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Relationship between exercise performance and
oxidative stress in high-intensity intermittent exercise

Isao Kambayashi ', Miku Tsukamoto *, Rika Kimoto *, Masanari Togo *
Yuki Masuya ®, Nobuhito Ishimura ®, Eiji Uchida’, and Hidekatsu Takeda ®

Abstract

We examined whether exercise performance was attenuated by exercise-induced oxidative stress (EIOS) in high-
intensity intermittent sprint cycling. Urinary 8-hydroxy-deoxyguanosine (8-OHdG) level was used as a biomarker
of EIOS. Prior to the experiment, we attempted to clarify whether the spot or 24-hours pooled urine procedure was
most suitable for evaluating EIOS by urinary 8-OHdG level. The six subjects were college students who regularly
participated in a sports training program. All participants gave written informed consent. Subjects performed 1-min
of cycling, consisting of a 7-s sprint at maximal effort (resistance was set at 8% of body weight) and a 53-s recovery
(unloaded cycling at 60 rpm) using a bicycle ergometer. Subjects repeated the set 20 times without a break. Urine
samples were collected before and after exercise for 24-hours to evaluate 8OHdG level. With the spot urine analysis,
only urinary 8-OHdG level at 1-h after exercise (1 h) was significantly increased compared with baseline (before
exercise). However, EIOS could not be discerned in the 24-h pooled urine after exercise. Forty-two college students
(including the original 6 subjects) then performed the same intermittent sprint cycling exercise. Urine samples
were collected at baseline and 1 h after exercise to determine the relationship between exercise performance and
EIOS. Mean power output of 7-sec sprint cycling gradually decreased until the 10™ set, and then remained constant.
A total power of 20 sets (TP) and decline rate from the 1 to the 10" set (DR) were used for exercise performance
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indexes. Urinary 8-OHAG level at 1 h (239+16 ng - kg '+ h™") was significantly higher than that at baseline (6.3
£06 ng - kg ' - h™'). There was no significant relationship between TP and urinary 8-OHdG level ; however, DR

was significantly related to urinary 8-OHdG level. Results suggested that EIOS might deteriorate power output of

the early phase in high-intensity intermittent sprint cycling exercise.

Key words : mean power, total power, decline rate, urinary 8-OHdG level, spot urine, 24-hour pooled urine
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W5, FEEERT 25, [ B TISR M o4)
REY) 7% 15 HORET 4 RIE L 720158 (Jowko
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I X DAL A b L A% RHS-OHAG L )V TRkl 3
DI L 7RIRE: [BIRED L IR S 7z R
(AR MR) OFMEE] &, AFy MRETOEM OB
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BtEx, BEEIL TR —5 —% 72050 B O
SHRE R R B9 S E) 2 47 > 72, FEERTT I L s TR b
L—=v 7R e h, EHE 2 Eo &5 3mE s
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WM+ BEHERE) B W, 20 OREEBIE D S Bk
FEBI R ER# T T, BB ASHEE (3
R AL 3 AE-280S) % JHW T, breath-by-breath i#: 12
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Fig.1 Urine collection in the 2™ and 3™ experimental days. Spot
urine samples were stored 2 ml in each urine excretion,
and afterwards remnants pooled all together as 24 hours
urine samples at rest or after intermittent sprint cycling.
Ex ; high-intensity intermittent exercise, 1 ; Urine
excretion
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BEOoHX, 967 = VD7 L — % HW/ZELISA#:IZ
EBWEFy b (HARBALHIET TR ) 2 M- L 7.
BIRY 2 7V DSOHAGHEE X, 320 = VOHIEE
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ARFZeix, RH8-0HAG L N )L % R H8-OHAG i i 12
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MEEE (ng - kg '-h™) CEME L7 ZoBpNE,
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Fig.2 Change of averaged mean power in each set during high-
intensity intermittent exercise. Data are presented mean
and standard errors.
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0 F
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ERN
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Fig.3 Individual changes of urinary 8-OHdG level at each spot
urine sample in 6 subjects during 24 hours before and
after high-intensity intermittent exercise. Open circles
are presented just before exercise (ie. baseline).
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Table 1 Change of urinary 8-OHdG level before and after high-intensity intermittent exercise in 6 subjects.
Pre24 baseline 1h 3h 5h Post24
U”(';ag“{ Eéq'ﬂf’ﬁlﬁve' 5.5+0.3 44408 18.6+2.9" 77410 3.7+0.3 5.1+0.4
**denotes significant difference (p<0.01) compared with other values.
60 1 024 y =-0.0061x - 0.0489
i e o r=-0.405 (p<0.01)

50 4

40 o

30 1

20 4

Urinary 8-OHdG level (ng-kg1-Ir1)

baseline 1h

Fig.4 Individual urinary 8-OHdG level before (baseline) and
after 1 h of high-intensity intermittent exercise (1h).
Closed circles are presented mean and standard errors at
baseline and 1 h, respectively.

