26E FAMEBAFROME p-SH EOEEBRITHRED FL—=2 FRRICK > TR
5 (3EE%3-1, EER3-2)

6.1 #&
EINC L > TS E X EREBIIIMEA 2B R &b EE X BILTW5 (Sjodin et al,
1990, Witt et al, 1992, Alessio, 1993, Aruoma, 1994, Ji, 1995, Sen, 1995), fBERIIEFIZI\ T b Mg

T

FeEOBEMl (Lovlin etal, 1987, Kanter et al, 1988, Maughan et al, 1989), GSHOEY. (Lew etal,
1985, Giohil et al, 1988, Duthic et al, 1990, Ji and Fu, 1992, Viguie et al, 1993, Sen et al, 19942, Sen et al,
1994c) &\ TEMERUSASEI &R sh D,

S DR AR kR & L AR R AT CEIE S RIEROGSHE & Up-SHE
OReH IR B OVTECH2ENEE, HIAPNOBE T AT A0S L RRFC, GSHEp-SHEEN I
BAVHSREA A LA 2 & &5RT (Inayama et al, 20022), —F5, ffp-SHEDRINIT A7
VEDBEVANT 4 ERICL DL TH D Z &GN o (Inayamaet al, 2002b)
UL, ZOVT L YL T304y T = Tk, BBHA24RHRE L72iFAIZB N Th,
- SHECEEIMBER NN T, InvitoDRFHCHL p-SHEER b~ iEOHBYAEIZA
BlIrEHET D LEL BN TWAN (Wayneretal, 1987, Frei etal, 1988), i ifp-SHAEDIX T A%E
GEn A0 ThHIUE, AR TORLTBLPE L LTOERIFhTLE D,

ffp-SHIGIZ HEST BT NVT I (66kDa) 13, HTF-EAERIREIERME (55kDa) &
D BREVOTRPICRH LIZV, T, 2O3BERG0RIE LRV, M- SHEDP AR
OB LS AT b Y LCEBNZO T B HES R HNIT B2k, EBEETZ K> T
1p Utz i1 fp-SHE D BB OBIEIWAETH B, AT, @F 2B FHEERRICT
N T Y b— Ak B ifip-SHEDRD )L DEHEIER ZHE Ui, €08y, HRs-1T
HPESED b L= SR B DB TRE S, EH-2 THEMED b L—=r TR S
BETAEERRBETA S LT, b L—= ZRROEN B b 7z b3 iifEp-SHED B
WEOWThEA LA,



6.2 5 &%
6. 2.1 x&#E
FE3-1 T, TRORERBTREAE Q0~23i%) FHEE Liz, FRIVOmadd, Higst

b by FIMZE 2 2OEEOATRT A MBI 2EEEEREN B O S ERE SHHEE L
7= (Cooperetal, 1968), FEWO-2 TIIFHIEL H T D64 DB 2B FHE 19~2550) #XR
& Uiz, fRIFIE, *EF ORI S ONAERITRRI BT oo, RREFITIXA
FA—ARIEL M EED, AERRE LAY URES (19834F) 128 Y UFRREHET & 2
Tl

6.22 EEEHE

FHB-1UTIE L — R O2ANGHIRT, L— AT 0.50FH]. 240581, 4805R1%1c, ERR-2 T L —
SR DAFHRT. L — AR TOSEHR, 1A%, 3IBRIS XUSHRIST > 7o FIEPEERE D~
2 RY AANEEHE LT BRI U, BRI B304 LAPUT 5,000 X ghZ T 1043 AR Doyl L g2
87, Hlik, V—ARTHEELDIMNEL, YAESNE CICEIRERAS L IR L., Rl
PO1MRHRMETT -7,

M- T AGTLLF O TR L e, SHEEORIE T, m4#0.8 mliZ100 mM EDTA 0.2 ml
ZeMZOKIR, EROSHERHRICIIE 21T - 7o, CPKIEHE, T4~ S — VBRI (thicbarbituric
acid reactive substances: TBARS) 72 HNZ 7L I ABEORIE TR, MiEY P HikikE
SEICTHMBULME L R-70°CTIRIF L, 7 0y BIRERITE O 7= D MM L 7 AT TR
A5 Lz, &TOMHHRNE B LITHK LT,

