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Alterations of Heart Rate Variability by Vestibular Stimulation in Rabbits

Kyung Ah Oh, MD‘, Jin Won Jeong, MD‘, Ock Kyu Park, MD‘,
Moon Yong Lee, MDZ, Min Sun Kim, MD? and Byung Rim Park, MD?
'Departments of Internal Medicine and *Physiology, Wonkwang University School of Medicine, Iksan, Korea

ABSTRACT

Background[] There is a substantial evidence that anatomicaal connections and functionalinteractions exist
between vestibular and autonomic systems. The nature of these interactions, however, is complex and has not
been fully defined. Heart rate variability (HRV) was used to investigate the physiological role of the vestibular
system on control of heart rate. Methods[] HRV including mean, standard deviation, coefficient of variation
(CV), power spectrum was analyzed from R-R intervals of ECG during vestibular stimulation in rabbits.
Results[] Urethane anesthesia increased heart rate and maintained regular R-R intervals, however, low frequency
region/high frequency region (LF/HF) was not changed. 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, choli-
nergic blocker, increased heart rate and increased LF/HF by reducing HF, and propranolol, (3-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. Conclusion[] These results suggest that stimulation of the vestibular system increased heart rate not
by inhibiting the parasympathetic nerve but by activating the sympathetic nerve. (Korean Circulation J 1999;
29(7):722-730)
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000000, 000 0D00000 0000 0000
N 2 0 0000 DO00O000O0 0000 000 000

0 0000000 0000 0000 000 000

00000 0000 000000 0000 000 0000000 00 00000 000 00,00,
000 OO0 D000 000 00002 00000

00000019990 30 190

3)
00000019990 60 o0 00 0 000 000 0000,2 0000 00 00
00000000,570-749 00 OO0 000 344-2 000 0000 00 000 oooo 0o0% oo
go0obOo boobo obooo
000 (0653) 850—-1060- [0 (0653) 855—2025 noobo oboboob oot oo oo,
E—mail0 byungp@wonnms.wonkwang.ac.kr 00 000 booO0o ooooo 0oboo oooo

722



00 000 000004® ooo 00 000 0o
00 00000 000 0000 0000 0000
0 OO0 0000 0000000 0000 000
0 0000 00 0000. 00 00000 R-RO
00 DO0DO0O0 000 000 000 0000 O
0000 0000 0000 0000 000 000
00 OO0 000 0 00 000 00 0000 O
0.79 000 0000 OO0 0000 000 000
000 000 00 R-ROOO R-R OO0 OOO
0 0 0000 00 0000 00 00000 R-R
000 000000 0000 0000000 000
0 00 000 0000 000 0000 0000
0 00000 00000 0000 0000 000
0™ gooooo 0000 00 0000 000
0, 00000 0O 00000 0000 0000 O
0 00 0 000 00 000 000 0000 O
000 0O0.00 000 000 000000 000
00 0010008 HzO 000 000 0O0OOO O
000, 015005 HzO 000 000 000000
0000, 000 0080045 HzO OO0 000 O
00 0000 00000 00000 00000 O
00000 0000 0000 000 00 000 O
00000 0000 0000 00 000 000 O
0 000 DOoOoOo0O0 000 000 00 000
000 OO0 0000 000 0 00.

McCraty 0'®0 000 000D 0000 00O
000 OO0 00 000 D00 000 0000 O
0000 000,000 0000 000 000 00
0 0000 0DO00O00O0 000 00000 000
O, Warren 00 000 000000 OO0 OO
0 OO0 000 00 0000 0000 00 000
000 0000 000 000 0000 0000 O
00 0000 0000 000 000000 000
0000 00 000 00000 00000.00 O
0 000 D000 000 000 000 00000
000 0O 00 00 000 0000 00000 00
0000 000 000 0O 00 0000.