Table 2 Correlation coefficients between exercise performance
and oxidative stress makers.

Urinary 8-OHdG level

1h 4
TP, 20 —0.184 —0.040
TP 10 —0.136 —0.033
TPy1—20 —0.233 —0.094
DR —0.405** —0.391**

Relationships between 3 TP (total power) parameters and urinary
8-OHdG level were not significant. ** ; p<0.01

WL -BRF (340+11Watts) DB X224 ThH - 72,

TP,y TP, w8 & TPy ,® T, ZhZh
192.3+20Watts - kg ™', 99.9+091Watts * kg '3 L 0¥02.1
+13Watts- kg '"TdhH-o72. DRIZ, —0195+0.024Watts*
kg ' set e o

B. =ERBXIEEIFI%24EB DR P8-OHAG & ZD
#%

LR TDH 5 Pre24 & Post24® Jf h8-OHAG & A £ 12,
ZFNZFN1427+119ng - kg '+ 1284+123ng - kg ' T
Hote. T, ARy MRITEIRPEOHIGE A =%
FHEL, Tz A L-RANE, w5 EE R R Y S5 ) i

urinary 8-OHAG level at 1h (ng-kg”-h?)

629 y = -0.0069x - 0.0734
r=-0.391 (p <0.01)

decline rate (Watt-kg!-set!)

0.2

-0.3

04

0.5 2 9 o (o)

0.6 - v - v - - - - )
0 5 10 15 20 25 30 3 40 45

Aurinary 8-OHdG level (ng-kg'-h!)

Fig.5 Relationship between urinary 8-OHdG level and decline
rate (DR, y-axis) in hight-intensity intermittent exercise.

BIOEEHTFNRZFN1386+14.7ng - kg !, 139.3=
87ng - kg '"THYVAHELE I LN o7 AKY MRORK
(X)) &R (Y) TORTPEOHIG &A= D s 55
Ma o782 %, BRI O MR OM X 121.003,
RAFR%L120.927, BBy O MR o X 131.349, HBEIHR
B130959CTH - 7. AT, EET & EEFROENE
NIZBWTAR Y MROKH & FERDOS-OHIG & H & D
SEIMEI I A EED Lo 72, Pre2d & Post24l2 BT 5
B 18-OHdG L N )V 1%, 55+03ng - kg ' -h™'&51=
04ng - kg ' - h ' TH W HEAIBO SN T

312, BkeE 6 %I BT B EEh 24 (LX) &
HE)R240H (T) ORH8O0HAG LNV &, T
DARY MRTRLUZ. EERITid21ng - kg ™' - h '
5129ng - kg ' - h 'O THER L T 72As, @B T
BOTFNOREREICBVTH ThiTRKEIEI, Z0
#%, 3h, S5hEEAL, FRURITEHHOL XLV T
W L7, M 6 % D Pre24, baseline, 1h, 3h,
5hB X UPost24iZ B1F % JRH8-OHAG L XV DWT
WBL7EZhH, 1hOAPMOMIZILE L CTH B EM
ThHholz (F1).
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C. EE/NT +—v 2 X ERFB-OHAG L NIV DEGE

4121%, WMEA2412 BT 5 baseline & Th D JR
8OHAG L NIVOZEALZ R L. TRTOHEMEIIB W
T, 1hTHEmMEO SN, 1hOFHE239+16ng-
kg '+ h N, baseline® ¥ l63+06ng - kg ' - h!
IDHEHITEMTDH 572, baseline?rH 1 h~D%AL
# (48-0HdG) O F¥filI%, 176+ 14ng-kg "*h '"THh -
7z.

