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Summary

The effect of two different types of physical training (endurance and resistance
training) on antioxidant capacity and oxidative stress is still unknown in middle-aged and
elderly individuals. In this study, we examined the effect of 12 weeks of endurance or
resistance training on glutathione metabolism, indicated redox state in blood, and peroxide
state of lipid in plasma in middle-aged and elderly women (64.0 * 3.7 years old, n=13).
- The endurance training group (End, n=8) was performed 5 days/week cycle ergometric
exercise at 80 % of ventilatory threshold (VT) for 30 minutes. The resistance training
group (Res, n=5) carried out 2 days/week isokinetic knee extension, knee flexion, hip
extension and hip flexion exercise, and isotonic hip extension, hip flexion and hip
abduction exercise. Before and after 12 weeks training, both oxidized and reduced
glutathione concentrations ([GSSG] and [GSH]) in blood and the plasma concentration of
thiobarbituric acid reactive substance ([TBARS]) were determined in blood samples
obtained at rest and immediately after two acute exercise tests: maximal cycle ergometric
exercise and steady state cycle exercise at 80 % of ventilatory threshold (VT) for 30
minutes (include one minute of warming up). At rest, both group significantly increased
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[GSH] and significantly decreased the ratio of [GSSGVIGSH] after training. There was no
significant change in [TBARS] at rest. Two different types of training did not alter the
changes in [GSH], [GSSGIGSH] and (TBARS] parameters induced by both types of
acute exercise tests. These data suggest that both endurance and resistance trainings
induce antioxidant capacity (veduced glutathione) up-regulation, ‘and thus inhibit lipid
peroxide accumulation in middle-aged and elderly women.
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bLhb,

22 THEHR TR, BEREROREMMEETY

&3 h—EnBEE L RSN ET 5 2HE0
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YA M=o v ) HHEBLEN, BRILET/NT Y
ABIUBMLA P L AR TERERHTA2 L
*EMLL, AP BTB IV Y F T A0SED
(reduced glutathione, GSH) #RBE % Hilk{LigH, M
vy F+ s OBR{LE (oxidized glutathione,
GSSG) & GSH mi*»=2® (GSSG/GSH) % B{L&
Fr8T v AE LTHRF A5V E Y — VBRBUBA R
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TBARS) BEXR{EX L ADEEL LT, vEK
IR BITLARARORBRAR ML -V THbsniE
VA VAP V=2 IRENRFA—F—ICRIZ
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BEREIZ, ARI0FEMRETRD 2V 64.043.7
B (59-69) NHRIKEI3RE L. 2ToH
BEZIBREEALTEY, *vey (X by
V) BHBEOEBRII h ot T, EBHOD XA
FLANF2yv 2128 oT, EEREDO ML=
FEBVTRTHS LHFE N, 2B, HERICE
VHBRECEROBE L ARE AL, &
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YTT T, UDEHEWTIOWatts/ D5 7
ANTHEBERSY YT FRA M fFo7, %8, ¥

BE I RARYVOOGEEZ0EE/ F\C#FTH L
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R¥Y TR 1FBTo7.

5y 7RMASP O RRER (VE), RSN
£ (VO BXU—EBMbREH R (VCO.) %, W
SH A (AE 3008, 37 MEREH, KR)®
12 & U breath by breath B CHlE L, HFRANEA
HOEEEL LTERL DI L OFBMS LK
MR (Ventilatory threshold : VT) ZRi7.
VT it % A%l (R) OBEHRE (Load) 23435
LR, VC0.M) VO.i2id 5 LREE, VENCO:H
EAb I VENOA NS 5 22 5 B A B I HH
L2, " hoDVIREFEOHIARIRH
(B ZORUBPLRENTYS, 7, HER
ENREDIY, BREHEYT R M, BRI
LE2WwDd L TCiTbh/:.
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BEEINTA—% L TO4TRORBOHKRIC
80% VT MEQAMEOEFC I RO Y+ —3 ¥
FT7 v TET, FRICHVT80% VT MEET295%
HOHEERY ) ¥ 7 BB LB L. BRECT -
60MIEE / FORY N ORIERL#RFT S X 5 ILRR
L, &8, SRANEEHRTRICEATCOAK
HARYY 712k, 1RO —NT 7 2570
7. BEAMER, RAEDHANEToLH2S
Pl b LEROMRBEBVWTEEL .

