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Figure 1 Experimental protocol.

(A) Participants prepared to count down upon hearing an oral cue, (B) started to count down for 10
seconds with an auditory signal, and then (C) started sustaining static handgrip contraction.
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Figure 2 Schema for location of optical fibers.
Measurements were obtained from contralateral motor cortex
(C3), ipsilateral motor cortex (C4), contralateral sensory cortex
(3 cm posterior from C3) and ipsilateral sensory cortex (3 cm
posterior from C4).

WIS D 112 DIEE LT,
4, 7 — IR ERTE

FMEHEOT— 1%, ZHFGE 15 MO E
ML LT, HREEISOLEOTHMELY 1 T
CICEI L 720 ARFETIE, SEBE L EHRE OAX
(Fig. 1A) 7> S EB)ERT $ T 15 B0/, EB)FE 2 PBE
ASEBY % BILG L 72 (Fig. 10425 10 BRI & L, 34T
(HR R ARZEAL - HR /N L) x RS (AR 15 podfi,
BRI 10 HOM)  ERE L CHIED® 5 2 JTRLE 75
BT 2 S L AT o720 BB, T ORER,
BITOFNRB IO AR LRO LN E,
K L D 2 BATH O T HEOEE RIS DD 5 t BiEx
FAWTHSE L0 72, oxyHb OFEME[ED S DZEALIZD

Tid, ZEIBEE(S 4y M) R AW THRET L7 &
B, HETOAEEAKEL BRI L, 7= 713 +
e TR L7,

wOR

Fig. 3 B LU Fig. 413, EBhH#EAHHTICI1T % HR B0
AR & 7 o 723847 (Largest HR ; LHR #A4T) & /b &
72 5727447 (Smallest HR ¢ SHR #AT)IZDWC, #B)ie
P > & B FFIZ 51T 5 HR B L OV MAP, il (/22
k) B L O (5 1 2R) :E B T3R8 B & ORI B
FHHIHD oxyHb DRERVI 2 LE R L T 5o ABF
T, TNSDORIGOFEATH O g, B &
JEEIEF A T T2 720

WREF Vol 50, 2010

(1):EEh%EfwHER

LHR 317 & SHR #47® HR DL » S OELED
E—71%, 6.7+4.1 bpm B LU 1.643.2 bpm TH - 72
$/2, S5O HBIE, LHR 34T 45426 AT H,
SHR #1471 5.8+2.8 BATHICBIZR S 7z,

PEBRIGZ D HR 122V TIE, LHR 34713 SHR 34712
g U R o BRI G A 4 PEE THEIC
EWEER L7z —7, MAPIZIZEITHIOZER AL
Bl

R SEALBIRE D oxyHb ZLIC DV CIE, RIS
IZBWT, LHR BRATIEE R 3 B £ TR fE
MPOAEIZHML, 72, SHR #ATI L CHilisbiis
HoMHF CHBEICHVELRLZ, F72, FHLED)E
I2BWTIE, LHR 3471d SHR 34712 L TR filisss

G 4 BHE TEWEE IR L2, FEHEEA O ORI
AONLhoTze —F, WHOKEEEIFICBW T,
FEEEMED S OB L OFITHOZEIAL N 2D o7,
Bl LENRED deoxyHb 3B X U totalHb 12DV T, &
B S DI B LUFTH O EIZA DN o7z,
(2)EEhe

LHR 3#4T& SHR 347D HR ODLEH SO — 221k
#1013, LHR 317725 10.846.6 bpm, SHR 1772 12.32.1
bpm Th o7z, £z, FEGHTOME, HR BLU MAP
DWRTA=FIZBWT, FITHIOZEIIALN LD 572,

AR SRALBIRED oxyHb ZELIZDVCld, A HIEEDE
B L OTHME R 12 B\ CHRHEAE A 5 A 5 2 B
HASNTAS, [FHILEBEF CIIILHENE A S OIS
irolze £z, BATHOEIZOWTY, MEERICE &k
12, WFENOFHIRIC BV T L EEA SN D572,

