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Abstract

The nature of the interactions between
the vestibular and autonomic systems is
complex and has not been fully defined.
Vestibuloocular reflex induced by
sinusoidal rotation and activity of the
autonomic nerves in the heart were
measured to investigate the interactions
between the vestibular system and the
autonomic nervous system in healthy
adults. Eye movement induced by
sinusoidal rotation of the whole body or
optokinetic stimulation at 0.04 Hz was
analyzed in gain, phase, and symmetry.
EKG was measured during vestibular
stimulation and analyzed in heart rate
variability including mean R-R interval,
standard deviation (SD) and coefficient of
variance (CV) of R-R interval, and power
spectrum of low frequency region (LF)
and high frequency region (HF).

Gain of eye movement was 0.65+0.03
by rotatory stimulation, 0.70+0.02 in
optokinetic stimulation, 0.08%+0.02 in visual
suppression, and 0.84%+0.04 in visual
enhancement. In R-R interval, resting
condition (control) was 0.82+0.03 sec, and
visual suppression showed significant
increase and visual enhancement did
significant decrease compared with control

(p<0.01). CV was 0.06£0.02 in control and
visual enhancement increased significantly
(p<0.05). In LF/HF control was 1.4010.23,
which was not different from rotatory or
optokinetic stimulation. But visual
suppression decreased LF/HF signigicantly
and visual enhancement increased
significantly = compared with  control
(p<0.01). These results suggest that
degree of gain corresponds with LF/HF
and increased gain in visual enhancement
is deeply related to the activity of
sympathetic nerves.
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AR71HLE old Ay MY =A
o #ose AFATFHAL (Ito et al, 1973;
Wilson & Melvill Jones, 1979)8} A A Y S
AL (Wilson et al, 1986)8 % ®ul o}
et AAAENFERE 23l g
3% 2FAx FAF (Yates & Miller,
1996). AA7IBY HAZHA AIFL 24,
TE, 7%, Y 5o ALAAA AL
Ty, FEAA Av|AZo|Y 2xRF
<€ o8 ARV HBe AFL APNRFY &
THE WIFANE = Lol RuHYL
(Yates, 1992). 18} Algola HA7 9
25 o AEANAA] VFAHL =A%
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EiE v =89, to] ARG}
AL AR oG AlZaLFe] o F &
A73A ] BFHE 2T e 3Folny)
offdo. a8y dFYEANY A A
ZAFolyd ANAAFE o]g3ld AARIHE
ASEEES 1 I ASANFA 24
A g Aol ARZ7187 AN A
o] BAANE Ay A8/ E Aol

HAEANA R-R 1139 2¥9EY EA S
o] &g Auty WlolE Mo vt
TE FA57 W e 439 553 ALAF
A 71%%€ Hrist7] A8ty de ol &HE
A} (Akselrod et al, 1985; Pagani et al,
1986; Stein et al, 1994). Ywtx oz Autsy
Hol=x Ha Aure] Aslel 4y 84
g J7IA12 Y+ R-R AR} FFHEHA
(SD), WAl (CV) & X#sn e
A 993 R-R 13E& 249EY EN3=
Fog¢ d9o2 AFHI Ut (Bailey et
al, 1996).

o] AFAME AENRAL 75 vl
= AA78Y 98 73] Asd A
AFE ol&3lg AFr|#E AFdHE o
Aty ROl g ol &do AP A&7
A BFAHAL 2A89T FA GFLEEL
ZA3ste] AAATNALY o5 A A
SN7R3A 34T ABdeE BFIIA
stk wEA A AAE dder AY
B JAANFE olfdld AAIBRE AZE
A ANAAFE ol gdld AFAFNAE
JQAAY FRAIE W = AFE
3 Mulg WolxE B Y.

A9

APRY: A WHo] glu AFAL 7]
Fo]l AR 20 - 454 (HT 267N @
Y 229 (d 169, o 6%9)2 HAeE 3y
o Z HHAE AY 24A% ARH AL
A7AZA g vFA $ Y &5, 79,
FE9 HHAE FIA

AARG7#e] AATIH ANEFE AT B
AFAA AL FEH JAAFIE A
£392em (Lim et al, 1998), AA7| 79
FHNTAL AFAFHor AFIr] Yo
HZAAE JARZ7|A g7 F vygE AW
o2 300 £9 AAMN FAZL FHoZ
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HWEE 60° /solA 004 Hz2 AN 3
AzFa Pt AlEEs AFL HAAZ|7
Eode 98 RE2AYd 60 W 24 Px=
g o83l 15° Aoz a8 Yoy
A& o83l 40° /59 &x2 AFE 71§
Atk AZGAFTE o] 859 AAAFHUAE
AAANY EHoz AAZ7| AEETAF
718 9% $¥Y =2 AIIon,
AAAFHALE FAAF BFo2 AgFsH
T4 FAZE A¥2 FHoA AARIFIE
AN

