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Abstract
There is substantial evidence that
anatomical connections and functional

interactions exist between vestibular and
autonomic systems. Heart rate variability
(HRV) including mean, standard deviation,
coefficient of wvariation (CV), power
spectrum was analyzed for evaluation of
the physiological role of the vestibular
system on control of heart rate in rabbits.

In anesthetized rabbits, electrical
stimulation of the vagus nerve decreased
heart rate and decreased LF/HF by
increasing HF. On the contrary, electrical
stimulation of the cervical sympathetic
nerve increased heart rate and increased
LF/HF by increasing LF. Atropine,
cholinergic blocker, increased heart rate
and increased LF/HF by reducing HF, and
propranolol, B —adrenergic blocker,
decreased heart rate and decreased LF/HF
by reducing LF. In unanesthetized rabbits,
stimulation of the vestibular system
induced by rotation or caloric increased
heart rate and increased LF/HF by
increasing LF. Also electrical stimulation
of the vestibular nerve produced the same
effects as rotation or caloric in
anesthetized rabbits. These results suggest
that Stimulation of the vestibular system
increased heart rate not by inhibiting the
parasympathetic nerve but by activating the
sympathetic nerve.

A e

AR7IFL v ag olyrinoezr FA4
Hol ARE Art&EE L, FAE AEe
TE #AASA AFEFO #As= AL
FHALe FH Y F£Fo BAse AR
FRIALE 2 ALHQ A9l x4
#Aqjct (Wilson & Melvill Jones, 1979).
a8y d&F AA7|BY &4 4, 1E,
715 T9 A&AE FALE zHdy
(Schaefer & Meyer, 1974), A3 7|®o] Y
X IEFY =H-o #BAI}IN (Yates &
Miller, 1996), FE0X ¥& AA7IH &
Aoz Q% YA AEYe ¢4 (Doba &
Reis, 1974; Lee et al, 1998) 52 AAN#H
3 A&AFALe] AL AP Aol
1=

¥ 2Ho Fd93te ARV B Qi
daixe #e A7 #9EUY (Doba &
Reis, 1974; Yates, 1996; Lee et al, 1998).
2 8 240 #AQ3E AArIH9 o
L 7337 AN AR B AFZS
Aujets 2AEAFAGe 2 HAHQA DAL
FF3= Aol Fodt HZ HALA
R-R 7 e AY2AEY B4 o] &3 A
vy Mol &2 HAFHY PHoz Yurs
€ FA%d 4FY ALENFA 7L Ht
g F 7l dgFEd 493y ol&dHm Yo
(Akselrod et al, 1985, Pagani et al, 1986;
Stein et al, 1994).

4 AA7 He &L dujFAe 2
¢ AAREZRIFE FWsy] g Eo) (Precht
et al, 1966) AA71H9 A Fo] 2dldg HY
Hoz Hulg FIY £ A& Aotk wa
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A o] AFAME JtEAA BARTH 25
A=, 22 A7AFTE o) 83te AR
& AFHAL | AN Autg dol g
& X3 AR o ARr|ge 9%
€ TR FA dold #oqsE A&
A9 g FFHozN HAAVFY o
Bl g5t zHgEe o 7R A&AAFA
T4 5L A% V|ES EE F AL
Aol

R L

HAPEFE: AF 20 -25 kgl 7IE 17%F
€ 45 7E Qo] AHgEA

AAES &3 9 Ayt Wolgo Y
B9 AAdA &-935e (Ag-AgCl
AAFE o] 88d gAAIFT L F2 AR,
FHAFTL 2 AA, a8z AAZTL
#FZ FAo HAF F IF dHFE7
(Grass 7TE)9 33ld FE%3 gL ANz
€ 1 KHz9 sampling rate2 $33sto <l
4 FAFH A dAE A82HH
ax u] & oj] o g PP ZAEY
(zero-crossing) & ©] &3l RAE AZ3A
o, AE¢ RIPE v¥o= 37 RR I
4, R-R 739 EFWA ¢ WolAS, 18
31 AY2¥EYH (power spectrum)g A4S
Bt F34 EA6A 001 - 015 HzE
AFz au@NFY 8548, 015 - 040
Hz& 2F3%2 Fazxd7e 854 Jve
e Aoz 39209 (Akselrod et al,
1981), AN B 549 1
€& A&7 sty AFde AFxdHE
d L3 158 2¥EY (HFY v&
(LF/HF)-€& T3t}

