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Using a rat SAH model, the authors explored the role of vascular endothelial growth factor (VEGF)

and mitogen- activation protein kinase (MAPK) in early brain injury. Male Sprague-Dawley rats (n _
40) weighing 300 to 350 g were used for the experimental SAH model, which was induced by
puncturing the bifurcation of the left anterior cerebral and middle cerebral arteries. The blood—brain
barrier (BBB), brain  edema, intracranial pressure, and mortality were evaluated at 24 hours after
SAH. The phosphorylation of VEGF and different MAPK subgroups (ERK1/2, p38, and JNK)
were examined in both the cortex and the major cerebral arteries. Experimental SAH increased
intracranial pressure, BBB permeability, and brain edema and produced high mortality. SAH
induced phosphorylation of VEGF and MAPKSs in the cerebral arteries and, to a lesser degree, in the
cortex., AT1 receptor-bloccker reduced, brain edema, and mortality and decreased the
phosphorylation of VEGF and MAPKSs. We conclude that VEGF contributes to early brain injury
after SAH by enhancing the activation of the MAPK pathways, and that the inhibition of these
pathways might offer new treatment strategies for SAH.



(BREHAL - 1)

[EREES GRS & @t
2008 FE 2, 500, 000 750, 000 3, 250, 000
2009 R 600, 000 180, 000 780, 000
2010 2 600, 000 180, 000 780, 000
FIE
FE
it 3,700, 000 1,110, 000 4,810, 000

WFIE 577« 5 3K

B O3 F - fE « SARSRERIRIES: - Behigs B
F—U—F: O - i@ 7 T REQ < BT H i @SR 5 G ik B M

1. BFEBRME S OTE 5t
B R 2 L D < BT I Tl
36 MFMILANDIETSRIT 50%ICEL, A
PEMI 2> BV CII R IE 2 75 eI
BLHEINERD 15%FEETH D, < bIET
i TIRRMERISE CEN R D 2 <. Ak
DRGRIE DOFLFE DS TEA R 7t AR B & R
FBEBERICH D, LrL, T E TOMdfd
FROMEIEIR O B L, AN Eh RS |2
9D B O TR (BT O 71501
BENFINFEZRLE) 0 < BT HLEZED
T O A AR L x5 2 SRR I T EI
Mo TE, T, < BT i
AL B DRI 7R L TTHE LS & 2 B ES
RORdIE it E D AR KA 72 B 1 & 2 R I
EMERII RS D R & 5 B 2 T BEE
BEERIZ>THY, 77205 < bR T
S O GITIER AR RRETH D &
D INTETDOTH D, L LEEDT
BEOMFER LT, < BT H 2 o ik
PEIE < BB T MR AEE % OME 5 &
WO HR D —IRIRERE VT LA, Bt
G0 DRI A DD FRER IR e &
RGN EETH D Z LRRS

nMI

DL TE, ZDXDRIFHED
AH=ZANELT, ANVAEATHD
MAPK DO 7EPEAL<0 i PRz il <o e e iR
HRE R k> VEGF #0173, i i ifg B P o

HmPEZ LSS T, M EA s E L,
iU g =N T RNy AN 3=V AW NN OB &)
TetFGRIE, ETEWRGED 7 1A R &7 B
BETHY <HIE T H S oo 5 7E
ER oS IXENIMTEA L BN
[

2. WEORK

ZyhOLBIE T H LT T /L (Kusaka et al.
2000) ZfEL, T Eo B EREEIE
B 5RO W TR G I DV T g
T 5, HRIE H E UMM IO FREE | A%
FHIZRESE R | AN AR A OE £72 8 (Kusak
2000) % FE1T1T9,

BB EEOHFZEIZHOWTIZEITHFIZE
RKHETHLEFET, WL 3 Tsupervi
sor Chd o) 11 & BARRYZ2 FEBR 5 1| FEBRAE
R ATHOWTIRE I 2 BER2RNDIIEZ
b5,

I WFrgeEtm- 51k
@O KEMESDZ v (RE300—350g) & AV V4

a et al.,



A)

1=3)

S R T A RER A B AATUNVR DN | 23R
ENZRENIRED A R 2R AL, BHE
NN FRBNIRZ 28I L C, <& T H it
TNEFRS D, ZOFIREZRDOETHE
B LZE15% ThD, Itk EFLIET Y
ZERICAT D, <GEE T mEREY3
ORI T H220.5mg/kg, Fi=I%
TR EEVENICE 5T 5, |

SHIE T HIIET LTy M, itk 248F
M TAC DRy 77— TLIRIE TR
HWTBRL T MIBHHE JEET D ik B B Ak &
YL, p42/p44 MAPK, p38 MAPK, S
reDV b2 =A% 7 vy NETENT
L. 2HER] DZE R MRETT D,

ST 0 I B R % oy BfEER B LT [
FROWETEATD,

SHIETT H 1% 24FF [ TO TR Hh
AR A TP NA L REET TR
HECHT 5,

JiERES N e MY I =R 7AB v 3 o] A o)
W H RERICEIR S % PRI L DU
TIE A =T 2 AW TINE iR S,
WA OB RO L Y kS EER
H LR BRICB T 2 KG0OHE L L
TRET S, £EMEICOWTIL,
T 2 DIBHFE U 7o R M HE AR Jibd = 0 7 V4