6.2.3 ERLLUVIHRAE

PR, AHIIET VT 1 Sigma Co., MHORSKIEFEMEZE BB 0bo&Efvis,

1 fep-SHESHE T, BEMH (inayamaetal, 1996) DSedlak & Lindsay® 7% (Sedlak and Lindsay,
1968) [ZfE-T, DINBZFAVYVTHIE Ui, £/ UVBOEFEIE13.1 mMem? (Sedlak and Lindsay,
1968) (Z{Eo 7z,

M4 CPK i& it SEOHTIEE % AV (HITYACHI 7450E, HIZ8Y | LGB CRIE L7 (Szasz



etal, 1976), [MA4E TBARS IEEOHIEIL. T L5 2 7 U2 iEHEE b L4 UL
DRI (Yagi, 1987) 1oLk o7z, MiEF 37 Tk 4mg 77 3 ok iEiEemE
& LC Bradford ¥ (Bradford, 1976) . 7V I ViBERIY T 0 b2 LY/ —) L2 Y — otk

(Doumas et al, 1971) tZTHIFE L7,

6.2.4 #RatinE

ETOMIPEYESEIC TR Uiz, HiaHi3EkviEL O &% 5ANOVAT 2 b2 TFisher’s
Protected Least Significant DifferencetZ & 2 A DABRR 1TV, L— R24MRRITOM & bl Uiz,
SEER3-1 DCPKEPED A3 Wikcoxon test & FAU T L— 2 24RO & il LT, Withb
pOOSEL > THEERY & L,

6.3 EER3-1: hFEED FL—=URRIZHIBEABHEORER
6.3.1 »&E
HEE L, =T VUBNERRE LIz Fb—= 0 Fe¥z 2 — R AEIRSE 28I L340,
64 AIZOT D TIE D= b DOERRBE b L= M a— 2 B Lk, AT L—R
(42.195km) IZBM LT, B¥ELRRTLECIZT Lo FREH L QW54 7873
4 G~6EOV aF I IEITTHY, L—ARIO b= SRR o) AL
EDOEREORHEL B HRE Th o7z, BERDIZX o THLI L—RF - B BOESEST
PEREL, 1R 7 D O TIRREN0. 1517 kmTh oz,  L— R BEMIENCEE Ui
HOEENRS O ONCAEEERE, 7L< T VY L—R ¥ A L% Tabie 6-1175R L,

6.3.2 Migp-SHELELWIZA O HERE
S L R, T~ T Y o — AL LAY ST eh o7 (Fig 6-1, AED,
[ fp-SHELIE L— 2 0. 5B ERIZHBD L (7.0420.225>55.50+0.19 nmol-mg of protein’, -22%.
p<0.01), B|EHEE L —A24NEHHE (6.20£0.15 nmol'mg of protein’, -12%, p<0.01), 48R
(6.08+0.15 nmol'mg of protein, -13%., p<0.01) = THkE: L CTIEEER LT Fig 61, EH),
34 o< VESHARMAEIRAT AT DO TELS <10 M), VTR F U T b ALk



Table 6-1. Exp.1
Physical Characteristics and Marathon Completion Time of Subjects (n=7).

Age (years) 21404
Height {cm) 1704 £ 1.1
Weight (Kg) 66.1:+2.8
Running distance for 12 min (m-min’") 2540+ 5.0
Predicted VOymax (ml-kg ™ min™) 575+ 1.4
Race time (hr) 46+02

Note. Data are means+ SE. VO;max; maximum oxygen consumption.
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Change in the content of protein-bound sulfhydryl groups (left panel) and protein
(right panel) in plasma before and after the full marathon race.

Time "0 h "corresponds to the start time of the race. Blood samples were collected
at 24 h before the race, 0.5 h, 24 h and 48 h after the race. The values are expressed
as means (n=7) = SE. ** show the significant difference (p<0.01) from the pre-
running value as analyzed by repeated-measures ANOV A with post hoc test.
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Fig. 6-2. Changes in plasma creatine Kinase activity and lipid peroxidation before and after
the full marathon race.
Time "0 h" corresponds to the start time of the race. Blood samples were collected
at 24 h before the race, 0.5 h, 24 h and 48 h after the race. The values are
expressed as means (n=7) + SE. Significance of difference from the 24h pre-race
value as indicated by Wilcoxon test: *p<0.05.
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6.3.3 [#%E OPK ;B 5 U TBARS JREE

| 14 CPK {&HET L—% 0.5 BEH% 0 LARIZHIML  (+48%., p<0.05), 24 K% (+25%.
p<0.05) FE—7 2 48 L (+17%, p<0.05) ¥ CEfEZxL7% (Fig 62, £B), L —A
RO MEE TBARS #RHEELX 0.041 220,005 nmol'mg of protein' T V) EHERTAN TH o 7=, MIF
TBARS T L — R Z L o THEELREEZ R 20 o7 (Fig. 62, ).