3. BAFROHN
RAREDHARTHRORLAFHE (W) X, RX0ED
gy 7TRNEBRTHOAFRL Y+ IV TT Y
THOHEROBRME RO, W=5 > FHHBE
Bl () XBBEM (watt)/2+ 72— I YTy
THM (4 5)X20watts, 2B, HHEOHII
watt- & L7:. E¥AWESROBRLHER,
PA—3IY Y7y 7TBIUREAFERROARIC
il R A WA N Rl A
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SE#063.6:3.5%, B $151.3+4.2cm, HESL. 7
6.0kg, HMN29.914.4%), S&HEEE & U%E%
BHI -V 7BRBREBCIVIRAY VAL —
=V 78 (ResP 5%, Fii6d.614.38%, ¥ F

153.0%3.5cm, & #54.0+2.5kg, 4 BB 1532.9+

3.0%) X4 Eh. &8, AEBOERBLIUY
BB EFEL2EZR ed ol V- 7B
i, MREE B IZI2EM (20004 9 A ~118) &L
7.
1. AR L—=2 7

End #i3, HBREFOREH ST ¢ FR L THRHE
BFRE T A PEICRD 2 VT R E D80% DR
T, SMOBEERY ) v VBB %B 5 ETo
7z. Pr—=r 7MGoEBIRMIE, EHEOF
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7z

RELL 7ML 4 > 7V #3000rpm (4 T) C10%
HELTHEEL, Boh/Mmi§+4#H L T TBARS i
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#GSH B EB L U GSSG BE D #Hiciiem %
B L, % B o Metaphosphoric acid 3%
(Metaphosphoric acid 10g, #&%8 7K100ml) % i %,
THCRALESY R BEfFo7. REAHEEER
THOEKE L, 3000rpm C105 & FREL 72,
COLEHEEDITIERT S ET—20C CRELE.

E. #igEB B X Ui &
1. mM#AEKRE
a) MBFANNVEY - VEBRIEERY (TBARS)

OfE

FBRTIE, REOERtYH—ETHL <O
TVT7NVTEF, TOMBETH AR, LU
TIVFe FEEZEUCLEPDF IV EY - VEBK
& 4 B % & M (thiobarbituric acid reactive
substance concentration: [TBARS]) * i@ ¥ 54
BELLT, VS {AVLRBARPDHEIE-
7=, 73, TBARS OBERE (BRHEES15nm, H
ik &553nm) DHE X, FXBEIEKES (RF-
5000, SEBHER, ZH) AV
b) i GSH B & Ui GSSG DHllE

By Ry BI3Ni2mYy SV 1m iSHHLT,
#il 2 @ ¥ B 1250 ] D triethanolamine 3 % (4 M
triethanolamine X##) Mz, +FCBML, =
DREBHLZHET v IV L. MFOBTVY
F % V@B (total glutathione concentration: [total
GSH)) BXUMTBILB I V5 +4 ¥ RE
(oxidized glutathione concentration: [GSSG]) @ il
% 12 i Glutathione assay kit (Cayman chemical,
Ann Arbor, MI) #fEH L, 405am DENELZ< A
suflL—bY—F— (4270 FL—}) =¥
Model 550, Bio-Rad Laboratories, Hercules, CA)
CEXDRE LA, 2B [GSSG] DWMEDRICI,
M2-E= N EYIJ vy - VER O
vinylpyridine (Sigma-Aldrich, St. Louis, MO)/etha-
nol) IZ X D BEBTE MV % F F ~ (reduced
glutathione: GSH) 2 LIV BRVLAY I %
#HE¥EL, [total GSH] LHMICAIELA. X512,
Hii&h7: [total GSH] 25 [GSSG] ¥ L7z b
DEBTEBI VY F4 Vi (reduced glutathione
concentration: [GSH]) ¢ L, BYMELX b L XD
D—DoTHB [GSSGI/[GSH] #Rw>7-.
c) MY Ao —&um

