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ABSTRACT

The purpose of this study was to examine effects of acute exercise on cognitive function.
Ten participants (mean £ SD, age = 25.4 + 3.2 yr; height = 1.75 & 0.06 m; body mass =
70.4 +10.3 kg, peak oxygen uptake (VO,) =44.4 + 6.6 ml-kg’l'min’!) cycled at three
different workloads (40%, 60%, and 80% peak VO,) in an incremental manner. They
performed a modified version of the Ericksen flanker task at rest and during cycling.
Cerebral oxygenation was simultaneously monitored during the cognitive task over the
right frontal cortex using near-infrared spectroscopy. Exercise at 40% peak VO, did not
affect cognitive performance. Cognitive performance improved during exercise at 60%
peak VO, relative to rest, while cerebral oxygenation was not different from that at rest.
Despite substantial decrease in cerebral oxygenation during exercise at 80% peak VO,
cognitive performance was not affected by exercise at 80% peak VO,. We demonstrated
that improvement in cognitive function during moderate exercise is not directly associated

with changes in cerebral oxygenation.

FH P AR = FE Vol. 31



—126 —
2 B

AWFE0 BB, BB BRI KIZ TR
PRET L, BMoMBEBRREMEOZRLL 0lfRE
BHoPIITHEIETHo7. 10%DMELR B
PEBRICSML 2. ERSINE R ERRENE
D 40%, 60%, 80% DEB)5HEL T OEB) I
BEO—ETHDL 7T v —REEITV, UL
MZHEE L7z, b TROARTER, S LR
A% AV TRO MR AR 2 filE L 7-.
ZFOREE, BIRETOERIISUCHEICEEL S
RIprofzhs, TEEOEBRPICIIA—TEMNIC
BOWTRISRMIZERES A bz, ROMRERE
BN BE XS EE D BB & KR & DR TEII A
LN drofz. R COEEY I IXAKE O HIARER
FRAE IR T RSN DD, RIGHEIZE
R L B L TERIALN D 5. L EOER
A6, PERETOEBHIZA S N RAREE O
EiZ, B MLRREE S fafE 02 b L IXE RN BIER
LTWARWEZ LATRIBE iz,

1

onf

Foh—NAry PR= IV EOBRBETEX
E— FRFEANZIT TR “—BOHRE" %7
=TV ARELAETAH. TNHEDAR—Y T,
BFEAEICRRRORIAMZRYEL, ko7
—DFERETET->TVAH L VoTLBEETIE
e, AR—=VIZBITHRTHM &%, RAdl4c
EEALT B FEE DRI S i#E e 7L — % %R T
HIETHY, TAODRDIRABED—HET
HoHI b, EEIAFRHMERICED XD RE
ERIZTODPEAR=YDINT 5 —= 7 AR
FHRETKE .

ChETICH, —BOEEH AR ICRIZ
THBYREFLEMERZD 554918 —F L7
REoshTniy, Z20EHE LT, R
BOWHE - EBREBMEOETI VAV - EE)EE S

& O - BAMBEE AT 44 3278, HHw
HEABEOSHENED 2 EBITFoh TS,
AH—V B S RAREOEER L ELD L,
BEIAE b OFBMBRICRIZTEELHL ST
HZ L, W74—< AMLEO7-ODBEELE
BOER LA ENEZOND.

— B EB)INFRAEIR 72 Tl { PR HRE
R, BICROEHICORELEELE52 51213,
E hORARBRIWOBMEZ THE Z b, EE)
Lo THEL 2 EHEZEA e b OBMRREIZZ
BERIZL, AHE—VICB1 2 BEEORICHE
B HZ D BENIERZ ONA. KL TIHE
SREE - PEREE - B T OEE T I FRARRE E 1T
WV, FONT =T ALREMEL 7. EBIZLD
U BMTOERIELEL LT, SRS G
(NIRS: Near-infrared spectroscopy) % RV THiT
DEEFRBEEREDONT Y A2 ETRETH S
HERFRBAEZWE L2217, RIS GE
T, FEIZ D BRIC b RE L T MR E Ay
MELRET A EPTRETHS. L >T,
TGRS T X % B0 MR FAAFIE Dl E
X, EENC X W E LI TOEBIELOREL
LTHLTWwWSEEEZONS,

