFFELI L Tz, =
¥ hu— & g LT HGF mRNA 3 8LiX Pre DR T Hypo Tr (p =0.037) {28\ T, 7d OFEET
Nor Tr (p=0.023) IZBWTHEIHEM Lz, FiZ, HGF mRNA /% MyoD mRNA 31 & [A4kIZ 4h
HF L CIK 9 A fHn 2 7~k L7z, Fibroblast growth factor-2 (FGF-2) and insulin-like growth factor-1

(IGF-1) mRNA O%8i%, HGF <° HIF-1 o OFBUZFELL L T/, Hypo Tr (28T FGF-2 mRNA

FBUL, 3d DR Ty he— L XD AEICIKT L (p=0.013), ®iZ, Nor Tr ® FGF-2 mRNA
FHULX, ar ba—/L LG L C Pre DR CHEIZIK T L (p=0.007), 7d DR CHEICHMN LT
(p=0.033), IGF-1 mRNA BEHOAE 2L TIX, Hypo Tr (28T 3d DR T (p=0.026). Nor Tr
2B T Pre DI CH B 172 (p = 0.010) . SC OIEMALIZES 57 5 A+ (HGF, FGF-2, IGF-1, HIF-1a)
. PL—=7RKIZBADORATay br— LX) BET TRz, ETOFRMETIL-6 O
mRNA 5113 4h CHUIN L7278, Hypo Tr 1250 Cik 4h (p=0.006) & 3d (p=0.040) O ETZh
Fhvar e —FE7iE Nor Tr & I L THERIK TR RO,

IV E%
1 [EEER ML —=V I LB EAMRE DM E
AR TIIMEIAE L —=0 I Lo THEBEE N L —= 7 22 5, WitAnRER IR0 2 E17H
Bt & B RIS AE MU O A B 72BN & B OB 2B R o, mEFENF (VEGF-A X
ANGPT-1%) o EJ5itiE, BMEEEORMOER LD 155, AMFFTROEmEE M L—= 1%
VEGF-A mRNA OISR 6z, JeiTirst (Lloyd et al. 2003) X RBREIROFERER ZHE L7727 v MZ
BT, capillary contacts 28 b L—=7"12 HZIZHM L 72— 75T, VEGF-A mRNA O¥HIEL ~ L—
= DO8HBRETHONTEDRICEEL VIR D Z AR LT, Mx T, & FOFFIZIBW T
HIRR h v—= 27D 5 E#%IZIE mRNA © 72 (£ 712 VEGF-A 7 X7 EOMEMR ol
(Gustafsson et al. 2007)0 INHORERIT, P —=2 7% D VEGF-A mRNA O#R5H) 72 |55
MAERAEDTZDICNE T2 VEGF-A ¥ VRV BARMEE D Z L 2R LT\ D, BID, Fox 35T
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FEZBNTRAPEDIKERSE b L—= 7 ), VEGF-A O L L PGC-1a DREBBEBE L TWAS Z
L E#E L7e (Okabe et al. 2017), ZOFEFIC—EK L T, AiFEIZH N TH VEGF-A £ PGC-1a ®
mRNA ORRFZ(LIFELIL T\ b, LaL, Hypo Tr (28T PGC-1a mRNA 5% 4h THIML
7 E s, VEGF-AmRNA O e 58INI R 6N oTc, ZDOZ EIE, b —=0 7 %OaMEEE)
(2317 % VEGF-AmRNA J QN7 X7 B OFBN 55D BN D T & 2R LI FATHIEDORTERIC—E L T
W% (Malek et al. 2010), D72, EHhiEEMD VEGF-A LS OIHENIE b L—= 12 75 O
REThHHARENER® 5,

KEg# N L—="1 7%, nitrite/nitrate Tl X1 5 NO (nitric oxide) DpEE & NO A hkE%ES (NOS)
OFRBZEBMEE S (Ren et al. 2010; Wang et al. 2014), F4 (% NO ([ZBE#E T 5 K72 FH L T g
25, NO IIMKIEMEH 2 i H | IL-6 mRNA ORBAE TS L Z LnHEIN TS (Liuet al. 2015),
KPR RIS S 72 x5 NOS OFERIO 13, 5 4 B & 7 H#% O IL-6 mRNA 851 % 1
&7z (Liuet al. 2015), Fx OBFZEICEHE VT, IL-6 mRNA Bl 4h & 3d OFREACEAESHE b L—
SV TRHBIHHI SN TEY, KR L —= IR EBE R L —=0 7 50 b NO OEAZ IS ¥
MR 7R GEIL & 72 2 ATREME DS & B,

HIF-11X VEGF-A ® EH#EfI #4179, #EEFE T2 T HIF-1 « IE prolyl hydroxylase (PHD) (Z k&
STMELZIEEF L Lz X basl), RNWTTaT 7 Y —LRIC L5 0 %5%F % (Semenza,
2012; Balligand et al. 2009), NO (X PHD IZ/EHT 5 Z L2 L > THEERZ FCHIF-1a ¥ VXV E 5%
E{tT % (Balligand et al. 2009). Z ¢ NO %41 L7z HIF-1 o OZEITEKRESE T iR o3, NO
I Far RUTHEERIVICE 2BEOHE ZHET 5 Z & C PHD IZEEE 2 {453 % (Balligand et al.
2009), > CHIF-1a % > /37 FIXRRE 721X NO IZ L » THIEI S T\ b, RIFFEIZEWT
HIF-1a & HGF, IGF-1. FGF-2 mRNA OFBLOFRRERIZLITIALI L T 7z, HGF 1X HIF-1¢ mRNA
O _LJAENZESS- LT Y (Rhoads et al. 2009) .IGFs (Flann et al. 2014) & FGF-2(Conte et al. 2008)
X HIF-1 o OFENZEE L T D, X 2 R7 B LU TORIEN SR L <, ARMF5E0 HIF-1a mRNA
DOFERFAIZEAL & VEGF-A mRNA OfRRFHZELITALL L ZehoTe B2 65, LivL, VEGF-AD L
7% —Tdh % KDR & HIF-1 o (FHERIORIFHZELE R L TN D,

