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ABSTRACT

In the present study, we investigated the effects of exercise on human cognitive
processing under different thermal conditions (20 C and 35 C conditions). Eleven
healthy males performed 4 X 15-min bouts of cycling exercise Event-related potentials
(ERPs) were recorded in five sessions during somatosensory Go/No-go paradigms
(i.e., pre, post-1st exercise bout, post-2nd exercise bout, post-3rd exercise bout, and
post-4th exercise bout). As thermoregulatory and hemodynamic variables, the

external ear canal temperature, mean skin temperature, heart rate, and mean arterial
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blood pressure were recorded. The reaction time and error rates were not affected
by the repetition of aerobic exercise or different thermal conditions. However, the
peak amplitude of the N140 component, which was mainly related to somatosensory
processing, was significantly reduced with the repetition of cycling exercise, and
the decrease was marked in No-go trials under 35 C condition. Moreover, the peak
amplitude of P300, which was linked to the cognitive processes of context updating,
context closure, and event-categorization, was significantly smaller in the post-3rd and
post-4th exercise bouts under 35 C than under 20 C condition. These results suggest
that executive function, which was based on reaction time and error rates, would not
be affected by the repetition of aerobic exercise and different thermal conditions,

but aerobic exercise under higher thermal conditions may impair human cognitive

processing.
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& L 72 Go/No-go i O 1125 HE L CTEF#HC
L, EFE10-20 Fi2Evy, Fz, Cz, Pz, C3, C4
A5 Ag/AgCl AR % F - Tl B 2 % e T AR &
LCridkl, Puiliz 5kQ LV & LAz, 7—A
WARIY Fpz & L7z, IREREB)IC L 2/ A4 X% Bk
T 572012, IREXHES % GRS R E 2 cm
CATARAMENNG 2 em (CFETE L, BUBGEI L7-. F
7Pk L IR A 100 4 V % #8 2 5 AT 3 ME 2
SEAL L7z B H O B — A MIKIHE
TRz, EEC X AR ERRIETIC L -
CTEBPNNDTREDLD L. TDDEKL Y
Ya YOFNIER~~—A MEHTE L, KEE
TERR L 7-1%, RidkZ Bian L 7-.

1.4 FT—2PREEDT

7 == HLHER, EEiE (W, JHE T,
PEEE, ELFES, KBRES, FRRED), GOFA% B
JOMETH 5. FEE E R o T AR
P (=7o#, =7JuCEY—%) 2HWwTA
HedhproBIZEE L.

LR ER (NEC 1%, BIOMULTIL000) Tl
BRAFHIL, AAHERE EDICT—Fuh—%
AL T/R—=VF Ty Ea—F DAL, L
W20 & EBFT £ Ol e L7z, Mt id HE)
Il E S #E (COLIN #:8, STDP-780) # Ju»
Th B cllE L7z, LEMEND» S 0L EX
Wit & BB 5E 2 (COLIN 4%, STDP-
780) \CAILT, v ba7Ey LR
J£ (diastolic blood pressure: DBP) & I ] 1fi &
(systolic blood pressure: SBP) # illl5g L 7=, IfiL}E
W&, FEBRIC 2R B L ONEB) AT TR TR L,
I oA E AW THEYIME (mean blood pressure:
MBP) ZH L7,

7 N AR—VEE Vol. 38

21

MBP=DBP+ (SBP-DBP), " 3
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F1 AR ORR

ESis

1ETH 2 H 3T H
(&) CEByet:) (EBhifh) (EBhiafh) (EBhEtk) IR EIE S 1B

ANOVA

4laH 5[ H & kvvary KH

PREEEC) 5T 3402 3803 3700.
ey 22 o, i,
ooy B3, K
i g BT 8080 STWD 100209

20T %2003 3660027 366(02)

HE1703(1

3BT %B.7(88)  96.8(6.3) 96.5(5.0

3670007 367027 p<001 p<000l  p<005
3)" 372(03) it 373(02) T

34.3(1.1) 34.3(1.1) p<0.001 ns. ns.
36506 366(07)"

" 1430(12.1)7 149201577 p<0.001 p<0.001 p <0001
(155)""# 1765(133) "

995(88)  1015(99) ns. ns. ns.

