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EEN, EHREOEAZBL T, AMERIIBILA ML AZ5 252036 NTWAS.

TEB)IC R U220 MRS IR ICIE, I by B TEREERCHMIBE DX v F
XN FUFF TS —ER, R EPBITONS, BYEERKICIE, IS ORAR X
D REA SNIEERRE DS, RE, &, HAVRIEMEKISL, FREBRBRILIEE R B®RILEN
M b DNA ZHims 8, ARCBIEA MLV AR 525, —F, S8 ML —=2 7%, SR LEEER
EHEL, BALA DL ZAOHKIIHIET 52 LML TWD. EERIEE, WSRO
IS X VMBI Y 7 F MBI S L, NF-«kB R Nrf2 & o 2GR T 0%t 2 40 LT,
FAEMET A DA A R LR R e OB T ORE 2 RET S 2 LI0L ), FERGRR
EING, LA ML AZFHHIL TS, S51C, #@ELRER ML —= 2 7%, PR LEERE Y FHE
FTHEFTRL, 4 VA VSRS, R X7 2D S8 5 MR R A S
na. 2, EHREOI P Y FY) 7 TO—BEOERREO LAICIVREINLDLEHE
26N, I PRI VAFRELVIMEIRBIN TS, —J, iEtHZ&EE5 5L, oh
5OEBOMRFERERREALDONTLE) L5 TH L. BB O ER TN I G TR (X0
DEFTHY, EEBEIII FPAVI P AEZLHICBWTER/T LI EPREETH 5.

F—TU—F E®), BEAMLX, GRREER JTFIVEE IPKRILITX

PEBR B R0 B H R B OB 720 T <, I

I TS PAZEMEMZ & (Chronic Obstructive Pul-

7 —aod, EEjX, AIEEEROTFRY monary Disease : COPD) DWFEHIMEE Y N ) 5
Help COMPEHEY - BEO TR LTETETHRA —Ya VoOTELSERERE L GEEEREE S
o T&TWA. 2512, EHPEAPILOFER MEZLHOTETWS. LrLadrs, #EF), &<
ThHoHEMELTWAADS W, T2, EENE, B IS LB RERNE, M & TS <8
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TIEAFAY
RNFFIH—E

R=1{—=FFIF
(GPX)

/X.L\Q 'E H202
(SOD)
Mn-SOD(Sha>vFI7)
Cu-Zn-SOD (2 %)
EC-SOD (#iBast)

H,0
-
nes—  H0
(cAT) 0,

K1 £EAOEELRBILBRS AT LOHE
R TELCAEX—IN—FF K- 7ZF> (0,7)
i, A—N—FFL K. T XL4—+% (SOD) (&3
TIMERISIC & » TEX » IBERIEKE (H0,) 2%
fah, FlEHMVTITINEFANRILFTXIE—F
(GPX) ®*# %25 —+F (CAT) ICL->TKHF, BEE
PFICETRBEINS.

WARE, WHBREOEA AR, MEkICHEE
RBERAEL DR E, RIS F ST R E
ZHERITEEZ LN TV,

—77, WEHERRICL B2HELIED 5V idi/hE
123 572012, HEIZIZV A WA R HBLE 5
MALBEZDSAAE T 577, LA b LA &L, HTERE
FAEWRDPAERI D o TV B PRALD E%RE 2 b
Ml 5 72 0RAE & v 2 5. 19784E 12 Dillard 5%, i
Bzice MPRITR oY 5 v (R EIHIIR R A8 R
L% 2 % & ZITFAET 2 RALKE) OHN% Bl
LER) I X BILA b L 208z Re L TLk,
WEVERE SR\ ZEB) & OBD Y L) Bl S B AT
ZEhA b, EEIAPHIBOBILA b L AITKWIZE
BT LLVIHRIRENTVEYY, b0l

s, BMEA ML RIZE AT A—TU %L LT,

BHREEFO LI VHOAREOSNDL L) 2k, ¥
TV AL MELTORBILANC IR Z%4E5 2 &1
YROZ DL HIZBbNEY), ZIIFEETX
ERVHDHE)THD. AFTIL, B EBILA b
LA, BLUOBBRILAIOR)R - B IOV TS T
5.

