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+r > vy - & & /B ¥ v b & # BH L #H B B =
37.0TC I # L &

Cranial window model @ £ 5

7 v b © B ® = @ B £ T A E L &£ . R E&
H OB Ik ® E M OB B2 B & L & o w X 2 Iz T #= |z
BoE oo mo#M o # & KO M oM & M OB L . HOE K %
# v F ¥ &% v F U N K T 6x3 mm O P #H =z
# !} eranial window (7x4 mm) %2 B & L = .
Cranial window I & 38 & @ X 5 — 5 )b (AN I
T OB o® o ® A N — b . B W L — . B X U K
E O# & WV — k) 2 B B L & (K 8, Cranial
window W kK A L H #f ® 2 % A L . A L #F #
w ¥ W T oI @ K & < b E O Z v K # HE U
cranial window N & M K B Wk 2 & H = ® 7~ .
Cranial window W %2 A L & #i % T # = LU . &
®n = H 5 A (| £ 5.0 mm) % & B L
cyanoacrylate glue 2 H W T ®% PBH L T A I #&

B W & B & # K ¥ ¥ /- . Cranial window & ¥

E L &z ¥ % N - +F o m = &= #A #H L . MW OE
9.5-10.5 cm H, O ® # MW I ## L =~ . A L &
i3 (# B : Na+*, 151 mEq/L; K+*, 4 mEq/L;
Ca?2+, 3 mEq/L; Cl-, 110 mEq/L; glucose, 100
mg/dL) & 37.0 € o fE @ M T ® ® . 5% CO:

o N 7 U ¥ Z T pH % 7.48 I @ @1 L & .

g OB Mk W B B B (model SZX16-3111
Olympus) NS - S A S S S A | A s D S
(model DP71-SET-A, Olympus) T B W Hm ¥

"

T ., E ¥ & 3 A4 4 0 A — F — & B W T M
£ (pm)z2 F W L . = O % k& (%)% 3 H L o
il fif #r (Student’s paired E tes &,

Mann-Whitney U test) i T #Hl o ® L & (p <
0.05 kK T H B £ & 0 & H & ). 7 v b WM KE B
kR & o 8 # & . & 2« o §fl % (A T & #fi 8 © ¥ A
Rho-kinase [H & # (Y27632)D ¥ &5 .SAH @O B
x B HI o T OB M FE 0 KK MR E L T NS

fro > /= o m % & o % @M &3 10 # MW W T 13 [
e B W L = B OB o E ¥H @E & L . % M E B 1T 30
5 M Bk & O L T W =



m o d




H W T # o2 VL XA 5 1o — )b #B ¥ (mglg) #
W oE L o E & M C & # i€ & L T & & 7
o < ~ 7 9 7 % % H b (3
phosphatidylcholine i & (mg/g) %2 W\ &
L 7z . phosphatidylcholine & # & B U >
e B o £ &k 4 T & 0 . 5 7 b % A X F T D
W ol R 2 kM 3+ 5 a > b o — ) & L T #F
m L & .
® @ T % HW L 7= B #h i o L T Flotillin-1 (5
7 b W O R M I ¥ BH L T W 5 B A H ) <&
Caveolin-1 (h X F 5 I ¥ R 8 I ¥ H L T
W %5 & H H ) & H W k& western blotting IZ
T 7 b & A R F 7 0O K K E O R L = .
B-actin ® ¥ BW L X Jb & K #¥ & L 7= ,
fm R
SAH model I & 7 5 £ B % B /)N 7 A — &
£ 1l a > o — W B I B W %52 SAH © & K
i (Day 0, Day 2, Day 5) 7z 4 ®H 2 0N W # &
B % &~ 9§ . SAH model T 12 I < A AR = B
Ik £ ® L H N & ® 6 1 Day 5 T & # & % ®
iz A B = (p < 0.05) 28 @ ®» B N & .
m & ¥ W% m N I B W 52 # a3 L A 7 o — )b B
B
A A 2 o X% b~ F 3 7 B R X %5 K& B (n=5)0
i & ¢ ® B oW i B F s ® 3L A F oo — R E
3 s 2 vy A 5y o — ) B B T A i B < . Bp-CD
B T R £ 2L A Fon— Jb B E O E B T WM OB O
n o je (K 1). % @ 7 o < b+ ¥ 5 7 & &2 H W Ik
it % ¥ W B W ® phosphatidylcholine # K I
& B (n=5)T A B I+ #2 W & © 6 L ;2 I - Iz
(M 1), Z o #H £ W & 2 L A 5 g — )b B T
# L & 2 v b T WX KW BH B Ik o # #% A a2 L X F
o — J r X ) »® £ g L .p-CD & & ® % a2 L A
S o — b & ¢ H F L £ v b T BB & O b A F
o — J & K £ 5 N #H B K N I L A 5 O — )b b
XN )NV o EH oMK WEH TN 2 E E R BT B FH
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"E Rho-kinase [H % # O Y27632 (10 pM) =
cranial window W T # W 9 %5 A T #H# #i #® W
i 10pM O B E T H A L ¥ 5 T %5 & (n=4). HH4
JEE Ik # @© ¥ ¥ 1% 376.4 + 19.5 (pm)& & D
oM oM F OO s % AN # O 5 N & ( 4, p <
0.05), ®m 2 VL A 57 o — J & B O SAH model

