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Changes in EEG Power Spectrum and A DPG Amplitude Following
Warning Signal for Cold and Hot Water Stimulation
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Takashi TAKEMIYA'! and Arihiro HATTA3

Abstract

We investigated changes in the amplitude of differential digital photoplethysmogram
(ADPG) and the EEG power spectrum before cold and hot water immersion
(foreperiod), and during immersion in six male subjects. During the foreperiod of hot
water immersion, the A DPG amplitude decreased and the beta power (13.0-19.8 Hz)
decreased at Fz, P3 and P4. Also, during the foreperiod of cold water immersion the A
DPG amplitude decreased, but the alpha2 power (10.0 —12.8 Hz) decreased at C3 and
P3. The ADPG amplitude decreased during hot and cold water immersion. During hot
water immersion, the betal power decreased at P4. During cold water immersion, the
alpha2 power decreased at C3 and P3, and betal power decreased at C3. From these re-
sults, it was concluded that the EEG power spectrum and sympathetic nerve activity
changed preceding the cold and hot water stimulation, and that these changes might be
related to motor preparation and stimulus anticipation.
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MiEECELC, MRLY IHERMEEEMLD
P300THE sk R & HIBET B BRI X T — AT b T
LEDOBEIIOWT, FWE SRR A A -
CERERIRREORIIMOBME T BE L, EEE
HEE R E R IC BT 5 BRI OIREEIZ O WT
BETLCTwh, F72, BIERLGICHET A21EH (FH)
M5z 5 N72EEIE, B 25 CNV (Contingent
Negative Variation®) OMHET 5 2 L5 N T
Wb, INETOMEDOER, TOCNVIETEHR
RIS, RIECFE, BOGHER & v o 7w R
BEOEERELRBL TWwL EEZLNTWY
2300 7:8.19.20 gy AR TR B O 7 I P AR
LOMEIIOWT, FE S S ER RIS L L
THEE % HBRE (B L 2B O R BB IRk
(ADPG) HEDEELR WA BT L, BN
OMMEPRIMEEDORRZ > 722 L 2RI L7z, FHE
LY 3B e B E b R, EIRENERD
D R FE AT AN ARG B (SSNA) & fh 38 I H AR 1S Bl
(MSNA) % microneurography x H W CHeE L 72,
FOREE, BERBOTFTMITE BNE, TOEE
BT CIEIME, MSNA IZBLAS RSNV LT
AL FESE D SSNA 2SToHE L72 2 L AYEIE S
n, EHEGTFEICE 2 EEOEEN LKL
SSNA ZHERSEAERTH D & Lz, &HITEE)
R A LHEREZ, b R OEE) T
(eff) (I AS BRI ED & BIRAYICIRYE, U EIE
L, B EB O L EITODICEE R XE T
Bl TnwhEEELTWS, 72, CNV & B
MEEBI O & FRHIHE L 72551529 T,

FHEMIM A O CNV HELZ VLIS, E, RE
BRIGEN VWIS EF T A5 2 L mESNLTWVS D
DD, FOEBFEHRA N ZALRLERIZOVTIEA
BA7%: B %,

AHFFETIE, FEFIE (Warning Stimulus; WS)
TERRNHFEHREONETZERL, BB

(Imperative Stimulus; IS) TiEE % XT3 € 5
WS-IS paradigm % FiVC, FHEEIR (WS-IS )
R OIERFREM A IRE X I OEE 2 BIE L, K
fis B2 B ED & H AR BN O BE 2 ARET L 7.

I. 5k
A. HRERUERFIE

WERE I EELRB T 64 ThHD (Tablel), EBR
DEGROFEICODWTT4EH L7z L TEBRSM
DEE LR, ,

FIBIIFEN S A+ — F (LED) Z Wz amlE L
Lice T=ALVAMIEDY 2754207 F 2T
HEo 7 #EEE OIREIA 1 m 2B D IF 72 /30em,
130cm DBV OB RIZE, FOELALIZS5 em R
THRK UKD LED % @& L, 7RKUHD LED 137
HHEL, Ho LED (ZEMERREIRIH & L7z, BB
DEFOEA5em OEFETICIE, 43.7£2.9C DIEK
L2, 1+ 1.3COBKDODRNST-HLE 2 0% Bz,