EFROENERTR

RS &3, RFICIME L STOSED =W
L&, $hbbREAPOBmEDTF (0) X0 b
W REBICH 2BMEHTNTOZ L2V, &

RICBEE L Cld, — i, A—=—FF T (0, ),

WAL AKZE (HO), e FaFxyrs Y7 (HO)
BIO—FHEBE (0) OAMERFOT RS
ELTWS, ZomMmERIE, ZoEuvintty

W, BRI FSE 00T, TebbIRE, &H
. KL, BEE 5 VI3 2
EERBIZ, £ IZEFRMITTARPIIRIET 5.
bbb, HHEREIL BRONFHL, TREERL,
MBOGER 2L 5T, REVIBEGEZ 5]
SERITIEMOENTBY, HRKIITEILLRE
#E, BUORAEAL, BERRAE, MRAEMREELEOIFE
FRHEICED > TVDLEEZLNTWD. —h, i
PERR R, AEFNRRECTLEESNTEY, 2k
ZIEI PV FY) 7 TOZRNT—EERRICHE S
NBLMBFED 1-5 % XIGHERE O LRI 9.

I AR TEALGERE AVF T
KT 2 BB L ICHEEREEBREEAR L 2
L. ZOMIZ, EBFECE, MRENOFYF -
FHrF AR Ty —ERRHMERD NADPH +
FUFT—ERDOSOEEMBEDERNEETH 5.

HEHEEBIEA ML X

BRI, B COMETEN KL, &
PR, O, DR EOBINZ D o THIS
LRI 2 Bk X8, AR EBIUE 3L H
BEDL0-15FHIE L, iGBhf L~V T o E U
EBBLZI05ICEFTETLEINTVSY. Lz
BT, EBRIITIETERR R O L RATREENIZHE 2,
BALA N LV AGENEREI NS Z L IIESHIHI S
N5, FEBE, 19824E12 Davies H21%, T LI
M (electron paramagnetic resonance : EPR) + A ¥
Y NIy ¥ rER W CAERIC X )M S
TV = I HNPEEETWDL I EE2RL. T4
bh, EHEZRICERIL:2T v FOFKEHhE L O
ET7V =T VA NVDEENEKL, €¥IVE
REVZOHEKRE S HITHRT L2 E2MiE L7

L Lads, Sl LT, 2MEE) &
B IEVEES) (FL—=r ) L TRAEKRO RS
BpbZ ePmonTnsd, —HNIC, BEHRZZE
DHEENOFZET, MM TIIAERZDb DL, K
BREEDRIM T ARIMEAT L L) RNV I TR
(Hormesis) #IEVHOLN T2 25, EHIZDH S
DFENV IV AHMBNHTEEL LI THDY.

1. SEEE

)L RAEA DL AT AIFEIE S TS E M
R HBEI SN TV EH, R ER R OFEE 2R
AT B R ARG T LEE T B 720, %<
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OWFZETIHBMILIEE, " VR bERE (A
DAL IEGOFREE), 8- FuX 7+ * 77
J v v (8-OHdG, B2fbiy DNA 0 % &
DERALA + L A= — 7 —RHilR bEE SR, kit E
Lo ZZHBNEESFICH SN TW S, BT
ZNENOBEEIZOWTHHT 5.
PREMEBRALBOS I X 2B (F4 v ey —u
1 S’ (Thio barbituric acid reactive substances
TBARS), #MALIFE, Hxyxzr2l) &, EH)
TERLA P L ADIEL LTh o & BIIESNTE
TR TH LD, % OWFE TAMEE) RIS
R0, K, METOZEDOLNVBEEATEI L
MRINTW DY, i D Ristow b DAFEPIZH

WCh, KEEAMAL G TEB %I TBARS 3 L5 L,

¥ IVERLGTEAMHIESNE Z E2REN
TWwa., 2510, hEEoER) (FRERER) X1
bWEB O R AR E MR Zm T SR T L D
MoENTWBY, b bOFFETIE, FRT R D RE
ELTHWONEDS, AT ARONRY S v B
Iy, WEFAZONTT T 4 R HWTHE
S, ZNEhw-6R5& w35 ONRIiEEICH
k9 B PRE BRSO R ED L E 2 5N T
W5, BVEEEISICIZ T OMEDHINT 5 2 &S
NTBYY, AEROBKRN R EEILA I L A DIRE
ELTHIHEINTW S,

HAET I BEREOWOPE, Blbx 2R

T, EHREL IS L TANKRZNVEZ BT 5.