(Day 5) T & M &E & Ik # & 248.1 £ 34.6 (pm)
T » D (n=6)., 1 %% M ®® SAH model (Day 5) &
o L T #F B /&2 M m & % #H 2 #F » 5 1 k& ( K
3, p < 0.058), — #K .B-CD # @ SAH model (Day
5) T W M OE B Ok O£ o ¥ B OIZ 3056 .4 + 256 .3
(pm) & &2 D (n=6)., 2 L A 5 B — )b ® A @ N
gl & & 2 9 om F O oM o B OE 3 W @M T n k& (™
3, p < 0.05). SAH model © % R & & # I b
v 5 N B OB Wk o a3 L X F B — J b X Jb ®
Flotillin-1 & Caveolin-1 @ 3% B @ # % » 5
m & ¥ ® M o 3 L 2 5 B — )b L X ) o kEF N
2 7 b % A X F 5 O FE K & € U m R & L T
M4 I % M # 28 B W ¢ 5 Z & N x B T N o2 . M
W o R & L T & TEO 1 S R N -G ) & S I
i R ) s i (corrugation of tunica
elastica) M E ¥ 7 w b+ @ SAH model (Day

5) T & ¥ b 1 k& (XK 4).

z B

= F N 4 | £ Kk L 27 2 v b SAH model T &
Day 5 I M I % % % » B ®H 2 n = . £ & . #
M O M OB OB T B M oM T OO O B MmO N B

W o B WO W R T E o T N £ T O 3 9w bk
SAH model 2 H W & # & T | . Lu H 12)5 [T
X o T B W & N =27 W m &% % H & Day 5 T & b

