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ABSTRACT

Purpose: The purpose of the present study was to clarify gene expression profile
associated with high-intensity intermittent training-induced improvements in anaerobic
capacity. Methods: Eleven healthy young subjects (age 23+ 3 years) completed
6-week of high-intensity intermittent training [6-7 sets of 20-s exercise at an intensity
of about 170% of maximal oxygen uptake (VOymax) With 10-s rest between each bout].
Before and after the intervention, we evaluated VOZmaX and maximal accumulated
oxygen deficit (MAOD) as an index of anaerobic capacity, gene expression profile
in the vastus lateralis by using microarray analysis. Results: After the training,
VOsmax and MAOD increased significantly (P<0.05). Of the 53,617 genes analyzed

in the microarray analyses, 168 genes were significantly upregulated (fold change >
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1.2, P<0.05), while 116 genes were significantly downregulated (fold change < 0.8,

P<0.05) following the training. Pathway analysis revealed that 30 pathways were

significantly upregulated, and that 21 pathways were significantly downregulated

(Z-score>0, P<0.01). Conclusion: This study provides a gene expression profile

related to molecular mechanisms underlying training-induced improvements in

anaerobic capacity.

2 B

[Br] ABFZEo HH9IE, EimeE - R -
REEE) N L — = > 7 % FHE L 72 iR CE R
DERTFHH & BRI BT 5 2 £ 12 X
D, RRIERFENE T AL F— Rk o m) EIC B S
TEGTANZALEHLENIITHZETH D,
(] w2 EERE L4 (23 + 35) ZXf
S L, 6BEMOF®RE - FREH - MR ES) (5
KBRS D 170% B O REE T 20 o |
BEHEI LI A — 5 E# % I0WOKRELIATE
~ 7D R ESR) L= R FERL
I AT\ DI KR SRAR IR, KR FEM O MIE B
L UZHROFEREFE/BL, <707 LAk
% I CTERT P O AR T 58 % RN IR L
7o [REER] ML —= 0 7 A ABICHRoR I SR
13 9.2%, WAERFEMIE209% A cwinL 72
(P<0.05). b L —=Y 7 ADOHi 4O #IET5
HL Va2 &, 168 O EET DOFHA
L2 5L EA RIS L, 116 EoO#(EF ORI
08 fFELLFICHEIZHA L7z (P<0.05). Pathway
AT DA R, HEEICHEBEP ML WL 7 )
WAL ER 1 30 fl (Z-score>0, P<0.01), H &
WZRHDPMET LT b ¥ 7 F VR ERE L 21 f
(Z-score>0, P<0.01) TH o7z K] AWFgeia,
EOREE - R - BIRIEE) M L —= Ik D
FHAEAL, mANEEREET AL F—ftiGheo
] EIZBES- LT 2 W REIE DS & % 85 % KN
WS L. IS O#aT oS KRGO

7 N AR—VEE Vol. 36

MLECEBT 20022 O T 5720, 5%
WD LETH 5.

& 5

EH - Y T OFERIZ LY EEHIE, A
AR OIS A U A, B OIS,
Ehit s M- FOME, & HEE, E#hkk
RIZE > CTRED 2 EDHBNTVD LY AR,
LIVRAT VAN L= AN L —2 0 7
2T B EBAEISD A = XL #H ST
720, WISIZE D 5T 5T (mRNA) *9)
25 7 EOTD OFEIS RO L YR
HEINTnwd, Zo#E, BLrobL—=r 71
£ BB ORRE - REEEIR O 5T A 51 = X LD
oI Y 2055 Y. ZRNZERO L —=>
TRPEDGGT AN = A LPHS UL, B
PRI IED C KRR L —= 2 T HED
FISSICEHMCE 2 RS, LYARY Y ANL—
ZUTRFEAME N L TR TR, FR
MOML—= U ZICE L COMEPLETH L L
EZbND.