#2112, W7+ —< ¥ R ERHPGOHIG LNV &
DB I B BRI Z R L7z, TPIZOWTIE,
3O DFHEIXITh DR HFE-OHIAG L X)L & A8-OHAG & »
ITNDAERLMHBEERIEIRD SN h o7z, L LD
5, DRIZRHS-OHAG LX), A8-OhdGD EHL S &}
HRE RSO A B HEBERYED -7z, T o OFAIN
ERS5IZR LT

NV. ® %

AWFZECHONZEFELZAMLIUTIORTEY TH
5. BRI R EB) ORI OFI T — KT E (DR)
1, 1ThiZBIF % EH8-0HAG L XV % baseline > H D14
i & PREE R 2SS AR AMHBEBRSRD b, Zo
&5, ROSICK ML A b L A A% 5 EE R A0 3
BRI OREENAT KT EME#T 5 2 LIRS N
$72, 6 LOWMEE Z IR, R R BT % 2
HEOTXTOREZRILL, IR - RIRY A I 7
ERH8-OHAG LNV OIRE MG L7z & 25, miiE
MR ISR B) 2 0 JRA18-OHAG L X)L % 33l § 2 121X Z IR
BT R ARy MRICX B3 2 Fv, & B 1R
VRS L7 QPR CREli3 2 2 & 2% b @ LT
HZENPHENE ST,

JeoWge (W kT2, 2004) T, AEFGEL o
Bafiits, RP8-OHAGIREA 1hD ARy MRIZBW
THBIIZEMLZZ e s n, RyPo8-OHdG I E
W, R HICHmT 5 2 ARSI hTw
5. ARy MRICXZ|IRS 4 I v 72T 5%
5, JRPSOHAGL XNVIZ1hTHR>3EL LD, 3h%
S5hTRTTICEHIFOMEZEDL L WL NI E Tl
HBL (M3, #1). 1h, 3hBXU5hid, #HRE
NOIRIZK o TITbNZERIHFR TH L 2 &5, IR
H8-OHAG L NV TEB)IC X A LA b L 2 % 3#Mli§ %
Yy, HEEhFE 1 R DL ERGE L2zl AR v MR TRE
MiTAhIENROBELTVWEIEDRHLRE RS 2
DFERE, DTS D60~ 70% T 1 B o H dfin Bl
KEERICB VT, JRP8OHAG L~V ES) 2 FE [ £
WCEBECHEIL, 6FMBICIILEFOMEICHET S S
&R L2 AT e GFIlE T A, 2005) &b —3T 5.
ML B 58-0HAG DIBIEEER D A = X AR R
ANOHHAIZ DO W TIEH 52 Tld w2t (Nakano et al,
2003), BN X D BN L 72ROSH | & L7z

EE)S 7+ —< v A LA ML X

8-OHAG DR ~OFEM 1L, EBHE, B RLICET
ThHEEZOND. DLEOZ s, HEER24RER OE
JRCTOHAG 2 MET % &, EBIZL LHALA ML X%
AT &S, RHP8-OHAGIZ & - THILA b L 2 % 3
TAHYEE, EEBROWIRY - RIRY A I v 71T EL
TERBLZTNERO W EQTRIBEINS.
FK2IRL72E )T, EERXT + =< Y ADIETDH

5 TPIE, Wh b JRI8-OHAG L~V & A7 75 70 AH B BY
BARRBDOON Lotz TOZ L, 20y b2E LT

BIEFINT F —< V AFHBALA N L ADEEEZIT
9, EWTPZFHT 2 I EITMETH RIS Tw
HEN BENABEZRENIVLERZ L2 RmET 5 ()
FT A, 1999 5 AFRIT A, 2007 0 WA, 2007). ¥
72, 20y FOWNTHED HWEE ST —%100% & LT
Kty VOR%FIH T OB E AL L, FAEITNE
$, BHME L 10~111 v N HEFRERVFR L £80%
THB L. LoT, TPEELTAI21E, AMEEIEN
OFECmMAT, P—=rrokmtEt LTl y k
THRIESND PRI —2/HOLIEDVBLETH L EH
ZbN5.

