i AR I & B TP R (ROS) #E/E A
TS BRBEREIC B 1E 3

L N NG =

(GLREFFEE) MY -V AK%  Damian Bailey

Effect of Different Exercise Mode on Reactive Oxygen Species Production

and Blood Flow Regulation

by

Shigehiko Ogoh
Department of Biomedical Engineering, Toyo University
Damian Bailey
Neurovascular Research Laboratory,

Faculty of Life Sciences and Education, University of South Wales, UK

ABSTRACT

Reactive oxygen species (ROS) production during exercise is thought to be related
to an improvement in cognitive function. We hypothesized that high intensity interval
exercise induced ROS production is lower compared with continuous high intensity
exercise. Also, high intensity interval exercise contributes to improvement in cognitive
function because of lower ROS production. In this experiment, in order to verify this
hypothesis, we examined the influence of different exercise mode on ROS production.
Continuous high intensity and high intensity interval exercise were performed, and
the thiobarbituric acid reaction product (TBARS) value in plasma before and after
each exercise was calculated as an index of ROS production. TBARS value increased
significantly immediately after continuous exercise, while TBARS value tended to

slightly increase after interval exercise, but significant difference was not observed.
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In the present study, the validity of the hypothesis was proved by showing that the

difference in exercise mode shows that ROS production is different despite a similar

work exercise. This finding suggests that there is the physiological advantages in

interval exercise as a therapy for preventing dementia.

L |

R OEMEERSE (ROS) AT AR
BT 2282 5ND. Foxld, mEREAS » 5 —
IN)VIRB) O ROS i A A3 58 5 BE 0 1y 5 FE 3 ) &
R L TRETH Y, BEREA » 5 —NVEED
£ 0 FRAIPERECCE ICEHIK T % & O & 31T
RERTIE, ZORHE BT 24, BN
D ROS EHENOE B MG L7, SilE—EH
TR N O A > & — N OVEB 24TV, Kl BRI
2 BT B IR T 4230 E Y — VR FUSAE B -
(TBARS) fi% ROS JEEDRIEE L CHEH L7
TBARS 13, —EEMEBYE %, ABEICENT
=75, 45— N )VEBEI#TlE, TBARS &
EER, DTS 2EATH o B HES
IR SN ol BIRICBWT, kO
HFEOEE T EHREOENIZ LD, IR
ROFEEN R D 2 LDREN, RKELOZ LMD
A Sz 2o Z kL, FRAVET B B
IZBWT, 4 &= \VEE) O E A RF) 5 A 7R
TLDOTH 5.

&

il

EEEE I, WEAEREE T, $2
—BYEOBHEE T (HEEEES) CBVW TR
HIBEREA 05 Z EHHEE ST 5 Y. BISE
A, ERRREEES)IE, PETREEOMEE) L L TR
AR AR IR B RE ORI - WISIZ X Y 324N
Bz LV mos I e snceyn D, 55
\ZERTREEEEY | & B FLERAE A A T AL F —
(2B L 7B~ O FLBR DI Y sA A A fRE L, 524N

7 N AR—VEE Vol. 40

PERETLHE IS BB IC S A REE A R T — 4 &
Fox OWEF — 20 HELTWE Y. ZhsoR
EOMBA,S, EBE, RAERETHOER)
HFRE THY, BRIZEGHICEWTOEELR
Wigex g e L CHER ST 5. BB X S
75, INIEBRFREPRERE 2 L S, FRE L CEY)
e NTEERENREIC L 0 BRI RE A T S A 2 LT
FgEnTws W F7 x0TI TR,
B X ) UE S B FRABERE AN B TR AN BRE
BT AR R R LT A P — 0, BifEE
BIREDZALASEB) I & 2 SRR B IS B L
W EIZOWTHIELTWE Y. 20 k) 2
TNy 775V RIZBWT, ) L AR
TLHEDOAEH A = X APEHEN TS EIEF 2
T OMAAEBERIC L ) BEETIT5 I N
ZHLNTW5S,

PR B BV C L D BB RE A U S
eI NG —0, BlzE, TAV AN Y
o B &, RO R 2 I 0B TR
NEDRRICHELZ T A PHL TRV, N
K7V v TEE R ET AV X M)y ZERNS, %
B /s, poEsim b mns, ESnEh s
ICOMBICHEETE S, S50, BESLEIN
LY A AR L0 b MU G TR I
FEDET S5 2 e3> 0 s sy,
HEH R OMEIGE IR EV—T, BB O KIESR
FRETHREIC BV CIFE R A 5. 2 B W REMED R <
EHE O FBARREE D 72D DEE) & L TRoED
b LMz, 512, AT, SMES 57—
ISV R L=V 7, BRI COEREEE) &
LT, &0 R Ao S8 5 W REMEA SRR