BPEETT, HERKELLLTLIAY VAR
L —= v R KRN % ) F S 2 A
ML == Y ZIIBIT A ERHBEICDSTF A =X
LAEWPHLNIT A7), v~4 707 L AL D
MR 2 AR T HEHOMET R 2 KT B KBNS
Witk a~ + 797 4 —HEE5HE (LCMS) %
W2 & BN 7 o3 7 BT S S T &
7. —7, B REE o 400M % 800M FE 72 & 30



—108 —

Foir 6 3R TR ITHRMICE D & 9 2 EH T
&, RKEBERMET AL F RN T 4 — <
YAEET DY A RAEREET AL F—
BARBE D BN B D B 53 F A I = A A1
EAEHBHEN TV AW, F72, o =R
7y MR=VEOAR—Y TREE ENDL AT
Y NEE BT AL RRMEREE T AV
F—MAGREN DB 2 E DS, B AR
HEFABICEERENTHLEELONL Y. &
KIEFRFET AV F —fifa6E & 1X, ATP-CPFR&
fERERIC X % ATP AR OB KD Z L ThH D
WO ATP 7 L7 F ) ik, fpE
AROBEFENE, HOBERERZ LICEVHESI NS
EEZLNTVD, ZORKERERET AL F—
EHGRE R L&D PL—= v 7k LCEE -
BRG] - PR IGES) (R KRR FRAERGE © 170% 4
BEDJE T 20 P O B H L)L T X — & BB &
10 OKREEHRATE ~ 7Y K ESE) b
Loy s s ncn s 0 pime - me
M- BRB9EE) N L — = 7IE, 3~ 44k SR
BCHTT2EBNCO b5, FERET
W — G & MR R AL F — AR RE D
MR RKOAM 2T 52 EATE LEETH
Bz epvrmgEnTs Y W B s b L —
ZU T LTEFMERENTWS. TRETIS,
EOUAEE - R - RS b L — = 2 ISR
DEBEBEIGDSTF AN = AL & LT, B
12C, 2 hay Ry 7 oMb 55
1 B 4 7 T & % peroxisome proliferator activated
receptor y coactivator-1a (PPARGCIA) O % »
SRR LY eI bar Py TE
DI|IEL 70 % 7 T VA IEFE (CS) DOifHED
w52 L Y M ENC 5T 5 GLUT4
DY XTI 52 Y L el s
Wh, LALGEDS, b FOBEKGIZBWT, 2
DINL—=—=Z U TREDE ) RGFTF AN ZALI
L 0FEAOBIEEEL SETWELONTHL L

o TN,

Z ZCAMIRIL, mOREERRFEVET AL F — G
BEDSTAl 975 2 EDHAL 2% 5 TV A TR -
SRR - RIREOESD N L — = > 7R g L TR
T OB T ORI T 5 % RN I TR
Wb EIldoT, mAMBEET AL F—1fit
FBEDI LIRSS 250 F A = AL &5 A2
THIEERHME L.

1. MRAHE

1. 1 #WERE

BERGEBE N ZERE L WRED
ERMEEE AR IR L2, BBREDOHIZAR—
VEHRE, BIOBMRESAETAHEIITENT
WMo 7z AR, AR OMEEASR
BEOEKHEEZT, Ny FESORBMHND
Thh:, &TOWREZ, WO BB L O
ENEOHME LTtk EBRBINOKH %15 THl
5E A FEE L7

il

\

Y

®"1 PERF ORI

I AHil N3

Hiim (%) 23+3

5 (cm) 173772 -

RE (kg) 67171 67.7%68
IR (%) 150+17 156 %25
L EtEin (kg) 324+33 323%32
HREERE (ke 9010  90=10
FEMEtEmE (kg) 90+11  90=10
RIRFENGE (ml/kg/min) 482 +6.1 524 £4.6*

Ml = EHEFE, ¢ P<0.01 vs. S AT

1. 2 ERFIE

WeEREE, ML= Y IO AITEND, B
B, BB OWE, B & OEEEIRE 0N E
TEBL L7z, 6HEMO ML= AR
TRRIZ, FROIEE OE 2 FEhit L7z

1. 3 R DEIE

EHOMWIENE, 25 0EFKHh=, BLOLEH,
H O E 31 InBody770 (VN4 F A~_— 2%t
) & HVCRlbE L7z

T v AR—= VRS Vol. 36



1. 4 B

BRI, FL—= 2 ZRAR B L OHT 48
S ] DR D L 22 B 2R L L 2 A MBI A L2k LT
L7z a4 vz oML R
MEEA L, REINIEEMZz05, =—
FVv ON=FE/TT4 -~y 7237 [14Gx
100mm]) #3FAL CTHAHRE LA b L5
F3 CIBRERTHG L, 54T $ T-80C Tl
FEORAE L 72,