KO EHWIL, F% 5 MO E)HFLAFERE
2T 0 UG & v ) BEIRYEHI O 1] jE
ZHEEZHWTHRE L, MOMRERREMENZE
L DEREZHONTHIETH o7, K%K
THWRHBREOFATICE, ARdEE, HIEE,
WREEE 2 LOREBHPHEREL TR, 22
T, RHETIIZNS DRDOEAILD S 72, NIRS
FHWTHET % I & AT BE A RITEE 2 & Mo
MSER R L HETAZ L L L.

1. EAHE
1. 1 ERBRSiNE

ERZMERFELBE10% (CPHELFEYE
Rz, FH=254+32yr, HE=175+0.06 m,

T2 b AR =V EE Vol 31



HE=704+103 kg) Thorz. ERIIHEE
BRORReZ T TTo 2. EBRBINE ITIZFH
WCHlEEE RREMICHT A oI ETY,
B TERSMOREZ 7.

1. 2 =EBRFIE
KRII2HEIZH T TT o 72, $RTOERS
MEK LT, EBRIHECHEEL)LTA -5
— (Cordless bike V60 : ./ —#t3) Z T
HWEMER LTV, KEBRRENE (peak VO,)
R L7z, BRHOASEOEBAMIISOW E L,
FOBIFEIZIOW T2 AT v 7THATHEINS ¢
7z, EBRBMBIEH L PR TELR { Bo A
TOBEEBENEOREGE L REBERENGE & L7,
RO EBRBINE O R BREBIE X 44.4 +
6.6 ml/kg/min. (F¥fELIEHERZE) Thoe.
FEER2 H B LS L OER F ISR AR E
1o/ B CEROTO ba—vERY. &
BEMTIIRSEEENED40% ((KHE 828+
143 W), 60% (F58EE © 140.6 £21.2 W), 80%
(FooREE @ 198.6 £29.1 W) DIEIZHmME ¥, £
NZFhOESRW T6H0MHESLfTo72. &
B ORRARREIIERAEFIREIET 2R T
ZREL, EHRGE L OEFHEFN O EHAD350%
o707 (N SR REHGRE LT o 2R
#RLTW3),

RHRE 60% peak VO2 | |

40% peak VO2 | | | |

H1 EEBosSuba—

7Y AR =Y FE Vol. 31

—1 27—

1% 1% 3t

-

—Fgett
(20 trials )

N

F—HEH
{20 trials )

2 HFREOREKX

1. 3 HFEAR

1) SUCHEER (Reaction time)

RAHREICIHOR S L EHIPEREIND
75 v — B FHW, 212 0E
OEAR*/RT. ZRENORTOBMCIL, 2
YEL—=F—FA ATV —DOHLICH BIERS
(+) PAFIHEAZESODKEDHE (----- ) 12
by, IAPBEEHEE LTV 2L TL
PRICKTFICIEA TS OORENSHERB L LT
BREN:. —HEHTIE, FROKHEZOHE
MOADORHOMEEIFMUETH o7 (e.g.
<<<<<). A—EE&MTRPROKEAIE FOREMN
DAODEKEDEE ST TH -7 (e.g <<><<).
EBRBINERX, —B&EH  AHEHEOELLD
Ty, PROEHOMMNTVSBFDFRS ¥
ACELLTRABT LY RIL L., RS
Ky VRBEEEIVT X -7 —DHFNY FIVE -
TENY FVEORE I FIFoZ iz, &
B b RICEIEDMTZ 5 £ ) IC L7z, AHRT
&, HIGEEIZS DOREOFIDERPERSY ~
BELASET$AETORME L7,

FARED ST+ —v VAR, FUCERM & G
DN (=7 —F) »OFHEL7A. RHFFETIE,
ELLSRIETE 2o 7237 Bl A& DRE
I LTEF TR LSS 215 -3fTL L
7z,



=128~

2) 577 A (Ventilatory parameters)
FER A A M@ (AE-300 : 2 F FEFRF4L

) 2V, #EKE (VE), BEENE (VOy),

TRMLEEPEHE (VCO,), MARARESE

(PETO,), MR#EKX_EILKEZSE (PETCO,),

—EfAE (TV) ZzHlEL, FhEhOED
1I5HEOFHEEZTF—F & LTHW. &g
DIFFHR _BALIRFA I, BRI ZRRILRE
S (PaCO,) DfE% KL S ¥ 25728012 Jones &
100 pR% AW THIE L.