-

SEIIpLTHsSNTYE ). ZoBsiE”
TiE, [ CEBEOREA MRS 572012, —%
MRS L ) mREOEE B AT RETH D, £
D%, EBREE ORI L) ST OER L —
=T DD ORE BN TH L I LR IEE
LCTWw27As, —Fh, EHENICZORIRICONT
FEL TVWBIHESIZEAERON W L bR
LTWa,

—F, EEREEEE)TIEZ { OERESE (ROS)
AREL S NG, RNIZILY 3A F I 7-MR R ORHE
BIZBWTA— =% F T FT=F T TVH LR
L RO X v PHh IV EDROS DA S,
MRS LB ARIE L OfRAESE, A BL2 1B e
SIEEELT) LD~ A FABERMRB ST
%. Fex 0% T Y T1E, ROS OETH 2
TAAVEVEET VANVERDPFT A a4 +o
TBECTH 5 S100 4 AEEC L D BN, F/-2h
S oY & EBRF e (I E CRERE) o
BT EERMEERE RS L E2ME L. D
F U, EEHC L % ROS A, i H O
T S, MEMEMoEEEEZ A SE s 2
EERZOMEIZE VLI L2 FEE, ROS
TRABERE AR T S 2 e STV D,
L LA s, HEENC L) RARREDS TS 5 2
ERESINTEY, EHIZ X S ROS EAEIZ X
5 RHEREN OB, D F 1) ROS EEAIZL 5~
A F AR & ORI TEBY O BN HRREIE B |2 R
T 2DOPIEREZMAS N TR, TS ORFFERE
(&, TEBNILRRAIBERE R UL S 2 5 L) SEATRITE
DOREETIEL, ZOMFEFTEICBITS /X T Ky
IR ThdAb.

KBTI, /85 By 7 ZCHEHE L7z
“BEREA Y — NV N L == 72X 5 ROS D
FEAEDS, NG BRBIRE T OB RE LS & ORRICIEEE L
TWHON?" L) BRI ZHLPIZT s E
ARELHME L TWD, RFEBRTIE, HIES)
ROBENIER L, WHEEA » 5 — VS

Mfe BT 12 & 2 R B I B 5, Bl o EH)
T Ry 2 AD*F—7 72 % —TdbROS #EE
NOWEEMF L2, &512, 2@ ROS FEEDS
TR X 5 FRAIRERE G BREYRE & DRk I 2%
FTHPIZOWTEER L RAld, EimEA ~
5 — VBB D ROS i LE 23— 52 5 B 0 7 i o 5
B LI L CIRETH ), S 5ICH8RL 2 INESRED
BEAORBIE, SlEA v 5 —N)VEE) DS &
D RRAIFRRELCE BT 5 L OIRFA T, 2O
Wt % MERE S % 7200 DEBRZ 4T 72,

1. MEHE

AKRFZEIE, 2o00FEBRE 7T b a), —ERAN
R EE) (Ex1) MOEMREA ¥ 5 — 3NV iEs)
(Ex2) 7*BHREY D,

WeBRE X, E R KFES S (BxL: i
2+1 5%, HE:171+1lecm, 1A% 68=2kg) RO
44 (Bx2: fE #5241, & £ 168+3cm,
K : 67 +4kg) IZDOWTKEF 7T b I & %E
ML, Bk 2HEEITo72. TS OWERED
B 24D MERIISN, MOWBREIZEL S
—HOEST T M IV AR, A
AP LT B ERGEICE T B RS © ARE
BRize b a2 e L2 Th Y, iR R
HEAETERORRBEERET, A~V Uy FEFICE
O < ARELFEL, BEARITZE BT A RER ST A e,
A 7+—sFartr b (BEEIEROTR,
WK O B IconWTdh 52 Lo dil % 5
i, ENSETSICERT ) 12X ) BERE O
ERRCHERML

1.1 EgH7O0ra

WL, ARFEBRICH-D, HIEFEEII LD
RRFRFBEORIEE & b A LIty KFEER
TAT ) WA & P L7 (KRR E O
FENLATIZE D B HEST 5) . FEBLH, BBk
FIA b 2IEMEICRCIIER L), W%