1. 5 RABIREDNEDATE

T KBRS IEIE 1 MR A 2 B R B2 &
DHEEL7Z. £30%, SEBREICBWTRATO
HIRHE )L T X — & 5EB) 2B 1) 5 EB) T (watt)
EEEFENGE (L min?) OBFREISAIZT S
oo, —EMEOER A 10 50, WMEEEZT
5~ 7IMFEHE L7z, K EBY5HE O BB TR 2 5
M, & LIE10MONRT AZTERL, 77
ANy ZEIC X ) BRRERE 2 WE L, SEEp R
LRI O — KR ER E KD 72,

WIS, mARBRRENELNET 5720, 74—
IYTT v T E L TIRRBRFEEIE O 70 ~ 80%
LT 2 EEZONLHEET 20O %
To720L, ZOF FHeld TR 2 ~ 4 55T 5
N5 HEDES) (R KEEFRIEIE D 120 ~ 130%
DFREE) ZIEHWMIZE S T TV, EER T
Al 1~ 2 M OBFEENE % 30 BEIllzE L7z,
COEB) R, MEEAAZ T2~ 30T, KT
OEEGREE & FRRBE O —REYFERDP H,
KEEFIENGE O M5E OEB) TS N7 B R B E
MWL) Y 7F 7T 5HEMRL, ThERK
B FEIE (L-min! H5ViIdEESH2H ml-
kgt min) & L7z 8W DlEofla i
FFTCATb Iz RFRICB W TR RENE L2
TE 7T ANy ZFIZEDHEL, FREL 225
AL Op B LU COp B FE & AR A 53 HT B =
AT E (ARCO-2000 V) — X, 7IVIL AT

FH 2k AR— Y FEE Vol. 36

109
DALB) THHT L, MR A EIIE AT A X — 5 —
(DC-2, #A&Ham/IIRETHER) TEs L7

1. 6 RABREEOIE

RRNEMRF T AV F -G OfRE L LTk
KERFEAE 2 W E L7z, mKBRFIRAE D 50% D
BMETI0OAMOY =377y 72w, 10
SEERE L7205, 2~ 340 THEFRBICW-S
£ ZuhE (RoKERRENGE O 120 ~ 140% FLE)
THEE ZATo 72, WHRMEO BRI, #ERE -
FOv ORI % 90 Fis, IR TE R R,
85 [alfin, U TIR T L7z & L7z, ZoEE)
o, EBE A HIEFTREICE S £ TOENS T
T 7T ANY FEICE D 0 BEICERILL, KR
FHENELIEL. 72, wKRTEEICBITS
BN GREE & B REIGE O —RIAUFER 2 S, YHF
B ) BB ORIBFEEELHEL, TOMkRE
TEEIZFEBEOEBREH 21T, P RBICE
LREOMBEFERLHB L2, CORMBET
Fhmh b EBROMEEFBIGE &5 W TR RN &
Ko, TNERARREMEL LS

1. 7 hL—Z2 97 A

T - SRR - FIRBEE) b L — = 2 7T,
HEEH D)L I X — % (828E:Monark #1:#) % f/{
L7z HEEBEIVIA—FOXRT)IVOEEEE
90 Iz /A2 L, e KERFEEE O 170%
EOME T2 Mo A EE %2 10 o
KBERATE~Ty PE1EELY 101
W, H4m, 6:HMFEMLZ. XY NVORELE
90 [oldiz, 4312 T < %2 1), 85 [BI#E, 43 % T [l o
oW CHER AR T S, 8y MHFE T %
FERITE2EAI, KEHS 11 watt §ORM%E
WS 7.

1. 81707 L1 8@Hh
<A 707 LA ENIZIE, Affymetrix L3 o



—110—

GeneChip ® Human Gene 2.0 ST Array % Ji \» 72,
ANTICIH VS b — % )V RNA 1, BAEIRAE L 728
At > 7V 2> & RNeasy Micro Kit (QIAGEN #t:
) 2HWTHELZ P—% VRNAOME
F- = v 71213 Agilent 2100 Bioanalyzer (Agilent 1
B) 2Rz ZOBROT Y TVEHEE, N T
FAX—ary, TLAOGgLELUM%E A%y
= Y 73 4a T Affymetrix #hoo 7’0 b IV ICHE 5
THEML 7.