JE)TIX, PEITWMI 2% HEFEEEIC L > TT v b
BREBOANKZWALEAE L NVHRT 5 L
ZHE L7720, Reznick 5P R THA. €¥
IV EOMTES, BEEBRLE R, EH)ZX
BZANVEZNELRVO EALHHTE L9 TH
59 v bEMGE LEMEICBNTDH, VO max
D80% &\~ ) iR L O EE) TIAE 7 v K = )V {b&EH
HIREDS EA L, SR X > Tl Eh s 2 &
2%, Lamprecht 52X o TRENTWAS. v b
Wb lbhOWRE" Tk, AV T ARZR
EDWBALA T U A0 R T WIRETIE, HES)
T &S AMMEENT X Y A VR v b A EREE
W EAZRLIZZ EDS, HEEELEZ 5 TR
LA+ L 2 ORI % 5 ERLHRE D PHAF O 47 1 2 4
BTAHILITHEELRKR, VM THB.

DNA i HEEERIC & - THALIWEEG 22T 5 2
LML N T AY, BRILDNA X, & oMk
12, EIICEbE DI, BRHTAZEMONT
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O

WA —, B ICEIE LT, Radak 5713,
THOHAWR LT &3 X9 2HEEO 2%k ES)
THKH O 8 -OHAG 23+ 2 2 & i L Tw
5. 8-OHdAG D EHADBA LN o7z T B ik
bdHHD, DNABBGS Y —715ET 512380 E
DT HRDLBEORMZLEL T EPMON
TWb., Z07:%, ZAVEEENIC X 2R ML AD
BB L Cld, EBOMBELMEZ T T, ¥
TNV ORERHIZDIFERITRETHS. 8-OHAG
X DNA OFALrY4EE & 2 OB %2 )KL Tw
DT, RBAROY;E 8 -OHAG O #L% o o2k 135
ETERWD, RED %, #YELMENTET
HY, FROBALIEEGOFH IR R 5 L Bb
ns5.

RO X5, AvERNE, EYEREEO LK T @
LCHEKRDSEFSE 2T UGL, MKICERILY
B 525, —H, BRICE, COFEEBREA ML
ANKHT B X A = X2 h b oThBY, &<
WCEELNBILHETH DL A—S—FF L F VAL
% — ¥ (Superoxidedismutase : SOD) % 7'V ¥ F +
¥ )V F ¥ ¥ — ¥ (Glutathione peroxidase : GPX)
7% 95—+ (Catalase : CAT) ZEETH S (X
1). AEHNTHELZEEBEDIZL AL, 0,
ERGEINTBY, ZTOHRBETHLA—I3—F
FYFRYVRALY—E (SOD)IIPMILEEE Y 2 7 4
DR EFRICMNETSHEVWZLTHAH. TORHE
WTdHsHHOM, TNV FF IRV FFTF—F
(GPX ) %7 % 5—+¥ (CAT) IZX-»THsh
WEINDD, TNEFNOBHEIZIEIRERD D,
FDOTAVTFALIZELSTHERLRLZEANOLNT
W5, AMEEENE NS TBLE RIS DD R0 s
THETLIEPHOLNTEBY, ThE TOMET
i, X503 H DA, MikhOFELIIRILER
1, BEEB BRI LA LTI T S I D
BB gk 2O, JiME, AR X B 5
v b KBRS 5 @ SOD, GPX B X OF CAT ik
D¥MERE LT b, FHLPOWNIETDH, 2%
HENHD T v OB L 5 XD Cu, Zn-SOD, GPX
Y CATIEMZ LRSI EEZHERAL TS, &
B EE % £ 58 L 72 Khassaf 5% 5 ORf32TIix, & b
WTHFETE T D 2 03l 2 B 2 S e WA RIS E)
% S THMIA G © SOD 6k % #FERER 1l 2 L 72
LA, 3HRBRICE—ZIELZEHESIR TV A,
L72h%o T, SEBREEIC L ) B LBEE OB A1
FENH LD, BAVEEENIPIRILEEROEE Y HD 5
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HENAER L, 2MEshc X - THhnd 2 itk
AMVARICKTLEICHETH L L DL, L
L7255, HNGEE)C X 564 Cld Ak Es) chik
TOLHBILA ML AZMILLENL VWL ) TH S,