MY > I bl Shi-8HB LB 5 EH)
BOT— 513, TRCEBHOMBEROEIETH
ELEE L b, mEROZE{LRIIDIN L
Costil® D FHICHE U THM L 7-.
2. fipbY s 3 Y BREOEE

BREDPLBMENDY Y I v H% COFBILYE
bEEOHBRICEN ICRET 2Tk H 3 720,
DFoOFETREISORBRIEY S I Y OBNEY
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BRECEHOH, B, KORPARE RRL:
HEROGE) *EROREAKICEERA S ES,
ZOREIL, ABICIVENLHBEE Y 3
(€% 3 ¥ B2", CH® 1L IPER®®) JEEEY* Y
HLZ BERHEI L= r 70 158ME
BiffoTb 6w, Z0)HEFBICFERDZALA
KO 1HZRY, 203 HHOHEBREY Y 3 /8l
BOARIEHEBL, 182 )0HBRILY S I V&
BEEZRDL®, KEREOBAIC, BEBRFICHL
THENCERL TV AR A= 2 —BIUAHE
FENTA I ICHERLE:. HBMLY ¥ 3 VENE
mﬁ&umrm%v7bv;7(17tm%%g
ver 2.3, BRH, ®F) ZHwL.

F. ¥t
BATRIIPIHE L RERETRLL. Blokw
2EBORBIZIX paired t-test TV, Zh¥h
DOEBICBIA2RNTHEERERHOFERB LU
ZEAEHERET 5 2912, two-way repeated
measures ANOVA 23 L7, XEEAFZH LN
7oA 121, one-way ANOVA ZAWVTHEH OB
E%ZfTo 7. 1B, Post-hoc 5 A kIZid, Fisher's
PLSD # fi\v 27z, ZZEMOBAEORE ICIZHEAR
B 24T o 72, HBBREOREICIZ Fisher D Z %
BERVZ, HBAMIZp<0.05& L7z,

o. &

A, MHTNVE F4+ VREB X ChBEF OREER
AN

Figure 13 & Uf Figure 2I22hEFh b L—=

Wi B 2 KBt [GSH] B X U° [GSSGY/

[GSH] m %8 %, Table 1iC R B B M1 o [total
GSH], [GSSG], B X U'mi#k [TBARS] 0Z#h %R
L7, K@dems [GSH] i, HAfE ML —=v
HENVRVIRI VAP V—o v I EZ I
L7z (p<0.01, Figure 1). %8, P —=>ZD
B RHRMh [GSH] OMICZEERIzA o
7o, RBBFOME [total GSH] BFAKIL—=
THVRVIRF VAN o—o v FRicHEEICH
mL7: (p<0.01). 7, REEHEIZDOLNL
Pofs. KEEEOMYT [GSSG] OEBICIE, HE
BHEBOLNLDD, ZEEANZD LRI
&, one-way ANOVA |2k ) BEBOEEROBRTE

fFol. #OER, EndBIcBWIHELELI
%4, RsBIIBWT ML—o v PRICERICEY
L 7z (p<0.01, Tuble 1). i1 ¢ [GSSGI/[GSH]
i, BARINL -7 HBVRVIAF YA
Vo v 7 RICEBICET LA (p<0.01, Figure
2. %8, P rVoBBELEBRLS
[GSSGY/[GSH] DMz REER Ik r oz, K
REM3E [TBARS] i, AN L —=7dEnid
VIR VA ML=V TRIBIEEFBO LY
ol (Table 1). %28, ETORBEOLREHEICIE
THEHBHF A MTOEEAVA. £, PL—
SV /HOERBEORBHECREREIRD LR
hoiz.

Table 2 M L —= V VR OBRAKEBETHR S
T AN ER%Ic BT 5% [GSH], [GSSGY/
[GSH] B & U°iu% [TBARS] o Z{LBE AR L7

800 -
% 600 -
-o- End
S 400
% -~ Res
» 200
0
pre post

Fig. 1 Influence of physical training on reduced
glutathione in blaod.
Values are mean®SD. ** p< 0.01,
significant difference from pre training. O:
endurance training group (n=8), O:
resistance training group (n=>5).