2 EBRFN —=0T LD T T4 MeEAOEEE

SCs T EMIME T ALE L <. WNEMIRE kO SC HaietEN v (HGF, VEGFE, IGF-1, FGF-2) %
AT CHEME(E 24D (Christov et al. 2007) , IR IIREED HIEMEAL, S0 {bRIE~ &2k L TIT < I2fE - T
SCs XN EZfliiEizxf L C VEGF, ANGPT1, FGF-2, HGF % 0 i & Hr A (e K 1% 73W3 5 (Christov
et al. 2007; McClung et al. 2015; Rhoads et al. 2009), = ®WNEZHMfEIZxF 9 % 1EA I myogenin % %8
LTV bIkRED SC M3 b3 < . VEGF <2 ANGPT &\ > 7[R D pEAENEEINH % (Christov et al.
2007; McClung et al. 2015), 12T, JeATAFZEIEL SCs M3 Ahah &k i & HT24E OFIE 21T 5 R & L TR
HEL. SC OIEMALBNHOFA L MEBFEDT-OICHVETH D V)i E LT TV (Rhoads et al.
2009), EEEFE T2\ T SCIX HIF-1 12 K » TEM(L SN D23, FRIRFIC/E2SE S5 (Jash and
Adhya, 2015; Li et al. 2007; Liu et al. 2012), JEATHFFEIZIVN T in vivo THE M O —RF 7 KRR 12 &
- T HIF-1 O ZELITHEK$ 5 SCs DIEMALAAE U, Z OB OEPEVNCERFE N EINT 5 2 Lick - T
SCs O fif % HE 4 2 HIF-1 O3t S du, B 72 REESR IR TR £ 7o 13 R RS IRIE Ak &tk L
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TEVRWHOEEZ 7= 5 7z (Jash and Adhya, 2015), bk L7-X 912, NO (% HIF-1a OZE
b & iz Hli4 5, HiZ NO 1% SCs DI L, HIF- 1o« mRNA © EA#1IZ % (Flann et al.
2014) HGF OfizHiz#l# L T % (Rhoads et al. 2009), NOS <14+ ™ nitrite/nitrate L~/ 53K
M b == 7K > THIINT 270 BIE, #RF%E T TO posttest #1230 T Hypo Tr TiE L b K& 72
SC OIEMAL L AL 5 & HER <415, AWF%ECld SC number/fiber O MIME [\ & I & % 4 OF B /e
BMAMERESR b L —= v I RIZR NI,

BEMIZB W T~ vr 7 7 — V3B EZ B/ L, FGF X°IGF, HGF, IL-6 =& ER 1%k
H3 % (Filippin et al. 2009) , Rl IL-6 13 ¥ X7 G DR EZVE, BT 7 A4 MeAOMEHHICE S LT
W5 (Liuet al. 2015), AWFZEIZHV T IL-6 mRNA #BliZ, FlL—=2 712X ~>T4h & 3d DK T
3y bo—/L L LTl S 41, HIF-1aX° HGF, FGF-2, IGF-1, KDR &\ o 72728\ T 3d
TiEar he— v CHEEZRLE, 7y MEHWEITHZE (Yamaguchi et al. 2004) T, {REMEE
TEBNV & it L7 R IEAFIC BV C HGE & FGF-2 mRNA OISR Sz, 2o Z 1%, iK1 SC OiF
PEARIZ K D WIER O 7o DIZ B R E 2 FF O WREME 2R LT D, & MMIAR, 2 FW 72 B THFE Tl
IGF-1 mRNA O#MANGHEIEOTEES D 8 BZIZR b, SC O & TFG-1 ¥ > /37 E DR BL)NF] IR
IR 657z (McKay et al. 2008), fit> C. IGF-1 mRNA @ L 5FH#iliE SCs IEMALICB W TEETH 5
ZEMBZOLND, BEMITHEEGE L RIEICESND & 58 NOS 2L 5 NO OFEA % Rt etk 7
% (Filippin et al. 2009), Pax7 <° HGF, HIF-1a B LA SN2 L 2EETHE, ar br—b
2815 3d TOL L OFRTFOHEIME, NO OpEAZ ZTRHRESRIEORE R THLH00H Lt/ 3d OFF
T IGF-1X° FGF-2, IL-6 ® mRNA JEELEMEFE L —= 7 RICARIZIE T L, Zhb DRIk
T, KVBEESCKIENE LRSI EERM LTS EBEZ LD, ZOEMIC, Kk L —=
VTBITEIN LT TREMED B D NO PEADB G- L Cnd00h L7y,

s 51T SCs DIRMEAIZ 535 23 it < IR D 7o DITIZRE R 7 D FIER ML EE T 2 (Jash and
Adhya, 2015), & D78, posttest & DICEICE U CRER 7 OHIN & SCs DOIEMEAL - ¥EFHIX, IKIEHR
== 72X > THMLZZ NOIZER LTl g5, —77 T, myogenin mRNA 5% Pre ®
R CHEICHMLTRY KR ML —= ZRICHEIE FL—=7 10 b RHIM SCs DIGH(L?
ELTNDHZEEZRLTWD, 7y FEHWEEITHIEICIE VT, myogenin mRNA FELIFHEE#% 7
HETHMLTHY, mRNA OIS - L THEE% 3-7 B %1230 T myogenin B4 D5 O BN
o TS (Srikuea et al. 2010), SCs DIEFMEALDOIR S EHIH D &5 b3 MAEFHAEITHHTH 2 D)
FEW S STV, L L R ML O AR IZ% 95 VEGF & IGF-1 D4 /i AT sEi.
CEORERG LY NG S BAESCIER A Tho72 2 &2 LTV (Borselli et
al. 2010), HMAFR &R L7y, L0 REIAVLINIRSE b L—=2 712 X% SCs DiEMEALIT, K v 5Rv I
EHAEDREZ L6 T RN S H, ZOEEBEERE FL—= 7 0%%R1E. NO X HIF-1 ICBfRL T
HEFEzx BDH,SCs xS MAEFIAMEIEH 2 FF BRI H 5 Z & 2777 myogenin mRNA FEELD Pre
DAL TOMEINZ —~F LT, SCs N IME R EZATHET 5 7o OIZEAT 2 Z &3 ST % VEGF-A,
ANGPT1, FGF-2, HGF O3B MR R 57z,

5 fEim
P77y RICkT D EEEE b L—=0 7%, WEESR T i -l ATTRBRICB W CHE R EST
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PR & BRI B DM A 72 & Uiz, RIRHCIREEE b L — =2 Z %X B % X myogenin,
VEGF-A, HGF OB R 57z, K L —= 712k > Tl bEniz2n b0 ki, NO E
ARHIF-1a il L>THl &R SNmeErnd b5, Fxld, KBE ML —=0 7 0FHo—21%, 1M
EREICHEST AR D SC O L v RMAIEME L Th 5 & ifmft i,
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Table 1 Real-time reverse transcriptional-PCR (RT-PCR) primer sequences.