2. EEgjrL—=Y

LB EINTEHFRERLER P L —= 7 &
nr-gici, JEmes (@) LKL T St
EE M ONRE MRS O EAD»RD bk
WHBRED Z AL WY, F 72, Radak 521%, K
KL ==Y 7 TREBH OV VL&EHE L
NIVFEIML o7z & i L, & 512, Radak
5%, Kk L ==V 27 TTy MEOANVE= )V
LEPHIZEA L, @k rED 55 &wv) il
RhHLHMRERL., Ihbnid, EFrlL—=27
B FFETERRAL A b L A0S B AR o &
WETHILERBELTWELEEZOLNS.

HE) b L — = 2 O RS R R R o kb

BELNVEED LI ENRAS TR I

PRALEDORKDOKRE L ERNZ LR L TWEEEZS
N5, FELGPBLEEDH b, MBELZ &EHK
HoSODWEMIE ML —= v 7 THEICH MY
5020 - Nohl & Hegner® 2L X, I hav kY
T CTHEAEINSLO DI%BIXTIPIFYTO

Mn-SOD THZE S, 5& 0 20% A B 2w L,
MM EIZRAET % Cu, Zn-SOD 12 &k o THE I N S.

LedioC, #abL—=vr7ar 7 L3
SOD 74 VHFA LADL NNV EEFHD LI EPTPRE
N5, EEIZ, FELOHEPY TS, HAENL

== V7LD e T AR O Mn-8 X O Cu,

Zn-SOD W7 4 VA LD L RIVHENT 5 Z & A3
RBHLN7, GPXICHLTYH, #FH L —=r7
WX DB TOLNVIZED LR, ZoREIEE
b iltype IHMICERDOONE LT HMENSL
WEE Al CATICBI L Tk, #EHhL —=
YITTIZEDLNVD ERHABAL NV E T DL
WL WY 20— E LT, GPX il
BLOI MY FYTWRIELG/HLTwE, —JF
CAT @RIV AF TV —AIZREL, ¥5I12GPX
2 CAT X0 HOAZFE VB H B 2 L A3
2NV, LizhoT, EEERMEBILA L X
TTIX, GPX S H0ZK 32 EEREREREFR L L
THWTWwAdnLEzoN5., Lo L) Zild)
ML ==V I X B PIALEEE L NV 5L,
Bl Lo THEAESNDIHEERELZ R L CHEL

BALA P L A% R/RICT 2B BR L EZ HND.
72, L —o rFEN BRI, Al
EE A AMLTD, S OICHIRLEEE O N
T5ZEIIMRFETE WY,

—77, HHEEESHZHREY)ETLIIRIL—=
e 7T, EEO N — o v F R B R
EIIALA P L RIBEDNE LD L) THS. Oka-
mura 52X % &, WHE L WIHFEMEESE) % 4 D
BF P —=r7 - ¥y v 7 TIERP 8-OHAG HE
MEAIEINS 5 2 EPFERIN TV A, bhvbh®
T PEPAZEMEMIE AR (COPD) B2 xff & L/zdd)
BRI BWTYH, EREEORWVWE, TobbBRED
FVETHRALA MLV ADIERT BV A7 D HHE, 12
BOWTOREHRETO ST LR TIPS
OHAG #Eitt # oM B /=, Eadk by,
L= v 7o LCERBL TV TH A=
— M=V hbZ DY, ELITHIEA T
L ZADBER LR T VIR H 55512 T4
REEPLETH 5.