6.4 SEER3-2 : EHHED kL= KRR H DA BIEOFSER
6.4.1 Xg#E

XIRE OB RN & UNI L — R SEERF 4 Table 621578 Ui, Wi o bitas
ELTCORBEERF LT, ek o) b REE4 (IAITEEFERIER 13 vV1—2A
SO CEBNERZFTE L Ve, D4, W b IEFIREROREAETHY . R
SR OERRICITR L OO, SRED b L—= SRS T OBY Thd, KEIEH
FRZE PR L OB A ORFRAE) 13, BiEEb@MmEDS =y Pr—=
BRET OV, T4 7B ZHICHTIR L TN ARREB (R%AE) 1dkk b L—=r 7%,
EHRHREER TR L TS REEC (RFE) 1 XBIRE h—= 0 72 To T, Jixo
B GV SRR DM REDII AR v MR-, SREFILT 7 —OE &4t
T, BIEIRY RED LB LIV L— 2RI » ARIZIsT 5 LA X 7= Y OEAETIREE S
10.942.5 km T -7z,

6.4.2 m¥p-SH&E, FVHEBEUVTILTIVRE

0% p-SH Euid, L—2 24 BFEIRITD 7.65 + 0.09 nmol'mg of protein® & FHEZL T, L—X#&7T
EL£IZ1E 6.92 + 0.21 nmol'mg of protein® & FEIZR Lz (9%, p<0.05), EDHITEREZV L
AL, L —2ET 24 BFEH£IZ12 8.40 = 0.14 nmol'mg of protein?  (+10%, p<0.05), L—A#KT
3 A2 7.68 % 0.07 nmol'mg of protein? (£0%), L —XA#&T 5 Af&IZHL 8,154 0.15 nmol'mg of
protein’! (+7%) &7p-o7z (Fig 6-3), M p-SH EDFF MR T AT I ACHRTDEZ L b,



Table 6-2. Exp.2
Physical Characteristics and Marathon Completion Time of Subjects (n=6).

Age {years} 228+1.0
Height (cm) 1698+ 27
Weight (Kg) 653+25
Race time (hr) 4.1+£03

Note. Data are means + SE,
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Fig. 6-3. Change in the content of p-SHs in plasma before and after the full marathon race.
Time "0 day" corresponds to the start time of the race. Blood samples were
collected at 1day before the race, 0.5 h, 1 day, 3 day and 5 day after the race. The
values are expressed as means (n=6) £ SE. * shows the significant difference
(1<0.05) from the pre-running value as analyzed by repeated-measures ANOVA
with post hoc test.
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Fig. 6-4. Changes in the content of p-SHs in plasma before and after the full marathon race.
Time "0 day" corresponds to the start time of the race. Blood samples were
collected at 1day before the race, 0.5 h, 1 day, 3 day and 5 day after the race.



i SH BJREZMIFT N7 VEE (ng) YU DICHET 5L, L—RERICEEICET
L7z (11.420.1 25 10.140.3 nmolmg of albumin’, -12%, p<0.01), ZDHIIEEL, L—2A 24
Tl (11,7402 nmol'mg of albumin’), 3 B#% (10.9£0.1 nmol'mg of albumin') FLTKS5 HiE

(110402 nmol'mg of albumin') &, L —2FTOE & OFEIENED biLied o7,

A Z & Dl p-SH EOE% Fig. 6-4 1R LA, L—REHO SH ARREE, 1ZLAY
B Lol (0=3) &#920%B0 Ll (0=3) \Z53 iz, SH EREEDSH Lisho
TEXE A, B, C L, L—ABMRER CEREIOBEDIRFITI F L—=2 8T > T
Too SH ESHREENNG 20%BuD LIct8ed D, B, F ik, =0 2R03 R0y PR— VR Y
D ~r—= T RGET TR, EEIEROBE Cilitd - 17,