98.9(85) 935(13.7)

() I3RS, 20 C 4tk vs. 35 C 4t " p<0.05:" p<0.01: " p<0.001, 11 H vs. fli v 3 > p<005: " p<0.01:""

2B %A B L FRRAFD b 7z
hoc 7 A b & L T the Student-Newman-Keuls 7 A
MEEET A, FHH - 2y v a YHOBED
EOEW ST L7 BEHIHTIE SPSS (Ver. 22)
i, BRI A AT p<0.05 & L7z

&, post-

2. % R

NWE BRI, EBty v a v RT eI
20C &M, 3BCHEMEBICEAL, T/ $§bé’%ﬁm
25 5 BEOFHNICES £ ToO LAEICEESE
PROLN (R1)., FHEFRITIETOEY
varilBnT, BCHRHEDTH20THRELD
LHL2IIE o 7z AR, E By g >

AR RIS, 20C5M, 3BCTHEML b Iz
L, FoEEEMRT AR E, 5 EHOFHINCE
% COMMEICHEADPRD SN/ FIilE
LTI, &t by varoFRE, M-
Yy vayORHIERIZRERD SN o7z,

ITHIRIZICEI L, BUSKMZ 5 LT — =2
LT, &t vy YaroTgE &t-ty v
YOFXHEAERERBED S ro7: (K2).

X3 xeWBEngE 4ty v arOREREM
WAL AR LT\ 5. N140 & P300 1 4
TOWEE NSty ¥ a VIZBW TR LR
Mg 2 G310 L 72, N140 o KRG B 5 % 48
WrofE, vy ar, fE BROFHE F
(4,40) =6.442,p <0.001 : F (1,10) = 31.709, p <

p<0.001

(A) RIGHERE

300 -
250 4
200 -

150 |

100

1EE 2EE 3HE 4EE 5@E
B 20C&H
@ 35CHEH

(B) T5—%

1TEE 2EE 3EE 4EE 5@E
M2 frERE O R

0.001 ; Greenhouse-Geisser #ii 1I&. F (1.321, 13.214)
=22455,p<0.001, ¢ =0.661) HFRDHLNT. F
oy va B, SR RO HA
M (F (8,80) =2.769,p < 0.01 : F (2,20) = 6.043,
p<001) 2RROLNIZ. Ly a rOEICHL,
post-hoc 7 A b %47 o 72445, 20T 41 Ti% Go
il B @ Cz, No-go HlHIEF @ Fz, Cz, Pz 125
WT, 5ty raryofiFRElLya sk
D HHEBISRIEAME T L7z (2121t p <0.05).
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YOFMEL Y T a ) b HEEIRESEKT (A) Go #lli# (B) No-Go %l
L7 (p<005). 35T 41 T E No-go Hl i 0 NIA0 BBy

CzIlZBWTC, 563,45y aryolhHEl ey Fz
Ta v XD O ERICRESET L (Zhehvp
<001,p<0.05,p<0.05). F7z, No-go Hll#FD
PZIZBWNT, 82,354 Y3 0lihiE Lty .
Ta v L) AEBIRESKT Lz (2hehp<
0.05,p <0.001, p < 0.05).

N140 DR IR 2 5080 <, Eho 3

Pz
5 (Greenhouse-Geisser i1l F (1.333, 13.334) =
11.288,p < 0.01, ¢ =0.667) HFEDH H 7=, AIME T
D - g g ok B s " P300 s
P300 O i KIRMEIZBE$ 4 Wi OFE £, & .
4V

7 & NCEmO ERE (F (1, 10) =5.905, p < — 20 1[#5 +
0.05;F (2,20) =31.063,p <0.001) A%FEDH 547z — 35C&MH
F 7ol —EM O HAER (F (2,20) = 20503, p X3 &g OFLEEENFREE (it y v ay)
<0.001) BRDHNTz. FHOMEICE L, Post
hoc 7 A b & T o 72455, 3ty 3 »®Go wF (F (2,20) =15.379,p < 0.001) 25588 517z,
HIAEEOEM Pz I2B VT, 4ty 3D Go F 72— EAR O HAEH (F (2,20) =5.209, p <
FI B OB PLIZBWT, ity aro 0.05) AR BTz
No-go HI#MIF D EM Fz 1BV, 4ty 3 3 = =
¥ @ No-go HIHIF OB Cz 12 BT, 35C 41t ' -
DOFMW20CEMAEL ) BFEEICRIEISET LA (£ ARFZE Tl 2 H BRI IC B A HERHE )V
N2 p<0.05). T2 — g R, SRR - R

