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Change of the Brain Potential Component
Following Local Muscle Fatigue

Kazuo KUROIWA*, Yoshiaki NISHIHIRA **, Tsuyoshi NAKAJIMA ***,
Arihiro HATTA ** and Masaki FUMOTO****

Summary

How exercise affects respiration, circulation and muscle system has been well
reported. However, there are few studies investigating the influence of exercise on
cognitive functions and information processing by the central nervous system (CNS). In
this study, the effect of sustained muscle contraction on cognitive function and information
processing in the CNS was investigated using event-related potentials. As a result, P300
and N2 latencies post-exercise were significantly prolonged when muscle fatigue was
elicited. Moreover, P300 amplitude post-exercise was significantly decreased. From these
results, it may be concluded that sustained muscle contraction affects not only the
peripheral muscle, but also stimulus information processing and reactions at select stages.
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BELThbR TS, ZhoDOMEIX, REAHE
R, EHERETAL, BEAEETAMOLI R0
HEFAPHWTEHM LA DO, RESLHE
B &\ o 7 A EEE 3R IV CEBII IS L
T CTEIEIChIzo TV 5,

BICPREMEROEELBEEDO—DTh 5 B
BEIZ A K — v o IRILHM, EBOET, BNEHRLZ
EDA LR CTEELZEH LR L TVEEER
bNBA, THICHTAMAEIIMMOGEFEDOIEL
BLTLRWEHNICEbNS,

AR, KENEEICBI 2EE) & Ak, &gk
TEERLERE ) L OBRERAET AHFRICBVTI,
HRMBEENR (event-related potentials : ERPs), &
ok 38 JE Ok B AT, A ERIRUGHERE] (Electromyogram
reaction time ; EMG-RT) ® L 9 GBS EBEFRH
WERNTBY, FERE - AF—YBRERTO
BIFEI SR IC SR L 722 ERPs 13, LEZEH
AEERLICRICHE, BBH, W vo7—ED
HERAEBRECAE LU LMEBEMTH D, P300S IR
AHREE & FEIMICSEM T 2B L COEEFEW, B
RHICALSFHEN TV AED, RIEOHREICBW
T, KWEEOBEBED L OHRLERE~NDE
BIOEEL, EEOWME & BRI T 1 EBRERE
BEICIDVELRDLELTWVBMNEN UL 2hs
5, BB A TOENIZ L B PR RN DEEZ
BILTEEAE-o&h LTwiwn,

Nishihira 5@ O EATHFICB W TIE, EHEREIC
—BHOERELGEERSE HVTB Y, PIRMARE
FRIWHBYE 2L LTWA, ZOHITHZIETIE,
EENC X B PIERMR RN ORE + AR R O
MEBEE Y R 5 & 8Nh 5 ERPs ##51E& LCH
Wb DT, MIEHFENIIENIZLDTHAS.

F7omARD B VI RKT OFHIMERFIHE D T
WCOWTHARLHEDTIE, F0L) REFOE
HOKEFIIHRICHBELTVEH, Lh D
PHRAERT AT FAEBICERINA TV S,
Lo TEHEMER T TR, R LHER 21T
I LI L o THHRMERNDEEFALND L
EZ25. T TAMERILEBARICEENTH S
JEEEE) % .

Bigland-Ritchie 52 R&EHA A9 X 5 I/
BN X BIEFAERME AT TR PRARRICHE
haL35%06E, PRMERORDEELERD
—DTdh5EAMEE, HFROUBARIZHEMMIRS

B - A\EEE B OEH

NDAEEMNEZ DN S,

Z ZTHRMFEE, BEAEFBICL DEVEREN LG
PFrEB) S iR R OBFHRNEBR IS 2 5 E %
BRI R b & SHITRE L7, F R IR fE L
HBREZFEMT AEEL LT P300S 5 T% <,
FIBGEMRsEM % & Y EENICRET 5 N2 S 12
LTOMRATHRE #1707, F L THMGEY 26
SICHETEILDTEL7Y) v I —{ERHBENL
EHBREFFELZLOTELHEERLLN, /200
PR E L CHBREORIE D ITY, HbETHRIL
7=