1. 9 HrEte#h

T = IFE = RS TR LA ke
fi# AT 1 Student's t-test & H \» TAT v, P<0.05 &
HEELE 4707 LA 7% ORITICIE,
Filgen #1:# ¢ Microarray Data Analysis Tool Ver3.2
i AV

2. M7EHER

2.1 b= TN ARIEICSE B EMHEK
BLTBENEZEDOEL
6 MDD b L —= > F I ARiRIS BT 5 0ERE
OFMEERAIIRL:. KE, @5 OMEIENE,
EHOFHHE, THOHOEHEH=EII ML —=
YT AR BWTCHERZLIERED 5Nk
Mol (P>005, &1). —7F, mABEENE
ML == 7 AR E LT, AR 9.2+
71% B = I2H ML Twi7 (482%6.1 vs. 524 =
46 ml/kg/min, P<00l, F&1). 3512, ®AME
FHEI ML= IAARE B LT, AR
209+15.8% A EIZHML TW7z (53.8+10.0 vs.
64.2+11.0 ml/kg, P<0.01, E1).

2. 2 A7 LA #ER

Affymetrix #1%2 ¢ GeneChip ® Human Gene 2.0
ST Array 12X O, FHEHY > T VIZBWTEHE
53,617 M8 DIZH EY D ZEBIAMERL S N7z ARbfgE
DA 7T L AN & B8R T FEIUFNT OB

80 %k

704
60
50

40

RAEEHRME (mi/ke)

30

20

10

PN TA%

1 ML—= V7 HARIRIZBIT AR KEEREEOZAL
T+ AR 2 %P < 001 vs. 1 AR

MR B 728, SEATHIZE T RibifE - FIRER -
REEE) N L — = > 712 L) EEEINAHRE S
NTWLBEIETFOFBEACEER L 72/%, b
L— =Y AR T CS D5HIE 9% (P<0.05),
GLUT4 @ 3% Bl 1 7% (P=0.37), PPARGCIA O
B 22% (P<0.01) #fNL CT\w7z.

ML= Y IR ADHIROBIZTHEBL NV &
RS2 &, 12600 EAEBEICEIF ML 720
X168 TH > 72 (P<0.05). ZDH B, ¥ v
JEE L THIRE N2 #8512 108 T - 7.
—7, ADHIET 08 FELLFIZEH WA L7
BT 116MTHY (P<005), Z0HE, ¥
YN E LTCHIIREN A BIETIRTTHTH -
7o, STNOOFEBIEILE L -HBEZTFICOWT,
ED XD Ty 7 IMEER L DD B LT
WL\ D% S 0T 5 72912 Pathway fEHT
ZER LA, BEICEHESENL WA Y S
FIAZERRIE 30 F (Z-score>0, P<0.01, R 2),
BEICHHEIMET LTS Y 7 FIVmERKIL
21 & (Z-score>0, P<001, &3) THo7-.

FH Uk AR— Y FE Vol. 36



FR2 AREIEIDEL 72 Pathway

111

Pathway Name Changed Genes  Total Genes Z score P value

ECM-receptor interaction 8 84 9.772 1.77E-07
Extracellular matrix organization 8 92 9.267 3.38E-07
Collagen biosynthesis and modifying enzymes 7 64 9.894 4.65E-07
Collagen formation 7 64 9.894 4.65E-07
NCAMI interactions 6 43 10.498 8.89E-07
Focal adhesion 10 197 7.429 1.16E-06
PI3K-Akt signaling pathway 12 325 6.53 2.23E-06
Protein digestion and absorption 7 84 8.455 2.54E-06
Gluconeogenesis 5 30 10.562 3.53E-06
Glucose metabolism 6 59 8.788 4.83E-06
NCAM signaling for neurite out-growth 6 69 8.026 1.12E-05
Amoebiasis 7 107 7.305 1.15E-05
Signaling by PDGF 8 178 6.125 3.52E-05
Glycolysis, core module involving three-carbon compounds 3 10 11.188 8.35E-05
Gluconeogenesis, oxaloacetate — fructose-6P 3 16 8.72 0.000275
Developmental Biology 10 413 4.244 0.000528
Glycolysis (Embden-Meyerhof pathway), glucose — pyruvate 3 21 752 0.00056
Glycolysis 3 24 6.983 0.000798
Neurophilin interactions with VEGF and VEGFR 2 5 10.61 0.000951
aspartate degradation IT 2 5 10.61 0.000951
Glycolysis / Gluconeogenesis 4 61 5.53 0.000989
Axon guidance 8 320 3.906 0.001656
Signaling by VEGF 2 9 7.797 0.002446
VEGF ligand-receptor interactions 2 9 7.797 0.002446
Small cell lung cancer 4 83 4.54 0.002908
Integrin cell surface interactions 4 84 4.503 0.003031
Metabolism of carbohydrates 6 229 3.523 0.005233
Pyruvate metabolism 3 51 4475 0.005935
Arginine and proline metabolism 3 54 4315 0.0069