—75C, DRIZRPSOHAG L~V & 45 5 72 M1 B B £
MRD SN (K2, K5). T &, EimERXK
BB ORIEICBIT 287 — DI, X bL
AL OBEAREBENS. kv FOMETITHED Fos
J—&KTIETF /Y3 8 (LLF, ATP) ft#haE
DIRKTORENREVEEZONDDS, BRILA LRI
LMK T OG- S SN 5. Sy k-
THuERALEE ) & LInl % 38 % 2 ROSAE W ASHRIL A b L A
D720, TNHSHEREIT & &5 2 &2V e
X o TRENTWVAS, InvitroDEERTIX, Wiz
ROSIZ#HET A &, RIHMET L ROSHiEH 2 39
ZEBENETHAWH SN L 2 & (Reid, 2001), v
7 AA K VRIS B RS RO LRI AN A T
% Z & (Moopanar and Allen, 2005) 235 2N T 5.
Matsunaga et al. (2003) 1%, I ABEEEBIED100% 12
MUTBHHETT v bERETSE, BRHICBT 55/
otk v o7 2 ATPase i DA & & B 12 ATPase |2
GHEINDEANVER= VI (BRILA DL ADIREE) 253
MLz Z2FDTWE. T2, ZDATPaselZ ATP
R T L2272 LT7F v FF—EHROSOEE
A THEME TS5 EFHINTHS (FIHIZD,
2006). Doz Exn, #FE R ROSARKIZ X 5 H~D
BALA b LA T —DIKTFZ D261, BIEX b
L ZDRIETH % R H8-OHAG L )b & B HEPEH D &
N7z #ERING.

AWFZETHW - SRR R EB X, 20k v M &ko
TETHRD &, T5.1+27% VO,peak (2 HIM§ 2 B 3
BIKETH 72, LELEYS, BERHTOMEIRE
EEZAE, EEERKEENL 7B OERTY) v
7 L AW TOS3RE (60rpm) DNXF Y ¥ 7 THERE X
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NTW2Z s, THHEONA T =I5 TR
J#38 (mechanical compression) 2 & ¥ {iGEh#5 P TRk
FIPEL, TOBROEASTTONRY ) v 7RO iGN
ETHBFPE LTV LRSS (kL K,
2006). EEFFICBWTI I Y FY 7 TROSTH %
A=8=F £ T FHPERT LRI, BEITL LR
TR ) Y ELA ST L ATPOBA K Tbh
MThb ZOX)RIRETIE BTOZTILE R 58
FZOMWEPARE LTV AEZDI bay R 7THEEDE
FAEERICBFVEREL, <~ M)y 7 ANOT O b ik
JEOBMMZ X VEEDHIML T 5. F IR
WG SN D LBV EFER L —FICH S ML
BT ORLAHEEMT 5. JHl L72ETFIIMRELUSLT,
A=N—=FF T FERD. A% (Shi et al, 1999)
BV, EEEEEEOET LIERHNO I ha v
FU 7 TIEMRFEH (RCR) 2METFL, NE»SET
MR LR T o TWAIERREENTVS. Lo
T, I b3 Y FYTHh5DROSHA A 5 B K 1Y
BB AMILA P L AD T EHEHERINS.

ISP YR THALOROSAIIIZ T, ROSHE
DMWOFHELTFY U F U FF T —ERPEZ LN
5. RIS IR FEE O MG MBEN AV 2 A A %
VIBEOBIMI X D AT LA F ARG T e T T —
EAGEALE N, ZOMKGIHEERICE ) 92507
L Fasrr—En8FEY o F o FF U5 —BIIERIN
5. MMzZT, ADPIREDOEIMZE D e RE¥H 25 Vi
BELWINT 5. 2Ok RIRETHmENRHEIND L,
FHUFUFF I, EREFFUF B I OEEN
HIFT B LR, ZRmDOROSHAERK E N5 (Sachdev
and Davies, 2008). LLED L2, I +a vy FUTHH
DBTIRBRL TV F U F 5 —Y R0, K5 TH
W 72 T R R R B8 B O ROS AR IR & HEZE S B

AfFFE T, %10y FOEHICBWTLELA b
VADHELTW EHEER SN DA, T -T2
HOOSNLho7z (M2). TOFEKRIIOWTIZHS 2
TIEZ Wb oD, HiT —RBEDOWR L %2 5 ATP O LG
REDIKT DMBEPREWIEREZONS. B4 T T
V= E W TI%E (Gaitanos et al, 1993) 12X 5%
L, REDL%OAM T BB OENRYY) ¥ 7 %30
W oK ETI0mE KE X284, 10 H oEZ o
fERERIC X 2 ATPAKAEIX 1 M HOZN & ik L T
13%\2, 10 HoEBHEO 7 L7 F21) YR EH
OBEFTD16% TH o 7z L HE SN TV 5. TORHRI,
BEL0E Y MIZBWTRZ LT F 0 YRR
X2 ATPHAEKENSIZIZKFT BREICLE>TWE I L
ERLTWA. LoT, %110y b THEH T —DK
TARED LN h-7-D1F, Aiadd X 9 & ATPULKEEE
DOETHEHEBRLTVE2E LNk, Mz T, ROS
R ORA, FiBRLRE D oM L < IZZom 4z &
HBIZX VELA N L APEE SN TV WRENE D B