00000 00000 000 000 0000 00,
00, 000,00 00 00000 000000 00
00 000, 00 Money 02P0 0000 O OO
00 OO0 D00O0O0 0000, 000 00 000

000 000000 000 0000 00000. 00
0 00000 0000000 0000 0000 00
000 OO0 000 00 000 0000. 0000
0 00000 OO0 000 000 00000 000
000 000 000 000 02 ooooo oo
0 000 0000 OO0 000 000 00000
000 OO0 O OO0 00 000 000 0000
000000 000 000 0 00 000 0000.

00 DODO0O0 000 00000 000 00 O
000 D000 0002 0ooo0 000 000
00000 000 000 0O 00 000.000 O
00000 0000 00000 0000, 000 O
0000 0000 00000 00000 O 000
00 OO0 0000 0000 000 000 000
00 000 0000 000 000 0000 000
000 000 000000 00000 000 OO0
0 D000 00 00 00000 000 000 00
000 OO0 0O 00 0OoO0.

Ny

Al
=

]

SE

00 20025kg0 OO 1700 OO OO OO O
gooo. boooboo obooo boo boooo
uooo oood oo oo oo vao gooo o
goooo, ooboooo ooboboo, oo boobo
0 000000 o000 1000 0000 1.0 gkg
O urethanell 000000 OO0OO OOOOO.

MHE 23 Y Au #o|gY £A

0000 0000 0-000(Ag—AgCl) 0000
gooo bobob oo oo, bobobo oo o
00, 000 ooooo 0o oobo boo o oo o
O000O(Grass 7E)0 OO0O0O OOO OO OOO 1
KHzO sampling rated OO0O0 OO0 OOOO O
gooo. oo ooob 200 ooo ood oo
U 000 0odo 00 0o ooo bob oboo
o0 50 000 bobo oooo obobo ooo
U 0 00 0bob obobo. 00 ooog boo
goo odo bobdb bOb 0Doo obo oo
00 0odb Oooo oobo bobobo ooooo. O

723



U0 oodd bobdob R-R OO0 OOOO DO
0 000 000 OObO ooboobo oo ooo oo
0Odoooo(zero—crossing)Dl OOOO ROO OO
gooo, il ROO 000D 00 R-ROO, R-
ROOO O0O0O0O O OOO0O,000 oOooooda
(power spectrum)d OO0O0O0O. O0O0O0O (coefficient
of variationDCV)O O0O0OOO O00O0OOO OO OO
0 000 0b0ob ooob. 0bobobob rROODO
R-R OO0 O0OO OO OO0 O0OOO oooo o
00 O FFT(fast Fourier transform)d 0O0O0 O
0000 000 0000 0010015 HzD 000
0 0dodobdo oodo, 0450040 HzO OOOO d
00000 0000 0000000 oooooo,™
doooo oobooOo oodbo Oooo booo oo
0 0000 oDooodgws o oooo oooo
(HPHO DO(LF/HFA)D 00D0. 0 00000 00
oo oooobo bob oooob oobo ooo o
gob 00obo0o Ob bobb oo obooo.

MY7|He MRS £= 25X

000000 00000 0000 000 000 O
0 00 000 000 0D00O0 000 000 000
0000 00000. 00000 0000 00000
000 000 0000 000000 oOog 300
000 DO00O0 0000 0000000.2 000
000 DC servo—motord OOOO, 0.0100.64 Hz
0 00000 000 000 000 00 000 00
0 00000 0000, 000 0000 000 00
0027 0 00000 000000 000000 30°
000 0000 004 HzO 0O0O0 60°/s0 OO0
0D0000. 00 00000 00000 000 00
0 400 00000 2mi0 0000 DOODOO.
OFAE, 2R ugdME J MYMEL MI|R=F

UrethanedD OO0 0O 0000 OO0 0OOO
0000 000 0000 000 0000 000.0
0 D000 00000 00000 000000, O
0 000 0000 000 000 000 0000 O
00 000 0000 000 0 0000 00000.
0-00000 000 000 000 O 000 00
0000 0000 103V, 1ms, 20 HzO 000 O