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; Pax7: paired box transcription factor-7; MyoD:
myogenic determination factor; HIF-1a: hypoxia inducible factor-1a; VEGF-A: vascular endothelial
growth factor-A; KDR: vascular endothelial growth factor receptor-2; PGC-la: peroxisome
proliferator activated receptor y coactivator 1la; ANGPT1: angiopoietin-1; HGF: hepatocyte growth
factor; FGF-2: fibroblast growth factor-2; IGF-1: insulin-like growth factor-1; IL-6: interleukin-6.
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Figure 1 Schematic figure of the experimental schedule. The training protocol adopted a randomized

crossover design, which was separated by a 16-week detraining period. Eight horses were assigned
randomly into normoxic training (n = 4, FIO2 = 21%) and hypoxic training (n = 4, FIO2 = 15% O2)
groups. Incremental exercise tests (IET) were carried out before (pretest) and after (posttest)
training. In each IET, horses were subjected to biopsy sampling of the gluteus medius six times,
indicated by “1” (before (pre) and immediately (post) and 4 hours (4 h), 24 hours (24 h), 3 days (3 d),
and 7 days (7 d) after IET).
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Figure 2 Typical photomicrographs of serial transverse sections of the gluteus medius muscle.
Thicknesses of sections are 7 and 50 um in panels (a) and (b), respectively. (a)
Triple-immunofluorescent stained for laminin (green), Pax7 (red), and nuclei (blue). The white arrow
in (a) indicates a satellite cell (Pax7+ nuclei). (b) Single-immunofluorescent stained for laminin.

White arrows in (b) indicate capillaries.
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Figure 3 Changes in run distance (a) and maximal oxygen consumption (VO2max) (b) in the

incremental exercise test under normoxia for the normoxic training group (white bar) and the
hypoxic training group (black bar). T Significant difference versus pretest (p < 0.05). Values are mean
+ SEM.
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Figure 4 Changes in fiber type population (a), fiber cross-sectional area (b), capillary density (c), and

number of satellite cells (d) in pretest of control (Nor Con: normoxic control; Hypo Con: hypoxic
control) and posttest (Nor Tr: normoxic training; Hypo Tr: hypoxic training) in normoxic or hypoxic
training group. Measurements were performed on muscle samples obtained before the incremental
exercise test (pre). White, grey, and black bars in (a), (b), and (d) represent fiber types I, IIa, and IIx,
respectively.White and black bars in (c) represent normoxia and hypoxia, respectively. TSignificant

difference versus pretest (p < 0.05). Values are mean = SEM.
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Figure 5 (a—f) Time-course changes in mRNA expression of Pax7 (a), MyoD (b), myogenin (c),
VEGF-A (d), KDR (e), and PGC-1a (f) in pretest of control (Nor Con: normoxic control, light red; Hypo
Con: hypoxic control, light blue) and posttest (Nor Tr: normoxic training, red; Hypo Tr: hypoxic
training, blue) after normoxic or hypoxic training.Measurements were performed before (pre) and
immediately (post) and 4 hours (4 h), 24 hours (24 h), 3 days (3 d), and 7 days (7 d) after the
incremental exercise test. Values of mRNA expression were calculated as x-fold change from pretest
of each control. Significant difference versus pretest (p < 0.05). Values are mean + SEM. =Significant
difference versus normoxia training group (p < 0.05). (g-1) Time-course changes in mRNA expression
of ANGPT1 (g), HIF-1a (h), HGF (), FGF-2 (j), IGF-1 (k), and IL-6 (1) in pretest of control (Nor Con:
normoxic control, light red; Hypo Con: hypoxic control, light blue) and posttest (Nor Tr: normoxic
training, red; Hypo Tr: hypoxic training, blue) after normoxic or hypoxic training.Measurements
were performed before (pre) and immediately (post) and 4 hours (4 h), 24 hours (24 h), 3 days (3 d),
and 7 days (7 d) after the incremental exercise test. Values of mRNA expression were calculated as
x-fold change from pretest of each control. TSignificant difference versus pretest (p < 0.05). Values

are mean + SEM. *Significant difference versus normoxic training group (p < 0.05).
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£ N OE
FrarvsF 4 vasr JIGEITREEox U M) v 7 IER D

iR~ — A —Z8Hd 5

I &

Tt b v 7 WHEECC) Z e RNMEN TH LV EENT, fHEE., MIE, 5B O T, afEk oIz,
i EEgl Xk ZJ, EHORBARICEL S5 (delayed onset muscle soreness : DOMS) X, = ®
% H C#ERT %5 (Nelson, 2013; Chen et al. 2012; Hyldahl and Hubal, 2014), F7- ECC (%, =2t
YRU I ROTAY ATy 7L D RN O E 2T (Roig et al. 2009; Hedayatpour
and Falla, 2015), =D7=%, kRO SGELZ BE L2V FT—va B —=0 7 0O%H
IZHBWT, ECCIINFEMREE TH D L EZX B D, ECCIZL %S DOMS D JEfkIL—iMETidd 5723,
AHEAERY N T —vay TAV—bsDOEHO ML —=U JEOERICEET L EEZLND,
L2, FL—=C 7 OHHAFNZFEROER 21T 5 &, DOMS 2SR S 41, KT L7z OREIED F.<
RHZEMNMBILTUVWSD (Chen et al. 2012; Lavender and Nosaka, 2008; Maeo et al. 2017), Z OFqif
EH) ORI Repeated-bout effect & FEHIANTE Y (2 HA 5 1 #HFEFEE TH U (Lavender and Nosaka,
2008; Maeo et al. 2017; Urai et al. 2013) , 6 72 H Fifi 32 Z & 23#i ST % (Nosaka et al. 2013) .
LU, fii & AR B 2 2 FRnET O/ 2 A B PR e I XA AR £ £ Th 5,

WERERG ~D AV~ U AEENT & D RIEFFOFIFATELE L T D RRBIB T, i 2 & Lok & 722 A2 BRTE
M %49 % Bradykinin (BK) @, Bgreceptor mRNA O IHNHI K5 (Meotti et al. 2012), Z Dfj
Ji %, BKBereceptor 7 > &% I =X D52 X0 Hifill &5 DT, BKBs receptor (L5 ICBE G5 &
Ez b5 (Urai et al. 2013; Meotti et al. 2012), JEAIZBED LMD 551 & LT, Prostaglandin

