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Effect of a Single Bout of Exercise Under Different Ambient Temperature
on Oxidative DNA Damage in Human: Change in Urine
8-Hedroxy-deoxyguanosine (8-OHdG) Levels

Yasuyo SAITO *, Hideto TANAKA **, Saori HARAKAWA * and Kazuhiro SUDA ***

Summary

The present study examined the effect of a single bout of exercise on oxidative DNA
damage in humans under different environments to determine whether or not
thermoregulation during exercise causes oxidative stress. We determined the urinary 8-
OHdG levels of six healthy male volunteers (21.3%1.0 years) and studied five test
condition: Change in urinary 8-OHdG levels 1) routine life (Control), 2) HRmax 60-70 %
of a single bout of cycling exercise for 60min in a room maintained at 25°C (neutral
environment ; Neutral EX), 3) HRmax 60-70 % of a single bout of cycling exercise for
60min in a room maintained at 35 C (heat environment; Heat EX), 4) HRmax 60-70 %
of a single bout of cycling exercise for 60 min in a room maintained at 0-5 C (cold
environment; Cold EX), 5) when legs were immersed in a water temperature of 43 C for
60 min in a room maintained at 30 C (Heat BATH). The urine 8-OHdG was used at
selected time points: pre-, just post-experiment, 2 hr post-experiment and 6 hr post-
experiment. Urinary 8-OHdG excretion increased in all experiments compared to each
experimental control. But, only Heat EX insignificant. Rectal temperature during the
experimental load rose in Heat EX from the 30 min point, and exceeded 38 C from the
50 min point. These results indicate that a single bout of exercise in a room maintained
in a heat environment, exceeding 38 C in rectal thermoregulatory response in humans,
increased heat shock protein, thus increasing antioxidant enzyme, decreased oxidative
DNA damage, and activated oxidative DNA repair enzyme.

Key words: exercise, reactive oxygen species, oxidative stress, 8-hydroxydeoxyguanosine,
thermoregulatory response
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Gl L, TOFR, BRILBEEOLRERI AT E
We I LD LT HERBOFR - BEICHI L Z Lt
WESINTVE"Y, 2 LT, e b2IZLD
& T BUFRMEAEY IERFFME T 5 B &
Bodnl, BLLTEX7-0THL., ERICITRE
bOEMBRECN T A HEBEN D> TB
PIENBE - EROEFEME (FAFAY T R) &
FLTWwS., {€-5C, £ENTITL»OFEIZL D
TETERRFE AT 2 BB REAME T, & L 1dEtime
FOEREDVPHHBEOF v /30 57 1 2BR 254
WCERLE9IE (BLA PLR) LB &L D,

G AREBR IR IBENE O, EARNT
DEBBREFOERB IS TIATMREEIEZEZ LN
HEEE 5o T, FHGEERNL, RN TERS N
BRI OEVERRE DB EE L LH 5 Z & TE(LA b
VAZGIZEZ LY, BIUBE*ERTLIOTIE
BRWIEAH D H. 7205, —HT, BKEBERERED R
BPIIBVTOIESEBEISTELL L) HELS,
SEEBIC L VBEERENENETA L) 2 LT
TRILA MLV AZAELTHEEEL S 26T LT 8IS
VR W,

VA, WHBRRICLI2EREEYRET L0
W2, R TH A DNA EiEMREE & O UG
THEBRLZYWEE~— - LTHIEL, FO£EK
REBETHOLOPIZT LI ENFNRKALNR T W
HL2IAEBBED  DNA A THRAE L2 BEE{LAE
(HoOo) 138 IERsE 2 L RIET A 2 & (Fenton
BOg) 12&h, EFICEERe Fass 5V H 0
(HO") %4m T4, LT, DNA OB
12 THEFFFL 77 /7Y (dG) #5, HO'IZ &
D B&{k & 1, 8-hydoxy-doxydanosine (8-OHdG) %
AT AN 2 08-0HAG 13, AN TRE S
5T, MERETHREMICRPICHH SR
5% D%, DNABRILIWA P LAY —H—TdH 5
FRH18-OHAG &, FHZEEBYIZERILA b L ADZE(LE
B ORI L ) 21ETH L. Lok
Mo, BAED LA HARES)C X S RP8-0OHAG HE
i DR & F v 72 DNA B LGRS O & % 15t
L7z NEFTOMERERIE, LFLL—FKLTwk
NWHETRERBEIAD = b DFATHI R 12 BT
% JE B DNA BR LRI OFE BEOR —H 2 HE T
5L, EH)L DNA BLWBHOBRKRIE, FHEE