04 -
%
S 02 " End
% . -¢- Res
0

pre post

Fig. 2 Influence of physical training on glu-
tathione redox state in blood.
Values are mean+SD. * p< 0.0],
significant difference from pre training. O:
endurance training group (n=8), ©:
resistance training group (n==5).
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BREBEFHEomS [GSH], [GSSGY/[GSH] &
X UM [TBARS] OB{LEICBIISE V- T
HBEOEHIHFERERIBD O L o7 (Table
2). EFATERBIIBVTOERIC, 8857 A—
Y —DELEROEHCEERHIBD LN
(Table 2).

P 7HBOnEER, End BFCERICK
AL (p<0.01), ResBETHITAEBICH -7 (p
=0.06). L2 L%d5, F—ov/iiBokE
BORROBLIEMEDHEREELATHIERTI
Lol

B. fiB{L¥Y ¥ 3 Y EBREOE(L

U= TRBORRRILESY IV (E¥ 3 ¥
B, ¥¥3C, ¥¥3IVE) BUEBLIUZANV
¥F—-EMEICBILiZ 2o (Tible 3). %38,
BILY 7 I %40y 7)) A v FERFIZEdFIC
14, ResBEiC 1B\ /22, BRICKELBEEEM
BE Lot i, FP—rURIBICBITAM
& [GSH], [GSSG], [GSSGJ/[GSH] ¥ X T
[TBARS] D% b FHRBILE Y I Y BRENE
ERLOMHELHBURERD N2 o 7.

Table 1 Blood total glutathione (total GSH), oxidized glutathione (GSSG) and
plasma thiobarbituric acid reactive substance (TBARS) concentration at
rest as the result of physical training.

1 pre post

total GSH (umoll)

End 8 360.0 + 9.4 581.6 <+ 118.6**

Res 5 365.8 * 22.2 597.6 + 194.4**
GSSG (u moll)

End 8 53.1 *= 25.0 40.9 + 17.8

Res 5 71.9 + 23.1 33.5 £ 17.4**
TBARS (nmol/ml)

End 8 1.6 + 0.29 2.03 &+ 0.32

Res - 5 1.98 £ 0.29 1.4 &+ 0.26

All data are expressed as mean * SD. Asterisks are representing
significant differences from value of pre training (**: p <0.01).
End: endurance training group, Res: resistance training group.

Table 2 Acute exercise-induced chages in blood glutathione redox sfate and
plasma thiobarbituric acid reactive substance (TBARS) concentration as
the result of physical training.

Ramp exercise lest

80% VT exercise test

n Pre post pre post
A GSH/W (X107! 2 mol/l/watt + min)
’ End 8 —0.03 £ 1.58 —-0.17 £ 1.09 -0.21 + 0.45 —0.26 + 0.35
Res 5 0.27 £ 2.03 0.00 + 1.00 —0.25 £ 0.73 —0.13 £ 0.74
A GSSG/GSH/W (X 10™* /watt + min)
End 8 13.28 + 32.12 2.98 + 7.33 0.35 + 6.03 2.52 + 2.29
Res 5 —1.48 £ 11.98 0.19 £ 1.19 —4.16 + 6.01 0.76 + 4.02
A TBARS/W (X 10™* nmol/ml/watt - min)
End 8 -1.33 £ 4.00 —-0.35 £ 1.87 —0.76 £ 0.75 ~1.70 £ 2.06
Res 5 —3.06 + 10.00 —-1.70 £ 1.04 —-0.95 + 1.00 -1.15 + 0.73

All data are expressed as mean = SD. There was no significant change in value from pre to post training. End:

endurance training group, Res: resistance training group,

A: change in value from rest to post exercise,

W: total work

volume, TBARS: thiobarbituric acid reactive substance, GSH: reduced glutathione, GSSG: oxidized glutathione.
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V. B%