AR7I Y AT AA7|AY wagd
I o]7)HE FAN AZFY EHor unH
& IAYL FEANAM HEAIAAIVE
o]l g AL 30° 7Ly EFFIZL
FHeE  JAAFTIHAYG (Furman &
Baloh, 1992; Lim et al, 1998). o] A3 d] A
T 3AAIVIE FFoZHEEH 30° 719
AEfell A 0.04 Hze 342 60 °/s9 &%
2 A3 =3 AAH 2=2AFS
7487l $18kd 4Ce A A ESF 2 mIE 9
olxo) FY3tt.
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uFEAE, BAFaRFAE R ARLA
A71AF: Urethanel 2 v ¢ § 43 73
BoA uFAAH mPFAELE Esge
H &-gdsleoz FAY oI AFL &
A7 Ad 495 472391 -3V, 1
ms, 20 Hze] =A3FE 71atgeh =5 AAQA
A& ANATYE EFHoz ARRY FIE
AN F F52 X8 T3 9439 2
Ao AL AYdRem, 3 -5V, 1 ms,
100 Hz¢8l &A=& 713t

DFANF, FuAFARE AdAe Fo: @
FA74E& Ad¥ HHOe=Z propranolol 1
mg/kg & olNAAY FUsRow, uF
AN7AE AAd3t7] 989 atropine 2 mg/kg
€ olAMAYU Y Fds At

SAAEY: HAAEE 4 A3 28 F
St 71E89 AHutg ®olg& g FA3

Z TEGA 4 AFd gty 28 Fe =
¥ AAEE dde= R-R 139 FF
&, HFTHA, WolAF, HNY2HEHRES
2Adgon, d8AA EAE ZF AFF
o Yages APFUY dYd+E £
%t} Student t-test& ]38t pztol 0.05
°]&tgl Aol FAA FAe] JE Ro=
BAdYges, RE & meantSEZ HA|
skt

4343

1. A&4739 A7ZIAFo] Aus WHol&
AqAvAe 9% '

uFEAA Y AVAZTL Mg A
Hew AFFE F/ETE A A
€& F7HsH v AT FEYA UFAA
<€ A7|A=EY L 9 R-R BFEL 0801+
0.170 secE =z vl 23}o Fod F7}
€ Hgoen (p<0.01), AusE o 753
/min2 A A Z2sqd = FFHUA
7t fe&A F7rgel ol Aol At f9
A F713to (p<0.01) B AHQ] wg 2
Ueld S AASR Y. AYAYEYH B4
Ae AFS 997 3159 990 2F 3
A 2718 2g9eq (p<0.01), 3] 1F3}
gy Bng AT F7HE BYd. 18
I xFs 9499 FAGF F7td 93y
LF/HFE 03210252 o233 ulasq
frele FAE BRYoz (p<0.05) A



08 #0 0-8 $0 4 S0 % PO Ous PO 0=t $—0 06 0 08 S0 O—8 *G 04 0 O—8

7BAS FEol F7HE AAEIY .

AE ngAAe AFEL R-R F0)
0.195+0.003 sec® WzF3F ulEsle 9
Al A4 (p<0.05) A4 9 3083
/minZ F7FsA Tk £8 HolAF7 2718
o AR o vrg e uj$ B
€ AAEIA Y. AFAHEY BAA HF
4 JdE& F9% F7HE (p<0.05), nF A
YL TAA FAAHL QAT gAsE A
Fg HYoz LF/HFE 250+£0780.2 &
A% F7ME BRAY (p<0.05). waetrs A
XA A7\AFo) 9 LF/HFS %7}
= AFg g9 FUbd 719 ¢ 5
2t} (Table 1).

2. A2A3A AT s Wl g
oA v A= 4F

Atropine F¢j¢o] 93l R-R 73 &

99T IANYY PR

0 08 50 08 PG O—4 60 0—® =0 O—8 $—0 O=h S0 O—8 S0 =@ &0 C—8 &0 04 S0

0.187£0.009 secEZ2 Wz vlwdlyg 9
}AL2E RYoen (p<0.05), A=

o 3208]/minZ F73lth AFAHEY )
A AFE 9L Fog WHIE Holx g
oy nFH J9L A 7

A2E HYoe=z (p<0.01) LF/HF7} dz#3
IR T e k) | g o o R =

(p<0.01). °]g3 A& atropineo] Hm 7}
AN7E 584 E st Heeg FHA7)
Ro2 & 4 9t} ¥k propranolol R-R
H3& 0.287+0.006

secZ F7HAA (p<0.01) A= oF 2093
/ming ZA3HY. a8l AYgAHAEFL
AF g Fod g2 g

BIoem (p<00l) F ggorxes g4
dHou FAHcE fFAgAHLS QYU o9}
Zol AFy JHe {FAF Fad 9y
LF/HF= 048+0.052 &3 v 23y