(PG) E223d %, PGE: AU D D% D Cyclooxygenase (COX) -2 D% /37 B H LU mRNA
FHL~UE, =%t MYy ZIERERICHEBLAE KT 5 (Murase et al. 2013), =%t~V » 7Y
#i1% M Ot Carrageenan 7 5 SIER O 13 COX-2 1 > b B X —DH# 52 L » TR F L, £ D412 COX-2
DIRIEEM T D PGE BE MK T4 % (Murase et al. 2013; Zhang et al. 1997), #IZ., PGE2 &kt
HORMKIESR CTh 5 PGE ARERIZIZN DD T 4 VYA ARH Y | FRl2 7 vy — A PGE ARkl
#-1 (mPGES-1) 1Z COX-2 & BIENAHEWNZ & ARSI LTV D (Samuelsson et al. 2007) , €5 T, PGE:
BNREICH 2ETH D COX-2 8L O mPGES-1 ®%HiL, PGEEAEE T L CHmICEET 2 &
NEZHLND,

BKB: receptor & 5 E COX-2 X° mPGES-1 % PGE: &R 2B 1%, MieIcET 52 &
PSS NS, Ll FENEEIC LD 20 b OfiEBIED O RBA~OREITH S TiE Ry, 22
TAMFZETIE, FRIOIEEENE ECC (Preconditioning; Precon) 73, % M DiEEM: ECC 2 X 5 ip#HE
B WE, JIE K O BE 112 RISV T, mRNA B HL L~V TR 217 - 72,

T

oI =BGk
1 EBREMWMERONTm hai
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7 v FERAWEETOERIEL, 1A RFROFLRER R TEM S 4v, (LA KRS (No. 290) K& OFLIR
ERIKY: (No. 16-077) OEM)IEERZE B S OKGR S NI FEILE> TIThive, @07 713, Tiixd
A RT7A4 - T,

HEME Wistar 7 » (9 i, n=36)(% Sankyo Labo Service (Sapporo, Japan) ok, 7 v

MIAHEEKBABICEZ B, 12 REHIARE Y 1 7 L OBREEHIE = (24£2°C) CE SN 7=, 7 v MIHA
B ECC » #4 % fifi§~ Non-Precon £f & | {1 ECC @ 2 HANZIEHEEM: ECC 2 AT 5 Precon i
DT, RTOREZEWT ECC IR THEi s iv, poHilof iz = hae— (CTL) & L7z,
Precon #£(%, 100 [BI1E O EME ECC @ 2 HRIIZ Precon (10 [BIO 8 ECC) # LK% 7=, AT
WFFEICI\V T, ECC DD 2 D I2HE > TR OB ERBPERITHINT 2 Z LAVRSNT0nD

(Hesselink et al. 1996; Willems and Stauber,) ., #&4 1%, Precon |Z & > TRIEEFHDHEKT AV A b
Uy ZIWHENDME T L2 L 2R L TV D (F—Z IR LTV 720 5% ECCH& T OE%0 A),
2 HB LU 4 HRICRIERGH 2 S8/ Lz, O%OERIZIE, BEEMHPMAETZ Ao,

2 =Xy v 7IUE
AV TNT U TICBNT, 7y MIIEMI T 7 v b7 4 —AIZ@ED I, A% 00O R Of
FE (T BREICR LT 90°) T hL 7 & —(S-14154, Takei Scientific Instruments, Tokyo, Japan)
IRt s N7y b7 L— MCEE STz, ECC & Lf%ﬁﬁf"aﬁ“mﬂimﬁ (ES) &Gtz 150°/F 0 0°
5 40°DOFREITE AT Oz, BRI, 47 2 &I 1 oREEMEZIN L Tl (45 V) (IZHIFK
HZT T WD /N T A =2 —1ZLNT O X 5 IZRGE L7z 1 1 ms OHARIEE L X, 50 Hz O filJE B

3 ARk LFRIERT

7 U F ALy NI (10pm) [ I~~ b2 U U R4 Yy (H&E) 12 X » T S 7z, Evans blue
dye (EBD) e SN7-UIF #5579, 7 v NIV 7L OfgH o 24 KefF1IZ 1% (wt/vol) EBD
solution (1 mg/10 g body wt) OEVENEE G- 2% 1T 7=, H&E & EBD Yt li{§d, @ BisE BIOREVO
BZ-9000 (KEYENCE, Osaka, Japan) % F\\ T Sz,

4 VY7nVvZA L5 RTPCR

FATHFZEIC B WD Tt STV B FEICHE-> T, U 7L Z A - RT-PCR 2387 %217 - 7= (Nagahisa et al.
2016), Total RNA % TRIZOL reagent (Invitrogen, Carlsbad, CA) (Z &V fiiti L7z, Total RNA Ofi
FE LRI 260 nm 35 KON 280 nm O EOWSLEZRWET 2 Z & TRIE L7z, £ LT, Total RNA %
TURBO DNase (Ambion-Life Technologies, Austin, TX) T 37 ‘C30 /AL L, Yo7 ning 7
2 DNA % Bg% L7-, DNase-treated RNA (0.5 ug) 7> 5, Exscript RT reagent kit (TaKaRa Bio, Otsu,
Japan) ZHWT—A8 cDNA 24k L7z, Z D%, ¢cDNA EY % StepOne Real-Time PCR System

(Applied Biosystems Japan, Tokyo, Japan) |Z X % SYBR-Green PCR Master Mix 7' & k =2 /L% {#i ]

ST L7,
FAE ' 77 LE.95 CT10 3D WIIZANERE 5 LU0 ¥+ 27 /1 (95 C; 30 P DM + 58 C;
SEOT ==V 7 E) THREH T3, Glyseraldehyde-3-phosphate dehydrogenase
(GAPDH) mRNA &4 Ntz b —VIZ%E Lo, #3851 ® mRNA (Table 1) 1%, #Eis1¥
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—7%7 > K ® cycle threshold (Ct) ®fEin 5 GAPDH @ Ct 27 L5|< Z & THEHE(L L 7= (ACt(target)) .
2 —7y MEIGF O BLE A CTL OEICk T ofExtsm e L TR L, /fiflli#io471% cDNA
VTR DN B FERR R AOIEIE B R L 7e o 7z,
77 A ~—I% Primer Express software (v3.0, Applied Biosystems Japan) TiXat 4L, 4V I X7
L 4F FiX FASMAC (Kanagawa, Japan) T{EREL7-,

5 MERHENT

ETOMBEIL, EYEHEARERRZE (SE) TRESNTWSD, % mRNA L L ~LiL, One way-ANOVA
5 &£ O Bonferroni adjust t-test & HWCHEE I N TW5D, RIEMEY A b A > L AmBE S 1 & OFHEY
BRI, Pearson OFHBIMREIZ K » TothShiz, #EHFRMENMEIT P<0.05 & L7,