Signaling events mediated by VEGFR1 and VEGFR2 3 61 3.985 0.0095

%3 HEICKHAMET L7 Pathway

Pathway Name Changed Genes  Total Genes Z score P value

Ethanol oxidation 3 10 13.102 3.34E-05
ethanol degradation IT 2 5 12.406 0.000518
Arfb signaling events 3 33 6.926 0.000769
EGEFR interacts with phospholipase C-gamma 3 33 6.926 0.000769
PLCGI events in ERBBZ2 signaling 3 34 6.811 0.000834
EGFR-dependent Endothelin signaling events 2 8 9.732 0.001099
serotonin degradation 2 8 9.732 0.001099
Fatty acid metabolism 3 42 6.04 0.00148
Valine, leucine and isoleucine degradation 3 43 5.958 0.001578
noradrenaline and adrenaline degradation 2 10 8.659 0.001602
ErbB receptor signaling network 2 13 7.535 0.002524
GRBZ events in EGFR signaling 2 14 7.242 0.002875
SHC1 events in EGFR signaling 2 15 6.978 0.003248
Glycolysis / Gluconeogenesis 3 61 4.838 0.004065
Phase 1 - Functionalization of compounds 3 65 4.651 0.004822
Signaling by constitutively active EGFR 2 19 6.134 0.004951
GRB2 events in ERBB2 signaling 2 23 5516 0.006983
Nicotinate and nicotinamide metabolism 2 23 5.516 0.006983
EGF receptor (ErbB1) signaling pathway 2 25 5.262 0.008118
SHC1 events in ERBBZ signaling 2 25 5.262 0.008118
EGFR downregulation 2 26 5.146 0.008714

T b AR =V FE Vol. 36



—112—

3. F =

AWZEIC BT, BELEEREIIBNT, #
4 (1] 6 AR O EREE - AHERY - RIRAES) b L —
YT RERLIER, M-V I ARICK
KEEFEF T AL F — A RED TR T d 5 i Kk
FhB L ORAKBRFENESAEICMLZ. 2
O¥EMEE, FNZEN209% & 92% TH Y, [
B ML —=2 7% 6 BN L 72647 %e & [F
BEOMINETH 721018 F72 pL—=>
7 KB A B\ THMAL 5 v O AR 58 B %
AT L7, ML —= 2 712 108 fE o
BIETRBEA 12 B RCHEECHEmL, 77 o
BIETHBFO0SMBUTICHEIET LT
L7255 T, INHOELTFHREOENIZL-T
LB 3NL Y Xy OB, KRR
B L ORAKEEFEIGE OB E B L T\ 5 1ThE
WAEZBND.

B s R & L7 ATIIEIC BT, EREE -
SRR - MR 09ESNE, B O PPARGCLA
52Ny OFEBARmsE 12 CS A A S
5B ZESHMESNTYS, ABEO~ A 2
07 LAITIZBNTY, INHoMETEELY
NUD L= Z Y TR ARICHBEICEML T
ZEMS, ML= ZICE ) ERETOI b
YRYTESEAL, F0I LD RAHBREIE
DmMEICEBRL TW e EZLND.

KRGS ELERNE LT, Lk
HEAE TR FE QNN & 2 A T REIC T 2 5 DR RE D
M ERHIFENE. RKIFFEIIBNT, FL—=V
AR LD 12 5L S I L 728
HREY O Pathway FEHT OFER, R REEER O #IR
THRBEPEZIZHEML TV L2 LWL E 2o
72 (R2). BIETLNVTIE, BHERICBTS
FARTY) ) VX —+E (PKGL), KAK
7t VERA Y —+¥ (PGAM2), YV U kY
F—+¥ (PKM) ® mRNA OFEHA 1250 EA

BIZHIML T R OBERRE CTH Lk A
R7)V27 bFF—+¥ (PFK) O 19.6% 45
WZHMLTBY, IS OMHEREEE O ZI
ASFLEEREE TR E ORI B G- L T 2 WD D
5. F7o, BESEEICHEML2EETFOHICH
Vv v AR E (CARNSL) A& FhC\wiz,
B DI 2 VIR RS & BE T 5
e W gy s s A B ORI
PRHRRAEREDO I LIZEBLL T2 WS E 2 5
na.