GSH R iEBEMoESlt, ARIBEORE
BIUREOBRBILOAH L vao 2B A RAT.
IHhETIZ, EHREOFRAK L= 7 MP R
méEh o [GSH] %M€ 52 L%, Kb s
VBN AR TCHESATWE®, KLz
NE TN EHEORERLY, HARMN —=
Y efFoTwARRET vy F—ol¥F [GSH]
%, AROEGREL VIETIIH I LLHES
MIL®, PEHBETCIEAR I L - TR TR
X, fiBMbieoETH LM [GSH] LAY
5LDEHRELTE. FHEROREFE, PRELE
BT BEHEAR L -y T RERILEHORET
bald [GSH] ¥ LA EEB LW EHEIHT
25DThHH (Figure 1), PRBLEICBTHEHE
FEELARBICEAR L - FHGSH ISR 2
n3 &) gl ML X ¢ 5 2 L AR E
hi-, ‘

Kretzschmar % &1k, AT v F— DM
GSHBERFEBEE I CHSTHERIIHE I LEH
HELTBY, +0BERE LTHRAB I L -7
(BILA F VAR OBYEL) A58 GSH AR L
ARV, FAREMME O GSHEFHEH, mid 2w
REOEBCOGSHHEBR LR LEROLI L2 E
TTw5., ARROFER, BARI LV —=r7HIK
[GSH] 721} T# < [total GSH] b HFICHMmML T
D (Table 1), LEOES3mBEEALLEINS
FAVEBEOHEMIPBARE I L -V T80

[GSH] #inicl5- L T A MEEM S A, L L
s, m#EH+o [GSH] id#mzk+o [GSH] &
HARTHFEREL®, FARIN L - T85O
[GSH] #MimicidAmaERs [GSH] oWmAisELE
HThaL#BENE, BB 2MBANE
{EBTRBICHFFICEY V171 TREERTF LW
H N % Activator protein-l (AP-1) < nuclear
kinase of «B cells (NF-xB) &, ¥4 -V (V¥
FF v xFF— k8o —H) OB{LRTIREIC
KELHBENRDLZ Do T E®, HRAD
GSSG BEOHRICIB LT, Zh5DEERTFAE
iDL VIIFERILESh, HBILY Y7880

JBEYITDOND Z L 0T, FARERICELED

it % iEEBEE R OIRMILA O GSH % GSSG
~BfLsE, SORBLA LAY FAPEERT
¥ LNt RCHBIEREORE D H i
up-regulation 2R L TV ARG EZ 515,
—%, BAREBECIENBREEORENRE
ROl B S LS, —BRIICERIER P LA ZED
ALV ENDHP Liho T, AR
DHBVELIRBEA L AOBRAMME L2 TEE
HAHb, E612, TEFVEIOIA S ViZ
HBLBRICEE L Tw397-», Aoy ro
FRFERICET T 5B HROoREIL, BEMLE
NTHBILREDFBET L T 222 Re#d S Y,
PARERT & D b EFIRICEMER P LA R ZIT R TT
Betkdh B, AWRTIX, BEICIAIX Y Y
DETHEHEDHEBILEDPEBILR FLRACRIZT

‘Table 3 Dietary antioxidant vitamins and energy intake.

n pre post 12wk

vitamin B (mg/day) ‘ :

End 8 .7+ 0.4 20+ L0

Res 5 1.9+ 0.5 20 0.6
vitamin C (mg/day)

End 8 181.6 £ 75.6 265.6 £ 91.0

Res 5 235.0 + 121.3 234.1 £+ 95.7
vitamin E (mg/day)

End 8 8.9+ 29 127 + 12,7

Res 5 9.4+ 20 7.7+ 1.7
energy intake (kcal/day)

End 8 1730.7 + 463.1 2021.0 + 421.0

Res 5 2060.3 =+ 535.1 2170.0 + 453.8

All data are expressed as mean + SD. End: endurance training group,

Res: resistance training group.