724

ogo. oo gobod boooo ooob ooo
0 oob bo0 0 0oob bbb oob ooo O
00 000 oooooo, 305V, 1 ms, 100 HzO
oo oooob. bobooo oooobo obo oo
0d 0bo0oob ooo booob boooo.

wAME, BuZNE RIS £0f

0000 ooo oooo, oo ocoooogo oo
0 0000 OO0 0000 oooog. ogooo
000 O0ooO0 propranolol 1 mg/kgd OO0O0O0ODO
000000, 00000 oooo 0oo atropine 2
mg/kgD 000000 O0O0O00. 0000 00 OO0
iod20000 OOO0OOO, OO 0000 atropine
00 200 0O propranololl OOOO0O OO pro—

pranolol OO 200 O atropinel OOOOO.

SAH Rz

o000 0 Oboob 20 0D OoOooo ooo O
oo oooboo. 0 0oboo 0 0oob ooo 2o
ug odo ooob oooo rR-Rr OO0 OO0,
gooo, ooog, boooobob oboooo,
ooooo ooo 0 ooboo booob obooo
00000 OO000. Student t—testD OOOO p
0gd 005 000 000 000 oogo og oo
U 00ooooo, 0o 0D meant SED ODODOOO.

NEy

L7t Mt #Ol20 Ojxl= Y

goddodd R-ROUOO OO OO OO oo
000 oo 0O 00 000 ooo oo oo ooo
U0 00 00 bobbo 0obob oo booo
00000 oobobo. 0obo oo oo ooo oo
R—R OO0 0.230+ 0.003 secl OOOO O 260
O/min0000, OOO0O0O 0.006+ 0.001, OOOO
0 0.027 £ 0003000. ODOOOOoO oooo O
O000(LF)O 4.96+ 1.32(beats/min)/Hz, 000
OO(HF)O  6.24+ 2.39(beats/min)*/Hz, LF/HFO
0.80+ 0.25000. 000 OO kgd 1 gd urethane
00 000 O0OO000 R-R OO0O 0.205+ 0.003
sec O00O0O0O OO OO0 O0OOO OO0 DOO

Korean Circulation J 1999;29(7):722-730



000O0(P<001), 0000 O 2920/min0 OO0
00. 000 0O00O00 00000 000 000 O
000O0(<001) 0000 000 000 00000
000. 0000000 000 000 00000 O
00 0000 000 00(@<0.01)0 000 OO
(p<0.05) 0000 000 000 0000 LF/HFD
000 000 000 0000 000000 0000
0000 0000 000 0000 00O (Table 1).

Fig. 10 000 00 OO0 OO0 00 0000 O
0000 0000000 000 000 015 HzO O
000 0 00000 000 00,0 00000 O
000000 0000 000 0000 000O00.
000 00 0000000 000000, 0 0000
0 000 000 000 00 00 00 000 LH
HFO 1.0 00000 (Fig. 1).

K8 HM7|X20| Auts o0 njxle HE

000 0000 000 00000 000 000
0 000 00000 0000000 0000000
0 0000 0000 00000. 00000 000
00 0000 000000 00000 00000 O
00 0000 00000. 000 000 000 00
00 OO0 00000 000 00000 0000
000 0000 00000 200 00000, 000
0000 00000 0000000 O R-R OO0
0.801+ 0.170 secd OOOO OOOO OO0 OO
0 000O(p<001), 0000 O 75 O/min0 OO
00 DO000O0(Fg 2). 00 00000 0000
0000 00 00000 0000 0000 (p<0.01)
00000 000 0000 00000. 000000
00000 000 000 000 000 00 000
000 00O00(@<001), 00 000 0000 OO
000 000 000. 000 000 000 000
000 000 LFHFD 032+ 0250 0000 OO
00 000 000 0D000(@<0.05) 0000000
000 0000 0000O0.