(Kusaka G. et al.: A new lumbar
method for monitoring cerebrospin
al fluid pressure in rats. J Neur
osci Methods 135, 2004) 12X V1T 9,
b I D BB DU T, 2B R
TICHEHRBEZHB LT v Mo 0t
TNT I U FRIRN G L EOBRTK
BEEHWTURKROERN S DT VT
SVORHEEa Yo — X — D
BHrY 7 b THEAL LT %,

N THNEENTT TR G Ui
Ty MM ZEZERIL T, ATI R IR
P DM ORFEAE 2 <O T 17> ko
ThextT %,
RMFEZEE T /LT MX, T4 24K ©
4 COWEIE Y 77— TUMBER %
WS LT AR5 4 JEC 50 0D b B2 A ik
2L, p42/p44 MAPK, p38 MA
PK, SreQV ka2 2% 7y k
ETCRENTL, 2B O Z B2 ME T
Do

BI04 0 i JE BB R 2 S B BR BR LC

)

@

A)

)

[FERD BT 21T,

Jibd A ZE 1% 3IF ] . 6IRFH] L 245 T
FELH MRRFIET RA T T L H
VEEET T RARRE TR D,

JIbA VR | i S0 1 A oD i i M L2 D
WO [AARIC R T 5, T IE I D
W, A —7 AW TR s
| HERTROE &OELVKS BE
BHL, MERIZBTD KRy OE IS
LCHEET D, MBI OWNTIEL,
TR HEEHE B I 2 0 TE VL 2 0479, Ak,
BoOFBBMEICOWTIL, £2F LT
ICHAEBERRER LTy M, w7
N7 I E IR G- L, B BRI SR
ZHWT, MERDOENRNHDT VT
O EE D 2 — 2 — DT
7N CHUEAL L TS,

AT R EAT25 RO A BIFRIE
MZEWETT 5720 AT2Z AR HIER (P
D123319) W =<H I T 17 A
BT 5 (AT RIRFET B AT K
FEPUIEL RIER O LIS CTTy M-
%) o BT NAFEOLSHIE T LT
ek R B,

<HIE T HIME T ATy NI, itk SRR

GHF[ . 2405 T4 COER /N7 7—IZ

T BGE R W EE L T, MIBREE R O

v B Bk A BTV L | p42/p44 MAPK,

p38 MAPK, SrcDV gz = 2%

Ty NCHREHTL , 2BER D 22 R IR

Do

RSP0 i JEE B R 2 43 BfEER L[]

RO ZETTO,

SHIE T H M 24F ] COIE T ik

FHIET R E T TR REEE T LA

BT T2, CAHIOTFEIZHE)

ST, TP B LIS D ARBIG IR

BEEL T, ANV AP L ARIEREDERL L

72)

JIbA T HEE B4 S0 i 1L D 3B i M LT D

THRIERICE# 5, IMTEIEIC DWW T,



345

340

335

330

325

=T T GRS Hz T
BOEEOAIV K ELZRE L, ME
KIZBITLKGOEAELELTHRET S,
FTMET DN T, R0 REHE A B
EEIZEDTTH, B OB EPE IS
T, &5 ME: FICHEFF AR LT
I MT, EAET VT I ETIRN G L
HOLBEAMEIE T MR O EIRDD
DT NTIV DR ELa L Ea—s—
DFRHTY 7 N TEAEL L L T 2,

4. WFIEEE
A) SARIERET v b T —H

(EIEE

40 (24FEILINOIET %L 11)

R

Cl:
C2:
O1:
02:

P:

Cl:
C2:
O1:
02:

N THNE s 4mg/kg 4
HT VA 10mg/kg 8
F A VA 8mg/kg 5
FIVAYIVE L 24mg/kg 4

L EDODMSO (7T 7R) 9

PR E
342g
339g
343g
343g
335g

BW(g)

Cl:
C2:
Ol:
02:

P:

C1 Cc2 01 02 P

R (CC)
37.5
36.9
37.2
37.1
36.9

o]
preBT(C)
37.6
374 -
37.2
37.0 -
36.8 -
36.6
Cl C2 01 02 P
s
SHEEFHIMm Al 24 ]
Cl: 125 115
C2: 113 67
Ol: 118 91
02: 116 69
p: 122 112
preAV
130
125 -
120 -
115 -
110 -
105
Cl C2 01 02 P
,
24h1RAV
120
100
a8d -+
60 -+
40
20
0 I T T T
Cl C2 01 02 P