I. EBFx
A. HigE

WARE L, AHEOBBELZEARYE (24.3+£2.56
) CRIE2EFFEMIGEHZITo TWRWVWET
Hol.
AERIIIRITLIVBEINTEY, ERITTOH
REBBEILDTO®YTH S,

1. 2y bo—LRT : 15%

2. FAMRIT: 15%

3. EHEMFMHIT © 15%

B. Fhi&

WARE I, ERICEYDL, EBROBEW - hEL
ERFEMICHB L, ERBMOKFE LR/,
BRRZIILBE LB VwEEY L5 L5108
RL, EBRHE7ZVI -V EEZ, L ERY E
BHEHITHER L, FERGBIEIHFLVERHE L
WX IR L.
EEILEHOFI £ ERPs - EMG-RT %, ;EH&
FraFEfi & LC EMG - I FLELfE - BEERL 5~ -
79 v h—fE FEfZERR) ZHE L7
AERIa Y Po—VE T - 7 X AT - EBA
WRHMAERITO 3R T2 0 %Y, @ TIREL S HIAT
bz (Fig. 1). ELAHICERETI LI L
i, RFICKELENTEN, ThEHEFERIEER
THRIENEZONS, #2TC, BHEE, 7y
H—F A b, BEERKLLN, HREONEHEZ
Ho, GFckEEIlROLNLVHIC, EER
*ER L. FLBERMEIZERI-208% By,
EHIE5 kQUTEL, EBREFRLZ-oTWTHIZ
IZRIC & ) ZREIRNDB L H 12, ALOEEL
ol ZLTCaryro— R fTE T X PRAITICHE
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(1.Control trial ) (2.Test trial)

EMG power spectral
lactic /e,;;;;e\ lactic
acid \ // acid

(3.Movement load evaluation trial )

Fig. 1 experimental protocol

L T oddball 3£ 2%+ 3 % habituation D 525 % &
T A 72912, Kaseda 57 DFEATHFRIC L7225, 4
HLLE OB %227 7-. EBRAHFMEIT 2 5
TFo7:Z LI EEDOMEES L UHNEBNIC L 5 KHDE
F RIS B 720 LISV T A b BARAEER
B (Y, BHE, BALY) x50 EDIC
T57:0TH5.

I Y PO VEATIE, BLERIO oddball FRAE (B
Mizta) X o TERPs #FR LRk L. /2
oddball EREDEIHZIZ 7 ) v A —F A b+ - HEAEIRL
LREfTolz. T A MRITIRERBZEBAN GF
Miztga) 252, EBERTERICI Y Po— V&K
TR CEERIBC X % oddball ##EIZ & - T ERPs
REE L. FLEBAMORICTY v A—TFT A
b - BEERFAETo 2. EBEBAEGFMAITIE,
FAMRITICBW TR LAGES A OME 2 FME S
HOICERLZ. TTEBERORICTY v —
7 A+ - BEERRAXEZITY, MHFLEROSH DI
DIH/REILALBOMBERNL 2. £D%, /AT
WamEBr AL, EFRTER - 1 57&RIDE
OMBEEFWL, 7V v H—7 A+ - BEEKFAX
{107,

C. EEYRAM HE K U oddball RE

WRE L, REBTICEBAES LR LRE
T, EFTHEICEEISEICE I I Lo &
BEL, EAIFIHBESNENGYESLEVHIT
HEBEToTH O o7, EBOMEE I, KITH
BOTCIZLEMOEBFTHVLN TV ED, KED
BRTEY 2 EENCB L TRFEE A Twiwna &, K
WOEHTO PHEMBERICEEL5257H) &0
I EATHFRPORMBL Y, BRFETIE, Fh b2k

T B0, BEFBERZRA L. BEHES 0%
Bk, mAIIMVC 2HlEL, ToICEME L -7
%1240% MVC O 1T 6 FHEIEFEE X L, £k
AR DKEZESE Z L 28R L, 40% MVC % 2
BRI THBECTELLPETITILDOTH 5.
40% MVC IZB L T3 EEIRTICHIE L7 MVC % b
CI, BRIl m~2mo eI AIIHbFrO0Ra—
TEIZTA x5, BHEE L7, TR ERE
BMThs6HEIE, F>0Ra—-FOrizEy L
7mEDLED # HITEX €5 Z L THREIIRL.
X o TAREBROEBE IS 72 2 R IUEE8)
Thab. 72, BRI AEFEEZHRTET L0
21, 6 BIUEORZRY 3IMITMVC 2HlE L
7o, EBVARTEE - RRMOBBRICEAL TR, THE
B - RATHE 2L L ) BEWLEBHEAT, 5
REOEEMERE  EBEFERTEZ L DD RE
L, e L.