3. EEj&E DT FIVEE

EEFREEA vy —u A F(IL)-1, IL-6, JE
BHEN T (TNF) % EDORFEWEY A bh A v &
FETLZEDPMONT VLD, HEBENZ D
FRAL RS % 8 L CHIAN > 7 F VARE IS G- L Tw
LhlzdblEZoNTwhA, BMERTDO1IOTH5D
NF-xB (NuclearFactor«B) 1%, Z&E St R 500
BB % B AR OGRS $ 555, HEH)
RRIZH o EBFMT LR 5 IL-6 b T OB
TTH%. Kosmidou 5 A B~ o> 38 Bl £ fif 52
BRCX D, BmMies S o IL-6 AT EER R
I2 X % NF-k BARAFPEAERS IS & 5 IL-6 E AR+ D
GIHHALZ A L THRIE N TS Z EAVRE N7,
TNF-a R IL-1 B %= EORIEWH A A7 4 > % Mn-
SOD & NF-«kB OfEN#EIZFThH 5.

& T3, 2 B W 7 Nrf2 [nuclear factor
(erythroid-derivef 2 ) -like 21 DB LA ~ L 2B
MEEE TR (SVFFE S h TR T 2T —
¥, NAFFVTSF—E1RT AL FF T VRICEE
Fnl) OBBFAWHICB T2 EEEIHL LIS N
TETHBY, HEHEFFIZ S LHREAEH O Nrf 2 53K
AT 22 LAMOENTWE®, Nrf21d, #HEIR
BTRToMHIHEAETH S Keapl LA L,
IUEFF V- TaTT Y= AR THR NI S
N5%5, BILA MLV AT TIEKeapl DY AT A~
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FIESMAL S, Nrf2 03503 hd, BICBITL
72 Nrf 2 13 Prm LA & By (antioxidant response
element : ARE) %4 L CEEER T OinE % /2
5. BEROIHIZ, HERRICX DMBAY 7 F
WAREREIE BB 1C X 2 S OB R R Pl LEE % O
FEANZALD 1D > T I eI S
. LirLad3s, TOIEOHIIL, B
R, MR EICL T, FRAEMEELrEE
& oT, ZOMIYHINT ¥ AD FIT Y o T
LEH)THA.

EE) & BREE

B, EEANORBEHAEZT T% L, BERFEO
TENRE R ERRICDIACERL LTS, —F
HEEE, BALA ML ARMARSE, MMk IR
LG Z 52 5 2 EPMoNTBY, ZHITHL
TEYIVERCLREDHMILT 7Y X b5
NOEDOWBILA P L AZEMTHE V) T EBHILN
TWa., L2Lahs, Zol3e AL EH)ic
WNTLH0THY, L¥2T—2 7% A TR
BYRALKI OB B OWTIZE T s h T
WS, Ristow HIZ X o THEEIIBIT A AN I
ARNED A D = XL DIRIHB AR DO DODH B.

HENZ L B A A YHEPIEOUEITIE, BHED
AN AADEGLThWEY, ESEZF0AHI=X
LD 1 DIZEMH~NOBALA M VAR L TS
ZEIWZAHL, RABEICHELA (€5 3 VE,
C) IS LM LRI CGHEB) b L —=
YT RfThYE, WIS 5 v TEEAWTA VA
) SRR L, FRRICIEET 74 KA 7 F v

B X O To PPARy, PGC1 a, PGC1 3,

CuZn-SOD (SOD1), Mn-SOD (SOD2), GPx1
% &® mRNA OB &% e L7z,
kAL, WMEECIIHELSERHL TS
HEGEBRETH EH) L T WIREBEET L EH) b
L= k04 v 2 VEZWSE T, [k
W7 74 A2 7 F ViREO L&, fifikdh o
PPARy, PGC1 a, PGC1 f, SOD1, SOD?2
GPx 17 £® mRNA OF B R OB MABIZE S -
A5, PUBALARIE CILEBC L 2 N b0 E %
BIEMPTRTIH BHP STz, Fifkkdh o PPAR
yiEA YR VIEZHEICHET SO TH YT, i
B X 2Rk PPAR y BB A ¥ A1) V&
ZHICHEA =X LD 1 D% 2515, PPARy
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O