T/, ML=V A AL D AEEICEBAMK
TLABEETORIZIEIF A5 F >~ (MSTN) #°
L7z, I F A5 F VI3 % I 2150
EETHIEND, IF AT OB TN
RIS T 2 19 BAFHEICBVC, B
ORI R AR EME O KICEIRT 5 2 & A%
HEINTWD 9 L[ InBody OWI5EIZ BV T
SROHEEILIED SN o 725, HIRHE
B EMHARBRLEG CHLLrs D, 4
B BRIUSE A O 82 D\ CEERIC T3 2 M43
Wb, AWFFRICBWT, B - HIERH - BX
BB b L — = ZIC K ) ERICEHES EA L7
BT 108 22T, JBATHIZEIC B 2 AN
Pz 3oL U285 v AN L—=y D)
& o THHEB EAT 5 #1108 il 17
lilCd V) PISK-Akt > 7 F )VEH & Bl A D 5 it
EFRMEH EICEbLRIEF ARG TN TV
—75, FSREE - MRIES) N L — =2 72 BWT
DOHRFEBD LA 5 BAT1X 108 76 @ TdH -
72, SNHOEATIIFRIE, ARifFEE L —=v T
S ADHIRI R R R E OFHG, BIn T o)
Rl 720 DT LETH LA, AL b
L= ZI2E W BB LR LB mT 0% i
EOUREE - R - WRAGER) b L — = 2 ZICHRR
BN BOE LFEHAZALT % BIET Th 5 W HEMEAS
EZbNb.

T2 b AR =Y FEF Vol. 36



4. ¥ @

ARIFTEIE, B 2 AFBEICBNT, 6D
FRORRE - R - BIRIOES) b L —= > 7 AL
L0 B CRBINELT 5 BIn T % MR
LMLz IS OBIET IR KER R
VF—HGRED I RICBS- L T A IR D %
FEHEETTH L. IS OBETIRABEEMY
O EICEHRT 20052 WO 22T 5720, 5%
DM D UETH 5.

#H O

AWFEDZITIZH 720, ez Y L7z
Dl G NAARLL ST 2 b AR = FRdRml
WENZE CBFLE L BT 9. 72, RfED%E
WilZd 72 ) K7 T ))& THO 72 SLanfi Ko7 - 1
BFREIR, IRFHIR, RAIERRICE CBIFLH L
ErEy

X

1) Coffey V.G., Hawley J.A., The molecular bases of
training adaptation., Sports Med., 37: 737-763(2007)

2) Egan B., Zierath ] R., Exercise metabolism and the
molecular regulation of skeletal muscle adaptation.,
Cell. metabolism, 17: 162-184(2013)

3) Keller P., Vollaard N.B, Gustafsson T., Gallagher
1.J., Sundberg C.J., Rankinen T., Britton S.L.,
Bouchard C., Koch L.G., Timmons JA (2011) A
transcriptional map of the impact of endurance
exercise training on skeletal muscle phenotype., J.
Appl. Physiol., 110: 46-59 (1985)

4) Phillips B.E., Williams J.P., Gustafsson T., Bouchard
C., Rankinen T., Knudsen S., Smith K., Timmons
J.A., Atherton P.J., Molecular networks of human
muscle adaptation to exercise and age., PLoS Genet.,
9: €1003389(2013)

5) Raue U., Trappe T.A., Estrem S.T., Qian H.R.,
Helvering L.M., Smith R.C., Trappe S.,(2012)
Transcriptome signature of resistance exercise
adaptations: mixed muscle and fiber type specific
profiles in young and old adults., J. Appl. Physiol.,
112: 1625-1636(1985)

7 N AR—VEE Vol. 36

8)

10)

11)

12)

13)

14)

15)