P300 DEEEIZE T 5 0Bt Tid, BEO £ D5 BRI RIT TR T AL

F2 KLt KRB BT S N140 B O FA35ENE
Go Hilli No-go il

(uV) Fz Cz Pz Fz Cz Pz
< 1[HH>
20T 4t -12 (26) -1.0 (29) 0.2 (25) 5.8 (2.1) -4.6 (3.0) -2.6(29)
35T 4t -24 (3.3) -0.4 (3.6) -0.2 (2.7) -5.8(2.9) -5.0 (3.3) -3.1 (24)
< 2[HH>
20C &1 -1.7 (2.2) -15(25) -0.3 (3.0) 4.8 (2.2) 34 (22) -16 (2.2)
35T 4t 227 (28) -0.7 (4.6) 0.0 (4.4) 5.0 (4.5) -3.6 (3.1) -1.3(3.8) *
< 3 H >
20T 41 -2.2(22) -0.7 (2.6) 1.1(26) 5.2 (29) -35(2.3) .16 (2.1)
35C &1 -2.6 (2.7) 0.1 (3.3) 0.5 (4.1) 4.8 (2.7) -23(2.6) ** -1.0 (2.3) ®®*
< 4 [lH>
20T 4t -1.8 (29) -0.6 (3.1) -0.3 (2.5) 48 (2.1) -22(19) * -09 (2.3)
35C 4 -29 (1.8) 0.3 (3.3) 0.8 (2.9) 5.2 (29) -28(19) * -1.3(2.1)
< 5[\H>
20T 4t -16 (1.6) 03(22) * 0.7 (2.8) * 39(1.3) *  -1.2(16) * -05 (1.7)
35C 4t -19 (24) 0.8 (2.7) 1.1 (3.0) -4.3(24) -1.2(34) * -0.3 (35) *

() IEdEEE 1HH vs. ity 3> i ¥p<005: #* p<0.01: *¥* p <0.001
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F3 KLt KRB BT S N140 By O TPk

(ms) Go Tl No-go il
Fz Cz Pz Fz Cz Pz

< 1[H>

20C &1 154 (15) 148 (16) 149 (16) 161 (14) 147 (17) 149 (13)
35C 4 161 (18) 149 (15) 149 (14) 155 (10) 144 (9) 149 (14)
< 2[H>

20C &1 160 (25) 147 (20) 149 (18) 159 (15) 145 (12) 150 (18)
35C 4 154 (21) 148 (14) 148 (14) 160 (19) 146 (13) 145 (12)
< 3H>

20C &1 166 (23) 159 (28) 150 (17) 167 (16) 151 (20) 140 (14)
35C 4 156 (20) 141 (11) 138 (13) 154 (22) 141 (14) 143 (16)
< 4 [aH>

20C &1 154 (21) 145 (20) 146 (17) 157 (13) 149 (19) 150 (17)
35C 4 158 (27) 140 (15) 143 (8) 153 (17) 141 (15) 145 (17)
<5 [H>

20C &1 153 (26) 148 (26) 142 (18) 159 (19) 140 (15) 144 (11)
35T M 124 (20) 140 (14) 136 (11) 159 (18) 138 (12) 148 (14)

() (e
R4 BEME BRI BT S P300 4 O RN
Go H#illii No-go #illi#

(uV) Fz Cz Pz Fz Cz Pz
<1[EH>

20C &t 10.3 (3.6) 164 (7.8) 15.6 (6.0) 154 (7.3) 20.8 (9.0) 132 (6.2)
35C &t 96 (5.1) 16.0 (8.1) 14.6 (6.6) 14.7 (6.6) 19.6 (7.4) 13.3 (5.3)
< 2[EH>

20C &t 9.3 (3.9) 16.2 (6.8) 152 (5.6) 139 (4.9) 20.1 (6.3) 138 (2.8)
35C &t 95 (4.3) 155 (9.2) 14.9 (7.5) 13.3 (5.6) 194 (8.1) 14.1 (5.4)
< 3[EH>

