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Role of Vestibulosympathetic Reflex on Orthostatic Hypotension in Rats
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ABSTRACT

Background[] The orthostatic hypotension in response to the assumption of an upright posture is regulated by
activation of sympathetic nerves. Role of the vestibular system and neural pathway on orthostatic hypotension
were investigated. Methods[] Changes of arterial blood pressure produced by head-up tilting, rotatory
stimulation of the vestibular system, or electrical stimulation to the vestibular nerve, vestibular nuclei, and rostral
ventrolateral medulla (RVLM) were measured in Sprague-Dawley rats. Also, field potentials were recorded in
the vestibular nuclei and RVLM and c-Fos expression was evaluated in the brain stem in order to investigate the
vestibulosympathetic pathways. Resultst] The three phasic blood pressure responses were elicited by head-up
tilting: initial fall, early recovery, and late sustained pressure at near control levels, the magnitude of the pressure
fall was parallel with the degree of head-up tilting in normal rats. Return position from head-up tilting recovered
control level of blood pressure after a brief rapid elevation. However, bilateral labyrinthectomy resulted in
exaggerated initial falling and devoid of early recovery phase during postural change. Sinusoidal rotation about
off-vertical axis of the vestibular system elicited more elevation of blood pressure than rotation about earth
vertical axis. Electrical stimulation of the vestibular nerve, vestibular nucleus, and RVLM produced elevation of
blood pressure, which was the most prominent by stimulation of RVLM. Field potentials composed of P, N1, N2
waves in the vestibular nuclei were recorded by stimulation of the vestibular nerve, while weak potentials in
RVLM were recorded by stimulation of the vestibular nuclei. An electrical stimulation of the vestibular nuclei
expressed c-Fos immunoreactive cells in RVLM. Conclusionl] These results suggest that the otolith organ of the
vestibular system plays a major role in control of orthostatic hypotension, and the pathway of vestibulosy-
mpathetic reflex in control of blood pressure involves the vestibular nuclei, RVLM, intermed-iolateral nuclei of
the thoracic spinal cord. (Korean Circulation J 1998528(6):998-1006)

KEY WORDSU Orthostatic hypotension - Vestibular system.

M 2 0 000 000 0000 0000 0000 000
000 0000. 0,00 000 000 0000 00
00000 000000 00 0000 000 00 000 0000 000 OO0 (orthostatic column) 6

00000019980 30 180

00000019980 60 250

gooooooo,570-749 00 OO0 OO0 344-2 00000 OOOO OoooO
000 (0653) 850—1000- 000 (0653) 52—-8480

E—mailC] byungp@wonnms.wonkwang.ac.kr

998



0 0000.0000 0000 000 000 000
000 0000 OO0 00 00000 00,0000
0O OO0, 00000 000 000 000 000 O
00 0000 000 0 002000 00000 O
00 0000 0000 OO0 0000 000 000
0O 000 00000 00 000 00, 00000
000 00000 00000 00 oooo oo?
0000 000 00 00000 o002 00000
00% 00 000 000 00000 000000
0000 000 000 0O0.000 00000 00
000 0000 0000 000 000 0000 O
00 0000 0O 0000 00000 000 000
0O 000® 000 D000 000 00 00 000
0000 000 00000 00000 000 00
000 0000 00000000 00000 OO0
0® oo0o 00000 0000, 0 000 000
000000 0000 00 0000 0000 00
00 00.000 0000 00000 000 00
0 0000 000 000 0000 000 000
0 000 0000 0000 000 00 000 O
oooo.”?

00000 0000000 0OOOO0O0O00 OO0
000 000 0O0o0O0® oooo 000 000
0 0000000 000 000 000 000 O
0990, 0po000 00000 000 00, 00,
000,00 00 00000 000 0000 000
000000 0000, 000000 00000 00
0 00000 000 00000 0000 0000
0 000 0Oooo.™® poo Oooo 0o0o
00000 000 0000 000 000000 O
000 000 000 000 0O 000, 00 000
0000 0000 000000 000000 000
000 0000 00 000 0% 000 000 00
000 0000 000000 00000 00000
0O 000 0000 000 00000 000000
00 000000 000 0000 0000 000
O 0O 0O.