X, 377 FR=%—=TH%PGC1 aXRPGC1 B
LG LG RET 205, TOPGCL aX
PGC1 pIdMmMIbLARFZICL VFES NS, @Bk
o THEINDE A== F ¥ FORFHHEET
R E N MWL K E S RBIRE OIS Lz b
DELEZONL. E 512, St-Pierre & @l 7z i
7812 X 5T, PGC1 a#%, SOD1, SOD2, GPx
1 DBEFHEMARBZHEHL VLI EHRINATWY
L. L7oh o T, EERFOMIGHEIC X 215 TERE R
DA, PERHHIEZ TR, BER L R
HWEDLDIZHEb->TWBEIEERLTWAS.
COEHCI by R 7 CHEESND IR
A VA VRN R YBE ST DL R EOFRBRNE
ERTIEICHLT, FVI YV ARRICHET S
A&V 3 ¥ A (Mitohormesis) ## & W9 # 2 )
AR ENT WD, EENC BT B IHTEER SR O AR
MR EDI-DDEE LY 7TV TH Y, hilkit
H D% e BRI RS 7P Vv &2 EELTLE
DT LIZH ORI v, Ristow b DI,
H % o fAEN CHEINT 2 R E o PiB LAl ok <k
e, PURILAIOEINZ ERICRKET HDDT
WA, NEREOYIRILE i & 138 %), Hlo
HHIZ X o TTEB) OREFREH AR R DFFTE 2 <
B ERRLTBY, HEEHH LTI AER)
RBLUBLA N L XONH 2 S ETT % LEA D
LHilEbhs.

b

RO X, EEIC X BB ERRICIE, T
WREY 7 VPEETHY, TORKBORRIE
LY 2 BB RSB ETH DL 2 L bRENT
Wb, NN RRAPRGER 2R & L7 SR E)
EHCHRICHTLHEYTH, FREHEOL N
PRI CSERRAVNE B T EFE SN TS
D, BEHOERIEMZRLTCWEL0EEbRL. 72
2L, bo & B LRI CERRE
LAREL DRSS /RINTEY, #EEREE)
G ERECTHLEEZOND. T2, B{LA ML
A AE HIY & L bRl R 513, —kn 7%
RELBALA ML AAMBIFRINDLEITITAEH
THoH0d Lnawds, BEMREPUIEL TIZE
ETHLIREELEbNS, EEEMEA L AICH
HLUZZZEICIE, $728 K OMGTED RSN TE
D, %3 OIHANESLZ LM IS,

—321—



EEOFBER © A LHEENFICHEL THE %

L.

[3Z#k]

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

Dillard CJ, LitovRE, Savin WM et al. Effects of ex-
ercise, vitamin E, and ozone on pulmonary func-
tion and lipid peroxidation. J Appl Physiol 1978 :
45 1 927-32.

Davies KJA, Quintanilha AT, Brooks GA et al.
Free radicals and tissue damage produced by exer-
cise. Biochem Biophys Res Commun 1982 : 107 :
1198-205.

Jenkins RR. Free radical chemistry : relationship to
exercise. Sports Med 1988 : 5 : 156-170.

Sen CK. Oxidants and antioxidants in exercise. ]
Appl Physiol 1995 : 79 : 675-86.

Halliwell B, Gutteridge JMC. Free Radicals in Biol-
ogy and Medicine, 3rd Ed, Oxford : Oxford Uni-
versity Press ; 1998 : p 1-936.

Powers SK, Ji LL, Leeuwenburgh C. Exercise
training-induced alterations in skeletal muscle anti-
oxidant capacity: a brief review. Med Sci Sports
Exerc1999 : 31 : 987-97.

Suzuki K, Ohno H, Oh-ishi S et al. Superoxide dis-
mutases in exercie and disease. In Sen C K, Packer
L and Hanninen O Handbook of Oxidants and Anti-
oxidants in Exercise, 243-295, Elsevier, Amster-
dam, 2000.