£z K

gL, EENEMYO HR OMnAmKkzZ xR L7z
SHATE BN R LT O ZRITORMNNE 7 O Y Vi
FALBRE LGRS A > i L, SR B A
kN Fva~y FIZBEE L 72 HR O¥EhN & EENEF OBRIE)S,
TEERIBIAAICE D LT 2DOMIIOW TR L 720
1. EEEMOBIRICE EANE Y/ OE BRI LBk
AIFEAERICBNT, EEEFIC VL M Fvav
RN 2 5B LHR BATICBW T, HEiR
EDOTHPY & 7 5SRO BIIER 2 S MM RTE $ T,
SHALEEDET I BT, oxyHb 2SIREEMEA O DA F 1
M&ERL, SHR FATEDIBICBWTHARICE W ESL

477



BT 5 X OV BB R D DA N & T i B B T 9 R A LT O R TS B £

| Preparatory period Exercise |
20
E *
*
£ 10 * * NS.
% MLL
P
Ulim]lli?‘?i [ llrlll
-10
-15 -10 -5 0 5 10
time (sec)
| Preparatory period Exercise |
0
¥
E ™ :I ns, Figure3 Changes in heart rate (HR) and mean arterial
T 11 blood pressure (MAP) during preparation and subsequent
L2 = - . .
% 0 gearT 1 rO0g voluntary exercise. Values are means + SD from six par-
ticipants.
-15 @ . largest HR session; O , smallest HR session; *, signif-
icant difference between largest and smallest HR sessions;
-15 -10 -5 0 5 10 p<0.05.
time (sec)
1} cont .
A OISR BYtx (3) Ipsitateral MCx
Prepar#liny perss] : Emerciss | | Pragarstory paricd E Exarcies |
nors TTT | s H
** g
= ME E
g ] H
3 i
2 ]
;3 o : @
= L]
L] <
0015 -BO18
-15 -1 5 o 5 0 -13 -10 -5 o 3 10
timasec) tima{sac)
{2) contralateral SCx (4} Ipsitateral SCx
| Fresaratary sanod [T | | Preparatory poricd Exgrcize |
ooes [ Ter ]
L
< _
;
3 :
3 i
i 0 o0
4 4
0018 0015
-15 i -3 o 5 10 -18 10 -5 o 5 1
Bme{sec) tnn{sac)

Figure 4 Changes in oxygenated hemoglobin (oxyHb) in contralateral motor cortex (1), contralateral sensory cortex (2), ipsilateral
motor cortex (3) and ipsilateral sensory cortex (4) during preparation period and subsequent voluntary exercise.

o, largest HR session; O, smallest HR session; ", significant difference between largest and smallest HR sessions; p<0.05; T, sig-
nificant increase from baseline.
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Relationship between Increased Heart Rate and Activities in Primary Motor
and Sensory Cortices during Preparation for and after Starting Handgrip Exercise:
A NIRS Study

Masako Iwadate,' Kenichi Shibuya,> and Tomoko Sadamoto®

'College of Industrial Technology, Nihon University, Chiba, Japan
“Japan Women’s College of Physical Education Research Institute of Physical Fitness, Tokyo, Japan

Key words: near-infrared spectroscopy, heart rate, motor cortex, handgrip

We compared cortical oxygenation in the motor cortex (MCx) and in the somatosensory cortex (SCx) with concomi-
tant cardiovascular responses during preparation for and after starting right handgrip exercise. Two sessions comprised
those with the largest and smallest increases in heart rate (HR) during preparation in six healthy individuals. We measured
levels of oxygenated hemoglobin (oxyHb), deoxygenated hemoglobin (deoxyHb) and total hemoglobin (totalHb) in the bi-
lateral MCx and SCx using near-infrared spectroscopy (NIRS) and simultaneously recorded HR and mean arterial blood
pressure (MAP). Levels of oxyHb in the contralateral MCx were significantly higher in the largest HR session during
preparation. Nevertheless, oxyHb in the bilateral MCx or in the SCx, HR and MAP significantly differed between the two
sessions after starting exercise. These results indicate that motor cortex activities and sensory cortex responses after start-
ing handgrip exercise are not affected by motor cortex activation or the increase in heart rate related to central command

that develops during preparation for exercise. (J Jpn Coll Angiol, 2010, 50: 475-481)
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