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RERBEOI VY F4  RBIERHEBEZMBHEH
T, BEALKEBELZ RS ETIOHMRE L TRILL 72,
39CTIIHRMIR Ny F4 YR, AL ERE
(LPO) & bEML &d oz, 42CTRETE VS F
#+ > (GSH) ®E132.44+0.14°51.80+£0.10mM (p<
0.0005, Mean+SEM) 24> L. LPOfEI21.87+0.03%55
2.06 +0.04nmol/mlrbe ™~ E M L 72 (p<0.01) —7H25C
TIXGSHIEAEIF2.46£0.17452.91+0.17TmM~EH L
(p<0.05). LPOEIZEILERE hdh otz I NFFF
CETBRERETCTICBWTORIERE A ML 72,
Ty FA L BRCBEREEIRL2TIIBVTRI L.,
BCTIZBNTHEMLZ, ZhoDZEns, BAPLR
EFRCBRILMA P L AR5, BER ML RATIERL
PA 2 M L TWwh L EX SNz, LT, il
BRALHBHBOERT LTV ABRFELR L0 B IISER
BEATELLTRIIAZLEFEF L VWERBbLRT,
Abstract

To elucidate the effect of heat and cold stress on glutathione
metabolism, we immersed men at 3 different water
temperatures for 10 min. Peripheral red blood cells were
collected before, immediately after, 10 min and 30 min after
the end of the immersion. At 39°C, no remarkable changes
were observed in the levels of reduced glutathione (GSH) nor
in lipid peroxides (LPO). GSH concentration decreased from
2.44+0.14 to 1.80%£0.10 mM (p<0.0005, Mean =+
SEM)and LPO levels increased immediately after the

immersion at 42°C (1.87%£0.03 to 2.060.04 nmol/mlrbc,
p<0.01). On the contrary, levels of GSH increased from
2.467%0.17 to 2.91+0.17 mM (p<0.05) after the immersion
at 25°C, and those of LPO showed no changes at this
temperature. The activities of glutathione reductase (both
active and inactive forms) did not change after the immersion
at 42°C, whereas those of active form increased at 25°C. The
activities of glutathione peroxidase decreased after the
immersion at 42°C, while those activities increased at 25C.
From these findings, it is suggested that heat stress causes
oxidative stress in human body; however, cold stress is
thought to be beneficial to antioxidative defense system, and
that patients with impaired antioxidative defense system such
as diabetics had better not expose themselves to hot

environmental conditions.
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Fig.1 Glutathione metabolism in human red blood cells
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QVBOREBFRFELREMN (BE ML L 72HEAL)
T, 25C. 39CRU42CHXRFICH 2 KX T HRE
L7zo 81, Eff. 104, 303 1%ICHRIL L THRINERD 7 v
¥+ R#LARILERBEOELL LRI L. BT
RM7VyF+ >~ (GSH) BEIZ. BRI A2) V7 E
DNTTHREEETRIZE L. BB DOGSHE AV /- E
MM % VERL L C. ARIMER (rbc) BAIEFME (ml) %7

D DREZEE L. BERILIEE (LPO) BEEF 4+
VY- VEBERIEWE L LT ERHCTRIE L., &
MIREATARE (mlrbc) U720 OERELZEHELY, &
MED TN FF+ v BRILEE (GPX), V¥ F4
EBE (GR) &M, KIGEAICE TN ANADPHO
HEEZ S EREFFCCHEL., BUANESTE ¥
(gHb) BV ITRELTRLAY, NEFTE VBFEI
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idStudent's t— 7 A FEHWVWTITWY, p<0.05% b > T
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1. RIMERDOGSHEE