oddball 3} H @ # & # 8% (&, AUDITORY/LED
VISUAL STIMULATOR (NEC) IZ & » TR X127
2250 + 1) #—{£5% ELECTRONIC STIMULATOR
(AARERZHFHKAESH) X THIEXYE, 24
DLED 22 i # & L 7. %l # @ duration i
50ms Tdh o 7.

oddball &3, & & #* D LED #20% & 80% Mk
ECRIMEEH 3 s TTI V¥ LICERL, BHEER
20% DIBSEERBTHALEHDLED 2 E L TH
L, BEAETHPHE S N/ZENETZ10% MVC TIE
B4 oBEAR LA, 10% MVCIZBEL T, (E&)
B L ERICH S OR T - TR, HHEE L
7z, RBEEI< v F v IBETIILVOTHERE
1I210% MVC D5 4 Y IZEHIZEbEREWVH XD
b, TEBZFTIER S CEELITH) L 28R L
7z. F 7z oddball FREI, BEHRIBATOEIZ\V/z5
THEF L TiIrbhsz. ZNid Kaseda 572X o THE
REIh/HETHH. BREEBN DOLEFTECFF
12 & Y P300AK 4 @ habituation LR 25| & &£ 2 L,
FREEFOFMFALDOTHAS. $/-FE
EABEAR™ X, P300 habituation FHE 2 F)HTAHZ &
i, EHEFRATAREALETAIETHAHELT
w5,

D. Mikoiesks
BREZIE L=V PV — ARORERFIC
FEMT 58w 4R L, BAIRIRECHRELITo L.
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AR 13 EIBR10-208: 12 ¥ D &, Fz, Cz, Pz, C3,
CADTERE L ST X WM BREF/ 2 HHEL L TAg/
AgClIIE R % AV CHEBER LA, F-ELRER
BT RTS5kQUTE LA, WIKIZEHEKES
(BXRBESAHRA S EEI000A) # HWT, BEXK
0.3s, [k 3R W E I $60Hz THEIEECERT % & FR
IZ, 7—% L a—4%— (SONY PC200AX) * H\T
A7 — 7288 L.

SR IC B R 5 2 A IRBER R UIREGES) %
WS 2 7-0ICIRER % EIRE LS KR UCYMUERO &
8L X D& L, ReE$KR0.385, 88 IR ik K
60Hz TR T H L RIKFIC, 77— L a—%—
FHWTHES T — 75k L.

oddball FRE K UHEB B O FHERIE, REIFR
JB#h, REFRME, b _5ES, LR=9E%- 5
BISH, =A% - PO S L ) REABEL T 2
LEBI, =L a—%F—%2BuT, BE7—7
[Nk = A DPAR

EBRETHR FREMHEH 70 7 J 4
EPLYZER (¥ vt 4 245 v 7 %REH) 2 HE
L7zar¥a—%— (NEC PC9821Xa7) * HwW T,
ERPs @ P3008% 4, N2Ei453 122> T off-line f##T %
To7z. BT, =% L a—%—CTRAEHELT
BWioTr— % %% 7)) v 7B $250Hz TA/D %
BLTayEa—F—ICHYRAATITo /2. HRE
1AL, BEE LD SEHA & )RS S Nk % &
W&, RERIZEDT—F 7727 PPRAL
CEATERD B TINEFEY L. mET s LD
T&7, Wi F—7I1390E DS b DK60E T &
THo7:. MEXHIIENES RUEENESTOE
~200msec D> 5800msec £ F T& L 7.

P300EK % @ [F] %€ &, #l 8 £ 7/~ $#%250msec 2* 5
500msec DB DB KREMHERS & L7z, P3005 55Dl
TEAIINE T L 72 ORI B E /R 17200msec DFH
BALR BB L L TIT o 72, P300IRIG D HIE 13 24 A
LRGBS OTESEE# & Lz, $7-, P300#
ROMERBERLVIELE TORRE L.