Ml - WERE - KERK - FH O - SRR - BEXE - o8 - AFRE

PEBERFLTVERVOT, ZOHIZOWTIIERE
OBERLEZV. LL2AS, BREEOTELN
BELFHARTR, BEBEHORERLFRIC
BT IBERDNT  AERTMB [GSSGY/

[GSH] 28T L7: (Figure2, p<0.01). 2h&o

HRIE, BEBROTEICBNTS, Al L-=
YTl oT, EUREFEOBERLIVIL LAY
HWROBELELE > -TEEEZTIRTZI0TH
5. %7, Mm% [TBARS] it b L—= > FEi#OME
KBS o/ bl ) (Tablel), HAMES
OBYELIL, RHIEICBITAEEOEBLIE
FELRIZESBZWEELIOLRS. LA o THEIE
OERE, HRHROPERLHICENTD, ERE
OFAENL—=V Y (80% VT) 13, £H40HB
ftEEhomLEEBEI L, BXUBEA ML 20
REH T 2 TERE LRI 5 DOLEX 60D,
ChETE, "EREDOL VRS YA PL—=
THBACA P L AT RIZTRE LRI LRI,
Rall 2 L ORFRDATH S, b3, EHBELE
HELLZIZAGROLVZAZ VAL —= V73R
1 8§~0OHIG (BR{L&y DNA B 0#E) 129t
RIZELWIEEHEL TS, L LLds, £
OFETETEBREEDOL IR VAN —ov
MHERILEE L B L UBILRIT/SF ~ A ([GSH],
[GSSGI/[GSH]) ®BEMNBELIKEICRIZTEE
oW TRERH L T2V, KRR, diiii
ERNRELALVIAS VA M-y Mt
[GSH], [GSSGI/IGSH] # X U*in# [TBARS] iz
RRIRELRF L ABRAOHETH 5 LB
bha,
AEFETR, VIR YA ML—= v ZIcie
[GSH] M H&EIcHML (Figure1, p<0.01), B X
¢t il ¥ {GSSGY/[GSH] @ & T (Figure2, p <
0.01) B ohl. ZOHRLEIOHNB LU
BALRBIT/NT > ADWEBREIX, AL —=
FTTBOONIHRLASETH o . BAGES
EVIRY I ABEEFEODERBERBERTEII TN
TNRRZZL, BIUFLPFROI L -2 7D
B3, BE, BREBIUHEEFRES7-0, F—ic
B2z bdTahvs, EBHERICED ST,
EEREEORENMERT X5 2 —EOERREF
LB % BT 58500 2 ER IR0, HEMLee
homERe i OBILRT NG » A0S HI-HEL
RIZLTWADTHZVIEEEINS,

BABHIBVT, —BAROBRABIURATH
gt [GSSGV/IGSH] B & Ui [TBARS]
FETHZLAWE IR TVAED, F/-, FL—=
YRR (PEFMT S F— vs EBEE) IKko
TR XESGAFEOMYE [GSH], [GSSG]
BIUTH BB LYIRE (Lipid peroxide) O&{LE
PRLELZILFTRENTBY®, #FEHLIL—=
YK T EBHEBBROI VY FF CRREOB
BIEREBOBISRLAZ EXFHEER:. LAL
2H6, FFRTRPEHRLHE BT —BEOR
HAND L UEERTEDHRICE G A—5 —DF
LIRBDOLNTY, WTFhO -0 7nEBLY
BohRHor, BEHRERL BB IKEL THE

UEBEERERFRIIP 2B TH L, &F

ROBRVPRITHRORBE R o701, 35t
HREBECH oo, BEOAMBE T TEVIA
LIEFRTELDo L, HEBFESEEB LY
FEFEICHRTHI oS EPERE LTEL
bhb.,
ERICEBRILER 2RI BEB L UWESHE
LTBY, ThodHBEICEETAZLICLSTR
ELLEEREZERLLTVEY. Liis T,
AR THC GSH 2213 Cid 412817 2 5B1E
BHDETEFML TR L IZTL2VA, GSH
POBILY R T A DR CREN RS (B LREE
DEE, BUHBEHEOHEE) 2R LTnEEW)
RiBROPICHBEFEL TVE RIS, Kifk
TP [GSH] 24tk nHiBbith * RBd 28
ReAR U T, EHRERICL - TEBEMES
o BB, BEEMACL Y s B i
BLbEZ LN, ABBICBEUSNOBERRL~—
A—HHMT LI WESRTVEE9, wR i,
EHROEBRM IO P IR TF 2 RBBO
BRI —H—HET 2 TRRRIBETCEILVO
T, SBOILLIRFVLETH .
EFRBOM V- VBRI ALR P
[GSSGI/[GSH] »&1kizix, AL —= 7
HEVRLVIRAY U PV FYOHEBRTTE
{ HERED L VEFEHEHOEELRS LT
AU ELONS, FL—o v ZHROME
[GSH] # & U° [GSSG)/[GSH] o F¥y &L iz,
End BCZh #h91.3% 5 & F—56.6%, Res BT
99.5% B LU ~63.6%THo7z. ThiclLT, &
BIRTHWZ Vs 54 Y HIE O TEMESI5.3%