T2 b AR =Y EE Vol. 40



FIRE L7, EBREEOLY 71 V7R, B
BR¥id, BB FIVIZED, 10 40 0 2
W o7z, 9OW TOREMTOHIRHEE)IZ L % 5
SO+ —32 27Ty TO%, Ex1 OWERE I,
e RIRFABIE O 70 % Ffi O B 5 FE T 20 454
O HiR L XEB 24T, EEIRC TR, BTICE
JEL 60 rfiZele Lz (B1). —7, Ex2 O
B, v —3I0 7Ty TO%k, RABEER
HO 8% DEMRE T35, ZDH%475% D
BREEC 2 M B % 4 [alfE YK L, §F20 41
O HERHE XEEY 21T . BN T 1%, ExL &[H
B BT L 60 el L7z,

f 1

R post Post Post
30 60

85% 3min

T T Blood

post Post Post
30 60

47.5% 2min

X1 sES;7 o ka3 (R BEx], T Ex2)

1. 2 RIEIEE

1. 2. 1 EM4EEERE (ROS) DAIE

TEEHT, EEE R, 30 45 K 0V 60 4 TR ICER
%47\, ZORIMA S ROS FEAEDIFIE L L
T, M F F NV E Y — b R RS 24 Y 8
(TBARS) @il % % 4T o 7z (TBARS Assay Kit,
Cayman chemical). FRXERE (ZI4E % A4, SDS
KB & Color Reagent & i IEA L, 90 FELL L
T1RERNE St &7 2otk 10 5%k E
TRIbZfEIESE, =ikl (4C, 1,600g, 10 43),
OGO L% 2 ) 7 7L — MY ARz, &
L FIEIZ DT 540nm D E & G GEETIC T
T L7z

FH Yk AR— Y FEEE Vol. 40

93

1. 2. 2 FRHIBEREDBEITE

A RE OB BT & L C A bV — TREE
Hwz, 2 bv—7REL, Bz ETT 280
R RATE) 2 BRI 2 ARy 2 e T B ik
ELTIRSHMA SN, ETRR DM TIETSH
28 A M v—THEE, DTFO3&MIZow
TV, g1ty hE LCHiL 21219,
Congruent task ; FIFFEDOET L Adifi— I N7z
A, Neutral task ; VT TR INF V5
LAZHBLT B TR L CRUR T A S (K
2), Incongruent task ; ¥ 7z 4 {fy & BT CTHRIL &
N7z > & LB 2HEI L, SCFISRUE
TOLEMERELFND3IFMTH L. K5t
%7 Y AZ3ETOFEN, GEF3 Y MERL
7z FATHEBEZ BT 5 72012, DT oA THA
o — T g i L7z 121,

WA BV — TP

= (Incongruent task — Neutral task)/Neutral task X 100

T7z, BEBREICIE, FEBRETH T, —EDA
IT7 EENTHET, OB T, FEY
RPLRE N NE)IZERE L. AP Vv—T3H
RENE, EEET OEBR 15, 30, 604714t 7z

2 Z MU —75E (Neutral task)

1. 2. 3 TERENEOAE
SHERMGE =L, Fv 77— (Vivid-, GE,
Tokyo, Japan) 12 & 0 ill5E U728, IPAH K 8
{LiRFESIE (PErCO2) &, MR H A 3HT441#E (AE
— 310S, MINAI O MEDICAL SCIENCE CO,



Osaka, Japan) % M\ CHlSEZ 4TV, BRIMFEIC &
YT 4 T REIIRIL BRI RFE ST (PaCOy) O

REE Lz, F/2, F¥H.0% (HR) &, OFE

t (AAEEAE, ZB-910P) # W ClliE % 7>
7o, FREIAGESFRE & LRIV 7 A7 — )L (RPE)
e L7z

2. MREHER

OHIB R O RPE 13, A > % —/N)L3E#) (Ex1)
O F-¥fE (HR:168+ 7bpm, RPE:16 1) & 20 43
By (Ex2) o F3fE (HR:162+ 15bpm,
RPE:16%1) &, FfEOMELARLA. 512, 4
v F = N)VEBNRE, NSABIIRIME R (L, EEE R
mWiizR L7z (K3). ROS #EADIREL LT
TBARS fiZ, Ex12BW\T, —ERMEE)E %
FEICHEmMLZ: (®4). —H, Ex20A v 5 —
JNOVIEBET 2 TIE, TBARS BB, bFHhI
WINT 2ENTH - W FELREIBRINL

600

(&)}
o
o

N
o
o

Internal Carotid artery
Blood flow (ml/min)

PRE PostO Post60
3 A & — N VEEhC & A NSEBR LT A\ 5228

*

3_
© \
g AN
& / AN
< 2 4 \
8] 4 \
o / N
L S \ —O—HIIE
2 : )
= 14 -8- MCE
m
~

0 T T

Pre Post0 'Post30 ' Post60

M4 HEEROMERILA b L ADZEAL
*p<0.05 vs. PRE

14+

~ 121

=

w101

v 8

N

| 61

2

z 4

A 2
0 Pre " Post0O | Post30  Post60
B5 EE)C K D RRAIETHRREN DR

(B A /7—/\)&1%@0)&)
Wi A NV — T FWRMEE T EFTRE ST S 2 L BRT

Bote. BEWERE, £ 25— UEBYE, A
RV — 7 TR R L 72 FATREE A T T 2 18
A& Sz (H5).