N2 DRIFEWCRE L Tid, $£—IZN1» 5 N2#
BIZP THEEONHEEREEMIEEL TS Z
EHFHONTVE Z EH» S, PI00ESFIRRIC G %
B L2k, EREEE (5o LED#RR) OEE
25 IEEMRIEEE (RO LED #2R) DEEE25Iw
ZBIZBEREEAW. ZLCBIEEERIIBITA
HI B E R %180mse 2 & 360msec D ] D £ A B4 B

5% N2gs & L7-.

N2iRE DM EIINZE S DL L LA ) (N2
onset) 2LTHHM I CTHOIEAMEREL L. 2L T
N2ER DR EIIHBERLVTEA T CORBL L
72. $7-N2 onset »HLTEA F COERICEALTD
Bz L7z,

E. MFsLEEDOSH

i A LRI B B B B T AR AT O E B AR IR
oL EOMB AR, 5+ FLEEHE E 2%
(Lactate Pro, 7—7 L 1 #%RX&H) 2HVTHIE
L7.

F. BEERLLX - 7)Y v hA—F X NDEFELES
#
EBBRFICLBENEFBENOEE, FLRE
BREHOKRIZ, EBBEAHEIR, SITRICBARESE
FEFREERFMESOEBEERTI0EE 2 5
B (EHBZERL 0, BE: 1, v8E .2, &
BE.:3) L2b02HWCTE@ELA"Y. I/-8ERE
KL HRESIT, PREDEF WS ICFMT 2 D
DELT, 7V Hh—FAF (75 —-RKbEHDX.
EHERE) 2HV:. 7YV 9 I —FAMIEoT
Bohz 7Yy -, SET 550 5REE
LZWIZRL T2 EFD) LEBERBICRZ, 0
REXERRBH, EHHEERR A2HPDERICBIT
AEBEBDOIETHE. 7Y v I—(HEOKTIZE
BKEDOBIFEISER T 2 MEREORT 2 KBLL,
BREREZSOCAEESEE BT A2 HEHRLEE
HOBLE#RBLTWDEIDEBRENTWEY,

G. EMG Dtk & @t

EMG i3, FrE#$50.03%), JRBGERTEH$K1. 5)KHz
THIESHET A LEBIIC, F—FyLa—¥—%Hn
THERT — 75tk L7z, EMG #5872 5 847
DH)LEROKELGMELRLIZOIIRBFREHTH
D, EMG-RT i3, oddball 32EOREIFARES &
nECsR L7z, T EBAMHMERITR O REIFIRE
BICBT 5 EMG & b i BERBE BT 21T 7-.
HEEI OGO L EB DD ) D40% MVC IUHEEEIZ B
FAHRELZZ2sZFRICHHL, PFORAEK
(Median Frequency : MF) # 3K THetLB %17 -
7. BFELVOITERZEICE LTI, Okada 5%
Moritani 5" DEITHE Y SZE L L. £7/2EMG-
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RT I, FIBER»SHBEROILL EA) I TEHE
E L7

H. #aHns

BEBOUELRIE, FHELFEERETRL
7z, BREGEBM O P300S & N2BL S D BIEARE R
&, EBRWoOEE (EBRWE - EERE) &
BHEAL (Fz-Cz Pz C3:-C4) IZDOWVTHDK
L) OSBRI EIT, ERRIFBONLEEL
R L BR E @ Scheffe 2% VW TEEHEBRE
%47o7:. EMG-RT, MF, M+ 3.EEfE, BEER
FAX, 7V v I —T A POPERKRIEI—TEEDT
B EiTo. WO EERTHEICE
Greenhouse-Geisser # (2 X 2 BEHENBIE %17 -
2. BEK#EIIX p<0.05& L7,

om #%
A. EBNAFFEAT

ARFFEIZ BT 5 Wik s = BFEB) L, 40% MVC
PHBFCELRLA LBETHRITAEN)IDBDTHY,
BHREIOIZ [P EULV] [FEFEICEDN]
LOFEFEINT. ISAOBRE BV CEERFRE
BEZL-TEY, FH21.60+£10.565 (F& K465,
5%/N10%5) DEBITH - 7.

