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Abstract: The rheological dynamic of a simulation model of the vertebrobasilar
system (VBS), which was made of silicole, were investigated using the ultrasonic and laser
Doppler method. The vestibular function in rats with VBS disorders was measured by an
autoradiographic technique. Morphological ischemic changes were assessed by immunohis-
tochemical observations.

1. With unilateral vertebral artery (VA) disorders, the rheological dynamics of the
basilar artery (BA) developed a turbulent flow with back flow to the ipsilateral VA duct .
and flow velocity of the ipsilateral VA duct was more slow than the contralateral.

2. With unilateral VA disorders, the flow volume of the anterior inferior cerebellar artery
duct on the side of the disorder was a decrease to below about 70 % of that on the opposite
side. This fact was supported by the velocity distribution of the BA duct.

3. From immunohistochemical studies of Microtuble-associated protein 2 (MAP 2), the
loss of MAP 2 reaction was remarkably seen more in dendrite and soma of the vestibular
nucleus (VN) than in the cochlear nucleus (CN) by BA trap occlusion for 30 minutes.

4. Occluding the unilateral VA for 30 minutes, loss of MAP 2 reaction was remarkable in
dendrite and soma of the ipsilateral VN. When hypotension was more added to animals,
loss of staining of only dendrites in the ipsilateral VN was more marked. But a clear loss
of staining in the bilateral CN was not detected.

5. Following water irrigation (0°C) for 45 minutes, the glucose metabolism in the ip-
silateral VN predominated by an autoradiographic technique and that in the contralateral
VN of rats with unilateral VA occlusion predominated. with the addition of hypotension,
that in the contralateral VN predominated still more.

6. These results suggest that the VBS disorders may tend to cause symptoms such as
vertigo and equilibrium dysfunction.
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Fig. 1. Schema of the simulation model tube of the vertebrobasilar artery system :

: the basilar artery duct (internal diameter=10 mm)

: the anterior inferior cerebellar artery duct (internal diameter=3 mm)

: the posterior inferior cerebellar artery duct (internal diameter=3 mm)

: the normal vertebral artery (VA) duct (internal diameter=10 mm)

: the stenotic VA duct (internal diameter=>5 mm)

: the anterior spinal artery duct (internal diameter=3 mm)

: the placement of clamping occlusion.

The flow velocity in the VA duct was measured at two points of open circle.
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Table 1. Flow volume and its ratio of the AICA ducts

clamping . stepotlc normal side .
. condition* side ratio**
occlusion (ml/sec) (ml/sec)
ml/sec

Pr50 1.154+0.006 1.58%+0.020 0.73

without [ N—
Pr70  1.62+0.016 2.1940.020 0.74

L oy 1
Pr50  1.1440.007 1.58£0.001 0.72

with S
Pr70  1.60£0.016 2.16+0.08 0.74

L e 1

Values are means=+SD.

AICA : anterior inferior cerebellar artery

*: Pr50=>50 rates/sec, Pr70="70 rates/sec

**: flow volume of the stenotic side/flow volume of
the normal side

% : Significantly different at the‘p<0.01.

Table 2. Flow volume and its ratio of the PICA ducts

clamping . ster.lotlc normal side .
. condition* side ratio**
occlusion (ml/sec) (ml/sec)
ml/sec
Pr50 1.51%0.004 1.194+0.003 0.79
without
Pr70  2.10%£0.029 1.65%0.004 0.79
[
Pr50 1.47+0.011 1.1740.010 0.80
with L
Pr70  2.05+0.018 1.654+0.016 0.80
(R

Values are means=SD.

PICA : posterior inferior cerebellar artery

*: Pr50=>50 rates/sec, Pr70="70 rates/sec

**: flow volume of the normal side/flow volume of the
stenotic side

#: Significantly different at the p<0.01.
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Fig. 2. Velocity distribution of the basilar artery
duct without clamping occlusion of the unilat-
eral vertebral artery duct
M : 70 rates/min. [ ]: 50 rates/min.

o T T T T T T T T ™
05 -04 03 02 01 0 01 02 03 04 05

measurement point
(cm)

Fig. 3. Velocity distribution of the basilar artery
duct with clamping occlusion of the unilateral
vertebral artery duct.
® : 70 rates/min. O: 50 rates/min.

Table 3. Mean flow velocity and lateral index of the VA ducts

stenotic VA duct

condition*

normal VA duct Laterality index**

clamping occlusion (cm/sec) (cm/sec) %)
without Pr50 9.63+£0.151 20.4140.342 35.9
1thou Pr70 13.2240.313 26.1740.327 32.9

h Pr50 4.45+0.094 91.2940.187 65.4

w Pr70 6.04£0.087 97.82+0.252 64.3

Values are means=+SD.
VA : vertebral artery
*: Pr50=50 rates/sec, Pr70=70 rates/sec

EEIN

mean flow velocity of the normal VA dact—mean flow velocity of the stenotic VA duct

X100

" mean flow velocity of the normal VA dact—mean flow velocity of the stenotic VA duct
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a

Plate 2. The immunohistochemical reaction for MAP 2 in the vestibular
nuclcus. The counter staining with Harris' hematoxylin was used to

visualize cell nuclei. The original photographs were taken at X100
magnification.

a ! no operated.
b ! trap occlusion of the BA for 30 minutes.
¢ I occlusion of the unilateral VA for 30 minutes (operated side).

d I occlusion of the unilateral VA added to hypotension for 30
minutes (operated side).
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Table 4. Mean flow velocity of the BA duct Table 5. Physiological parameters during trap occlu-
clamping occlusion condition*  BA duct (cm/sec) sion of the basilar artery (BA) (n=4)
without Pr70 20.52 PaCo, (mmHg) 39.5+1.7
Saturation (%) 98.4+0.31
with Pr50 13.53 pH 7.36+0.037
Pr70 17.47 MABP* before 105.526.4 — o
Values are means=+SD. (mmHg) after 103.3+3.0 ~

BA : basilar artery

Values are means=+SD.
*: Pr50=50 rates/sec, Pr70="70 rates/sec

MABP : mean arterial blood pressure.