- ERR - ZHEAA

AT LEHEFREWELSE TSI L2 X ) EKNTIE
MERENER SN, ZOfRE LT DNA BLHvE
BHhERTLE V) L) BB TIIREI - T
Wk B 5563,

Ohtuka S DR FEHRE TIE, b FELHOIRET
10542 CHOAHIZIRITTH < &, FRiLEK TBARS
REPHEEICHEML, GSH GBI Nvsy F4 )
PERTTHIEEZRLTWAS, T2, %L OETHE
Zeid, SR, RIRRE T I8 2 LEE O £ KNG
BEZEA ML ADOEELRITTZ L2 RBLTY
ZABBARBI S RS DORFEERIZVTR
bEHFIZBVWTORILERFEL TW0W5b, £ T,
B O BRI IR E O M E R R LA 2 E 4N DNA
BRALRIER B L RIZL TV DT 2w L #
WL, AT, EBRFOARNEEBRE AR
RITTIRFIRE D L CRIBLH~OFZELH S
ThH720, Bk RERET TO— &M ESFO
PR H18-OHdG Rt =12 & ) e L 7.

I. A&k
A, WEE

WERF L, BEMNLZRAET 6% (fE#; 21.3+
1.0M%, 5% ;172.7+5.8cm, fAE ; 72.0+13.4kg,
BMI ; 24.1+4.5kg/m®) 2 H %1572, #ERE DR
2], T-Vyveia—r 0y Tholz, T72,
FEBRATH2] D 00~FEBRKTETIX, €5 3IU#, &
Tz Ay, Tha—VEE, BEOENAELEL L
2. B, BEBREICIFEMIEROBERRENY
AL, KR RICERYERL 7.

B. EBR7uba—
DFO&MUTEREIT- 72,

1. HEEFIIBITAHRF8-0HAG HHtE 08 %
F Db 12O EER & FMEFLIZIRIR % 47 - 72 © Control
(BRFEmMBE20C~25TC)

2. WVERET (RKRE25TC, EBES0%) 2B
% HRmax60~70% @ — & 14 & &) & #7 . Neutral
EX

3. BRI T (BREEEEE3STC, WEN0%) 2B
% L #EE - Heat ES & HRmax60~70% ®—@141&
B (RZRET Co—@EEsEmIcB VT
DFEEELTHEE) | Heat EX

4. RIRRET (REREO0~5T, BES0%) 2
BT 5L Cold ES & HRmax60~70% N — i
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4K DNA BRLR93ESS (R 98-0HdG HEilt &) 12 R — @M ESEMmEFIc BT A RBREDESE

PEEBIEN (PIBRET TO - BMERANTICE
WTORIEHEMEE) | Cold EX

5. FHRURE (BRERE0T, BE0% 7+ —
& —/N243C) (2B HiREATT | Heat BATH

EEIY, NTRRZBIZTT- 7. EERAMEREIL
9 :00~10: 30T - 7.

EEE, S5RMTEE, &#HEERF O HRmax60~
0% &% ARMICHRELHELELL TX—4F —
(E£+ — 7 %%, ERGOMEDIC 818E) # f\»C, 60
SEATo 7z F7o, EERIIBUARRLER LT
B2 BT AR EA L OB LA b L A & WEBHREET
B OiRBAM ST RE L. RBABARIE,
FTY 4 —F = NRIEDP 0T EE R 72,

WBRE L, EREN (BRERE20~25C) T30~
ATMEOEEEREE LR, ALRRE (F5RMHI
RS NIRERE) ICERBBLOSENIICAZEL,
LA HEMO MY, ERiROWEA, PR~ X
I OEERITo. EHAMOBEIIBWTIE, &
EXTHR, HRESEBEEINITA-F—DETI0
SEOTE R Lo%, EBERB L. REE
WMOBEIZBVWTIE, EEKR TR, 30CHATLAER
FNTIOE OLEHR, THRILGEZREBLZ. €0
EE, BEEIEIBETETHIIE,PALHIERLL
(Figure 1). £ 7z, Kofifeld, EEREAEH» 520
Sk cENE L.