3. % =

AT BV TS NAEE 2 AR, B8R
% ROS FEADS, [0 UALgEaE o o B 12 B
WThH, EEREROBENCE W EEEZITL L
THb 2F), BMARENDL LI,
L 7-E R EB) Cld ROS AR E 2D, —
i, A F = NVIEBIO X912 X ) R 0 E)

B0 TWAIZL b 5T, (KIREDES) 2 5
WREFSEB 1247 D 2 L 12 & ) ROS FEEA 2] &
niz. &5, A7 =N )ViEEIE, AMV—7

ARRELC & o CRE S N7 RBANFEATHRAE © TUEME
ZRLTBY (K5), ROS FELEDHIH] A MR FE
DILHEIT B R b 726 LW gD IRIE S e,
WERZ LIL, EERIC LY, SRR o EE)
BMTH ROSEAD I ¥ bu— )L (HIH) ASTTHE
ThHHIETHS.

ROS /I, WEEEREEIZMEAT 2 Y 2%, s
FHEICBWTEOELAIIHEETH L. K%k
W, EBLES) & LB L T, A v ¥ — N VEE T
XY ESREOEBHETH o 72 (70% vs. 85%).
LA L7%A5, ROSEAIXA V& — N )VEE)IC
BOWTKMARLTBY (M4), Zomiix
ROS £ B TR 0 F2%8E [ ZEB) R

T v AR =V EEE Vol. 40



DENDE OFEEZHH], > F ) [ CEHE D
BRI A R T 256, KREOE % &2
EWZED, SHICEREES)IC BT RO
HHZ £ ), ROS BELE DI S 2 W fetEAVR
SNz HEESNT Ky 2 2AEFET LA, EE)
ENESN, FROSEAICBITLYAF A
R GRAEEOET 2 &) %< & 2 EE)kk
X, EO L) ITEBI A BT L T D EHE
b Lk, —7, RBEEREDS, A 25 =)L
FEENCBWTILHEL 722 £ 25, ROS EELEDOH)
75, FEEPIC & 2 FBAIERR IR L 22 et TR
SNz, LA LAass, AL TIE, HEbaEB)E
BOBIBERED M E Z AT D %2 0o 727, FRAIFERE
& ROS JEAE & OBEHYEIZ O W TIEH S 2T L,
SHOWMIEHEPVLETH S ) .

ZDA ¥y — N VEB O BETLHE D L,
ROS EAOHIHNI N Z, WIEBRENEENO A
WHELER) L B L LB LT L0 Lk
Vo A 1E, ARBFFRICB VT, BRI I B B
BRIRFEDFEM A SR 7. 7 6, Hifm R
BB LT, EEAL vy — N )VEEIT L )
PHISE ) A 7 RIS B EHA S = AL L
LT, WMEND A D = H VRl oy 7
LA MDPEREASA V=NV L=V S TRE
(BT ENELLNTREINLTHL . L
Lo, T T& 57— 4 3 ARERTIE
BONTERICETESRDo72. SHRIZHDM
DEBOBREE Liow, Dl Y7L A &
RIS L CHO R EHZN T YT v A0S
NTCWLbIFTIERL, NSO % Y
BlODT =8 % BLODE 5% DR LE
Thh.

Limitation

RIFFETIE, EBRY ¥ TVED %R, B
FEEZHONLMBAEIHFESN TR, ULk
Mo, BADT—5 O S, HIEREEEC

FH Yk AR— Y FEEE Vol. 40

95
BOTHEBHAOECPEES L 2 LhURKR S
W, SHROMEDTR & 5 2 EE 2 FH LR L
720 L L7adyn, RRAIBRRE K O H SRR Hitkne
DWEDP TS N h o 7ok, AWF5ERRD
O (il PERR SR B AR % O R B b e & i Ae & OB
PEZOWTHLNIT A EIETE Lol K
WEDHMEZ b L IZ4ROMZERE L L7z,