N.S.: not significant.

*: Measurements were made before and after trap
occlusion of the BA.

Plate 3. The immunohistochemical reaction for MAP 2 in the cochlear nuclcus.
The counter staining with Harris’ hematoxylin was used to visualize

cell nuclei. The original photographs were taken at X100 magnifica-
tion.

a . no operated.

b : trap occlusion of the BA for 30 minutes.

¢ : occlusion of the unilateral VA for 30 minutes (operated side).

d : occlusion of the unilateral VA added to hypotension for 30
minutes (operated side).
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3. BA trap fiZE=5 1

1) VN i

soma, dendrite & % IZEH 7z MAP 2 o4t D{ETF
DT, —HI X perineuronal space DHE K35 b
iz (Plate 2. b).

2) CN ik

dendrite ® MAP 2 o F M 13 3E 8 1K F L 72 2%,
soma OV TREAK YL TMCE L. —Hicik
perineuronal space D5 KA LD b - (Plate 3. b).

4. —RIVARE=F A5 I OFDEMERTR £F L

1) VN i

— Il VA% = 5 1~ TI%, soma, dendrite & % i
MAP 2 o gl 0K T 258D, Hiz, soma ik
TLYVHELATH -7 (Plate 2.¢). X SIIEMELTR %
Mz %&, soma CENTIXEREFORELREMEDE
TERDEMoTed, dendrite BT 5 7O GFELEM
DIETFHEB & 7e 5 7o (Plate 2. d). M EofERiime
BRI O AR CED b re.

2) CN fHI

ZDOWTRO/EME FAIZIR\Th, soma, dendrite
EHE, BRI MAP 2 Ot e B L2 R b ek -
7z (Plate 3. ¢, 3.d).

I BEAEHEIEE X % BRERIREE o st

1. Physiological parameters ®ZE4b,

1) BpfiRin 7 &R,

BREFR FHETB LT VA, BA AWRBELED
BRI 7 A MR % Table 6 2R Ui, 4BREM: & g
33 &, PACo, 8 37.6%+3.7 mmHg(means+SD) & &
F @ hypocapnia #ZBD SN KER D e - o,

2) BORE.

Ve (— ) VA PASEREMEAT 2Nz, 5454
FoOBRERNBEY R to BRI T2BHRELE/L®
Fig. 4R Lic. 45 SHORERSEE, i E & F IS
& D ETOBIRED LA ZRD .

2. R

IHE~IFHEDO VNEHERC ST A VNLLOERY
Fig. 5 w7, 18, s C, VN L.L idlEc—
0.41540.253(means+SD, LUFE#E), —0.226+0.421
TREELERZRD B o7, OWEERFRITEK
FIWCE N 2 7= 118, IVEEo VN L. L%, JHic—1.710%
0.469, —3.775+0.391 THIBA VN SR B T, FI%
I VN SR O BERGE 2 TERIBA VN IR & b B 7o
ofe. VEEO VN L L1%0.129+0.397 TREEAES

% f1

B hotedy, VIEED VN L. 1 131.28340.232 Tt
BIERIEA VN SRR ©, MEIERIER VN Hio
R MERRIER VN IR X D B in o e, 2O
FEERE S KRB0 2 7 VIE, VIEEo VN L. L
%, AW 4.58310.834, 9.1410.541 CIERIBE (&
FFRIEAD VN SR 2B, FERIBM (e FE /R D
VN IR OB 2 R (2 /FAD VN 8% X v 8
(YRl S el

Table 6. Physiological parameters after operative
exposure of the junction of the bilateral
vertebral artery and the basilar artery

(m=6)
PaO, PaCo, Saturation H
(mmHg)  (mmHg) % P
117.7+12.1 37.6+3.7 98.0%0.76 7.36+0.076

Values are means+SD.

arterial blood pressure
(mmHg)

time (min.)

N

Fig. 4. Change of arterial blood pressure in an
animal with the unilateral vertebral artery
occlusion added hypotension and following
water irrigation for 45 min.

A : Injection of nicardipine hydrochloride
B : Starting water irrigation

Injection of [**C]-2-deoxy-D-glucose
C : Following water irrigation for 45 min.
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Fig. 5. Laterality index of the glucose metabolism in the vestibular nucleus (VN L.I).

Values are means=+SD.
group I : control group. (n=4)

B group II : A group of animals following water irrigation for 45 min. (n=4)

M group III: A group of animals added hypotension. (n=3)

& group IV: A group of animals added hypotension and following water irrigation for 45 min. (n=3)
[] group V : A group of animals with the unilateral vertebral artery (VA) occlusion. (n=3)
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group VII: A group of animals with the unilateral VA occlusion added hypotension. (n=3)
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water irrigation for 45 min. (n=4)
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Fig. 6. Commissural inhigition and glucose metabo-
lism in the vestibular nucleus (VN) following
water irrigation (0°C).
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