00 00000 000 R-R OO0 0.195+ 0.003
secd 0000 0000 0000 0000 (p<0.05)
0000 O 3080/min0 00000, 00 0000
0 0000 00000 00 000 00 00000
0 00000.000000 0000 000 000

Table 1. Indexes of heart rate variability at unanes-
thetized and anesthetized rabbits

UNANESTHETIZED ANESTHETIZED
MEAN 0.230+ 0.003 0.205+ 0.003**
SD 0.006% 0.001 0.001+ 0**
CVv 0.027+ 0.003 0.005+ 0.001**
LF 496 +1.32 0.22 + 0.04*
HF 6.24 £ 2.39 0.38 = 0.11*
LF/HF 0.80 + 0.25 0.62 + 0.26

MEAN, SD and CV were obtained from R-R interval.
SD, standard deviationO CV, Coefficient of variationO
LF, Low frequency region HF, High frequency region.
*compared with UNANESTHETIZED (*p<0.05, **p<0.01)
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Fig. 1. Power spectrum in unanesthetized and anesth-
etized rabbits. Dotted vertical line is a border between
low frequency and high frequency region. LF/HF was
0.922 in unanesthetized and 0.685 in anesthetized.
PSD, power spectrum density [(beats /min)2/Hz]. Real
value of vertical scale should be multiplied by 107¢.

2S

Fig. 2. ECG in control, vagus and sympathetic stimu-
lation of anesthetized rabbit. A, controlO B, electrical
stimulation of the right vagus nerve at 2.0 V, 1.0 ms,
20 HzO C, electrical stimulation of the right sympathetic
nerve at 2.5V, 1.0 ms, 20 Hz.

000 000 (p<005), 000 000 000 000
0 000 0000 000 0000 LFE/HFD 250+
07800 DOO0 00O OO0O(@p<005). 000 OO
00000 00000 00 LFHFD 000 000 O
00 000 0000 O O 000 (Table 2 and Fig. 3).
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Fig. 3. Changes of power spectrum by electrical stimulation of vagus (A) and sympathetic (B) nerves. LF/HF was
0.718 in control before vagus stimulation, 0.086 in stimulation of the vagus nerve at 2.0 V, 1.0 ms and 20 Hz, 0.737
in control before sympathetic stimulation, 6.821 in stimulation of the sympathetic nerve at 2.5 V, 1.0 ms and 20
Hz. Real value of vertical scale should be multiplied by 1073 in lower pannel of A and 107¢ in others. Notations

are asin Fig. 1.

Table 2. Alterations of HRV indexes by electrical sti-
mulation of autonomic nerves in anesthetized rabbits

Table 3. Effects of autonomic blockers on HRV indexes
in anesthetized rabbits

CONTROL VAGUS SYMPATHETIC CONTROL ATROPINE PROPRANOLOL
MEAN 0.205+ 0.003  0.801+ 0.170*  0.195+ 0.003* MEAN 0.205+ 0.003 0.187+ 0.009*  0.287% 0.006**
SD 0.001+ 0 0.168+ 0.049**  0.003+ 0.001** SD 0.001+£ 0 0.002+ 0 0.003+ 0.001*
CV  0.005+ 0.001 0.203+ 0.057**  0.015+ 0.003** Cv 0.005+ 0.001 0.010+ 0.001**  0.010+ 0.004*
LF 0.20 £ 0.04 1354.70 + 683.32** 0.49 + 0.09* LF 020 £ 0.04 022 +0.12 0.10 = 0.02**
HF 032 £ 0.10 4196.14 + 2118.08* 0.21 + 0.08 HF 032 £ 0.10 0.03 = 0.01* 0.20 + 0.05
LF/HF 0.65 £ 0.27 0.32 + 0.25* 25 * 0.68* LF/HF 0.65 £+ 0.27  7.36 + 1.66* 0.48 + 0.05*