I fER
1 #815ME ECC % DB #& i DAL RN

0 day (ECC [E%) OFEATiX, non-Precon % O Precon #t H&E Y i) i O I & 7 ki b
FHREIIR 50y 7= (Figures 1(a) and 1(b)), #E1E ECC2 Hi% & 4 H#% O H&E U ek
W TIE, non-Precon HETITMAM L TH < IZATZ A2 & 2 B0 BHTe X 5 12200 RIEMHIE A R
517z (Figures 1(c) and 1(e)) — 5 C, Precon B CIlTZ 56 O4FF L < 22 WA(LIZEIFNZ I S iz

(Figures 1(d) and 1),

H&E OFERIC—E LT, ApfilaE»’8E L Tnd Z & Z~7 EBD BYEMIEIE 0 day OFFIZIUVT
R 5317, non-Precon BEOHE M ECC2 H& & 4 HEZEOREACTHML (Figures 1() and 1(k)) ., =D X
2 72HEINIE Precon BEIZEBWTIHIF E A ER BN Do 72 (Figures 1() and 1(D).

2 HHREBIUHELIZED5EFO mRNA %H

FARTEY 72 R BB 3 HED 0d DIFATH CTL 2 1 & L CERELEN TS, MHC-embryonic 38 X O
MHC-neonatal %, i #E#%OFAEEE TR 5, MHC-embryonic mRNA F8i &%, #H{EME ECC2
H1% ® Precon £ C CTLHE L W b AEICEVMEZ R L7z (Figure 2(a)), 5 ECC4 A% Tix. Wikt
& CTL LV @V iz ik L7223, Non-Precon £/ Precon #f & bl L THEIZEVMEZ R LT,

MHC-neonatal mRNA %8l & (3 EM ECC Ei%, 2 A%, 4 A#%(ZHW\ T, Non-Precon & Precon
#ECCTL &bl L CiEfa s /R L7z (Figure 2(b)), Non-Precon £ & Precon #f & ORI A B/ 2R ILR
D ORI T,

+7 T4 M EHALIR T TH D HGF @ mRNA %3 L~ #E51: ECC2 Hi%k & 4 HEDOREA T
Precon FEIZBWTHEICHM L7 (Figure 3(a)), &M ECC2 H# & 4 H% D HGF mRNA RO
fE. non-Precon FEIZHWTH A S, ZOENIE CTL 721 T72 < Precon #f & iz L THA EIZHE
R LT,

fhithT 7 A R ADTEPELAEAIRIEIC & HIFI2FE BT 5 Pax7 mRNA #8LL, 51 ECC2 Rk LW
4 H# T Non-Precon D #4725 CTL £V & &z~ L, #H{EMHE ECC4 H#IZ3\ T Precon #l
Non-Precon #f L ¥ & A EIIEVMETZ 7= (Figure 3(b)),

Y7 I 4 MRAOREE L5 A 95 MyoD mRNA J8 1%, #H#5ME ECC 4 A% T Precon B3
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Non-Precon #f 1 ¥ HAKWMEZ R L, $HEME ECC2 H #2350 T Non-Precon #ED A7 CTL L U & &ifil
%z L7= (Figure 3(c),

SCIRIED YT T A F B/ THRILEHN 5 Myogenin mRNA FH 1L, HEE %M O 2 H% T Precon
FEIZHBWT CTL L0 b Efia -~ L, 4852 H#% &4 H£IZ Non-Precon 1L CTL L ¥ & &\ MEA R
L7= (Figure 3(b)), Mz T, HEEM ECC2 H & N4 H#%IZE W T, Precon #:D Myogenin mRNA ¥ 8L
13 Non-Precon #f &t L THEITEWEZ R LT,

3 M BEE S T mRNA R,

Precon #£? BKBz receptor mRNA 8l & X5 ECC B, 2 Hi%, 4 HRICBWTCTL L0 b F
BEIZEVMETS » 7= (Figure 4(a)) , Non-Precon #£? BKB; receptor mRNA R Hi &%, &M ECC2 H
%, 4 HZIZBWT CTL &g L CAEICEE A R Lz, LarL, 5 ECC2 Hi XU 4 HE T,
Precon #£1% Non-Precon #f X 0 & AEIRVMEZ R~ L7z,

COX-2 mRNA %8l &%, Precon #f} O} Non-Precon A O #E N HEEMN ECC2 H#ETCTL LV & F
BElIZEWMEZ R L7z (Figure 4(b)), L2>L., 5% 4 H#IZFHBW Tt Non-Precon #0473 CTL L Y
LA BIZEVEZ R L, Precon #£i% Non-Precon #f X ¥ & HEIZKVMETS - 72,

mPGES-1 mRNA %8l &%, Non-Precon # 0 A5 ECC2 H%, 4 H% T CTL & X THEIZ
EVMEZ s L7= (Figure 4(c)) . ¥1Z Precon #£® mPGES-1 mRNA B HL&x, 54 ECC4 H % Ol
T Non-Precon # X 0 & AEITIRVMEZ R LTz,

IV E%

Fx I 3FATORAMIEREN: ECC 23, %OBEEN: ECC SRR T 248 E, Mk, iy 112
JAF TR OW TR L7, EBRIZ, Precon 13F x4 OETHIEORERIZ—E L CHEME ECC I L -
THE SN H MM 222 b2l L7 (Yamada et al. 2018), F7-. Precon (% MHC-embryonic
J2 Y MHC-neonatal mRNA FEBLOME K ZMMGI L, 2D Z &b b HBEOREN/ NS o 2 LR
N5, FEEEC, Pax7, MyoD ¥ X O Myogenin mRNA B DO H KA Precon |2 L W i &= 2 &
726 Precon (Z L U RGO EN/ NS 20 (T AEDOBREMENTIE A LN o2 ERHERIND,
IR BAIE Sy mRNA OFEBLHN S E 7l S 47z, - T, AR FRTORA IR EME ECC 23,
Z D% OHEENE ECCIZ X 2R K ORIEZ K T S TR DOEITE Z 56 2 1EEME 4. mRNA L
JVTHERE LT,

AFZEIZ I THe 4 1E Precon Z AU H 753 mRNA (252 5584 f5E L TV, L7» L, non-Precon
ISR T 2imBEE Sy 7252 & A EDORTIE, 0day DT CTL X° Precon # (2 days after
Precon) & iz L THIINL Tu7gw, Precon ZAV AR (10 [HD )48 ECC) %% non-Precon (100 [HD [
#HECC) kv uER i L a2EE TS L, Precon HIRD mRNA BT E 2 250307 & b
Precon DE#Z E 2 BRICBWUXIZEAERN LD TH D LHERIND,