WiBRE T LED 2 @R T 2 X O R L, TEH

e L CHRPEIT LABEIIEETEE £ D 15em

2B WK, FAuEgLEEAIEZED
Bem FICBWAHKIGEKRKT AL EL, FTHH
WARIOM TE % AT &8, BAKEBELITDE,
BEAKEERIZ308 & L7 (Fig. 1A), LEORITE
1EITE L, BAEEE LRI RERE BIE L 72,

Table 1. Physical characteristics of each subject

Subject Age Height Weight Blood Pressure Heart Rate

(yrs) (em) (ke) (mmHg) (bpm)
A 19 177 72 120/69 61
B 21 165 60 132/85 64
C 19 166 61 118/73 72
D 21 170 68 121/67 56
E 20 173 72 131/88 68
F 21 170 60 118/61 64
Mean 20.2 170.2 65.5 123.3/73.8 64.2
SD 1.0 4.4 5.9 5.9/9.7 5.5
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Fig. 1 Experimental procedure (A) and set-
tings (B). LED for red (R) and green
(G) represents warning stimulus (start
of foreperiod), and yellow (Y) repre-
sents imperative stimulus (IS) as to
immersion of hot/ cold water.

L, EFIZF—% L a—% (XR-710, TEAC) 2%
SECEkL7- (Fig. 1B),
ADPGRRZDY — 7 ¥ (mV/V) % 45Hixtg &
L, ERFEBRIARI DEERS % control & LT, T&5H
HiH (Foreperiod) K& UNR/K1%20-30% (Immersion)
DWEEBEEH L7, EEGIE, MEHFOMEIC L
D ZEEE (Control), FHEIM S (Foreperiod) &
PiEIK1%20-30% (Immersion) IZBWVWTT —F 7 7
7 PREADZWXMEGHNEE L, 75 L
a—-FrEHAELTYH T 7% £ 55.0 ms,

© 1024 point® 1 AL E LTy T ary

(7T18A, NEC=%) IC W AATHHE 7~ T
EirATV, 6 BIOMBEFEHOME, FEBEICD
V3 C Delta (2.0~3.8 Hz), Theta (4.0~7.8 Hz),
Alphal (8.0~9.8 Hz), Alpha2 (10.0~12.8 Hz),
Betal (13.0~19.8 Hz), Beta2 (20.0~29.8 Hz)
DK R IFE I COFHRIEE («V) FRKD72,

C. HEtniz

FRETALER 121X repeated measure ANOVA % F\»,
BRI (Z08F - TR - 1BKEME) ROUEMES
fF GEARIE - SRR OBERNTENR SN
EEIZRBEROKEMIZOWTH L EIT 72, 7
B, AEKEIERES %L Lz,

m #R
ADPG-P I EEIZ D\ T repeated measure ANO-
VA ZAT o 74E R, BRI G & Vel oK HAE
Az, BHEHRICLZZD0ADNRL R
(F=13.05, P<0.001) »T, BRML&ME Tt %
f1o7z (Table2), IRKRIERER T FEHK
URIKEIWEF DR EES KRR L ) ERICHD L2
(Foreperiod: P<0.05; Immersion: P<0.01), ¥ 72%

Table 2. Changes in A DPG-P wave amplitudes

Task Time Course (F=13.05)
Control Foreperiod Immersion
Hot 3.75 1.80* 1.63%*
0.78) (1.61) (1.05)
Cold 3.75 1.76** 1.51%*
(0.78) (1.35) (1.11)

* and ** ; P<0.05 and 0.01 vs Mean (mV/V)
Control, respectively (SD)
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AKIZEREZ BT b P R R KEIEH OIS
B3 Z WA L7 (Foreperiod: P<0.01; Immer-
sion: P<0.01),

EEG @ Alpha2 J% OF Betal 7 38 O F 3 IR TEAE 12
B S fF & BIVESE I O AR A 2 <, BER St
& BAEDAMNE S NI (Alpha2: F=10.55, P
¢0.001; Betal: F=8.00, P<0.001) » T, &EMHH
S BV THERISARI T b 24T > 72 (Table 3)o

Alpha2tilfi Tld, WKRERERD C3 (F=6.74,
P<0.05) 2B TFHEHE K OEAKEER DF
JRIEMEASZCE I &V A& 12 L7z (Foreperiod: P
<0.05; Immersion: P<0.01), P3 (F=10.50, P<0.01)
2BV T b FEARIC T A R ONRKENE H 0 F 398
TE(EASE Z A L7 (Foreperiod: P<0.01; Immer-
sion: P<0.01),