0 00000 000 0000 00000 00 O
0000 000 00 00000 0000 0O 000
0 0000 000 0000 00000 00 000
000 00 00000 00000 00 000 00

0000, 00 0000000 000 00 000
000 OO0 000 c-Fos 0000 OO0 0OOO
0¥ goooo0 000 000 0000000
0000 ooooo.

thy %

ngt

B=

00 2500350 gd OO0OO0 OO0 Sprague—
Dawleyldl 00 3500 000 0OOOO0 O0OO0OO
0, 00000 00D 000 0000 000 000
0000 OO0 0000000 00000 Chioral
hydrate 300 mg/kgl 0000 OO0O0O OOO0OO
0 000 00 000 00 00000,

A
=

iy

X

= O|-0| X

4010

0000 000 polyethylene OO0 0000 OO
00 000 00000 000 oooo ooooo
00 0000 000 Oooooo O O ooooo
(pressure transducer, Gould Statham)d OOO0O
polygraph(Grass 7E)OO O0O0OOO. O0OOOO
“ (systolic pressurel] 2 diastolic pressure)/3" 0 O
OO0 oooog.

[t

Helol HE

000 0O000 0000 00oo0 ooo ooo
00 O0ooo oooo oooooo, ooo oo
0000 OOooo ooog see, 60° 90° 0000
0000 000 O0000. 000 000 oooao
000 000 0000 000 2030 OO0 ooo
000, OO0 000 250 OO0 ODoOOoOboD OOoo
00. 000 000 OO0 oooo ooo oooo
OO0 000 000 00000 polyethylene OO
000 0000 ooooooooo, ocooooo o
000 000 OO0 ooooo.

Hy7|ael iy

OO0 0000 OO0 O oooo OO0 @emporal
bulle)d OO0 O0O0O0O OOOOO COOOOQCO
0 0ooob oodo 0oo 0 ooobbo oooo
0 oooob ooob ooo gobooo oooo

999



o, 00 0 oooooo ooooo.

MY K=

00000 00000 00 0000 0000 O
00 000 000(round window)D 00000, O
00 000 000 OO0 0000 000 00 01
mmO teflon 000 OO0 0000 000 00O
0 0000, 00000 00000 000 000 O
00 0000 00000.00000 0000000
0000 1000500 uA, 0.101.0 ms, 100 HzO 00
0 0000.00 00000 00000 00 000
0 00000 000 000 00D000000*o0
000 0O OO0 00000 00000 0000 00
00 00000 00000 000 00 00000
0 000000, 30° 0000 0000 (off-vertical
axis rotation)0 000 00000 0O00O00.
HYAF 25 595040 MIRF & MEES
49 718

00000 00000 (Narishige Co)d 000 O
00000000 O0(ambda)d0O AP 35 mm,
ML 1.0 mm, DV 6.8 mmO 000 stainless steel
0 00O00O0(WPI Co)d OOOO OO0 0OO0OO
0 0000000 000000 00000.0000
000 000 D000 0000 O 00000 00
00 0 0000 000 0000 00000.000
0 000 000 O 000 0000 1000300 uA,
1.0 ms, 100 HzO 00000 000 000 00O
000000 00000 000000, 00000 O
0000 OO0 000000 0000 (field potential)
0 0000 0000 305 MQO 0O000O0(WPI
Co)0 O0O0O.00 O 000 OO0 000 O
000 102 mAd 00000 2000 0000 OO0
0 0000 O 2% formalin0 00 0000 0000
00 00O000. 00 OO0 000000 00000
0000 000 0000 00000000 0000
O AP 3.503.8 mm, ML 1.502.0 mm, DV 5.006.0
mmO 000 stainless steeld 00000 (WPI
Co)0 OOOOOO, 0000000 OOOO OO0
0 000 000000 0000000 O 0000
0 00000.000 000 000 000 0000

1000

0000 1000500 uA, 1.0 ms, 500100 HzO OO
000 00000, 000 000 00 0O ooooo
0O 00000, 0ooo0oo oo oooooo oo
000 signal averager(CED 1401)0 OO0O0OO.

c-Fos MHAXXA 355y

Urethan 1 g/kgd OO0 O0O0O0O OOO O pH
7.40 PBSOO0O 4% paraformaldehyded OO0
0000 000 000 00 Ooooo oooo oo
00 0Oooo. 000 oodOd 4% paraformald—
ehydell O0O0O0 4000 2400 OO OOOOO.
000000 OO0oO 50 ywmO OO0 OOOOO
0000 PBSO ODOOO, 00O PBSO 6% H0.00
OO0 15000 00 O PBSO OOOOO. OO PBS
O Triton—X 10000 3000 OO0 O PBSO OO
OOO0O, blocking reagent0 0 3000 OCOO O O
0 c—fos 00 00O((102000150)000 2400 O
0O 400 000 O ODDODOD 200 OO0 OOOOO0
PBSO O00O0O00O. 00 O0OOO (biotinylated anti—
rabbit & anti—mouse immunoglobulin)d0 0 300 O
O OO O PBSO OOOO, streptavidin peroxidase
00 300 OO 0O O PBSO OOOO, chromogen
(aminoethyl—carbazolO AEC) O00OO O0O0O0O, O
000 100 00 000 O DAKO pend OOOO
00000 OOooo so00O0 2000 oo oo
00000 0Do0oO0O0.c-Fos DOOOOOO OOO
digital image analysis systemd OOO0O c—Fos O
000000 ooo ooood.