VAGUS, electrical stimulation of the vagus nervel
SYMPATHETIC, electrical stimulation of the sympathetic
nerve. No-tations are as in Table 1.
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ATROPINE, after injection of atropined PROPRANOLOL,
after injection of propranolol. Notations are as in Table 1
b0 0oodbo 0oboo oobo obooo obo
0O 0 O0.00 propranololl R—R OO0 0.287+
0.006 secl DOO0O@P<001) OOOO O 209 O/min
0 ooobo. oobo oobboooo goo oooo
000 000 0000(@p<0.01) OO0 ODOOoo O
0ooob oodoo booo oob. oo oo go
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000 OO0 0000 000 000 (Table 3).
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Fig. 4. Effects of autonomic blockers on power spectrum induced by electrical stimulation of autonomic nerves.
AU effects of atropine on power spectrum induced by vagus stimulation. LF/HF was 0.066 in vagus stimulation
before atropine treatment (upper), 5.503 in atropine treatment (middle), 1.250 in vagus stimulation under
atropine treatment (lower). BO effects of propranolol on power spectrum induced by sympathetic stimulation.
LF/HF was 2.178 in sympathetic stimulation before propranolol freatment, 0.434 in propranolol tfreatment, 0.689 in
sympathetic stimulation under propranolol freatment. Real value of vertical scale should be multiplied by 1073 in
upper pannel of A and 107¢ in others. Notations are as in Fig. 1.

Table 4. Alterations of HRV indexes by vestibular stimulation in unanesthetized and anesthetized rabbit

UNANESTHETIZED ANESTHETIZED

CONTROL ROTATION CALORIC CONTROL ELECTRIC
MEAN 0.226 + 0.008 0.201 = 0.005* 0.209 + 0.009* 0.205 = 0.003 0.192 =+ 0.003*
SD 0.005 + 0.001 0.008 = 0.001* 0.010 £ 0.001**  0.001 + O 0.001 + 0O**
Cv 0.020 + 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 + 0.04 0.72 = 0.10*
HF 425 = 1.68 296 + 0.58 10.40 = 2.09* 032 += 0.10 020 + 0.09
LF/HF 0.79 = 0.25 497 = 0.72* 402 = 0.92* 0.65 = 0.27 380 = 0.27*

ROTATION, sinusoidal rotation of the whole body at 0.04 HzO CALORIC, cold irrigation into the external auditory
canald ELECTRIC, electrical stimulation of the vestibular nerve. Notations are as in Table 1

Ut 0 oboooob booo ooo ogo oo
oo oogoo.

HE7IZ R0 M Hols nlHs Y3

oo 0o0od oobo boooo ooboo oo
U odb oodob ood 0ooo bo oo goog
goboood oobodb Oobo boboo ooog
U ooo ooob boobo boboobobo oo
0 godob boboo. ooogb 0bob rR-R O

00 0.201+ 0.005 secd 0000 OOOO 0OO
000 00(@p<0.05) 0000 O 299 O/mind OO
000. 000 00000000 000 000 14.97
+ 4.03(beats/min) 2/Hz00 000 000 0000
(p<0.05) LF/HFO 4.97+ 0.720 OO0 OO0 O
00 (p<0.01). 00 00000 000 R-R OO0
0.209+ 0.009 secd OOOO OO0 DOO OO0
0(p<0.05), 00000000 000 000 000
00 0000 000 000 0000 (p<005), 00

727



LF

CON ROT CAL CON

HF LF/HF

ROT CON ROT

(@)
>
=

Fig. 5. Effects of vestibular stimulation on power spectrum in unanesthetized rabbits. LF, low frequency areal HF,
high frequency area CON, conftrrold ROT, sinusoidal rotation of the whole bodyd CAL, cold water irrigation into
external auditory canal. *O compared with control. Vertical scale is an arbitrary number.
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