3) ARSI (NIRS)

EHRIRS e, EFERTOREIANES
oY~ (oxy-Hb) EBEEFRIENEIDE Y
(deoxy-Hb) OWNHFEDENEZFIHT A LICX
D, M OMSEEEBIETHET S FETH
510 REFgeCIERAESHEE (BOM-L1
TRW . 4 AWy n—7H#H$) 2HNT, BoA
RUSHER 2 & M kEEZ AUAIEE (Cerebral oxygenation)
PHEIE L7, AT, EROFGBEICHIEE
IV TA— % — ETEE % R 7R TR O
MEMMEZHEL, 0BMOEHEE -2
54 vE L7 RRFRTE, —20RLEICHTL
TODZHIMER . BRI S 2 5ZHE
1FCoOE#E2cm & L, ZX#B2 T TOHEER
dem THol2. TR EZHE2DEFNFNRT
ANEZFOVVREZEIEL, N1 THELL
NESOEVREEZSAB2THELANES T
CViBEPLEEHEITo/. THICXYRORK
oMK (RFEMEsE) HIOMBER RN
CRIZTEEFRY Bhhd EEZ LR,

4) 1%L (Heart rate)

i, EET, B X ONEBRICOER L R
BiclEL, LERORKEEREEDEE (RR
kg Zd LT omBzEHR L.

5 REX (EOG)

/NELLEEAR % IV CRE ), B AEOIRE
% llsg L7z, BRERNIE, EBRPICERSNEH
ERAEZERL TV L2 ERT 720 CHE
L7z, £TOHEICBVT, RKICE{EdIZIREkE
BRBRE DA SN RITIREDHRD T — & AT H
BILY B,

6) EERESHE (RPE)

LB X CEEIR O FNFNOBHREDE
H%ic, FEEBRE?Y 2 ERBMEFICEE L
Th oot

1. 4 F—2@BHsLUHERE |
FOGCH I 7 — 34T 8 & CIRBREE) T 72 138%
HA RO N TR ek, —8EH, R
—HEHT LI L TN ENOERS
BFORCK & Lz, R ARREE, OH, B
& U o AL A S B AN B L R R T O % S
L7z, WOMBEMERNEIIR-25 1 V25D
MAEE Lz, WlESh-igiEil, Egan (GE
Ry, KOAREE, PIRE, HWEE) FETLLTH
BN 24T, ZEHBICE T2y bOREZH
W, KHFE ORBEITo72. —HEHEFR—
BEMLEOREIEIFIEOD 2 tREZ V72,
F—FIETRCEHE L FEEFEETRL, £TO

BEIZB W THEAMEIZS% RiICREE L7,

2. MREHER

2. 1 RICHEE

B 3 iIC KGR O RERT. R—HE&H0K
JEEERIE, BEEEB LT RTOEBEAM ToE
B, —BEMLEBRLTHERICKEIWELR
L7 (IKSREE @ p<0.001, #5&R : p<0.001, 7
SFE ¢ p <0.01). {K5RECoEEFITIE, —FE
i, B—BEM L bICRMEE B L T&biz A
bNLhrolz, A—HEHTIZ, T ES P

Ty P AR =T FE Vol 31



s —BEH o F—BEG

450
- or
£ .
o BOF o -
E il
S 300k
8
1]
Zm 1 .. 1
THIRE 1R RS TSR

B3 S OSEE) T O F R O U
# — Bk £ R—BAME L DB, #4p<0.01; ### p < 0.001.
* LR L DI, p<0.05
D RIE B (347.7+ 44.8 ms) 13 & &8
(366.7 £43.9 ms) LHEL THRI/HSVEE
MLz (p<005). —HFEMATIE, PREDED
O SRR IS R & LB L TR AL D
o7z (p=0.17). B5REE O EB) P O UG,
—BEM, A—BEMHL D ICKHHFLETIALR
Loz,
—HRHFTE T -BITRIBEAEAON M
o7z (EFATD0.8%). A—HEMHTIE, KR
(3.8+£3.6 %) &EBhH (KHEE : 3.8+ 1.7 %,
HRRE © 4.0£39 %, HHE 1 48133 %) &
DETII—RIZKEREFALN LD o7z,