A2 24

0 000 00 00000 Student t—testd 00
00 pOD0 005000 000 0000 00 000
ooooo.

Z2

HelHSH ofet ot Hat

00000 000 00 000 00000 000
00 000 0000 000 000 00000. 00
00 00 3000 00 00 000 000 0000
00, 00 00000 0000 5010000 000

Korean Circulation J 1998;28(6):998-1006



O 0000 0040 Ooob ooooob oog ooo
ooooo. o, 00000 0o ooo ooo oo
00 OO0 00 000 oooo@o oo), oo
0 00 OOO0C OOOO0O 00 ooo oogeo
100 00O), OO0 OO0 000 0000 oooo
oooooo oo booo oooo oo oooo
000 O 000(Fg. 1). 0000 OOO OO0 O
0d 0Ood boboo boooob oo oooooo
ooooo obooo. obbo oboooobooo oo
0d goooobo ooooo oo ooob oo oobo
O 00000 oobo ooo oboo boo ooo.
00 DDODODOD 000 30° 60° 90°0 ODOOO O
O 000 00000 obooo obooo ooo

000 000 000000 (Fig. 2).

00 00000 000 00 00 00000 000
000 000 000000, 00000 00000 O
0000 000 0000 0000 000 000. 00
0 0000 000 00 000 000 0000 00
000, 00 000 000000 000 000 000
00.00 00000000 0000 0000 000
00000 0000 000000 0000 00000,
00000 000 0000 000 0000 000 O
000 00000 0000 000(Fig. 1). 0000 O
0 000000 0000 00000 00 000 00
0 000 0000000 00000 00000 OO0
0000 00000 0000 000 0000,

CON

t !

|20 mmHg

t |

55

N—

Y

Fig. 1. Typical tracing and schematic representation showing changes in blood pressure during 25 sec of head-
up tilting to 60° in labyrinthine intact (CON) and bilateral labyrinthectomized rats (BLX). Upward arrow signifies
the onset of ftilting and downward arrow signifies the termination. In schematic representation, a, initial fall in
pressured b, early recovery by the vestibular systemO c, late compensationO d, return to control level of

pressure by the vestibular system.
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Fig. 2. Effects of bilateral labyrinthectomy on blood pressure during head-up ftilting. The rat was tilted head-up at
30°, 60°, 90° after bilateral labyrinthectomy (BLX). O sec represents the onset of filting and head-up filting is
terminated at 25 sec. *p<0.05, **p<0.01, compared with before tiltingd T p<0.05, * p<0.01, compared with laby-
rinthine intact rats (CON). Numbers of rats are 10 and 9 in CON and BLX, respectively.
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Fig. 3. Responses of blood pressure
induced by sinusoidal rotation of
the vestibular system. Sinusoidal
rotation (0.16 Hz) about vertical
axis (VERTI-CAL) of the vestibular
system does not show any signifi-
cant changes of blood pressure,
but off-vertical axis rotation (OFF-
VER) elicites changes of blood
pressure synchronized with maxi-
mum stimulation of the vestibular
system. Velocity curve (VELOCITY)
represents maximum velocity at
upper and lower peaks.
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20 mmHg fion of the vestibular nerve (VNe),
vestibular nucleus (VNu) and ros-
tral ventrolateral medulla (RVLM)
on blood pressure. Stimulus inten-
sity was lower in left column (VNe,
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L

Fig. 4. Effects of electrical stimula-

ms, 100 Hz. Horizontal bars repres-
ent the period of stimulation.
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Fig. 5. Responses of
blood pressure de-
pending on loca-
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stibular nucleus and
RVLM. Stimulation
of caudal medial
vestibular nuclei
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Fig. 6. Field potentials in the vestibular nuclei (VNu)
and RVLM. Field potential of the vestibular nuclei is
composed of 3 waves, P, N1, N2, by electrical stimul-
ation of the vestibular nerve at 0.5 mA, 0.1 ms. Electri-
cal stimulation of the vestibular nuclei at 20 uA, 0.1
ms evokes very weak potential in RVLM. Dot (e ) rep-
resents the time of stimulation.
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