C. FEBbMEIEE

1. L%

LHEE, OB ER (HAXNELR, Life
Scopb) 2 & b, EEEPEEFHIL, 55EIZELH
L7,

2. WA

Bt FEEE, B AR SR A T A
(2 PERS¥HE, AE-300) |2 £ V) breath by
breath {12 & D#ElE L 72,

3. HiL

BEBRORNEIX, — I A7 Ok EERIRIZ10
~12cmfEAL, 5EIZRLERL 7.

D. JRY > 7IVERIL (Figure 1)

WERE L, HERBIRY 2EMD LRI
L, FEERMHIIERE AR 2 BRHATIZHER 3%
FH, ZOPFERBEOELZTB LI ITERLL.
EEREAER, BEBREOZFOAOKHE, MHEIREERM,
HEPRBFR 2 REGE L, HREZHIE LRI CRIR & Eht
L7, BRI, $ROEEL2ERL, waEt st
AL, HEUREFEIGEERL 2. /2, RY X TNIEH
2.5ml & A ¥ v VIZREL, DITHE T THRRRAF
% L7:. AMHRORKE (BArEfk, BT 2
ffk, BMRT 6RER) I8V THEKIZIT-
7z,

Exercise
120min REST REST or REST REST
30min | 10min | Heat BATH 120min 240min
60min
T T T
1 2 3 4 5 6

. Urination

. Collection of urine sample (-2.5 hr)

. Enter into a Climatic Chamber

. Go out a Climatic Chamber, Collection of urine sample (0 hr)

. Collection of urine sample (2 hr)

U bW N

. Collection of urine sample (6hr)

Fig. 1 Experimental procedure
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E. JR"¥8-OHAG 73#7

RH418-OHAG DIgREDFHTICIE, RN ET /) 2
O—FUHREER L, RS O8-0HAG % £
5 - MR IZHIETE S ELISA ¥ v b (AAEALH#E
gEmT) 2RV, BRESHNARY v P VIZBE
L, 377#3000rpm TOE-LEEM L, 357 b
HEWRAL LTRHW.

F. #ahus

wMEtEE, PHEHIEERECR L. BITR®
DIEIZDWT, HIEDH 5 t RE & ST %
M-, AEKEEIXp <0.05& L7-.

I &%

A, FEERE BT DR H8-0HdAG HE it B @ 8) g
(Figure 2)

1. HEZLEH . Control

EEREAT o - HBRE 4 Bk L THEAEF B
THRH8-OHAG DENfEZHIE L /2L =25, KELRZE
BixA SN H o7z,

2. WILIRET [ Neutral EX (BRIBRE2C, BE
50%) 1287 5 HRmax60~70% D — 8 14 1% &)
B

B RBE T BT 2 EB B % DR H8-0HAG HE
& DBy RE L, EE AT OME (—2.5h:11.20+
5.50ng/h/kg) & LB L TEBIK T % 2 K%
(19.0146.54ngM/kg) THEIZHEML (p <0.01),
LT, EHRT 6 RE%Z (10.45+3. 24ng/h/kg)
WZRIME~[EIE L 7.

3. mimBRET (BRBERE3ST, BES0%) 2B
% L #E - Heat ES & HRmax60~70% & — &%
EE)EMT | Heat EX

iR IREE T D607 R EH% DR H8-0HAG HEitt &
BREICELIIR S e h o e,

EHmIRIE T BT % BBV AT O R P8-OHAG HE
& 0B REIE, EE A OME (—2.5h:11.36+
4.09ng/M/kg) & LB L TEBKRTEHR (13.99+
6.57ng/kg) (L H L, EFHRT 2EE®IT T
(15.42+5.53ng/vkg) ¥fe L, 6EFMIE (11.24+
3.54ng/hkg) IZIFFIENEEE L. AEEIIED
LNdro i,