1 =%kt )y 7IMEC X 2HRE. HEE
R A AR ER O REBRICB T, MHCI, Ila, IIx % ONIb OAEE MHC Oz,
MHC-embryonic X neonatal % D% MHC #3888 L. Zi1 6 038R MHC | #155% OEIEI
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VW EVRI MHC ~ & & & #2145 % (Schiaffino et al. 2015; Ciciliot and Schiaffino, 2010) . AHFFEIZ I3V T,
MHC-embryonic &% O* noenatal mRNA #BLFHEEM: ECC IR L7z, LaL, #EME ECC4 HZIZ
BT, MHC-embryonic @O KDOFEE X Precon (2 X W < 17z, AiEEZOHBEEICBWT, Y
TIA NEVTEERERN AR, V774 MeVIRRERRR E BEREOMICRET 523, @RIk
RBIZH Y | Pax7 #3817 % (Dumont et al. 2015), %7 74 ME/VIFHHEECI VTSI &, 1§
PR U CHIGE U ic R o0t 2 2 & TH L WAz 2 fifa L. TEMHE (bY 7 7 4 ML o—#Ix
RIERREIZER S (Dumont et al. 2015), 2% < OWFED HGF @O & 9 22 &K 7 235 A OTE AL & 1
FEICBAfRT 5 Z L ZFEH LT\ % (Yamada et al. 2010), %12, MyoD X° myogenin [FiEMA b S iu7=4
T IA4 MEATRBLEN, ZNENIGE L 553 bIcB 579 % (Dumont et al. 2015) , ABF5E TIXREE ECC
DOHEAM LIZT v MW T, Pax7, MyoD K& O Myogenin mRNA ZELAHEM: ECC &Ik L7z
MO, AN EEE L TWe Z RIS, L L, 2D O#INE Precon #3272~ 7
TN—TTIRIFE AL EBEINR o722 &6, FRHINZ Precon 1T 9 Z LI Lo THIE ORI D
WS, B EETORERHE VRN Z EDRRBIND, M LWECCIZEVHEENET L Z LT,
B 7208 (g2 L7 F % —F%, Nelson et al, 2013; Chen et al. 2012) CHL#kFERI 7220 HTIC
Ko TR TW5 (Kano et al. 2008; Sudo and Kano, 2009; Hyldahl et al. 2014), A0 HE R 1%,
M ECC O AR EAT -T2 7 N —7"CTHiffE» 4 U, Precon 12 &> C mRNA L ~L TS O FERE A3
SN=Z &anRLTn5,

2 HIRMENEIC X BRIV T

PGEz 1%, #7208 HE) Tldze < BRZ2EBRF I B8 CTHIR 3% (Karamouzis et al. 2005) . PGEz &5
AR DOREFR Chh 5 COX-2 (X, BICR<BEET 22 2mbnTnsd, COX-2 1 b EHX—IL,
Lengthening A ORMNZHE G- D 2 & T2k T 2 (Murase et al. 2013; Zhang et al. 1997) .
Mz T, PGE: A KD IEAEEERL Th D mPGES-1 &, COX-2 HRDOMRHMEM N PGE2 ZPEA L

(Samuelsson et al. 2007) ., PGEz (2 X 2¥EJF-CRIEICE 595 2 LV R &N T 5 (Dallaporta et al.
2010), fit~>T, COX-2B LUV mPGES-113 PGE FEEZ N L T Z AESELEBEAONAD, K
JERF, COX-2 |34FHER, ~27 v 77— WM, KOG 7 74 Mt TREsnd

(Murase et al. 2013; Bachawaty et al. 2010; Novak et al. 2009), mPGES-1 1. &JEFRIC~7 a7 7
— ORI RTET D Z E RN HE ST (Korotkova et al. 2008; Korotkova and Jakobsson,
2008) ., AWFZEOREFIL, Precon (2 X% COX-2 3 LTV mPGES-1 mRNA BELOK T4/~ L., PGE:
O 2/ LT D, - T, Precon & L CWRWEEIZHER T, Precon #1T - 728t Tld. PGE2IZ
LT NMMET LW Z EnHELRI N5,

XLy MYy ZIHEC L 0 i BK#EE (Blais Jr et al. 1999) 7 b ONTHHE & OMERRRIC 31T
M'E © BK #i£JE (Langberg et al. 2002) I% L5742, BK O3 {(KIZ1X BKB1 receptor & BKB2 receptor
MFAE L, BKBireceptor [ ZHLAREERF IR BL L CIBPER 72 RIEIZEF 595 — )7, BKB2 receptor I 1E 7
FIZRE L TR RIEICEEGET 5 ¢E2 5 TCWwW5a (Hamza et al. 2010; Su, 2014; Couture et al.
2001) , AWFSEIZEV T BKBs receptor mRNA 7Bl ix, 851 ECC @ 2 H#% K Y 4 H% T Precon (2 &
DK L7z, JEATAFREICE W T, iE=F%t > U v Z7IUfED 1 BEH 4 HEETAE LR, =%
T U w7 IUEORTC BKBe receptor D7 X T=A G925 Z & TEOROBHIENIH S
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73, BKBireceptor 7 % I = A N TIXHRINGIZN R D DR Tc 2 E i ST s (Murase
et al. 2010), F7=. Formalin ¥ LA RIEETT /MIZE W TiE, BKB1 3 L O Be receptor 7 > % 2=
A~ O I &2 SR 23 Formalin ST E %7206 7R £ CBIZE 40TV 573, Bz receptor 7
VA A=A ROAHRN IL-6 D mRNA BB 2D X872 (Meotti et al. 2012), IL-6 1ZRIED~—H— &
LTHILN, BRICHELTHZ ENRBRIN TS (Dina et al. 2008; Manjavachi et al. 2010), < ®
72, BKBzreceptor IZ Bireceptor £ U H RIERFOMRICE G535 E X b5, M T, EEMIGHE
@ 30 731% @ BKBz receptor 7 > % = =& MG & Pl L 72y o 72 2 & 525 . BKBg receptor 13/
MOKMFFL Y AR OREICTFETHZ EDREBINTVS (Murase et al. 2010) . ABFFEIZIBVNT,
BKB: receptor mRNA % 8/% Precon #:® 0 day (FEEME ECC H%Z) ICBWTHEICHM LT, Lo L,
non-Precon #£? BKB2 receptor mRNA F& 878 BEEFERIITHIN L7 DITx LT, Precon FEIZEMERI KT
EaRLTc, ZTOZEE, iR~ ——DE—7PNRESTZEEREL TS, F4 13X BKB: receptor
mRNA FEHLO ' — 2 OB EAEFHRIBR L TV D 2 L Z5E TE 22023, Precon #EI236517 %
BKB: receptor mRNA FEBLOM 13, it o> i B 53 D FEBILARMAL 2RI 72 G ORERIC— B L T
Do