AiR39C. 1053 F DK TIIGSHEE NZELITERD 5
Nidolz, 42CTIRIOFRDOKIZERTERIC, GSHE
BFi32.44+0.14%51.80+0.10 2 mol/mlrbe™~ & & T L
(p<0.0005). 1074 RIEICEIE L7z, —F., KiR25C
T132.46+0.17452.91+£0.17  mol/mlrbc™~ & /0 L
(p<0.05). Z DIEIF30DH T THEM LT Tz (Fig.
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Fig. 2 Effect of thermotherapy on the levels of
erythrocyte reduced form of glutathione (GSH). Levels of
GSH were determined after the immersion for 10 min at
25C (O), 39T (A) and 42°C (0). Values shown are
expressed as means+SEM for before (BEFORE), at the end
of (0 MIN), 10 min (10 MIN) and 30 min (30 MIN) after
the end of immersion. *p<0.05, * %p<0.005, #p<
0.0005 at indicated times versus BEFORE.
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2. BEREM

KiB39C. 105 EDKE TIIGPX. GRIEMHDZELIX
RO LN o7z, GPXIEHIIKIE2T TORREERIC
35.90+1.837%*534.33+1.661U/gHb~NE{E T L. (p<
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0.01), 103 RICHMEICEE L2, LA LEH5H25TCT
EABKTIONHRIC, 38.22+1.90%541.70
2.82IU/gHb~ & B L (p<0.05). 3053 ¥ T L%
\¥7- (Fig.3). GRIEMIIFADIRIEAEY (EHRE) . &%
e BIZRTTORILIRTED L h iz h o 45, 25T T
EBRAABRTIOARICEEEZRL (5.20£0420°5
5.68+0.481U/gHb, p<0.05) 305-% F CHBELHH L
(Fig. 4 )0
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Fig. 3 Effect of thermotherapy on the activities of erythrocyte
glutathione peroxidase (GPX). Symbols are expressed as in Figure
2. %p<0.05, * *p<0.001 at indicated times versus BEFORE.
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Fig. 4 Effect of thermotherapy on the activities of
erythrocyte glutathione reductase (GR). Symbols are expressed
as in Figure. 2. Open symbols:+FAD (total activity), closed
symbols:-FAD (active form)

*p<0.05, * *p<0.01 at indicated times versus BEFORE.
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KiE39CTH L U25CTTIE, 105°H ND7KiE TCLPOEDE
fLiZBO SN Lo 7ds, 42CTIRARBRERTERIC
1.874+0.03% 52.06 % 0.04nmol/mirbciZ M L (p<0.01)
E 5105 C oA FR L. 30758 I3 ATiE I B4R
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Fig. 5 Effect Qf thermotherapy on-the levels of erythrocyte
lipid peroxides (LPQ). Symbols are expressed as in Figure 2.
%p<0.01 at an indicated time versus BEFORE.
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SEOREEEZ -KBRERICBWT, FRIMEKDOGSH
R I339°C TIRERIZERD S Nk h o 725542 CTIRRA
LTHEY (Fig.2). BREET TRAL»OBRILIEA
R FEOWEL e PRMERICIEA L. GSHEZh L OWE
PRETHL-DIHEHEENZbDEEZ LN, Z0OF
BRETFICBITABILNA L ADEEXTHAT L7720
12, FRMEROLPOMEZHEE L2 & 2 542CTOALIEML
TBY (Fig.5). CORETEEAIN-AFOBEER
ZEISREZEARILL-bDLBbhi, $7/:42CTI,
GRIEHIZOWVWTIEHENZED LN R o725 0D,
GPXiEWARWA L T\w/z (Fig.3. 4) T&dn, SR
APVAIENBEESEESELZIITERL, #h5
DOBFICELLIBEENZ SHE L T AR IR
Ehi,

—%. 25 CTIIGSHED V0SB OKRIZE DML T
BY (Fig.2). KEETHDL0FITh7zo THMLE
-2 &id, BEREAHTIES S, COREICEEH
BiE, WS E- B THI2R ) OBBERLTVES
EHRBEINTz, F72GPX. GRIGHIIEE & b I8
LTwb (Fig.3. 4) Z&»o b, HBLEMED
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