4. ¥ &

ARFZE T, —BEORREERIZBNT, &
B OE A, FFRO SR OIS 2 hb
59, WHUBMEOEANRLRL LTS NE
otz ERREEA V¥ — N )VEBNE, TR
By &L T, IEHEREEAESRME TS o 7
ZOZ L, RRAETH OEBEREICBNT, A
Y= NVEBOABRFHH N ERTHDOTH
. FHATIIE ClE ST, EB 1 5 —
INVIEBIAS K ), PEBREEIIE) A 2 RS
NBHEBSEHTE TS 22B\WT, (HIERREELE
ABEE S B W EEEAVR S 7z,

#H O

RIFFEDFERIAT L TR E ) TBb Y F L
7o, BEMEENAARTE ST Y P AR — YR
RPN R B2 LET. T2, A0
BATIZ B 720, KA ThIIETAS £ L7zl
KEOFNFELT, HAEE, FNHk, BRER
K, 75 CHERFEOFHA WG L 0 &S
DEEELIT.

X

1) Bailey D.M., Evans K.A., McEneny J., Young
1.S., Hullin D.A., James P.E., Ogoh S., Ainslie
P.N., Lucchesi C., Rockenbauer A., Culcasi M.,
Pietri S., Exercise-induced oxidative-nitrosative
stress is associated with impaired dynamic cerebral
autoregulation and blood-brain barrier leakage., Exp.

Physiol., 96: 1196-1207,(2011)



2)

3)

4)

5)

6)

7)

Chrysant S.G., Current evidence on the
hemodynamic and blood pressure effects of
isometric exercise in normotensive and hypertensive
persons., J. Clin. Hypertens. (Greenwich) 12: 721-
726, (2010)

Cornelissen V.A., Smart N.A., Exercise training
for blood pressure: a systematic review and meta-
analysis., J. Am. Heart Assoc., 2: €004473, (2013)
Hashimoto T., Tsukamoto H., Takenaka S., Olesen
N.D., Petersen L.G., Sorensen H., Nieclsen H.B.,
Secher N.H., Ogoh S., Maintained exercise-
enhanced brain executive function related to cerebral
lactate metabolism in men., FASEB J. 32: 1417-
1427, (2018)

Inder J.D., Carlson D.J., Dieberg G., McFarlane J.R.,
Hess N.C., Smart N.A., Isometric exercise training
for blood pressure management: a systematic review
and meta-analysis to optimize benefit., Hypertens.
Res., 39: 88-94, (2016)

Lucas S.J., Ainslie PN., Murrell C.J., Thomas K.N.,
Franz E.A., Cotter J.D., Effect of age on exercise-
induced alterations in cognitive executive function:
relationship to cerebral perfusion., Exp. Gerontol.,
47:541-551, (2012)

Lucas S.J., Cotter J.D., Brassard P., Bailey D.M.,
High-intensity interval exercise and cerebrovascular
health: curiosity, cause, and consequence., J. Cereb.
Blood Flow Metab., 35: 902-911, (2015)

10)

11)

12)

13)

Ogoh S., Lericollais R., Hirasawa A., Sakai S.,
Normand H., Bailey D.M., Regional redistribution
of blood flow in the external and internal carotid
arteries during acute hypotension., Am. J. Physiol.
Regul. Integr. Comp. Physiol., 306: R747-751,
(2014)

Ogoh S., Tsukamoto H., Hirasawa A., Hasegawa
H., Hirose N., Hashimoto T., The effect of changes
in cerebral blood flow on cognitive function during
exercise., Physiol. Rep., 2: (2014)

Owen A., Wiles J., Swaine 1., Effect of isometric
exercise on resting blood pressure: a meta analysis.,
J. Hum. Hypertens., 24: 796-800, (2010)

Tarumi T., Zhang R., Cerebral blood flow in normal
aging adults: cardiovascular determinants, clinical
implications, and aerobic fitness., J. Neurochem.,
144: 595-608, (2018)

Tsukamoto H., Hashimoto T., Olesen N.D., Petersen
L.G., Sorensen H., Nielsen H.B., Secher N.H., Ogoh
S., Dynamic Cerebral Autoregulation Is Maintained
during High-Intensity Interval Exercise., Med. Sci.
Sports Exerc., (2018)

Tsukamoto H., Suga T., Takenaka S., Tanaka
D., Takeuchi T., Hamaoka T., Isaka T., Ogoh S.,
Hashimoto T., Repeated high-intensity interval
exercise shortens the positive effect on executive
function during post-exercise recovery in healthy
young males., Physiol. Behav., 160: 26-34, (2016)

72 b AR = FEE Vol. 40