Table 1. Alterations of HRV indexes by electrical stimulation of
autonomic nerves in anesthetized rabbits

CONTROL VAGUS SYMPATHETIC
MEAN 0.205%0.003 0.801+0.170™ 0.195+0.003"
SD 0.001£0 0.168+0.049™ 0.003+0.001**
CcCV 0.005%=0.001 0.203%0.057"" 0.015%+0.003"
LF 0.20£0.04 1354.70+683.32™ 0.49%0.09°
HF 0.32£0.10 4196.14£2118.08" 0.21%£0.08
LF/HF 0.65+0.27 0.32+£0.25 2.5+0.68
VAGUS, electrical stimulation of the vagus nerve; SYMPATHETIC,

electrical

stimulation of the sympathetic nerve. Notations are as in Table 1.

Table 2. Effects of autonomic blockers on heart rate variability
indexes in anesthetized rabbits

CONTROL  ATROPINE PROPRANOLOL

MEAN  0.205%£0.003 0.187%0.009° 0.287%0.006"
SD 0.001x0 0.002+0 0.003%+0.001
cCV 0.005%£0.001 0.010£0.001™  0.010%0.004"
LF 0.20+0.04 0.22£0.12 0.10+0.02™
HF 0.32x0.10 0.03£0.01™ 0.20%+0.05

LF/HF 0.65+0.27 7.36£1.66" 0.48£0.05"

ATROPINE, after injection of atropine; PROPRANOLOL, after injection of
propranolol. Notations are as in Table 1.
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¥  A2rE BYozZ  (p<0.05)
propranolold] €& Huts zxE wFAA
9] Ao} 7|AT HeZ B F 9} Wo)
Ase AEE& A7AFHAY stFsx &
t AHe ¥zde 3 £XE HYoes
H 2 <dAFHQ gL BYd (Table 2). .

3. 4718 Aol vty Wol g Wl

®=8 0=0 5=0 60 0=¢ ©=0 04 8w Ol PO 0—0 =0 O—@ $=0 0=t B=0 Oud S—0 Dot S0

fFE F71E RYoey (p<005), g2
Efdr e AF 99o] FostA F713
o (p<0.01) LF/HF~7} 3.80+0.272 %2 3}A
F7Ft9 ok (p<0.01). watA w3 A
AR ANAF GA @ NZAY &
TAE F7HAA Hurg FUMAZ Aoz
E & A (Table 3).

t 9% R

HAAZe 95 R-R WAL 02012  Auks wWojge WF Auie Wy
0005 sec2 WZZ3} vlEstd o 24 PEL #AE /1 Y= R-R W3R
& ¥o] (p<005) A¥$E o 2008/ming R-R 3Ae EFUR, WolAs 5 T#

F7htv. a8ln AYPAHMEHN AP
% 99L 14971403 (beats/min)/Hzo. 2
o F718 Rgez (p<0.05 LF/HF7:
49710722 % 3718 RAT (p<0.01).

T 2% AT 93d R-R 3L
0.209+0.009 sec2 Hutyo fog FIlE
Bnyeon (p<0.05), AP2HEYNA AF3
F97 159 99 BRAA FoF FE
Hoy (p<0.05), AFd gdolA oL &
< 718 B9 LF/HFE 40210922 9
Al F7F8 Tt (p<0.01). ©)s} Zo] nHE
812 & AeoAd AARsIFY AT AF
3 9498 Z7MA1A LF/HFE Z/MAgo=
Al AAR7IBE AFNAAY BFHE F7)
A Hoeg B 4 U vk3 Ao A
A718E AVAFEHUE FSdE s

g A9 YGI R-R F L& 2HEY B3
E Fi4 99oz BEANY 4 glon
(Bailey et al, 1996), A2 73 A9 #F F
AAANFH Faznie 54L& FEZ
T+ A FEF WYeld (Hayano et al,
1991; Ori et al, 1992). R-R 1R3¢ 2HE
H B4 A 015 Hzg& F4og AFd 9
gL nANEe FHE IFH g9
Euzid7Z 854 Jehiry] g 49
gz AY2vMEYS V|Fo2 o8 7}
A Ao oFt ytge] AHP2AHEYP S v
o wRNAFI RFaRidREel gF54¢
A3 A5 E 44 Hg & de Rk
AL gRHdA F83 98 714
o AR7|#Le LA FEAYo] Ul o
Foll (Yates, 1996) A AL E o] &8 v