2. 2 MR RIEE, LB, RPE
]1IRT AR, L9A%%, RPEOHEER
¥, AR, BEEAGE, A%, RPERZENE
WEBIEMORME & 1ML 7z IPERKRE
FOE, {EIREEOEE) I KR B L TH
BICETL (p<00l), HM@ETOERHTICHEE

IZHmML7Z (p<0.01). FPRMEKERMLKRFTE
(SARTREE, FOREECTOEEPICKHREE L T
AEIZHEmMLE (Z2h€hp <0.001). D,
EOREL T OEE) P ITIILHR & ) ERVWEX TET
L7z

2. 3 RNOBEMERIFRRME

O ALRER R S B | Y & RSREE 35 X UV EREE
DEE)F L DOETEIAONEN-72. LALE
SREECOEFHHICIZFE L CET L, &L i
LTHBIMNSWEZRLZ (p<0.001).

® 3
I
@
& o : 1 :
é 1 \T-u
g -
2 5
e

THERF %Y 4 RIS (=105

B4 RoHMSERERMEOZE{L
* ok kL DILEL p <0001

3. & B

ARFFE T, RIRE T OB P IC 1T REHR L I
B L CRRARED UK IS EZ R A S o 7z,
DT X, KRR OEENIBARAERITEILE D
ZZH T TEDPo/ZEERLTWS, #
A LT, W OB I PO 2YE B
R L7C. R ORI T T —RICEEE S
Rhholel b, ZOFIXsspeed-accuracy

F21 IS AIEE, L8, BLXURPE. *x%#Hk: - Ok

e T E

40%peak VO, 60%peak VO, 80%peak VO,
VE, l/min 119+14 37054 * 57.8 £ 8.1* 92.8 + 10.3*
VO,,ml/kg/min. 4605 19.0 = 2.4* 28.2+3.0% 3821+40%*
PgrOs,Torr 106.0 = 3.9 101.3+25* 104.0 25 1106 £3.2*
Py, CO,,Torr 364 +28 411424 % 401+ 25* 34.9+28
HR,bpm 75.6 £10.7 109.5 £ 132 * 1425+ 124 * 1764 = 11.0 *
RPE 68115 07 & 16% 131 =1.9* 166+1.6*

FH P AR—IEE Vol 31



—130—

trade-off 14 & ZBIEA BV EEZ NS,
BARTEBFCBHMBED /37 + — < ¥ 2D
EFaZ L 3BAMETHE STV LY, K
DR S IO DFATHROREREZIFFT S
bDOTHo 7. KRD—BEMHICBVT, PR
BE C D EH) o D FUS R (3 2B & LLB L T2
Ao dolz, LPL, F—BEHIIBNVT,
5 BE C O BB A LTI SOCEE RN SRS & e,
C DOFERIZ, PR OEB) I A S NS RARRE
DINT F =Y AQELED, LV#ESEOEVE
BIZBWTOARALN-ZEEZRLTWAS, Fi—
B&MTIE, ELWRIBERT) 20121, EBS
&L —7y N ORENORELLOKEN P S O1FHR
EDEICLAREEAHT 2 LEVH L. €O
O, BIRUEERLERRIDEFRTLH2FrFY
53 5 T ORIGDOHE I BE T 2 I% o SEIRA5E
BTaZehEZONEY, AFEORKERIE, B
G BEDSTE TRV EEE TR TEE)ATA S 5 U
E, EE)HICEHARED /T + —< Y AD[H LA
AORPT NI EERBELTRE0H6 Lk,
INETOE L DRATHREDP S, HEEL AN
M ORABEICHEES XD I EDTRBENT
W3, Lo T, RIFETHS B HO
FHBEONT + —< Y ADA LITEREL VD
FRICE - THETERLEZONS, EEFOD
HEL VORI LT, #1Z1E Chmura 9
EBHORBELAVOLERET FLFY R/
V7 BT Y OMAFiREE L ORICBERISH 5
EERBLTNED, EELVO EAZ 7256
THEREMNERIZEZHO 2R Ty, KR
TiE, HIREOEB D ICRARED T -7
AN EAA S N7, RO MARRR R AR,
TR CORMBE R B LTCEEAL LS,
ofz. ZOFERIX, FERETOEFHIZAHALNL
BHRED /ST + — < ¥ A DA LA O MR
FIMEOZAL L ITEEIIBER L Ty wnwa & 20R
BLTWV5, EBHOREL VO LRI, &