Betal 7 ClL, HKRERERED C3 (F=4.535,
P<0.05) 128V, BABET O FHRIEMEL%Z
B L O E RIS R TR WE (PO.05) T
BTz, HAKZEEERFO Fz (F=10.446, P<0.05)
T T ELE R O FHIRIEM AR (P<0.001)
K OEKEEHR (P<0.05) &0 K<, P3 (F=4.797,
P<0.05) TixFHEHMH A O FYIRIEME D ZER X
D HED - 72 (P0.05), F 72, P4 (F=6.587, P<0.05)

) HEVETH -7z (Foreperiod: P<0.05; Immer-
sion: P<0.01) o

B, MOBEEEOFIRIEEICE B2 LE)
SRR b N D272,

V. Z%

AHfge o BHiE, WS-IS paradigm (28175 T&
HAM (Foreperiod) W ADPG-P iK% & EEG B
B OLEN A BIE L, BEMEEE) & RN EE
BOMELRITTAHILIZHo 2. FORKE,
Foreperiod T3 ADPG-P i ® D&, & 5IZEEG
@ Alpha2 & U Betal 77 38 F S5 IR IEE DK T H3380
LTz, T OREEKEVWER ORI TH & EEj
EOBERDPSHERT 5, T2, BAKFOMHRIION
THETOEREZIT>72,

1. PEEIR (Foreperiod) HDZALIZDOWT

Saito et al i, B MIBWV THIEEED) I
T AHRME (SSNA) & s AiEiiE) (MSNA) O
FUSHREZ > THEY, SSNAZHRD S O T
#2158 (Central Command) 2 XY ITLETH I &%
RELTW5A, F7-70 & MY 3R
A A x5, ERENVERT O SSNA & MSNA % mic-
roneurography % i\ CTHET L7z, £ ORE, #hE

T F S R CRAKEWER OFERIGE AL EFRE FIIE DO FHIDST X 2354, ZO8{ER ClEME,
Table 3. Changes in Alpha2 and Betal wave amplitudes
Band Position Task Time Course
Control Foreperiod Immersion
Alpha2 C3 Cold 3.99 2.99%* 2.47%*
(F=10.55) (2.05) (1.04) (1.12)
P3 Cold 5.09 3.28%* 2.84%%
(2.51) (1.34) (1.27)
Betal Fz Hot 3.01 2.31%* 2.70"
(F=8.00) (0.72) (0.50) (0.61)
c3 Cold 2.93 2.38 2.19*
(0.77) (0.51) (0.24)
P3 Hot 2.84 2.39%* 2.62
(0.65) (0.45) (0.42)
P4 Hot 2.78 2.41* 2.19%*
(0.87) (0.75) (0.39)
* and ** ; P<0.05 and 0.01 vs Control, respectively Mean (uV)
T; P<0.05 vs Foreperiod (SD)
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MSNA IZZALAS R S N oot L Cldni & F%
FHCOD SSNAHSTCHE L 72 2 & ERE S h, EHFG
TN X 2 B E OB LI L SSNA # Bk & &
TRRTH B E Lz, &6 IEBICH T 2 LHEIHE
A, Thbb LR OEETE] (&) 1350
REEE) & BEIRA RS, JO3EDHI L, Y E B
BAMG EBATD 72O\ EE B 2 R/ LT b &
KLTWwbh, ADPG-PEBIZOWVT, HEL? 2
K 1L, ADPG-PIEm IR 5 74 & O AEHE i |2
BEIZEA L, CORPEINEEROZNE I
HoTwb v, ThoDfEREFEERD, R
ThH, KR OTHREEDOLEL L TH - THHI0H
@ Foreperiod (25 TXHI D ADPG-P Il i 25 BE
AR L7z ik, BhEBAGARETIC SSNA HY 7T
UKE AR T A MIBIRD A Z > Tz &
ERETLDIDEEZ NS,