MRS 73 7 IR L~ ARE T 24 BERIRIC A B A0 2R L (7095 1.5 mgmL™ 256 64.7
+18 mgmL”, 9%, p<0.01), L—2 5 BBV THERE Lih -7 (Fig 6-5. A=), Mg
TNT I ARREE L — R i TR TR R S Ao T (Fig 6-5, D),

6.4.3 Mm¥f CPK jEME7: 5 TN TBARS BT

MBECPKIFMEE, L — AR T 24REHIRI IS LR LAY @<0.01), L—RKTSHEIZIE
[ L7z (Fig 66, ZEB), MUETBARSHEEE L LV — A FiHE CHRRET 58020 o 7= (Fig, 66,
HRD.,

6.5 *

ARG T, [ p-SH EDMEPNTISUT DHIEME VAT A & LTOFEL BRI 5720,
RREE ORI AT K - T3 2 M p-SH HEORIEERE b L —= 7 RIR0OR: 5 5B-F
FAEZRBITHET S Z LItk oT, Ml p-SH EORDA TR TH Y, FETSh
LRSS H B Z L LM L,

SR 3-1 OPEED b - RIS B B FREOES, i p-SH Hizv<5
VAR & B LT L — AT 0.5 BHIRIZEEIZR L (22%) . 48 REfIik 3 Ol L CIE
AR Uz, ZHUTsL, 38R 3.2 OERED FL—= r SRS H A BFREOBSE, T
B p-SH BN L— AR THEE CHRICHD LI b0 (9%), L—AKT 24 IFELIRC
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Fig. 6-5. Changes in the content of protein (left panel) and albumin (right panel) in plasma
before and after the full marathon race.
Time "0 day" corresponds to the start time of the race. Blood samples were
collected at 1day before the race, 0.5 h, 1 day, 3 day and 5 day after the race. The
values are expressed as means (n=6) &+ SE. * and ** show the significant difference
(p<0.05, p<0.01) from the pre-running value as analyzed by repeated-measures
ANOVA with post hoc test.
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Fig. 6-6. Changes in creatine kinase activity (left panel) and lipid peroxidation (right panel)
in plasma before and after the full marathon race.
Time "0 day" corresponds to the start time of the race. Blood samples were
collected at 1day before the race, 0.5 h, 1 day, 3 day and 5 day after the race. The
values are expressed as means (n=6) + SE. * and ** show the significant difference
(p<0.05, p<0.01)} from the pre-running value as analyzed by repeated-measures
ANOYV A with post hoc test.



RV LR U, Zo b &, SH EOBRBEBA S IcAh5 &, BEROEDTE Tk
Do Tont B 3 A0 SH HAN 20%8P Lozt U, BAROEBRRR A ZHITE b L—
= TR TOWOREE 3 4T, SHENZL AL Ligdio Tz,

772, SEER 32 TS Ny EIRE S L — 2D 24 BRSNS 5 HRICIE L—RRTH
CHAERIIE T L QWD T, # o3y BERY T ORERECHE U SH ZRREEMIRRFT
S CHD TR 3RS, UL, SHEREZ 7LD I VERMIY) OREICRE LT,
24 IFE AR 3 L — A RTOIR BN L~ FEZENRY bhvieh - 7=, 1l p-SH O BEHERRIZE
PECEFERE LT, MEREEOBRREL b L—=0 2 RRO@E R E L b,

PR DR RE WL b2l a XS BIR THofe DIzt L, EBS-20%8%
RERPBRERN UIEPoTOBEERETHY . Jr=r7oftucbkik, HIEEE, A7 > b
W—IWVED b L—= T RATo T, L— AR 4 A O THERE 338831 Tid10.1+
1.7km/A8, EFB-2TH109225kmAl, L—2 F o AIFEER3-1TrI4.6-0.205H], HP3-2T
(3410305 Th o fo, MEH TRV —ARILY A OETHEME L—R & 1 AlTKE 7S
bhiehofels, MREOBERS M L—=r MREEZ DL, b= T HRY
DEVRHB EEZDND, ZOLD A b~z FRIROEND, SEENC X 5 flfp-SHEE
ORYD & EOBOERGEIRCZEE b2 b L EREERV . S 6I2, EE320mMED H
—= PRI HBRBE R CTHH BN b L—=r T RBUC L D2, Thbb, L—AED
I fp-SHED B SEIE OB/ LEAUTIEORRE T lc LW IHFERE, 20
&5 IR A R T 5 TH A D,