113

Burniston J.G., Changes in the rat skeletal muscle
proteome induced by moderate-intensity endurance
exercise., Biochim. Biophys. Acta., 1784: 1077-1086
(2008)

Egan B., Dowling P., O'Connor P.L., Henry M.,
Meleady P., Zierath J.R., O'Gorman D.J., 2-D DIGE
analysis of the mitochondrial proteome from human
skeletal muscle reveals time course-dependent
remodelling in response to 14 consecutive days of
endurance exercise training., Proteomics., 11: 1413-
1428(2011)

Medbo J 1., Tabata 1., (1989) Relative importance of
aerobic and anaerobic energy release during short-
lasting exhausting bicycle exercise., J. Appl. Physiol.,
67: 1881-1886(1985)

Meckel Y., Machnai O., Eliakim A., Relationship
among repeated sprint tests, aerobic fitness, and
anaerobic fitness in elite adolescent soccer players.
Journal of strength and conditioning research /
National Strength & Conditioning Association., 23:
163-169(2009)

Tabata 1., Nishimura K., Kouzaki M., Hirai Y., Ogita
F., Miyachi M., Yamamoto K., Effects of moderate-
intensity endurance and high-intensity intermittent
training on anaerobic capacity and \'/OZmax., Med.
Sci. Sports Exerc., 28: 1327-1330(1996)

Tabata 1., Irisawa K., Kouzaki M., Nishimura K.,
Ogita F., Miyachi M., Metabolic profile of high
intensity intermittent exercises., Med. Sci. Sports
Exerc., 29: 390-395(1997)

Terada S., Kawanaka K., Goto M., Shimokawa
T., Tabata I., Effects of high-intensity intermittent
swimming on PGC-lalpha protein expression in rat
skeletal muscle., Acta physiologica Scandinavica,
184: 59-65(2005)

Terada S., Yokozeki T., Kawanaka K., Ogawa K.,
Higuchi M., Ezaki O., Tabata 1.,(2001) Effects of
high-intensity swimming training on GLUT-4 and
glucose transport activity in rat skeletal muscle., J.
Appl. Physiol., 90: 2019-2024 (1985)

Taylor H.L., Buskirk E., Henschel A., Maximal
oxygen intake as an objective measure of cardio-
respiratory performance., J. Appl. Physiol. 8: 73-80
(1955)

Medbo J.I., Mohn A.C., Tabata I., Bahr R., Vaage
0. Sejersted O.M.,(1988) Anaerobic capacity

determined by maximal accumulated Oy deficit., J.



—114 —

16)

17)

18)

19)

Appl. Physiol., 64: 50-60(1985)

P S, HH B, EREEORIRW ML —= ¥
Ty I A NN - IO RKBERE LR
FRFFENR G- 2 B . K)IRHF 45: 495-502
(1996)

Baguet A., Everaert 1., De Naeyer H., Reyngoudt
H., Stegen S., Beeckman S., Achten E., Vanhee L.,
Volkaert A., Petrovic M., Taes Y., Derave W., Effects
of sprint training combined with vegetarian or mixed
diet on muscle carnosine content and buffering
capacity., Eur. J. Appl. Physiol. 111: 2571-2580
(2011)

Parkhouse W.S., McKenzie D.C., Possible
contribution of skeletal muscle buffers to enhanced
anaerobic performance: a brief review., Med. Sci.
Sports Exerc., 16: 328-338(1984)

McPherron A.C., Lawler A.M., Lee S.J., Regulation

of skeletal muscle mass in mice by a new TGF-beta
superfamily member., Nature., 387: 83-90(1997)

20) Akima H., Kinugasa R., Kuno S., Recruitment of

the thigh muscles during sprint cycling by muscle
functional magnetic resonance imaging., Int. J.
Sports Med., 26: 245-252(2005)

21) Timmons J.A., knudsen S., Rankinen T., koch

L.G., Sarzynski M., Jensen T., keller P., Scheele
C., Vollaard N.B., Niesen S., Akerstirom T.,
Macdougald O.A., Jansson E., Greenhaff P.L.,
Tarnopolsky M.A., van Loon L.J., Pedersen B K.,
Sundberg C.J., Wahlestedtc, Britton S.L., Bouchard
C., Useng molecular classification to predict gains
in maximal aerobic capacity following endurance
training in humans., J. Appl. Physiol. 108:1487-1496
(2010)

T v AR—= VRS Vol. 36