F LD L, BxidfimicB UV CEE 7 BKBe receptor mRNA BHN =X FU » 7 INFERICH
BEIZHIN L., Precon (2L - TE®O mRNA BB HHISND Z L2 LN LT,

8 Fvarsa4va=rvIBbh—=VrIHRICEX DEE

Z Z % C. ECC & Precon A&, A, WICH 2 D BIC OV TA MG L C& 7z, AIFED
fE X, FaT O AR ECC D% OHEEM ECCIZ X ARG & e o i A% ) &8, mRNA
FH L~V TCHRAIMEI S NS Z 2R LTS, THUH ORI, EENC X 2 i 280 HBY T
HDHRHIE, FANCRVERZ{To TR ZENFELNEERXDLND, LavL, MHEREOLEEL HRAY
L UTERE, HRIOBVER)X b L —=2 7R 298D L RN H 5, AFZEIZEBN T, HiERIZEB N,
THEHEREEHZR-THYT 74 beLrO~—H—Th b PaxT. 4774 NE/LOHHH - 53{LIZB 55
% MyoD 3 £ T Myogenin ® mRNA & H173 Precon (2 X 0 #iifi] 4172225 T 5 (Dumont et al. 2015)
F72. COX2 [FMERDIZOICHETHSH Z &2, COX-2 A » b X —E O AUEERIERET LD
KRBV THE S TS (Novak et al. 2009), it > T, COX-2 DFEB L OEMEZ T2 = & 13
EEMZD2BRNFETHDL EBZ 6N, —HTHIEREZ B E T 57613 COX-2 DFEELKL ONEME
DUETHL0S Lty L0 RBINZREZEIZONT, ERDENRKNEL IND,
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Table 1 Real-time RT PCR primer sequences.

GAPDH, glyceraldehydes-3-phosphate dehydrogenase; MHC, myosin heavy chain; HGF, hepatocyte
growth factor; Pax7, paired box transcription factor-7; MyoD, myogenic determination factor; BKB2,
bradykinin B2 receptor; COX-2, cyclooxygenase 2; mPGES-1, microsomal prostaglandin E
synthase-1.
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Figure 1 Photomicrograph of hematoxylin and eosin (a—f) and Evans blue dye (g-1) staining on

sections of the left medial gastrocnemius muscles after damaging eccentric contractions.
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Figure 2 Time course changes in relative expression of MHC-embryonic (a) and MHC-neonatal (b)

mRNA. Thee mRNA expression of each time point was calculated as x-fold change from each CTL
value at 0 d. CTL indicates intact right muscle of each experimental group. Values are means + SE.
*significant differences (P < 0.05) as compared with each CTL value. #significant differences (P <

0.05) as compared with each non-Precon value.
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Figure 3 Time course changes in relative expression of HGF (a), Pax7 (b), MyoD (c), and myogenin (d)
mRNA. The mRNA expression of each time point was calculated as x-fold change from each CTL
value at 0 d. CTL indicates intact right muscle of each experimental group. Values are means + SE.
*significant differences (P < 0.05) as compared with each CTL value. # significant differences (P <

0.05) as compared with each non-Precon value.
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Figure 4: Time course changes in relative expression of BKB2 receptor (a), COX-2 (b), and mPGES-1
(c) mRNA. The mRNA expression of each time point was calculated as x-fold change from each CTL
value at 0 d. CTL indicates intact right muscle of each experimental group. Values are means + SE.

*significant differences (P < 0.05) as compared with each CTL value. #significant differences (P<

0.05) as compared with each non-Precon value.
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% 1 o=
LD

%2 < OMPERHREICEHD YT 74 ML OMOEE ZHHEL TWD, 7 T4 MEVITEMIMLAE
OUFIALE L, AEFEICEGT 5 Z LRI TV D, REEITEEGICmER L2692
ERP LTSN TE Y 2 OWIFIZ IE B E O R E 2R Tdh 5 VEGF o 53 1B 5 HIF1
X AMPK-PGCla., NO, ROSHRELTWAH EE X LD, KEEFREFRIL in vitro THT 74 MV
DOFEMEAL « BIEZTHET 2 Z L 2VRENTE Y | in vivo IZBW T HIEML L #4542 wlHE
NS5, BIE, in vivo O'E R CIREFRIRENY 7 7 4 MLV EIRIC S 2 582 PHA L3
LA EFIELRY,

AFas IR (10 Bin) L&l (20 » Alin) ~ o7 2126 L, R HREE S & MR AOIEEE R 2 i
L. B{brY72 v T A0 & bl n e MERE RS a8 Lot 2 5B 2 A L T D, Frige il IR JR g i | 30 lin
YU ADE T AFHIZE VT MyoD mRNA OFEBLZ N &, KEER ICHEIG T 272D T T A MR
VELToH DRIV R ST, 2 OMEHARICIZRIFFICHR B L 72 BDNF 235 L T\W5 B2 5
NHN, HETCIEARWTIE L EERIZ MyoD mRNA OBNZ /R Liz@ii~ D At 7 A (3.214%) &4
fin~ U AP IEE (1.3 £%) (23 C BDNF mRNA O#INE R ST,

HEREBMIEEEOHINIER~ Y AL T AHITBWTORR LI, ZOfERIL VEGF-A mRNA ©
WnzrL7zU 7% A4 LARTPCROFEEREIZ—F L T 5, 2D VEGF-A mRNA O /iZ nNOS mRNA
DM & FRFIZA T TR Y . mEFORICITAERMEEABRS R 6z (R=0.52, n=17), 2D LI,
AR ZAFAET 5 nNOS IZ X 5 NO OFEANMER EDTZDITNETH LRt 2~ L5, £f
e IR R S & boiie U7 R, [ R AR R Stk O i N i 2R g i 12 35 T VEGF-A mRNA O &
PRI RS2, Z D VEGF-A OHINIE eNOS mRNA ORI & A EICHE L TH Y (R=0.59.n=16)
R BEER 2 eNOS-VEGF ORI Tl &8 A4 2 (et 3 2 laetE 2 /8 LT\ 5, BICH R BIKER R So14
OAMPEE R 2 ClL, = ba—L &l LT EZR FGF2 mRNA O 4 Uiz, FGF2 1T
AR HEFE DR K OV BRI D RIS ~ DAL A 7K 5T 5 Z & TIMERAEICE ST 2, 2D OfEE
X REURIERIETE A, FREcAV IR SRR & TR 2 2 HIECTMEREEZ 26T 2 L 2R LTV D,
MyoD mRNA O #if1 & VEGF-A mRNA O¥ENNILT L H W L TR o /o Z &0 n | IKERFRIRTR O
BV T 74 MeAOMEHE~DZRFE5IE, VEGF-A 27 L COW AWM TEEARER TRWVWEEZHND,