IR, EBFRAER LR b VR KD lfp-SHEDHINL, VAT A L LORE
VANT 4 FREAIZ I DBLTH D T P OMTR>TND, ZORMNHERHR SO TH
b, BT AT AR 2RI THIUL, Bb = iniRp-SHEIFRE TS D D, AR
e, EBANHT & B Mifp-SHIEORD ORE & £ OEBDE ST b Lr—= 2 RN
W A AIREHEASRIR SN ), FOBFIIRATH Y SHOBFIEET S, L L, EEARIC
Wb Uzl fp-SHIEASARF I IV XEE L 8 W D FESRE, MESHED ZBERMEATH D
TAT I OmPIEIEIOE S (K218) 2E 2D LXREHHER, bbb, mifp-SHE
ORI, 77 2 v OSHEMBBRIIE - T Sz LR, iifp-SHILD



PEEL AT AL L CORMERRET 20NN 35, BB IR TEROBTIIN G
PTHIRVDS, D7 < L b RSN R S AEEBNT X 5 Mip-SHEEDEY b2 6 UNTERTAE
LB == TROUZZBEND &5 AT,

AWFFETIE, HH3-172 5 WZREB 20V TN T b MBICPKIEMESE B 238N L0
1AL, MIETBARSIREE L L — R Iz X 2EEH S e~ 7, Duthiet> (1990) 12 LB —
77— ADBR T HRBROBRMRE SN TS, LL, 80kmT =1 7 T,

i SR ARIREE M L7 (Kanter et al, 1988), Maughan®> (1989) 1= X 245D & v
BEAT = T OBRFRIRNTS, IETBARSIREEDMEM LTz, ~ ORFEORE#E (Maughan
etal, 1989) (LB OHEEENIL~LTHY, BREDOTAVF v o b l—= 2 L B5ERE
NOMA L2 Lisb O T, Meydani & (1993) +X, Bz X -~ CTOMUEEHE OIS E
WREAMER LIic b b 67, iR WIEE RIS LR A bitieh o 7o 7 L 2
LTWDR, 2Ok & RPOIFEIGEE LRI L 7=, AHFEOSSRIE, BERR S #17-TBARS
PRPIZHRE S e Z LI L TWE B2 B3,

—75, BN & A USROS 5 M FCPRIEED_EHOREIIESG-1 L R
32TIIARY | FIRED b L—= 2 2RI 3 5 558 OCPKIEMEOZSEhRIZEH SN2/ E
Wy LAY A KITRERBNERS &b, SEERD Y L— 2SRRI b 2YE ) FIRED b
L=V SRR OO ERE O, EBRTORIBENIE | DRI S Do T
HRBH D, EEAICTHERINDEENA L AORE L ZORERRIZIE, b L—o0 ZE
CEEE RS  EEAFMORIRESRET 200 LR,

6.6 E #

IN=T VN RIZBM U P EED b L—= PRI D B-FRE (EBS-1), H9i
BEO RN~z 7RCH DB FEE (BI3-2) 23Hs Lk, EHs-13 LOEP320v ¢
NITENTS, i~OF A—VORELZZ O TS IECPKIEEE L — ARARIC LA L
TeOIZRT L, MIETBARSERE I L —AI L AEENIA bRd T, Mlffp-SHERE, HEB-1
DFFED b —= JRAOEFHETE, FIHEE LT~ T Y L—R0.5HHIEA
BT L, 24B5R, 4805RAH S CHliss U CHRICIEE R Uis, —27, FHBB-20mfE D



h—= U PROBFFE TR, <7 Y L 5BE0 SKEEIZA b e iy SHEDO & E 28
PI2ARERIEC I TR Lz, 72720, 20 & S EHROBEAHRG SR ERED K
Lo T o TRt BB Tk, <7 Y U X A ifp-SHEOR BB Sheh o7,

FHa-20RHE, EEMERIC X - TEMb S fifp-SHEPEREH THBTIha 2
&, Ehd ZEp-SHEEAMEER MUK T CHUIEMUISREZ H > TWSRIEEMERH D Z & | [Elifd
B b L—=r ZRIUCERE SN D TR H 2 T L ANET 5,