MR T AT — 2 1) A BEIEHE RS P
Ph PCO2 PO2 TSR AT T — (L)
) IHH1 2 3 4 5 6 §F
Cl: 7.404 42.6 84 Cl: ) 5 3 5 5 5 16
C2: 7.402 40.0 76 Co: 5 5 3 9 5 5 17
O1l: 7.464 33.2 81 ol: 5 3 3 5 3 5 14
02: 7.475 41.8 69 09: 5 3 3 ) 5 3 15
P: 7.431 40.6 79
P: 1 2 1 1 2 3 10
FIRBHERIC I\ T, MREMRDHT Y RORHE,
PRI, AT AR TG oT2, TR 22T — % ARB ISR TR L
pH el L, ARB VRHERE CUEDOH A1 Z 78077,
7.500 =
7.480 “+
7.460 - 20
7.440 -
7.420 - 15 +
7.400 -
10 -
7.380 -
7.360 - 5 |
c1 @ o1 02 p
0 T T T T T T
c1 @ o1 02 p
PO2(mmHg) RS 0
100
80 - Cl: 1.6053
60 - C2: 1.4892
40 - Ol1:
02:
20 -
P: 1.6117
0 I T T T
c1 @ 01 02 p DK E A BIL ARB 1BIERECT IR
LLEEE L . ARB R EE TR O )1 278 8
PCO2(mmHg) g "
50.0 7kﬁ(%)
40.0 ~ 78.80%
300 - 78.60% -
200 | 78.40% -
78.20% -
10.0 - 78.00% -
77.60% -
c1 @ 01 02 p a0
c1 c2 p




VEGF RHL & (7=AZ 7 avh)

P Cl C2 01
VEGF ———
B actin P— R—

AMIMAE VEGE O3 81X ARB 1R T
BARBEE LI L . ARB {RHERE CHEBICHIH| <
LT,

f\uﬁ(ﬁ?

< B IR H ML A D AR IR L 23hb
D D5 RTFIED I A %2 ARB 2SI L. #
BT ROWEICEE L, £7-. 20 XD
72 ARB D MRS R, IR O AR
L BRDOEWHIIIN Y 7T D VEGE
OIHIZD I X B a[REMED RIE X7z,

5. TR
(WFFEFRAE . DHIEo 3 M ORI 784 12
E 7Y

UdERsamsC) (GE 10 14)
1)Kusaka G, Kuno S, Inoue T, Shoda M:Surgical
Strategy for Degenerative Lumbar Scoliosis. J
Spinal surg. 46:653-656
2)Kusaka G, Kuno S, Inoue T, Shoda M :Root sleeve
lumbosacral neurinoma. J Spinal suarg. 48:853-856
3)Ishikawa M, Kusaka G, Takashima, Kamaochi H,
Shinoda S :Intraoperative monitoring during surgery
for Hypoglossal Schwannoma. J C/in Neurosci surg.
46:653-656
4)Ishikawa M, Kusaka G(4 % H), (6 44): Treatment
with botulinum toxin improves the hyperexcitability of
the facial motoneuron in patients with hemifacial
spasm. Neural Res. 32:656-660
5)Ishikawa M, Kusaka G, (5 4 ). Clipping of a
vertebral artery aneurysm behind the hypoglossal
nerve under the monitoring of lower cranial nerves.
Clin Neurol Neurosurg. 112:450-453
6)Yoshida T, Ishikawa S(9 & H), (11 4 ). Association
of CD40 ligand levels in the culprit coronary arteries
with subsequent prognosis of acute myocardial
infarction. Atherosclerosis. 4:epub ahead of print
Tlkoma A, Ishikawa S(8 ZFH H), (8 4 ). Bilateral
aldosteronoma associated with secondary
aldosteronism in a chronic hemodialysis subject.
Intern Med. 49:1017-1021
8)Yoshida M, Ishikawa S6 F H ), (9 % ).
Voltage—dependent metabolic regulation of Kv2. 1
channels in pancreatic beta—cells. Biochem Biophyss
Res Commun. 28:304-309

9)Sasaki M, Ishikawa S(4 & H), (4 4). Elavation of
plasma retinol-binding protein 4 and reduction of
plasma adiponectin in subjects with cerebral infarction.
Metabolism. 59:527-532

10)Ishikawa M, Kusaka G, (6 4 ) :Platelet and
Leukocyte adhesion in the microvasculature at the
cerebral immediately after subarachnoid hemorrhage.
Neurosurgery. 64:546-553

(Fa%E) Gt 31k

1) Kusaka G, Kuno S, Tatsushi I,
Shoda M: Surgical Strategy for
Degenerative Lumbar Scoliosis.
International  Spinal  Surgery
Conference 2009

2) Kusaka G, Kuno S, Tatsushi I,
Shoda M: Surgical Strategy for
Degenerative Lumbar Scoliosis.
The 7% Biennial Japan-Korea
Conference on Spinal Surgery

3) Kusaka G, Kuno S, Tatsushi I,
Shoda M: Hybrid Cervical Cage
Technique. 1t WFNS Spine
Committee Conference

(XF) GFofh)

(PESEIA PEHE)
OIRPL (GO 1)
OBAHRIL (G0 )

(Z Dfth)
R Bl

6. HFFTHLA

() wFgef s
EFE T ( KUSAKA GEN )
BIRERIRY: « EF5E - FAm
WFFeE 5« 00265258

(2) B e
A =4 ( ISHIKAWA SANE )

BIRERIRY: « R0 - GHAN
Wr7ed 23 : 70112620