KRR & N L—=0 7 OMAGDEIL, BBRIBREOHRE N L—= T OHROEMAYEH 5\
IIAEAER Z IR L CEEN D, LorL, EBETHEING 2 WITH RN IR D AET 200 b iEam
DR ENTEY, FETL2HEOUTFICEL TUIRAR BB EAFIEL, V7 74 M RIET R
bELLAPATH L, AMB = TIE, RUNRERENL—= 7R3 7 7 by FREHIZH 675
BAEAHELTND, Fx 3 THstics VT, 2ORESE b —= 27007 7 4 MeADOIEEIC
B THLPMAEFEIIAFCTH D alREMEZ R LTz, SWEOER O PRI S D FERE By | B
M7 REASR N L — =2 7 I3 B BMIEEE O, VEGF-AmRNA O8N, E#)/ 7 4 —~ 2 AD
mbEzL7-5 L, BICHBRSE ML —=0 7% & i U KRS b L —= 7% CTI3A E 72 myogenin
mRNA OFEBUHENMN R O 7, 2, mRNA BB OHEMITFEEFR T CTITL7 posttest Dl (pre)
REE (post) ITEWTOLR LN &b, KEERF T —=0 7 %179 2 LIZ X 20 E OHF

48



DEBRL TN Z ENREZ LD,

IKFEFER BB T AVERIEZY T T4 NE A OME G A8 4 £ 77 70U AT REME S E VO3,
Kigg L L —= 7 OMAEDREICB O TUIMELBEEL TW ARt B 2 bivd, KEEFE L —
=27 MEOHFFICET 5 ) —oOHERIZNO OBINTHS, NOIZYT T4 FeAoiFEE(bicBS
T 5 IL-6 ORBUX FIZH G2 DT, NOS OHIBMERESR N L—=2 7 FEIZI51T D posttest %D IL-6
FBLOK FIZBR L TW D ATREMEN B 5, BT~ T AT 5 M RAVEEE RIRE W TN R b
72 FGF2 mRNA [3HEH FL—= JRICABICIER T L, KBEHE ML —=0 7RITITIER T LR o7,
ZDOZ LT, BIRVEEEFERTE L RIEHE L —= 2 VOB T D EEFE O~ N EZR > TRY,
NOS DTt eNOS 5 L T\ D A[REE A2 2 LT %, Posttest % 7 H H TiX, Pax7 mRNA »®
WEHE N L —= U SRECORABITHIN LT, Posttest 4 B[4 ™ IL-6 BELOK FiL, KAH ML —=
YT ZOMMP RGN -7 Z L 2T 5 At |, 202 i, ®EgEHR T bl
posttest 0 4 FF% LIS (KEESE N L —=0 FBE CHIRMIA E 7 mRNA BB OB NN R 5N 2ho7= 2
LEBEDET IL6HLNIYT T4 M EADIEMHADS L —= THROIEIINETH L Z L EmRL
T2,

IL-6 XIS 5 2 AR SN TV A RIESE~Y— I —Th b, ARFENEIT, Frarssva
=V TUENBREEO =X N v ZIEE O~ — 0 — OB ZIHT 5 2 L A WE L T\ D,
IO NZ BT AV — FETIZBNTC, EENCHT 5EME T IELHR LRV, £
e, TarsFava=rZRnED LD T TR EIEIT 200, 72D FL—= 7RI
KT LA ET D LIk R THAMBRMECHL EEXDND, TA VT ORRE RIS
T, Fvars g va = ZIEERTEEFRICEEZ IR LTk, Frary s va=r 706 H
#IZBWTH BKBy L2 7% —=° COX-2, mPGES-1 mRNA (B A2 KT &7, ZhHDZ LIIMFED
23722 &b mRNA L~L TR T 2 L & HERIOAETHD T L arT 4 a=r70%
LA OMEIFEECH L Z L AR LTS, — KT, FLarvsgra=y 73747 &
D HBERYT T4 e BEEEE T (Pax7, MyoD., Myogenin) @ mRNA #3l2 A EIIE T &7,
IOZ R, TvardTava=r IR b—= U I REMGIT D REEE R L TR Y L0 EI
IRFEBRIC L DBREL L EETH 5,

B RO~ U A2 AW CRBREZESIEFELZ 2o THFIE-> T, FERmIIBITS
FI7 7Ly ROEEEFE L —=2 7 OB LKW T, BRI 2R H 2 WO IR KRR SE O
HMDOBREL N —= 7 L OMBEDRIZ LD RETRLTWD, 7 74 ML OIEEAL & i
AR N L — = 2B TIBEET 2 iR H 0 | A% OSEERE L Y 155, BINEOME
X7 var T g a = I RHREE G 20 imA B oI L, FRHIZSY T T A M EAOIEME(L
DIl ND Z EEAR LT, 2D O ERERIIRBBIRZES S L a T v a = IR DA
ZOWTFEYT T A4 MEMIER L TUT-TEY ., LV EEMARETFONEe b L—=2 7~ LS AThE
RIEMAERMET 2 & B2 TS,
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AT MWD HIZH 720 3 FEICB T AT 7 Ly ROMY v 7 R OWMiHEEEIC B3 2 7 — & Z 24t
WelEnwe, BARMIES S (JRA) BUESRAWIERT « EEBE P JE=E O miEis [, K —K,
HAPERIZLD RV ESHW e LET, o, 4 RICBT 2% MY v ZIHEET VOIERIZZ K2 T
TN T2 TN T AL B R B A A R B 0 L1 FH 2 S0 M 28023 NS L FH RS G L T N = L
o AERSCOMERIZIB N T H 5 5 1 CHIEE 2 1 > 75 FS SCHR ISR B o L9, Iegle, B
FEATEIZIB W TE L O W T2 WIS A PR S O W RIE#H OB E R L ET,
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