Table 3. Alterations of HRV indexes by vestibular stimulation in
unanesthetized and anesthetized rabbit
UNANESTHETIZED ANESTHETIZED
CONTROL ROTATION CALORIC CONTROL ELECTRIC
MEAN 0226+0.008 0.201+0.005° 0.209+0.009° 0.205+0.003 0.192+0.003"
S D 0005+0.001 0.008+0.001° 0.010+0.001"* 0.001x0 0.001 +0*
CV 0020£0.002 0.039+0.004° 0.046%0.003" 0.005+0.001 0.005%0
LF 335+1.03 1497+4.03" 4243+20.14° 020£004  0.72+0.10™
HF 4.25%+1.68 2.961+0.58 10.40+2.09° 0.32£0.10 0.20+0.09
LF/HF 0.79%+0.25 497+0.727  402+0.92" 0.65+0.27 3.80+0.27"

ROTATION, sinusoidal rotation of the whole body at 0.04 Hz; CALORIC, cold
irrigation into the external auditory canal; ELECTRIC, electrical stimulation of
the vestibular nerve. Notations are as in Table 1.
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g 543}
g8
HA7]
53871 959 AlgEE HAAZTL
TARE FAHoZ FYNFHAL A=
= UYE Bol A3 o o] d
AME W@ olyrHLE FAY A=Y
F e €53F JAANFE oL
(Furman & Baloh, 1992). 3} A x}=d)] <&}
o AFH 99L& FdF FUIE HYe=w
LF/HF7t 718t ey, £ 22234 9
AMNE AFR 999 =712 LF/HF/} 2
7Hee @A FFAHol FHEE AAL
gt & oA G FEAA AR B
o AFe % Ayt F7teE Ruyiag
gE5A49 A4 rIQErirgE 2P
2549 F7ld 7198 Rez B 5 9
o 28y ulHEA e AHdA ARV

29 A3 @ duse e ¢4
AR7Be dgoz wyAE 4 gow,

B2 o PN 9T WAL
T Ut 53 AAATo|Y LEAFA W
oAt F7HEL wrgo EFHAEL 9n
e Aoz HAAIHE AT ol9de AEHYX
% e gdg 847 28HY9 UL 54
o] Bt ola¥ F .U viAEy] 3}
o oY oA ARANFLE ANAZE
R& W AF3 999 F72 LF/HF7L &
718 Ais AA7IRY AFo] R g
€ 2 g3 AH aRNH BEHELE 37
AA Aot 48 m3 Aoz B F 9
. A2 Doweck ¥ (19979 QT A9
3t AlgelA d¥Hoz HAANBE A
3 Hulg FEAAL o RPN &
AR E FaRNE 8549 #ad 7)
At B dle o] AF A} Aukg F
& AANAYG. ahy olH g Aud A
e AFEdY 2 i ol 1y $
AR g Doweck T (1997)°0] AA|F Huzt
A% A JA A agAFE 54
o JdAd Frlgta A 5 Q= R 7R
ZAE AAE 4 Aok F Koch 5 (1990)
2 483z HFEAZ "WuE mhAeA
¥ % epinephrine ¥ norepinephrine?] %%
7} F7Hekd2ew, Gordon 5 (1988)& A9
HOo2 A HulF FAANA e
H7b ZAES Hasligt. oldg AT
AG71B9 AT ¥ YnZo] mPAA

9TTIAAN PLTRE]
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EE49 F7b Z1A%e AAE Aol
E@ o] AFA A} o] WA B
2e AY2YUEY BNAN 1FH o9
Zande AF% 9499 Frbe ojsio
LF/HF7} 37hhe $azaz 8549 o
Avce 2BA7 BEAY Fbol sdw
Aoz el uAe A7 e Jge
BENFE AR oFjAL T £ 3
.
ae

Aurg Wigle ulxE ARV B L
27387 59 E7dAN ARNBE AF
AAE W HAEE 7IE3l9 PF R-R T
A, R-R 149 BEWA, HolASF9 AY
2¥WEYPG TG Yub¢ WHo|g L BAG
A AA7|B AFe] RaFAAe 8F
A€ JAANTE ABRYE Ay g%
A€ F7INA A F71E 295 Re
2 Alg g,

#A71edd G7 #AHFE A4
17-03-01-A-06 o ¢]&te] o] FojH )
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