o< . T O ¥ E E X 23.3% T H o & o Zhou ML
13)5 i £ 1@ . w7 ¥ £ ® single hemorrhage
model & double hemorrhage model T i M %
oW oo MO - B @\ - OIKR R IR < b B OF B OO
% fF i NE A A L = OB’ double
hemorrhage model T W @ % % #H o @§ H M 2
w2 & N OfH B L T W B . 4 MmME Bk UL &2 SAH
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» & a2 b A 5y o — )b &'# T HF & N & 7 v b O
W BB kN o 3 b X 5 0 — Jb b R J o EF P
SAH model T 5 & 8 Z & 1 2 M HF # H o B E
(= 11| I 1 =S Y = I B I & W M oo BOE I W
B OE WK N @® phosphatidylcholine L N Jb T ¥
2 2 n B o Ik F OB B KK B T 5 western
blotting @ # B M, &5 & M i 4 B fE A M OE 7
5 @& a1 L A ¥ o — J &g B T WM E ¥ B BH W O
Flotillin-1 & Caveolin-1 @ @& @B 5 L X Jb @
F B & Lk F 2 R ® 5 n Bp-CD B T X
Flotillin-1 & Caveolin-1 ®© & H ®H VL N J @
F B & L H B3 M @ 2 N2 . #M R E L T &F F 7
5 3 7 b ® A X F F & T N B BE K A 14 2 K
o OE M o& O£ % . B Ik B & . & om B OO K OB &
E o ¥ E O OF oI B #E 9 02 M B oW OF W & E & (¢
& v 5 7 7 v b K - K & F X 5 N T W 3
8)16 § 7 7 k * 71 ~ 7 7 = ;
phosphatidylcholine 2% £ sk 0 T & 5 ¥ F 7
I~ A R F g K B X 0 B £ 5 © 3 bV X F O -—
Vo2 F A T W % . 4F @B o # B MM 5 EF a b A F
H ~ Jk £ 3 W A 8B — B B8 v 7 2 T H
N F 7 O ok € # 3 Ko F ¥ O o2 W O Wm ¢ 5 C
E M R B I N k£ .2 L F T I SPC-Rho-kinase
2 MW 5 & & Z F fm B B 0N Sre family
protein tyrosine kinases (Src-TKs) @& & 1
t % It L T vy % id & & 5 & 1y
SPC/Src-TKs/Rho-kinase % # 5 & & Z 7 m
w O W oz 7 bW Kk o T W OW T N T WWBE &
Mmoo HF T N T W B 518, ¥ kR . T Z P B R Z
4 > d 8 B ® Src-TKs 2 & A T W & Z & & #
N T Ww 3 17, T N ¥ T OO W OB & A B OE
#wOR oA 5 1 .SPC/Sryre-TKs/Rho-kinase % 7% 5
2 B Z ¢ M F % M o2 < v BOF W M % o M om %
o O A Hh Z X A KB L B b o T W %5 ® &
»nOFT B N 5 .

Mmoo ME oM o AE B oM ¥ OW oo & B W 7 T H D T,
m & ¥ W e b T D 7 7T - v v Mk OB R &
Woo 2o e oA . & B o oE A o5 & B OZ 9 o0 m #F
* W om ' A X E < B b o T W % 18)-20)
Rho-kinase ® & ¥ & =2 4+ ¢ 2 H N ¥ v Ah I
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The Mechanism of the Cerebral
Vasospasm in a Rat Subarachnoid
Hemorrhage Model.

- Mechanistic Role of Cholesterol in the
Regulation of Vasospasm -

Yoshino Hiroko

Department of Neurosurgery,

Yamaguchi University School of Medicine

Objective: Rho-kinase(ROK)-mediated
vascular smooth muscle (VSM) contraction
plays a pivotal role 1n cerebral
vasospasm(CV). Previous studies showed
that hypercholesterolemia increased

sphingosylphosphorylcholine-ROK-mediate

d VS M contraction., Lipid rafts and
caveolae are cholesterol-enriched
membvrane microdomains that influence
sigmnal transduction. In this study, W e

showed the effect of cholesterol, lipid raft,

and caveolae on CV.

Methods: Sprague-Dawley rats received a
control diet, a cholesterol-diet, or a
cholesterol-diet+pB-cyclodextrin, which

depletes VSM cholesterol, for 8 weeks,and
were subjected to SAH model surgery. We
used double-hemorrhage SAH model, and CV

of basilar artery (BA) at Dayh5h Were
measured usineg cranial window
preparations. Total cholesterol levels 1in
t h e internal carotid artery (ICA) were
measured using g as chromatography. T he
expression of Floti1lli-1, a planar raft
marker, and Caveolin-1, a caveolae marker,

17



t h e I CA were analyzed b v western

sults: S A H induced CV W a s mavrkedl:y
versed b v intracisternal infusion w 1t h
7632(10upuM) a ROK-inhibitory Whereas
e cholesterol-diet increased V S M
olester ol an d C Vv depletion o | V S M
olesterol 1nhibited CcVv [ h e
olesterol-diet also inecreased Flotillin-]1
d Caveolin-1 e X pression 1 n t he VS M

pletion o | V S M cholesterol also

veolin-1 e Xpression

nclusions: These results indicate t h at
olesterol potentiates CV an d are
mpatible with a role for lipid rafts and
veolae 1n this process