4. FEWRET (RBEREO0~5T, EES%) 12
B2 LH#Es  Cold ES & HRmax60~70% D —
BEE) RS : Cold EX

IR IRIE T D605 MR FE K O SR H8-OHAG HEilt &
DENREICEIZR O e b o 72,

RIRERE T 12 BT 5 EB AT H# DR H8-0hdG HE
EOFREIL, FILRET COEBAMBK & FER
2, EEHRTOME (—2.5h:9.75+4. 17ng/l/kg) &I
BLUCE# T 2 B4 (21.41+4.85ng/h/kg) T
FEIZHINLA (p<0.01). 7255, hyBIET &1
Eo T, EHHT 6 KM% (20.11£12.49ng/h/kg)
I THRP8-OHAG HEM = 133K L 72 (p <0.01).
5. TH{IR? . Heat BATH (BR¥SRE3C BE

50% 4 —%—/NA 43C) \ZBT AR ER

THBUREIC & B imB B % OR $H8-0OHAG HElt &
X, BMEZL>SEERT 6 FEf% T Tl 28
L7z, GEEhRTOfEL0.47+4. 18ng/h/kg vs 6 BRI
23.73+6.78ng/h/kg . p <0.01)

B. EEBHoOBEBREL L BEENE

Figure 3121, EEBFOKEBLELHF 2R L 72,
Heat EX # B Fh ZF N OEERICBIT A KB LR
i, MIEOEE%/RKL7. Heat EX I2BWTIE, i
DEBREHOMKIR L LB L TERF305 LIS 5 K &
= bEREZRL, L TEM05DZOERRIZ38T
X#Z 7z, F7: Figure 41213, REBRBOEEFEER
BN L7, BBEEBINEIZ Cold EX TR SV E %
w7

V. %

4 H DO FEEEIZH7-8-0OHdG X, #E{ZF DNA ©
BRSO 12THE7FEF*X 77/ (dG) 75
EHBEEOL FOXF LUV YEMEE R, &
BENDYET, BWOOIEIC L 19844 124D
FoNbDTHBM, ZNDEOHAG id, DNA H
AT 25, EEMICBERERTRYE LTR
HEh, EEEELEANEDLDIZYY) B ENRHE,
HEANTREBEND Z L2, MBEERT, BEY
CRFICHE] SR 22®, 2oz & 25, DNA AL
A ML AT —5—T>5KRHN8-0OHAG i, FHE8E
HIZERIEA b L 2 DEAL % G DR 12 R L
) BIELEINTWD,

ZH—=FT, EEEROKF8-0HAG HElt & DAL
IZBIT B EATHIFER RIS T L —B L Twirn.
INOLDFEIX, BEO KO EOMED S
ETHONRS Lewv, 2% 0, RY 2 7IVORI
REPEb-TLALEEZLNDE, 2O EIZDN

NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

H RN DNA BRLR9HE (R P8-OHAG BRilt &) (ZRIZT — @IS AMF I B0 2 BRFREOLE

Control

Neutral EX
! 40 |
3;,&35 o _ 4 Aok ok
E; 5B 35
5}30 5\30 | skesk ”
225 25 25 1
5§20 5 £ 20
5%15 30 15
> 10 >Z2 10
£O 5 20 5
'5 0 1 1 ] 5 0 1 1 1
-25 0 2 6 -25 0 2 6
h h
Heat EX Cold EX
| [}
© 40 ®_ 40 Aok
6 W 35 5 ®35 :,_*_*_| !
5 30 §> 30 o
o= -2 %k + 1
2920 w2
5 &£ 20 g£ 20
2210 2810
£ 5 §% 5 §
£ 0 E 0 i L 1
> > 2.5 0 2 6
h h
Heat BATH Cold ES
}
o 40 &
3.8
€< 30 IS0
oL g x 30
B w2 82 25
5 20 3}"20
g 15 $3 15
210 L]
£ 1.1 [
80 5 §S
£ 0 £ 5
b ~ 0 i 1 1 J
> S
-2.5 0 2 6
h
Heat ES
£2g
gL
o w30
£ 25
$3 2
215
g3 10
£d 2 \ i .
:“5 Y
-25 0 2 6