5. Bl BT AY IR EEE % v 7zin vitro D32
BRIZBWT, A—/8—F % FOHERRITHES > 7
WNOFLRBEEEIKAE LTINS 2 2 &G EhTn 5
(Groussard et al, 2000). 4%, EZRIHZEOAL 5 E
B oML A N L AR OB RERHIRRLEO M S, X

D R R B S TH B

AW, — 8Pk o v EE R R B 12 B0 % SR E)
INT =V ADFHIREED 1 255, ROSIZ X 5 ER1E
A MU AL A E B BERE D 2R OBZE T
HbH. INFTIE FBEWEOHEGICL > THIK
T OHHIAEED 5721 (Shindoh et al, 1990 : Reid et
al, 1994), F—/N— b L —= ¥ 72 X B1RMEN 7 98 57
RELEBLA ML AL OBESHESNAY) LTE
(Margonis et al, 2007). F O T—#@MEDOERHIZHB W
CHEE) ST + =< Y ZADELDPHRILA MLV ALET S
Z R L7oERIZKE W, Fatouros et al. (2010) 1,
Yo = —n (A5G RHIx 2) %, T28ER O RS CE
WEFEWN B ST+ —< VR (A= FR T v v Th)
KT L, BALA ML AIRESHIML TWw b 2 & 2 Wi
LTwa., Zo0k) Mt dEz b, EMERK
HEE D & N LB AR =V ICBWTIE, BEA ML
AND D LETHEEEZ LR 5.

SHOBEEE LT, MOBRILA ML AFERHIELIE
T O, PUERILYE OG- OB & M 5 720 DA
ANFEER, B2 2RI ERIC X B R R B E B & Tt
T5%HLC, FmEMRWESOEE) ST F—< R &
BALA N LA OBEE L) FHIICHRE LT < B EEhs
HBH1EAHH. MAT, AFRETIIPREIE )T
Y hORYY VT RER LI L) »OFBIN TR
LT ENTETH R VWD, WIZEE LTORALT
5. SHITEBZELY - LHFE ROV TORES
RO, WMCE DRI CRIRERICHEF L Tz
L ERFHT B LENRDHLESH.

V. £ &8

AWFFE Tl B EA2% 2 5 B 12, RE x0.08kp D
MCE&IRFY) v 7 7 %20k v bERT 2 5EMmE
MRRBES % Anf L, ZihF (baseline) & iEE#T 1
R (1h) IZBWTHRRZITY, BILA L AIERE
&L TRHBOHAG LNV EFHMi L7z, 2L C, &l
MR EE QLB N7 + —< >~ A (TPEDR) &R
QOHAG LNV E OBzt L7z, $£72, 6 OB
BRKNEIS, FRERRNEDE% 2 HERO$TXTOR
ZREULL, RS - WRIRY A 3 v 7 HRP8-0HdG LN
WICH 2 38 n b THRET L7z, SR TR
WY TH5bH.

1. 7THEOFH/ 7 -3kl (10~11ky ) T

Bty PAESICONTITITERMICET L, 12
Yy PUBIZIZIE—E 2L



bk B

2. JRH8OHAG L NV I #ME 2 HICBWT 1 h T
mr, F¥ETHAS L baseline lCHE L T1hTH
BThot-.

3. HIRER K ER % ORPEOHIG LNV, 1h
TibEL R, 202 Bk IR 2 HRE O
FCHEL 7.

4. DRIE, 1hiZBF2RHS8-OHAG L N % baseline
A5 O & FPAREE 2 2% S A B R B BRSO
b7z,

DEkoZ &ho, SEERRGEEICE W TRP
8-OHAG L NV LA b L A &5l 51213, HIRE:
EHVLOTIE AL, S 1 MY EEE L 200
PER TR 2 2 &l b L TWBH I VWL E
ol Fiz, BN T+—< P ADREDN1OTH D
DR & JRH8-OHAG L NV IZ 34 & & HI B BAR AL &
N2 &h5, ROSICE ZMILA ML R LEB)R T
FEHE ST — KT & ORI ATRIE S N7

WL D —EBIL, I EETE KA e AR 2 (47
ERERE) BLOEREEL /) RX=Ya VY AT A
A - WA I N— 3 VISR TR S A (V7
T —NUH) K5 FANAL F 75 A5 — BIO-SOHiB %
ZAFCEI S N7z,
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