TRETEDO L=

KETHY, PV THBOBRLETH
BnwZ edbn, M [GSSGY/[GSH] D&HIZiHlle
BEVRIZTHBIIFRICNEVEEDRS,
¥ [GSSGI/IGSH] DFEMH%EE) % REt L -5k
X%, Lenton % ¥®2iF, PHEBEICBITS
Y ¥k [GSH] WEHiEEFRO L2 L
PHELTBY, BHLEBOFLEREL LT, BN
S R 6 OFBRLH BRI OEL L 2T
Twa., WY ¥ 3 v oW ms [GSH] &
BERIBTILIBESATWARBE® 51, H
EORFE,LOHBILY ¥ I VEANBRDOEL RS
ol [GSH] KB Eh 2 WietddH 5. FHF
BTRFBRTF—FELT M o VHRCEEHA
EEERL, FIBMLY Y I Y EBREESW L. £
DFER, M+ [GSSG)/[GSH] KRB HEERIZT
LERDRAYYIVE, E¥IVCBLUTEYIY
EOBEES* I L -y VR ICEIELR
Mol (Tabled). 85I, PL—o v FHKIzBIT
A [GSH], [GSSG] 3 & U [GSSGY/[GSH] »
T L BHRBLE ¥ I VENEOTLR L OMIc
FRHBERRIED O R o2 2 b, &S
PO DHRBICYHOBIIKIRIL P L — = TRkl
o shi:h [GSSGYIGSH] n&dick& %2
BYRIZIvwEEILNS,

Dol éds, ABETCEDOLON-MP
[GSSGY/IGSH] D ZALizix, BIERE LR IZfk
JHED S OHBLENRE L ) bR LRA
B TBBVRLVIRI VAL ==V
AHLBBLTWHIDLER SN,

V. &8

AR TIE, PEBIHEENRICLLIZEROR
AMP L2V TBIVBLVIVATI AL —=Y
TFhth sy F1 v BILETIRES X VIR O
BEMLRBICRIZTEEZEFNTIZLE2BHLL
2. BOoNEREUTOMHYCH S,

FARIN -V 7BIPLVIARAY VAL~
CITDRRELT,

1. RERICBITAMH [GSH] L —=r 7
ICHBLEIMERL” (p<0.01, Figurel).
2. Mm% [GSSGV/IGSH] R PL—=rFHICHE

IZET L7 (p<0.0l, Figure2).
3. EERomE [TBARS] &, FL—=r 72
LA A LN dh o7 (Tablel).

v 7L iR RAERTE ST ¥ R

DLo#RE»L, mEBREICSITS12EMORA
BBITVIRY VAP V—=r 7k, iBMLEED
oRL, BILBRIT/G Y ADOHBEB LUBILR L
AWMOEE L2 3 TREM TR E .
REUNE L OMERB X CRERICITFHE LY R
2T e s ha VT LT oEgiaE =2
ORABI L—=r7ick ), BREOTRBRLYE
B AHBMERE OB LB X UBHMERIT/ YT R
DHFEL Vo LRIV BOLNAZ &, BXUREE
WEBE L L CHRINBZPLIRAI A L—-=
YTCIoTHRAR L —= v VL ABREOHR
Hhabhi-Z bit, 4%, HEREOBRIrLA:
REMEER SO /S AR ERTA L CERBRL LS
F—FibtBbha.

B

AR, ARKPZLORFRARMAELS S -
TARA 70 ¥z 7 b (R AFFHE), XHBHE
4 - BEEWiRARAER (NE LK) k5
WE (SAT 78 P =7 b)) RUXEHHNEE COENA
D—WTH5.
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