AT TR HAxY FA 2 E4:
$EL Ag-AgCl EHAZTE o] &3}y
QA7 EY gJdlgen, o5 (Gain), U4
(Phase), 28] A (Symmetry)E it&
39t AAEE Lead 19 93to ou|F
Z71& JdAsz FAFTAAN2Y (Multi
Telemeter 511, San-ei, Japan)& ©]&3}4
2339 o, R-RAAY HF, EFHA,
HolAlel AYAHEY (power spectrum)
€ BN F34¢ B4 A 001 - 015
Hz& AFRZ n@N73e 8FA4E, 015 -
040 Hz& 1FH2 RudN73e 854S
el Aoz 5929 (Akselrod et
al, 1981), AAANAH RIANZE FFAHY
H &S &3Vl 98 AF e Agxy
EY LR unFie] AY2HEFH (HF)Y
H-& (LF/HF)& T34t}

EAAY: HF R-RAFH R-RUF9 EF
Hxl 9 WHo|A$ (coefficient of variance;
CV)= Z JAACIA 28 9 3% 4
F22YE Hazge 3T F 4 HPFAS
HE#ge ez A&t pared t- test
£ o] 839}t p<0.059 AL EAA &
ojge] Qe Aoz HAAYIFey, A¥gAn
¥ mean*SEE HE A3t

F7

BE

EAEE
L8 AAZH N LERATA 9@ F7Ug

AZFe A E FEFo] EH3A F%
oy 004 Hzo FHAATA o 7ETF
(VOR)9] o]5& 0651003, 94L& -132=*
61° , WAL -34+32%2 AT L F &
T AT £x9 65%° AT
W, S| AAZTHG WE AFHAA ¢FEF)
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FESAL, F$ 39 HAATA 98y
ATFET S5/ AL )FAY. =F
AN&EAT (OKN)el 93 T eF9 o5
2 0701002, 942 -123+44" |, WYL
-561362%E R AZo] 9o A
ATHALE HAl (VFX)ENE A$e ¢F
&0l dARA JAFRLH, ATLEY
o5 0.08+0.02, 14L& ~124+9.1° , WA
e -19198%=2 AA7|BS AT %
AFEFH v FosA gAE o5
€ BT (p<001). AlZte] ofste] AHGAT
WALE 3 (VVOR)EAE ZAgole ¢+
250 FUlEHen, ATFLEFY oEL
084+0.04, AL -31%29° , AL
-13130%% AAZIE A g% T
T H w3 FoldtA FIlE o5&
At (p<0.01) (Table 1). ,

AAATRALE FAHE T AARAY
THH 4L AN 23 R A
T VOR¥ OKNeJA ozte] o3& 34
333, VVORAAM & 229 % 1890l A%
oA & & FAadHen, VFXIME RE
AN oA EE AH 7R gt
i s

2. AAAIH NEFATA g oS
Wol &

¢ Eiol Al R-RFF & 0.82£0.03 secE
Autee Hg 733 /mincloH, AR
olu Al &FAF 9ty Fod WsEg »
olA] Qkgrot Azt Al (VEX)l olsirxE=
0.85+0.03 secE F93F =718 RY

99T IAAN PR
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(p<0.01) Myt ZAAE 23T 19
U A1z (VVOR)) osfixe s
&8 HYozH (p<001) Hutse F71E
23t E=F BE HPFANA Yo
Zt & wat 2% F<¢ 24§ R-RF 9
EEHUI}E 41 ~ 64 msecd] HWsigen,
AEZd79 AIEE FFF F Y= WolA
F (CV)= ¢34 HAA 0.0632.2 Hl3
SGAAHA ¥EE BAn, ANDGIAGAME
0412 A el vl BT} ¥ 3
€ HYozH EFHZFHQA wgg nYY
(p<0.05).

At Hol g AYAHEY BN
A& A &S AFAHE AFH g9l
IFEY 9d9ug Few, LF/HFE 140*
0.230)%1t}h. AR Fel Y Al EFATAME
AFH d9ge] IFH Jguog oo,
LF/HF & 3 AAFA 1581022, AdA=
AME 161+0212 57} AAANEHY A$
9} XolE Holx] gttt
azEyg AGdale nFEH Jgo) HFER o
g9y Feoed, LF/HFE 09610.142 <3
Aejo] HEL3le {KoEA RS FA=
(p<0.01) AFHFde] AG2HEYo] A2
3l wAA A AL dAjd 719 Roew B
F Aok BF NP HS- AFH 99
o] nFm fJYgr zeou, LF/HFE 208
102622 <HAAMES HmEe {23
L FANeY (p<0.0l), AFH 99 F
7ttt mANZ AL FRO VAT Aew
€ 4 3t (Table 2).

Table 1. Gain, phase, symmetry in eye movement induced by sinusoidal
rotation of the whole body at 0.04 Hz.

VOR OKN VFX VVOR
Gain 0.65+0.03 0.70+:0.02 0.08%+0.02°" 0.84+0.04™
Phase (%) -132+6.1 -123+44 -124+9.1 -3.1%+29
Symmetry (" ) -34+32 -56+36 -19+98 -13+30

VOR, rotation of the whole body; OKN, optokinetic stimulation; VFX, visual fixation
during whole body rotation; VVOR, visual stimulation during whole body rotation.