h

Fig. 2 The urinary excretion of 8-OHdG compare before exercise or Heat BATH
(—2.5 h) with just after (0 h), after 2 hour (2 h) and after 6hour (6 h).
Values are the means = SD, **: p <0.01. Neutral EX: HRmax 60-70 %
of a single bout of exercise for 60 mins in a room maintained at 25 C,
Heat EX: HRmax 60-70 % of a single bout of exercise for 60mins in a
room maintained at 35°C, Cold EX: HRmax 60-70 % of a single bout of
exercise for 60 mins in a room maintained at 0-5 C, Heat BATH:
immersed leg at 43 'C water temperatures for 60 mins for 60 mins in a
room maintained at 30 C.
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39 1
385 |
€ 38
o
% === Neutrat EX
“;’ 375 F ={}=Heat EX
s —?r—Cold EX
3 —>¢—Heat bath
& 31t
365
Exercise or Heat BATH
36 1 i i 1 1 1 1 i 1 1 1 1 i 1 J
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60
Time (min)
Fig. 3 Change of mean rectal temperature during each experiments.
< : HRmax 60-70 % of a single bout of exercise for 60 mins in a room
maintained at 25 C,
[J: HRmax 60-70 % of a single bout of exercise for 60 mins in a room
maintained at 35 C,
A HRmax 60-70 % of a single bout of exercise for 60 mins in a room
maintained at 0-5 C,
X : immersed leg at 43 ‘C water temperatures for 60 mins for 60 mins
in a room maintained at 30 C.
40 r

X%

35 r T , :LL 1I

[A)
o
3+

25 r # DOREST
K # B Exercise or Heat BATH
<
E 20 |
>
3
15 +
10

5 | 1
0 I . 1

Neutral EX Heat EX Cold EX Heat BATH

Fig. 4 Mean oxygen intake during each condition. Values are mean = SD. #: P <
0.01, significant difference between the same conditions. **: P <0.01,
significant difference during Exercise or Heat BATH.
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AAKA DNA BR{LAYRE (R h8-OHdG HrilkE) 12k

THRATIZETIE, EEIHE OIR F8-0HAG Bt = 1324
RERZEIR L7 TV ERWAEEE L FR LD E
BRI TER LY TVICFEERELA LR LT
VB 2, MRS 21, FRP8-0OHAG DI5E
R T EE R T R BV IZE T A L HER
L, 4BHEIR CIILHRE L NXVOREY G4 7-0E
BB ABRILY A — VR ERICERILL Ty
WHEMDH H Z L 2R/ L T E. SHoFkc DE
BRIZBWTHPERET (256C) To—@tEsa
DR 18-OHAG HEM = DOBIEE 12 B\ CESIR T
2 BRI L < LEE T 6 BRI L
722 ks, FRP18-OHAG DIEE R Pl I3 & T
HUBERERICE T $5 2 AR SN

THEFICBWTHIREREES L MRIREREE OV
LOHEAKITENREZEA L AOEEL RITTESH
TWAEY, LLiadh, 5hOKADERERT
X, BHEHORN8-0OHAG et EOBREIZ LA R
biadrolz, 2%, EEHRFIIBWTOER - K
RIREE T # %13 DNA BRLRYIRI IO B A2 RIT S 2
WwWekEz o5,

— 7T, KIRBET TO— B EEaMEOR
8-OHdG ¥t &iZ, 2 bO— L EHBLTELY
HEhMEm % R L7z (Figure 2). FEZ, RIRIRBET
ZFTITTIIRHPS-OHAG BE E 1228 * 5. 2 W
728, BB OED» O TREEN 2TE T
RIZLTWATEERIIKNEEZONE. LaL,
RRRETIZBVWTERNZB I 2oL TRED
AR S L (Figure 4), TEHEBEFER ST,
DNA B fLi9$RH 2 LR L7z Tld v L H#ERT
5%, Ff, WUBRETCO—EBNHEBRAMKZOR
H8-OHdG et & & 2 ) KIRIRE T TO RS-
OHdG #Eilt & id, BT 6 BeffR I b AifE (9.75
+4.17ng//kg) & HBEL THEML TV, Tl &
AN OEBREENS TR R WA, B HERE
WETO— B EBPEERNOBEILA L AITEE
HZT0WAHZEEHENR W,