M o % %

#% 1.8SAH model i 8 W 2 % B % B N 5 A — %
2 |

MABP = Mean arterial blood pressure;
PaCO:2: = partial pressure of carbon dioxide
in arterial blood; PaOgsz = partial pressure
of 0oXygen in arterial blood; BT = body

temperature

B 1. ft & ¥ ¥ B N o K 3 L A F B — Jb @ E
i % ¥ ® M N o & 2 L A F o — ) E E I &
a v A F o — J & B T IE % B = p-CD ¥ & [k
g L T A B K @& < {a) . m & ¥ ® M " O
phosphatidylcholine ## K ¥ & B T & & 1 =
i RO 6 Nk o (b) .
a) M & ¥ ® B AN o K 3 L A F o — ) @ E
b) m ® F W M A @ phosphatidylcholine &
i
Control: T %% # (n=5), Cholesterol : ® I L
Z & 00— J B # (n=5%), p-CD: g-CD H [(n=5).
* p < 0.05
X 2 . Flotillin-1 & Caveolin-1 »  jE B
(western blotting)
ifit (4 R i ] 25 ® Fletillin-1(a) &
Caveolin-1(b)® & B H L AN J B & a LV A F
o — J /& B T B E ¥ B & H B L T HF EBE I & M
49 & « E & + Bp-CD T T H B Z O A T B «— J &
T B O®» 5 n Flediilin-1rfay &
Caveolin-1(b)® ®H BH &8 L X ) o B =& L #®
(=G = S R A

Control : IE %% # (n=5), Cholesterol : ® 2 LI
2 5 W — Jb £ B (n=5), B-CD: B-CD # (n=5).
** p < 0.065
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(CHYlE % B (n=9)7T X
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wo#H o n o,
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7

z ¥ fE L T

m-CSF : SAH
(E & B ), n=17
m-SAH :

n=9

SAH-Y27632:

¥

B B Ok £

m-SAH (chol)
aJ L A = O -
m-SAH(pBp-CD)

(B -

w* % w .

CD ¥ ), n=
p < 0.0

m-SAH), n n

P <

&
1fit (En i i iz

(co

0.05 (®

rrugation

n = (R H ).

1

SAH(Day 5)1IZ

a) 1E W # O M
b) SAH model
c) £ H B O 4
d) SAH model
corrugation of
A = @i

50

SAH(Day

5) D

tunica

Lom .

m & W M o HB &

W W MR B R

g OB MR O (E W OB

elastica

£

=t

==

)

Y27632 % & H L

(arrow).

(IE % B ), n=4

SAH(Day 5)® 4 & # Ik £ (&=
WV & ¥ ), n=6

SAH(Day 5) @ WK B Ik &
6

(@ m-CSF), n: p < 0.05 (H
p < 0.05 (A& m-SAH), n n n:
m-SAH (chol)). mean =+ sd .
del i€ B 7 2 M m & & i (A1 %
K OB Ok o #M O# £ K (HE # f
13 SAH model (Day 5) T M
o o 2 N W M R o B
of tunica elastica) #» 8 & 5
K& B R (HE #® fa )

D WK Bk (HE # 4 )

OB AR (Azan % f )

@ W E # Ik (Azan ¥ {1 )

Hi

?
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MABP (mmHg)
pH

PaCO: (immHg)
Pa0: (immHg)
BT (C)

SAH (Day 0)
95.6+£11.3
7.42 + 0.04
40.7+2.5

155 +49

op)

SAH (Day 2) SAH (Day 5)
) 2244+ 19.0%

-1 — |

44 £0.05

4
38.3+4.3

372+ 0.2 37.2+0.2 37.2+£0.1

mean £ sd, #p <0.05(




B 1

a)

Cholesterol(mg/g)

1.2

0.8

0.6

0.4

0.2

b)

9

Phosphat idylchol ine

1.8
1.6
14

£
= b

0.8
0.6
0.4
0.2

.

B-CD
(n=5)
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a)

Cont. Chol. B-CD

Flotallin-1

B-actin

Flotillin-1/p -actin
drfy el

1.4 ' 1 1

1.2
1
0.8
0.6 ;”'L —
0.4
0.2 1
0 1
Control Cholesterol p-CD
(n=5) (n=5) (n=5)

b)

Cont. Chol. p-CD

Caveolin-1

p-actin
Caveolin-1/p -actin
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