*compared with VOR (*'p<0.01).
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Table 2. Heart rate variability in sinusoidal rotation of the whole body at 0.04

Hz
R-R SD Cv LF/HF
CON 0.82%+0.03 0.048+0.004 0.063£0.015 1.40+0.23
VOR 083*0.03 0.041+0.004 0.062+t0.023 1.58+0.22
OKN 0.82%+0.02 0.056%£0.016 0.055+0.016 1611t0.21
VFX 0.85%0.03" 0.064+0.021 0.063+0.021 0.96%+0.14"
VVOR 0.79+0.03" 0.038+0.004° 0.041+0.005° 2.08+0.26"

CON, control at rest; R-R, R-R interval; SD, standard deviation of R-R interval; CV,
coefficient of variance of R-R interval; LF/HF, low frequency region/high frequency
region. Notations are as in Table 1. ‘compared with VOR ('p<0.05, “"p<0.01).

i 4

AT F AAdd g% dAE s
A AIZ AR SEEYE ARt 2
flocculonodular lobe2 A g = o] Purkinje 4
F7F AAANANE A sy W} AL
FEAL 7 @ASA HAIE (Tto, 1975), W
g2 JARAFH AEFAFTE FAA 1"

S AAHAFNAZL FAPL FA AF
o FHAAZE ¥ F v IJAAFT F¢
FEHQ FA4dd A AlZe] & HAAL
FurAle] e ASdE dRREe PR
oA oA L TAadF o} AAHLFUAL
9l A YoM E AR YHEE T3
AAE UG, g2y o9 ZE FHAHQ
FAL AAAF AL o] 53 #FAAMo] U
E Roeg 228 F YA

dutH o2 Ayt Frte 2@ 9
E5Ad 93tz AHurge ZaAE Razgi
el 544 9sld 2HEL uAE o
(Guyton & Hall, 1996) A Z4gA= ¥ x4l
A€ AN ANAYgLe 2R FE
AN Ao FE5T F U ANZ
AANME AALE S vludte nF g
H9] Z7l2 LF/HF7} #ZAasltgen, Az
A e AARFEe} vusldg AFy o9
o] Z7tgo =M LF/RF7t F715td. <&
3 A= AGGA A Harge Fart §
RAAA e FA3}ol, ad AR A
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et 717 AR 7 e A3k 7
e WE3 XA weta] A3
9 ALE FEHoE WrFE Za%d:
AL 138 9 Hu|F S 2PN 493
o} AHE BAE Zeds Eue XA
} (Money et al, 1996).

AAetFRkrLY o] 53 Hut4¢o] LF/HF
qA 435 QAAANE F7E 9 o5 F7l
s LF/HF7F 3718l o) 5o 4
LF/HF7t 289t olzig dade 2x
AR EAZREY AFNF Y Agd 74
A Nz Fd EFAHL UWE F&
(medial longitudinal fasciculus)€ A ¢
SEANF Y =3 F{ AFEFE
43t FAlY AARANEYS] FHAE AEE
BN ZA} A4 BAE = £F 59
247 (rostral ventrolateral medulla)® A
gxo] A% F59 adilF NAFEE B
3l Hutse 2AsteE Aoz B F U0
(Ruggiero et al, 1994; Yates & Miller,
1994; Yates et al, 1994, 1995). 22y} AR
SHFREALI A o] 59 ZAE FuFAZ 9
#Ad sl 9% Mut Wolx BN AF
B¢ g9 Fte d#Age] de A=
EnZdANAe syl ¥zt n&d =%
ARQANAY dZ2=2E 7IAY (Kalia &
Mesulam, 1980) %x9] ¢FEA=He @
< FAAH NZE Bolr ¥te ZHo #
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q3t7] WEe] HrlFol Bolsts ARRE
AN RuFNFe] d2e A3
WA & ge At ol A%z
W AR #e] AFo] ofstd FPATWA}
7 BAR AS Awso) olsn Agag
Ed AF% 90| Frbale mPuF B
40 F7Mge wew Wrne 9ol
B3 B3 4 glon, 2Ed2d o =
FAAY FHRE WEH & oo

a8

AAzP Belsts BA7|Bo| AR
AEAZA SEHA WAL dge 273
3, AAAZ ¢ ARHATEAG Al
AENAA BEAR ABHLS VA
okl Fg 4Ae wHoz WHATFuAL
S AHAEE ZFAAT. AAYE AALE
HAAIN2AE ol g5t WR7IBe A
Aol A4AZL B0e o 2dse o
TR YAEY HAus o= BN
A3 Agrlee ARSI NAA3o e
e AFEFNM ol59 Frhe Aus Wo)
59| LF/HF®| Z7bsh Qs AzHeald]
A ol59 Bt mANY FEAD 2
& BAZ e Aoz Ardd,
@erlere &7 AT ATy
17-03-01-A-06 o SJate] ol FoR &)
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