20C &t 10.3 (5.0) 154 (8.0) 16.6 (6.3) 126 (8.9) 179 (6.5) 126 (5.5)
35C &t 7.8 (3.0) 14.7 (5.8) 130 (59) # 124 (6.7) 189 (7.1) 12.8 (4.2)
< 4[EH>

20C &t 8.8 (5.2) 16.3 (8.6) 154 (6.6) 14.0 (6.1) 20.0 (8.1) 132 (5.7)
35C &t 7.8 (5.3) 15.8 (9.0) 133 (64) # 10569 # 17.1(89) # 11.1 (6.3)
< 5[EH>

20C 41t 9.7 (2.6) 17.1 (7.1) 155 (5.8) 124 (5.7) 189 (7.5) 12.7 (4.6)
35C &t 7.7 (4.3) 14.6 (7.0) 13.8 (5.8) 10.8 (5.2) 169 (7.2) 118 (5.2)

() 3R E, 20 C4tFvs. 35 T4 #p<0.05

K5 BHEM EMEIIBIT S P00 B 0PI HTE:

(ms) Go il No-go il
Fz Cz Pz Fz Cz Pz

< 1[HH>

20T 4t 332 (22) 326 (38) 303 (31) 327 (29) 310 (35) 305 (36)
35T &1 325 (36) 324 (58) 305 (41) 315 (37) 293 (32) 290 (20)
< 2[nH>

20T 4t 332 (28) 323 (33) 295 (37) 330 (33) 305 (39) 302 (41)
35T &1t 317 (42) 311 (43) 300 (38) 294 (36) 281 (34) 293 (33)
< 3[HH>

20T 4t 329 (32) 320 (41) 289 (25) 329 (35) 297 (39) 294 (30)
35T &1t 326 (48) 306 (47) 293 (40) 310 (46) 292 (43) 297 (43)
< A4 [H>

20T 4t 332 (48) 332 (43) 302 (24) 324 (39) 304 (42) 290 (34)
35T &1 311 (59) 319 (58) 291 (40) 301 (34) 283 (39) 300 (56)
<5[HH>

20T 4t 316 (48) 309 (49) 297 (40) 328 (40) 295 (38) 308 (38)
35T &1 319 (46) 303 (37) 303 (31) 292 (38) 280 (25) 291 (35)
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HMWE L2 ATERE S LC, Uk e =7 —
= MPIEHRLHELER OIRIE L SN b HRBEE
fE DO RE LK 53T & B R IR N140 4 & P300
B ICER L, RRAERERFM 4 1T 5 72

N140 Beo3 i, MBIk 3 2 S Al RTE & KO3
B NIRRT L, BRI A S hiz7z0
WCHEIISEE Z o 72/ NRPERS & 2 S b Rio 72
5 Cdr B, N140 O 72 B FEA 5 1 R A &
B, BRE HRETHLEELLNTNSS
9 Go/No-go Ff8 % 17 5 72354, No-go il i I
VUL BN A 2 B4R L 7 R SE AT O HAR I B
SEET LA, Go FIEEF I X ATEEATE O GBI
ROHNRIY REBROFME, N140 H5r Ol
MR L, v aroFgEr#osh, HEH)
DRV IE LI L > THEAIIERPETLTWS S
EHTRENT: (FR2). 61, ZOMRTIX 3BT
2D No-go HIIFFZ B\, BHETH o 72, s
DFATIRZEIZ BT, HEOMED E LRI L -
T, N140 B ORMEAMET LT3 2 & il
LT ¥ Lal, ZoBa0EIEOETIL,
Go #ll#, No-go & b2 N TEBY, KB
FEDRERD X 9 12H5 12 35C 414 @ No-go Hilli#
BCHHE CThH DL I LE, B2 AN=ZALIZLE o
TIREPME T LzboeEZLNDL. 2, &
BB T IS B W CGEB 21775 o 72354, FRICEE)
PN B D 2 RGBS B L 2T T v, &
2 5N2. Akatsuka & UV 0RATRIE T, A
TR 0 [ K 1 1 3 B Go/No-go i % 4T
VKRR BIE 50% OMETRL Y FI)L
7 v =27 20 43 M O Hi £ T N140 155 o B AL B
BAMGTLCwa, EBROEE, r=v7ERk
12 N140 B5r OIRTEHE R AR O SN Tw5E,. 0D
FERIIARER LTI ZAE R TH B, ZOH
He UCEB M, S8 EoEoMESR, 1§
HEFOERPEZ 5L, RERTIE, 1A
DOHERHE IV T A — & EENEZICE, G
20C &4 Tl F39 134 bpm, 35T S TidFH
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25