Chance B, Sies H, Boveris A. Hydroperoxide me-
tabolism in mammalian organs. Physiol Rev 1979 :
59 1 527-605.

YuBP. Cellular defenses against damage from reac-
tive oxygen species. PhysiolRev 1994 : 74 : 139-62.
Radak Z, ChungHY, KoltaniEetal. Exercise, oxi-
dative stress and hormesis. Ageing Res Rev 2008 :
7 i 34-72.

Oh-ishi S, Heinecke JW, Ookawara T et al. Role of
Lipid and Lipoprotein Oxidation. In Radak Z, Free
Radicalsin Exercise and Aging, 2000.

Ristow M, Zarse K, Oberbach A et al. Antioxi-
dants prevent health—promoting effects of physical
exercise in humans. PNAS 2009 : 106 : 8665-70
Alessio HM, Goldfarb AH, Cutler RG. MDA con-
tent increases in fast—and slow—twitch skeletal mus-

cle with intensity of exercise in a rat. Am J Physiol

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

— 322 —

1988 : 255 : C874-7.

Kanter MM, Nolte LA, Holloszy JO. Effects of an
antioxidant vitamin mixture on lipid peroxidation at
rest and postexercise. ] Appl Physiol 1993 : 74 :
965-9.

Reznick AZ, Witt E, Matsumoto M et al. Vitamin
E inhibits protein oxidation in skeletal muscle of
resting and exercised rats. Biochem Biophys Res
Commun 1992 : 189 : 801-6.

Lamprecht M, Oettl K, Schwaberger G et al. Pro-
tein modification responds to exercise intensity and
antioxidant supplementation. Med Sci Sports Ex-
erc 2009 : 41 : 155-63.

Ttoh M, Oh-Ishi S, Hatao H et al. Effects of dietary
calcium restriction and acute exercise on the anti-
oxidant enzyme system and oxidative stress in rat
diaphragm. Am ] Physiol Regul Integr Comp
Physiol 2004 : 287 : R33-8.

Hartmann A, Niess AM. Oxidative DNA damage
in exercise. In Sen CK, Packer L and Hanninen O.
Handbook of Oxidants and Antioxidants in Exercise,
Amsterdam : Elsevier : 2000 : p195-217, .
Shigenaga MK, Ames BN. Assays for 8 —hydroxy—
2" —deoxyguanosine : a biomarker of in vivo oxida-
tive DNA damage. Free Radic Biol Med 1991 : 10 :
221-5.

Radéak Z, Pucsok J, Mecseki S et al. Muscle sore-
ness increases nitric oxide content and DNA dam-
age in human skeletal muscle. Free Radic Biol Med
1999 : 27 : 69-74.

JiLL. Antioxidant enzyme response to exercise and
aging. Med SciSports Exerc 1993 : 25 : 225-31
Oh-ishi S, Kizaki T, Nagasawa ] et al. Effects of
endurance training on superoxide dismutase activ-
ity, content, and mRNA expression in rat muscle.
Clin Exp Pharmacol Physiol 1997 : 24 : 326-32.
Oh-ishi S, Kizaki T, Ookawara T et al. Endurance
training improves the resistance of rat diaphragm to
exercise—induced oxidative stress. Am ] Respir
Crit Care Med 1997 : 156 : 1579-85.

Khassaf M, Child RB, McArdle A et al. Time
course of responses of human skeletal muscle to oxi-
dative stress induced by nondamaging exercise. J
Appl Physiol 2001 : 90 : 1031-5.

Radak Z, Kaneko T, Tahara S et al. The effect of

Jul. 2015



26)

27)

28)

29)

30)

31)

32)

IRYO Vol 69 No. 7

exercise training on oxidative damage of lipids, pro-
teins, and DNA in rat skeletal muscle : Evidence for
beneficial outcomes. Free Radic Biol Med 1999 :
26 : 1059-63.

Radéak Z, Nyakas C, Kaneko T et al. Regular exer-
cise improves cognitive function and decreases oxi-
dative damage in rat brain. Free Radic Biol Med
1998 : 25 : S77.