L2 LEREE T To— B g E %R 8-
OHdG #Hl-ETIiE, B (—2.5h) LHEBLTHE
e BEINAYERD b e h o 72 (Figure 2). FeATHEZE A
5, THIEBRET TOESEMILI ERLE
RSB LBEZEL NV % FRH &2 8T, Bt
) DNA 1845 O3 L U'DNA I 7' 0 & 2 g
bSO TiEwnwhrtE2 515, Inoue H°
X BB TR, ~N) VIRIL L -8 RILA HED

29— B EB BRI B A RERE O

SEAHEMERE  (ASF101) L{RA L37-42°C TH
# L7238 121340°C T8-0OHAG B0 A0 Hh
7. B b USERE M A DBETERT L L, B
FEARTFE I DNA BB OBEN RIS L LT,
b oiE (RHIERE) 128V THERNOHIEELEE
F1336-38C THROGEUILRET S, BEIZLD
i bR SR RER O & 28 bd % & oSG
bdHb., SHOERT, @inRE T TO &M ES)
BT TR P8-0HAG HEtE AT Z I EHINL oo
7o0lE, ZORBEKEE,LOBNHTOMEENIILD
HEA38C UED EH L2 LT, DNAEEBOB
EREIEEEEROE N E Y Lo 720 REEE 2
bha., Zhit, HEPSDA ML ANGTFLID
HEARNOEFEEZ T 2EHRE SN2 L E X
birs.

ZOXHIZ, EENC X HEREA b L ABEIES)
BOBRBEREICAGIN, $/-v NoOKELA &
LA P LA EELEREH L LA TS,

¥ 72, LEE TR L7 Inoue S5O EEHELT S, b
N OFEEARE D EFHDUOCT 12ED 1T IR 8-
OHAG #Eit B L WA T AT vwh e EZ N
b, FITHRRZTA LASELTRIRGEZTo 72
A%, FR8-OHAG HEMt & i3 =iz L 72 (Figure
2). Inoue LYDOMRIMENLHERET H L, BELHK
SR OEBETOTRmRGIZBITAmMAA ML AT,
EEEmABC LEER L o i/zd, RS-
OHdG HElt B2 B2 52 -0 Tl vt EZ 5
No, ZOTFRHRFIZBITAEHEA ML ZADFFRIC
OWT, BRBET CO—BMESHOEEL LBl
TEzZAL, EEHEEP L DIAOCIHED W EIRE
ETTO @ EEII8-0HG % i&d & & 5 it
T AT LOiEMALR DNA BB OBEIR I - 70
Tl fEfTE 5,

DLEARFFRAE R, REREOEVIZ LS —8EM
BB B TR T ORIR B R AR DNA BB {LR3E 1S
ICRBE 52 A2 AL, € POKIE LA OE
ARS8 T A M2 5 MiRERE T ToO—aMESH BN
i, PUERLEESR AT L, DNABRLRYIBIE A B R b
X UER{t DNA S EEEEMIL S D Z L 2URIE
ant.

V. &8
ARRFFETIE, EFIZ L 5 4R LA 2N DNA
BRALBE ICZB L TV A hEr 2Rt Y 5720,
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FEREARHE - HH P BER - EIERK - ZHEANE

BRLoBEEETTO—@AMEBEORK 8-
OHAG #ift# 12 X W BEMREET A 2 L A HWE L
7z.

EEBREMHIZBIT 5 RP8-0HIG D HEl & 13 E 8
oIy ba—VxB L CHENERLEY, SR
RETTO—BMHEBARICBLTL, AELHN
YIRS ol TOZERKBEROBAIDHIHE
BYoL, SRBETTO—BMEESAT OB
13, MBOEBREMHOMKE & LB L TR0 LI
bREZEFHERL, L TEMB0GUEDOERER
d38C 2z /2. ZORRDS, BIRRETIIBI
BHEBN X A EHERISCL LSRR ERIThiER L
BERZL Nz Ee, 4K DNA BELBYTEE % 5
THIENREINT, BIRREET TOML VES)
IR H8-OHAG HEME AR SN AFE L VW A S =
A LEF 7ZREB ST w2 v A, DNA B8 5
DNA OFRAL A + L 22T 5 B g 2588 12 X
AEBERCIVBOONLTRESELONS.

BB
KEfgeicdhiz ), OB EEETEREYDEL
HW - HARKRERERAREOH BRERE X OHR
FERFEERFROBIGERRIO L W EHOES
EzLIT.
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