151bpm TH-72Z & 205, Akatsuka 5 72SEE L
TEEREL D IEVWE RS FERED
HERHL L)L T X — & BB % TRk S 5B TR
20 P300 B OIRIEAME T T2 2 &2 7, &K
FFZE COIRBALT 1E, WA T8 2 mEam
HHIZLALDTHEEEZBNS.

P300 K% 53 1 AL PR i A2 12 5\ TR o B850
S 2 MRS & & 2 i, TRORHGB
LR 2 Lg% & SNTnWbE. KREBRD
MR B3Ry iay, oy arilBw
T, BCHEMOFH 20T EMHF L) A ZE IR
MET L7 (R4). ko<, miRBEETIZBIT
BB TIE, SEEEAT 2 & O SEBIIH] 0 AL
BB D HREEI S B A ST A L DR EN
7z, BERB AR SIS I % (functional magnetic
resonance imaging: fMRI) % V>, EBEIT @M,
TEHIHEFE I AR 2 R EIERAL 2 B & 202 L
ToF A OFATIIZEClE, EEHFEITEAR L/
RISARTEF, FEAVEIRTSHATER, W EEEF, {RUHE
eONEHIEANE, ERE, BMEBHENEEISR S
WO SEB) IR I (XIS BT BRI, Mt
I RTSERTEF, Al e EBNE, TEETE/ANGE, BEE
MBHBHTHE A8, Hi kel & v o 75 A ANE B3
BT Enbhorz W R HER M EERS
72 ARWFZE T, P300 i OIRMEAME T L2 2 &
S NS L7228, Bk Cldo & oA o fiFE
WE2SER L, RIBE T E25IS I LTW20H0
BHOLPIZT LT EDRTERY, LoT, HILH
LOREIZOWTIE, SHROBFRETHS. £
725D Olson 5 19 oz cld, HigHE )L =
A — & RO R 5 43 Tl P300 B O RIE A
WKL, BItG 15 501%, BkG 25 40 Cldfe 2 1ok
IEAME T LT\, Grego & ¥ 131240 HIEHE
WHET 2GS L, SEHMOBEETL T A —
& BB O A P00 B 2 llE LT\ b, #E!
WICHETIE o725 DD, Grego 5DT— %
BV, EEREM OGS, 412 P300



o
OIRIFEAMET LT %, Olson 5% Grego H DHE
BRI ZIE L TB 59, kPR Rl
L& BETHL, EEFEL TS LiL, K
FEEROT— ¥ 2 EET 5 L, EEHIE S KR A
b PO IRIEE TOERD 1 OTH 5 LS
5.

HEBHEBEN &I, FTENRRE O BUGEE
M7 6L 7 =3I EE O ) K LB X R
REEOEVIZE D EBIEIRAR SN o7 (K
2). THUFHRHMMENMN L L TR S 5 ik
HE L, FEEOITHREL LRl s s b oS
PFLL =L T ian/zoThsb, LEZLN
. 2F 0, RUBKHRP LT — L ULFEITR,
N140 1455 P300 55 13 RBAILER R % SOt L T
h 1) B 28T, RISFET
RITEEZ T RS, FRALIR IS <
35 EEZHN5. Olson 519 07— 5120
TH, HEEIOM D K LIZ X0 RS- AR 4 12
<&ofwéﬁ,ﬁﬂtwm®%ﬁuﬁﬁuﬁ

R RBIE T

TLTWwS., o507 —7 05 b JULBFETHR LR
HPRD LS L —B L 20 EAVRENTW
5.

# A

ARWFZEIR L CBI A D) F L7285 RN
ARG T v N AR = BRI B2 < K
WERLET. Fo, BB LE L CTHmIVAEE
F Lo RIEREOER, st THIEZTHES EL
TRIRREES A, SRERES A, BFOPT S A,
GHBF S A, FHHOAS AL m(mﬁﬂbi
3
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