B ICA SN WRITEWE oMY 2E0E
HAAELBRLTWBDOHS Lk,

ARFZEIC BT, FHRETOEE IR OM
R A IIE L ET L2, BoMEEE %
M, MTOBREMEEFHONT ¥ 2% Rk
THIEETH 23, LzdoT, E5bEETOEE
IS A S RO MR R A E DE T, 4
ZREDOFRTHHATEIMEOETE2B6L
WML ZEX SND. RIFFETH S N ROME
BRI DR T PR R B LR E S E DK
TafEoTWAZteER DL, MOMBEES
HMEOETELL0 LAERO—DLLT, Bk
ETOEBFICBT2BMRASEREIRNS L),
AWFFETIX, BOMBBREBAMEOKTICD 22
HHY, FIRETOEEPICIRAMBEEDNT 4
— Y ARLHRE LB L CERAbNL o,
R EECOEH I A S N7z BAB RO I
BEBALNRPo2Z L, EHEETOESH
HEREECOEBPICA SN AR LR EREZL
NS DD, TOFIZOVWTIE, 4BDEL
L ARAPLETHLLEZLNS.

ARG TIZ, REOMBRRRR B LA
Hllze L7z, EARIMES eI EB) I D oM
PREEEFAE LGN TZ 5 L W) FERD 595,
ZORBIIMORBEICROENT VB, 20720,
ABFFEDIHRUCIL, RAHER A RTIEE D S 1
5E L 7= RELARAR % S BZ it AR ) AL A 3 fu T
RHLBRERBLTVS LWV FHENLETHY,
CHRIERIEDBERTH A LEZ HNL. FFICFE
R B W TIIAETHE DA O fNiEEh b BfR L
TWBZ Db, 5RO A 2B TOEE
PEBPICED LI IENT EH 2T HLE
BobLEXONA, S5I2, AR TIZIZNLE
ATORWAZLICL Y, BEM R EIOERE
TOMFLALATH DR RIRE 125 £ 5 18
MRS EE L. LaL, TOFEICLD,
AL MR OEESTY BANTWE D, £

FH v b AR —2EE Vol. 31



BRCHERE DD BN SV OB DM O IREE R K
ML TWaE A, 2 EOMBEIZSHOBRITRETS
5. F7:, AREERETIToLHETH D,
B 4 % 4 IRIAADZAL T B P TIT ) EBD AR -
DIGE D 5 XX RN HENTRA T TIrbh: 2
EIBORV, Lo T, SBROBELLTY
4 =W FLETORERE, EEDOAR—Y DYH
& DEVIRIRT, B0 RAREONT 5 —<
VAR EEERA T 2LENDHHLERD
s,

4. O

AfZE TR, —BEOEBATRMEEE I RIZTT
SBARETT B 72O RAEE - IR - WAREET
OEEN P IZFRARE O FUCH & e Lz, KA
FECORBIIICHBICKEL S X &h o2,
HR 5 BE O SE B A FGRMC B VT RUE R
WZEERED A e, BN MURRER R AR BE & (3 ol
FEDEE) P & REHF L OB TEEA LN Lo 7.
Ve 5 EE C > R HR L 4 D ARELASRR 3 R BE 1T IR
ThARLNIb DD, FULKHITEHR & HBL
TERAONLR o7z, KEFRD,S, HEEETO
I A SN BAEREO M _EIX, B oMK
FRANEORL L FEBEIBERL TRV L2F
TR E Nz,

MR

ARFFEicx LTl e B 0 ¥ LR AESR
FLR T Y b AR R R B 2R  EELER
LEFEd. 72, ABIREZETTHICHY K
HARFEEHRFMARELEL > ¥ —OBEHER
RiEReIHhHrwWZEE LA ZZICREL
T, LI VEFOBEZRLIT.