=75, BEEENEICEE L -8B R INE A7 13 Kor-
nhuber and Deecke'” |2 & o TR & i, EERE &
B BEAL & I T B, FRICENEBIZART 1 ~1.58
WAXEB) AL (Bereitschaftspotentiale) AS/E4
e MBAT 5, ZOEERMEMIZOVTIE, K
B2 B2 BT % R E B R O preactivation i U7
BISUSDBELIZBIEL TV d L) Rk & 02,
FERDEE D 728 O Ay 7 BARIRAE & Sk 2 & &
nCTwb, 7, WS-IS paradigm 2B\ T H 4
% CNV* %, Foreperiod 1 D%, HIHF M, X
JEHES &\ o o RN RE O TEBIR AR & RO L T
HEZEZOLN TV, &ETIE, ISHIOCNVEH
oi&, EERCS O E B SR B AL & IE R
SPN (Stimulus preceding negativity”) & A E % L
2D THDEDRBEHESITH B2, Plurt.
scheller and Aranibar'® (& 2 # @ Foreperiod T
CNV & Alphawr 3 @ B [H 21 1t (Event-related
desynchronization) % %L 72, % L T Alpha %
DL & CNV HRIE O3 1A BB TR % &
ExRL, BEIEHR-REROBEER A = X
LICEAELTBY, HEIESEMEMICUZS O
TH5HEERLZ, & 512 Plurtscheller'” i, Hils
#B T central upper alpha band components (10~12
Hz) DOBLFEEESHBE RS2 E0s, &
D Alpha WD IEEEBRAONKRGEE % 7RT b D
TdH Y, Alpha 5O BFEALIEZ DR AIE )
BEHIEIE o TELDLEEEL T,

AFFFRIZ BN T, BIFER & B o FLLE (C3)

CBATEER (P3) T Foreperiod H1 0> Alphalifls Fy
FRIBIEDI T AR SN2 L5, EE, HiMT
WK VB VEHE A 12 BEE L C Alpha27 38 o i 8] 1L
PRI o Tz MR E N2, IO Alpha2 s F
PHRIBMED K T IS KB BRI OAEETH 722
LD, FIMEROTFH L FE, WHE OO
D B\ S EF R E AR 222 & R b &
PLOFHEIL TV TEdhwhrtBbhs, X5
W, BIREATIOME ) EIRIRENE IR T A 2D
LIz, Z2LC, IRSDOEENEHRTIE N L
CSSNA Z1RA&E L, B2 /8 OMBIIR % 10 X 74552,
ADPG-PUW@mMMET L7zb D& EEL /-,

2. BREFDOEA

TH O™ 3G KIBEESRD ADPG-P I & Pk
IR BER 2 R L7z, ZORKE, REEKZIOIC
BWTMEICEIIZER SR wL DD, ADPG-P
WEDBEE WY EBEL, ThOPEBENEL LT
D SSNA DITHEIZ L B b D & EE 72, Fagius and
Blumberg® (4 ¥ /Ki8 &8 £ D% 0 IF g ¢ 2 5%
% SSNA DR EBE L, ZhHEEREICTT 2
PIGE LTHRODIDTHAELT WS, F7-
Wallin and Fagius® & & 7KHIBC AT 4 2 SSNA D&
REHRIEEISTHY, TRLVERTHES
MSNA D RIEA ML AFRIC L B DTHAHH &
LTW5b, REFFRIZBWT, BKZT TR kg
BTH-Th, BiEE20-30THE O ADPG-P I
BORYBHENT W EE, EEYEIZL 2
SSNATCHED D & B b b5, ZhiZonTit
MSNADREG b H 59, T/, BETIZH->TC3
& P3T Alpha i R IBE OB T A S 722 &
1, @SRRI D Alpha 737 — DA DSEEIZ RE X
NTBY O 2 LRABOBETH- 77,
MISIRSEZE 20 5 ORAEA 27OV 225, ek
BRAR DY IHEFERE YA 2 & DBV £ > 7L A%
522 L T MSNA & SSNA A Hhn4 5 & 412, #
RICH AN U CTRIMEE gt s h, EEL L%
EOIDDTHAH)EEZONDE, FLTINEDS
IR THEAMZE S, SSNA % (5L MSNA %
e T) St sEEBbhns,

V. #EER
AWFSETLL, WS-IS paradigm |2 381F 2 T4 1R
(Foreperiod) W D IEREFREM O IR EHE 5 (A
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DPG-P k&) & BEG EEBEE Z8IE L, HEM
FOHE) & AN E IS B OB EY AT Lz, FOER
#EH - | T, Foreperiod Tl ADPG-P¥#&E DT,
& 5|2 EEG @ Alpha27if HARIEE O T 25580 5 1
7oo IHBIE, BUSEMED MM R THRIBERD
FHADSKEREE OB L NV 2L S, HIRTHE
4 LT E M RO R EMRIEE £ TTE S
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