Oh-ishi S, Toshinai K, Kizaki T et al. Effects of ag-
ing and/or training on antioxidant enzyme system
in diaphragm of mice. Respir Physiol 196 : 105 :
195-202.

Nohl H, Hegner D. Do mitochondria produce oxy-
gen radicals in vivo? Eur ] Biochem 1978 : 82 : 563—
7.

Leeuwenburgh C, Fiebig R, Chandwaney R et al.
Aging and exercise training in skeletal muscle : re-
sponses of glutathione and antioxidant enzyme sys-
tems. Am J Physiol 1994 : 267 : R439-45.

Cohen G, Hochstein P. Glutathione peroxidase :
the primary agent for the elimination of Hydrogen
Peroxide in erythrocytes. Biochemistry 1963 : 2 :
1420-28.

Okamura K, Doi T, Sakurai M et al. Effect of re-
peated exercise on urinary 8 ~hydroxydeoxygua-
nosine excretion in humans. Free Radic Res 1997 :
26 : 507-14.

Nemoto K, Oh-Ishi S, Itoh M et al. Urinary 8 —hy-

droxydeoxyguanosine is a potential indicator for es-

33)

34)

35)

36)

37)

38)

—323—

O

timating pulmonary rehabilitation—induced oxida-
tive stress in COPD patients. Tohoku J Exp Med
2014 : 233 : 197-204.

Cannon JG, BlumbergJB. Acute phase immune re-
sponses in exercise. In Sen CK, Packer L and Hén-
ninen O, Handbook of Oxidants and Antioxidants in
Exercise, 177-193, Elsevier, Amsterdam, 2000.
Kosmidou I, Vassilakopoulos T, Xagorari A et al:
Production of interleukin— 6 by skeletal myotubes :
role of reactive oxygen species. Am ] Respir Cell
Mol Biol 2002 : 26 : 587-93.

Muthusamy VR, Kannan S, Sadhaasivam K et al.
Acute exercise stress activates Nrf 2 ARE signal-
ing and promotes antioxidant mechanisms in the
myocardium. Free Radic Biol Med 2012 : 52 : 366—
76.

Norris AW, Chen L, Fisher SJ et al. Muscle-
specific PPAR gamma-—deficient mice develop in-
creased adiposity and insulin resistance but respond
to thiazolidinediones. ] Clin Invest 2003 : 112 : 608
-18.

St—Pierre J, Drori S, Uldry M et al. Suppression of
reactive oxygen species and neurodegeneration by
the PGC—-1 transcriptional coactivators. Cell 2006 :
127 1 397-408.

Paffenbarger RS Jr, Hyde RT, Wing AL et al.
Physical activity, all-cause mortality, and longev-
ity of college alumni. N Engl ] Med 1986 : 314 : 605
-13.



Exercise and Oxidative Stress

Shuji Oh—ishi

Summary

Physical exercise is well known to impose oxidative stress on the body due to the generation of reactive oxygen species
(ROS).There are anumber of potential sources for the increased generation of ROS during and after exercise ; especially,mi-
tochondrial electron transport system,cytoplasmic xanthine-xanthine oxidase system,and neutrophils are important. Acute
exercise increases the levels of lipid peroxidation, and enhances oxidative modification of proteins and DNA. On the other
hand, growing evidence has indicated that endurance training upregulates antioxidant enzymes and improves the resistance
of active tissues to exercise-induced oxidative stress. Further, exercise involves the activation of intracellular signaling path-
way through the increase in the cell ROS, and stimulates the transcriptional rate of the target genes (inflammatory cytokines,
antioxidant enzymes, etc) regulated by the level of oxidative stress.In addition, proper exercise training could casuse the in-
crease in insulin sensitivity as well as an adaptive response promoting endogenous antioxidant capacity,probably leading to
the reduced disease risk. These beneficial effects seem to be due to the transient increase of ROS in the mitochondria during
exercise ; this concept has been proposed as the term ‘mitohormesis’.On the other hand, antioxidant supplementation may
preclude these health promoting effects of exercise. ROS is thought to be the essential factor for health promoting effects of

exercise, and exercise therapy should be carried out based on ‘mithormesis’.
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