X M

1) Bhambhani Y., Malik R., Mookerjee S., Cerebral

oxygenation declines at exercise intensities above

Ty P AFR— VB Vol 31

2)

3)

5)

7)

8)

9)

10)

11)

12)

13)

—131—

the respiratory compensation threshold., Respir.
Physiol. Neurobiol., 156:196-202 (2007)

Borg G., Simple rating for estimation of perceived
exertion. In: Borg G (ed) Physical Work and
Effort. Pergamon, New York (1975)

Boushel R., Langberg H., Olesen JI., Gonzales-
Alonzo J., Biilow J., Kjaer M., Monitoring tissue
oxygen availability with near infrared spectroscopy
(NIRS) in health and disease., Scand. J. Med. Sci.
Sports, 11:213-22 (2001)

Brisswalter J., Collardeau N., Arcelin R., Effects of
acute physical exercise characteristics on cognitive
performance., Sports Med., 32:555-566 (2002)
Chmura J., Nazar K., Kaciuba-Uscilko H., Choice
reaction time during graded exercise in relation to
blood lactate and plasma catecholamine thresholds.,
Int.J. Sports Med., 15:172-176 (1994)

Colcombe S.J., Kramer A.F., Erickson K.I., Scalf P.,
McAuley E., Cohen N.J., Webb A., Jerome G.J.,
Marquez D.X., Elavsky S., Cardiovascular fitness,
cortical plasticity, and aging., Proc. Natl. Acad. Sci.
U.S.A.,101:3316-3321 (2004)

Coles K., Tomporowski P.D., Effects of acute
exercise on executive processing, short-term and
long-term memory., J. Sports Sci., 26:333-344
(2008)

Collardeau M., Brisswalter J., Vercruyssen F.,
Audiffren M., Goubault C., Single and choice
reaction time during prolonged exercise in trained
subjects: influence of carbohydrate availability., Eur.
J. Appl. Physiol., 86:150-6 (2001)

Etnier J.L., Salazar W., Landers D.M. et al., The
influence of physical fitness and exercise upon
cognitive functioning: a meta-analysis., J. Sport.
Exerc. Psychol., 19:249-277 (1997)

Jones N.L., Robertson D.G., Kane J.W., Difference
between end-tidal and arterial PCO, in exercise., J.
Appl. Physiol., 47:954-960 (1979)

Kashihara K., Maruyama, T., Murota M., Nakahara
Y., Positive effects of acute and moderate physical
exercise on cognitive function., J. Physiol.
Anthropol., 28:155-164 (2009)

Meeusen R., Watson P., Hasegawa H. et al., Central
fatigue: the serotonin hypothesis and beyond., Sports
Med., 36:881-909 (2006)

Nybo L., Secher N.H., Cerebral perturbations
provoked by prolonged exercise., Prog. Neurobiol.,



—132 —

14)

15)

16)

72:223-261 (2004)

Pachella R.G., The interpretation of reaction time in
information-processing research. In: Kantowitz BH
(ed) Human Information Processing: Tutorials in
Performance and Cognition. Laurence Erlbaum
Associates, New York (1974)

Pontifex M.B., Hillman C.H., Neuroelectric and
behavioral indices of interference control during
acute cycling., Clin. Neurophysiol., 118:570-80
(2007)

Secher N.H., Seifert T., Van Lieshout J.J., Cerebral

17)

18)

blood flow and metabolism during exercise:
implications for fatigue., J. Appl. Physiol., 104:306-
14 (2008)

Subudhi A.W., Dimmen A.C., Roach R.C., Effects
of acute hypoxia on cerebral and muscle
oxygenation during incremental exercise., J. Appl.
Physiol., 103:177-83 (2007)

Tomporowski P.D., Effects of acute bouts of
exercise on cognition., Acta. Psychol., 112:297-324
(2003)

Ty P AR—IFEE Vol. 31



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