2 IEMVCR2BIELTBY, §XTOHEKR
Z2T, RMTEHEIEL22 00, FRITEHEIEL I
SDNT%MVCIIRA LTHBY, HKMITIZI0%
MVC T L7-.

M FLERE IC B VT, EBATA1. 37£0.45
mmol/L, EE£A%5.01+3.82mmol/L Ta 1, EH)
HFoOMmPABMEITAERICHEMLA (F=14.42; p<
0.01) (Table 1).

MF (2B Tid, EBYBLERF£572.41+16. 72Hz,
EE%1358.46+16.08Hz TH b, EBI% D MF I3F
HIKT L (F=20.8;p<0.001) (Table 1).

BEERFANICB W TIE, EE)HTA%5.20+7.49
B, EE%A%.7317.975Th Y, b, mL
TWAARFEEZEZRDON 2 h» o7 (Table 2). 7
Uy A —fEICBWTIE, EBRT1338.26+2.64 54,
EH)£1337.50+2.41 5 TH Y, EBHEO T v
H—ERDOTPIETT2EMICH o -AFEER
Fdbnih o7 (Table 2).

B. ERPs @ P300g4%+, N2k 8 X U EMG-RT

BB ORI BT 5 ERP 2 i312I2FEF T P300
B RUN2ES*FEET A2 LA TE (Fig. 2).

P300iRIE - BV Tid, EB)RTA%22.27+£10.08 4V,
EB) % 2°15.92+9.19,V TH b, EBjf. D P300#k
MEITE I T Lz (F=23.37; p<0.001) (Table
3). P300i&% B 12 B v T I3, & B BT £9362.57%
33.55msec, & B % 4%376.57+32.28msec T 1),
BB O PI0ERFIIE R ICER L. (F=6.47;p
<0.05) (Table 3).

N2{RIBIC BV Tid, EBRIAS13.3£7.26,V, &
B%4%14.9716.61uV ThHH, FEEI2HI o7
(Table 4).

Table 1 Changes of Lactate and MF at pre- and post-exercise.
Index pre-exercise post-exercise F P
Lactate (mmol/L) 1.37+0.45 5.01+3.82** 14.42 0.002
MF (Hz) 72.41+16.72 58.46+16.08**"* 20.8 <0.001
Values are means=SD
***p <0.001, **p <0.01,
significant difference between pre-exercise and post-exercise.
Table 2 Changes of the a simple test at pre- and post-exercise.
Index pre-exercise post-exercise F P
Flicker value 38.26+2.64 37.50+2.41 4.58 0.050
Subjective symptom test 5.20%£7.49 6.731£7.97 2.25 0.156
Values are means+SD
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Fig. 2 A: Grand average waveform across 15 subjects of ERPs (Pz) recoded
at pre- and post-exercise.
B: Grand average of difference waveform across 15 subjects of ERPs
(Cz) recoded at pre- and post-exercise.
C: EMG waveform at pre- and post-exercise in flexor carpi radialis.

Table 3 Changes of the P300 component at pre- and post-exercise.

Index pre-exercise post-exercise F P
P300 amplitude (pV) 22.27+10.08 15.92+9.19*** 23.37 <0.001
P300 latency (msec) 362.57+33.55  376.57+32.28* 6.47 0.025

Values are means=+SD
***p <0.001, *p <0.05,
significant difference between pre-exercise and post-exercise.

Table 4 Changes of the N2 component at pre- and post-exercise.

Index pre-exercise post-exercise F P
N2 amplitude (xV) 13.30+7.26 14.97+6.61 1.37 n.s.
N2 latency (msec) 268.66+29.00 283.20+35.86** 11.56 0.005
N2 onset (msec) 203.69+29.34 194.26+34.31 2.9 n.s.
N2onset-N2peak (msec) 64.97+23.75 88.94+32.96"* 10.81 0.006

Values are means®SD
**p <0.01,
significant difference between pre-exercise and post-exercise.
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Table 5 Changes of the EMG-RT and RT at pre- and post-exercise.

Index pre-exercise post-exercise F P
EMG-RT (msec) 299.00+54.27  314.40+68.12 1.78 0.204
RT (msec) 334.63+54.08 351.55%71.48 2.05 0.174

Values are means+SD

N2# B (12 B v T, E BT £9268. 66 £ 29. 00
msec, EH)%55283.20+35.86msec TaH 1, EH)T%
DNBBIIAEEICZER L7 (F=11.56; p<0.01)
(Table 4).

N2 onset # B 12 B T, & B ar £5203.69+
29.34msec, iE B # #5194.26+34.31msec T&H 1,
HEZ I L) o7 (Table 4).

N2 onset * 5 TS F COFHBEEBIZB W TIT,
E B) B £%4.97+23. 75msec, & B % H°88. 4+
32.96msec TH V), HEE)XRD N2 onset HTER I
TOBBIZAEEICIERE L/ (F=10.81; p<0.01]
(Table 4).

EMG-RT 128V TiXx, EBHE)A5299. 72+ 54. 27
msec, 1EB)%H5314.40+68. 12msec TH H, HFEZE
(X% Ao 7 (Table 5).

ETOHERE T, BB HEHHT % O EMG-RT 3,
P300t&HE & 9 5E4T L T /e,

V. BE

& ORFFE T EB AR B O B Es e & U
EHRUEBEANEEY*S522L V) HET D
prawwms gl FN DRI R L-REE
RLTEHY, EBOTHE & BB, T 72I3ES)
BEREBE VoA R I A TICE D EBOHNE
BELZBIEEZRLTWABINAD 2| TER)Y A
TOENI L B EEOPEMERNDOLBEIZEHL T
FEEEoE ) LTk, KRR, EFEED
— B DORIHEH % BT EB AT P IEMERICE X A5
B A KB DR AR RE K MERLELERE © ¥
5L EN%ERPs # iVTHRE L7,

A. B2 5aEE)E D BT 2 &ML

BTk &N L Y, EBEOFLEREIX, EBhET
CHRTHEICHEML 2. £ 72 EMG OB BUEN
DR, MF (LEB#ZAEBRIICETHEEICEE
WL, CoZkid, T THHEDHIIH 2
VAT, GEENC X Y BT, BRMNICEBEEETRO

motor units (MUs) 2SSML &L %Y, H4ITEE
BT IRO MUs 0102, BHIEEICSmMLZZ LAt
EZiobha, T/, Tesch®AV9) X 5 12 STHEHE
MUs & b & FT #HE MUs O UUKERES 0 5 25955 L
RTWVEWIFL, STHETRE L LTHLEL D
ZONFEHTAIENTELYE Vo ETHIE: ®
beTEZLE, EHIZEBEHIZL o THTII,
BREFBICFTHRMEMUs ABML 2L 2D, R4
ST #HE MUs #0012, BIUBICSIML -2 &0 E R
Eha., ThoDERIE, EFEDEMG /YT — A
~RZ MU %R L TV 5% Moritani 5% & Z4F 652D 5%
TR L FABOERERLTEB Y, KPR THW
Wrkthy 20 BB L, BT LBmES ERI L-eER
bhb,

B. BB SIS P300RST DZAE

ERPs @ P3008.453 13, FIMOBEEES ) 7 1 1ZH
7  HTESEM 2R oM 2R L, REEER
AL THBEICL > CEASNDBHEN
T, ¥REDHBOFMPLEEREL BT L 5D
Thsb. AKBFEIZBITSH ERPs I2BWTH, FHIEL
HEZ P0G 2BAIENTEL. $EHKE
@ PI0OIRIB L EB R ICHHRTHEEIZH L, EBY
%0 P00 ILEBRIICHREEICER L.
P300IRIE X 2R & N7 RIBI X3 5 5F A - FIBTO
MEERUEREOMERE, EEIEKFL TEIL
TAPELwbhTWwa., BRI, RIBHBEE,
BRAEREYE, FENEE, REOCHIE, HEEL
ENEFRLTWEY, HIBHBEEEN S ko2,
FMEBEIKEL o), R 245R0H#%*
HIMF 35 EAEL < 25D &) RIRRTIE P300IR
RITETLY, FAXNTHHBOBUEIE L 2
Y, BEORBEEHMS & PI00RIGIIET 22
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