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Ischemic Brain Injury and Hepatocyte Growth Factor
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Cerebral ischemia causes an irreversible and neurodegenerative disorder that may lead to progressive dementia and
global cognitive deterioration. Since the overall process of ischemic brain injuries is extremely complex, treatment with
endogenous multifunctional factors would be better choices for preventing complicated ischemic brain injuries. Hepato-
cyte growth factor, HGF, is a multifunctional cytokine originally identified and purified as a potent mitogen for hepato-
cyte. The activation of the c-Met/HGF receptor evokes diverse cellular responses, including mitogenic, morphogenic,
angiogenic and anti-apoptotic activities in various types of cell. Previous studies showed that HGF and c-Met were ex-
pressed in various brain regions under normal conditions and that HGF enhanced the survival of hippocampal and corti-
cal neurons during the aging of cells in culture. The protective effects of HGF on in vivo ischemic brain injuries and their
mechanisms have not fully understood. To elucidate therapeutic potencies of HGF for ischemic brain injuries, we exa-
mined effects of HGF on ischemia-induced learning and memory dysfunction, neuronal cell death and endothelial cell
damage by using the 4-vessel occlusion model and the microsphere embolism model in rats. Our findings suggested that
treatment with HGF was capable of protecting hippocampal neurons against ischemia-induced cell death through the
prevention of apoptosis-inducing factor translocation to the nucleus. Furthermore, we demonstrated that HGF had the
ability to prevent tissue degeneration and improved learning and memory function after cerebral embolism, possibly
through prevention of cerebral vessel injuries. As HGF has a potent cerebroprotective effect, it could be a prospective
agent for the therapy against complicated ischemic brain diseases.
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RREE R T 2IEHEET 2720, iz ho, &
i<, JHILE TR & DRk & algas 12 B W TR EE
EElD, ZOAEMIEEEZRIET S, flAE, FR
PEAMEBEALOEFEICKINL THGF NiFEI N,
LRI, RRETERL, MR D EE
e DHEREMNEIE T2, —F, HEESENERAE
Tl HGF OREANMH SN T, MMM, hHas
AEIENETLTLED. £D/® HGF ORNT
DIEHITZDHREICKRESEFETHLEEZA SN,
Z DX D ITEEMMEME A FFD B &8 HE 2 HGF
ME» 5 I ETHRBEAY - WEKEEZ DS T
ZEMFEFHEEINTETHD, MEEAERT HGF ©
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N5iEEEEICKRZT HGF O R 2 M L
7—:‘ 17,18)

ME E5F)VIZ A SEBIR R OV EZE O E B RE —
RRAICPHZE 88, HRSEBIIRMNICE R 48 um DX 1
JOAT 7 700l ZEAL THERLZ. HGF X
BBEEIZRTZHNTIAZ78AT7 = 7IEAE
10 B 5 AMENIC 7 HEERRG L. 22/
g - EH 0EEAER (acquisition test) X, 1 H
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BRDFERICIBRAS D OFEE KT T I ENfEIHS
N5, KEREABRTIE, HERE) GEUKAES) 8
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Nisholz. KEHME 8 HEITIXE DR FIHIMA
FTREEL TV, LEN>T, MEEF)LIZHBIT
2L - FEEEOMFNIINTE 8 H HEARE /2 51 v EE
ThaEHW Lz, FE %28 HHE TOERS
KO RFFid8 TO#AFWH (Sham) #, ME B,
HGF % 58 O EKEEICE T RMh> 2. TOED
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visible platform test |2 & D BR7F S 7z @3 L ism
Slzlz, HEEEOEEHRIN TS/ SHWL .
Sham O BB TIX, fr2ER DIV
Z v bR —LNDEERERH (escape latency) 7VE
fi L7z (Fig. 1). Wk 85% T2 & AKL 2
WM G 75w iR — A ETIFE & A EEEKRBIEN
B<EXRLTWE. Fv hOERT - 24 O R
23S CA1 & CA3 ICHEHET D EBMEINTND
(GFTRE ) 23BE G- L, MEPNIC 22 IER A1 H I 2 Rk
THEEZLNTWS. D ZDZENS, LA
BHoRSZEHEICH O EZRH#T DDk
0, ITEHEQDEZCITREICT Ty hiR—L DAL
BZELETHEDICSD. I/ 5 Sham #HIIHERE
WCREZERLFEFE L TVWSEFEALD.
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Fig. 1. Effect of HGF on Escape Latency of Acquisition (A)
and Retention (B) Tests in the Water Maze Task of the
Sham-operated (Open Circles), HGF-untreated Micro-
sphere-embolized (Closed Circles) , and HGF-treated Micro-
sphere-embolized (Open Squares) Rats

Each value represents the mean+S.E. *Significant difference from
sham-operated rats, p<0.05. *Significant difference from HGF-untreated
microsphere-embolized rats, p<0.05.

IZ escape latency 2V fEHE 9 S HMIL H % Y, Sham
LB B EZNIZHS MITEIEL Tz (Fig.
1). ME OB TIEATI U 7z & D128 R O KK
BUTHZE RN BT 5. 9 2 BTl el e o 8
FRWEMED, MgBRONE BRI NS, L
723> CME BORIE - FHEOMENIE, KINE
B O R C AR U 7z R i B O MR I I &K > TRk [l
NG INEDEEAONS. B, Rl
KO ITHEEEE NI EE D H S EWIIERN S
RALL TWB 7%, ME BED escape latency D3EIE
W EESPEEEEICE D HO T < tEEE6E
DEETHDEEZLNS.

E¥ 53O ME J v MIxtd % HGF #5793,
escape latency DEIEZEJH T 5 T EZHSMNITL
7z (Fig. 1). Morris /KK D ZEHEL IR - FE AEid
BB EGFEEOFEERTEEbDNTWS, Lk
73> T, HGF OZ)RITILME O FEZE BB B 5
LTWBHEEMN D 5.

IR & RIS 0, BB KROE
O D MEE L R R S RGN OB I E
B 5T 2 EEDNTWS. 29 KT O “C-2-deox-
yglucose BLD IAAZIRIE & LA A —2 > 7 EEx
WZBWTH, JigEMoT X N TIRETFE3E
BB EBEEL TWaA, EEAERNEDICD
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A b TR E ORBEEEOW RN Z 5.2V L
7o o CT—RFi 73 ¥ 5— R & [ @ interaction 72 #% T
KM TOERMEEMERIN TP EFZEZ25NTN
5.2 2 TEESIIRFFRBEZITOWEMGEEICD
WTHERT U 7=, Sham # Tid escape latency 735 #fi
XN, DRiOREZEREEL TW/=h (Fig. 1), ME
HOZTNTEBEIN/ZEET, TORERITEDY
BRR BRI N> (Fig. ). —%, HGF
PGB ME B &bl L AIE @17 & D escape
latency 234 #E S 4, DARTOEE Z kiF L T/
(Fig. ). ZOZEXD, BHERLET TR RNEE
HIFZEICS ME TIREHGERBICOEENED,
HGF ORI KM R B B K& O E WL SR E 08
W DI > 7z LHERI S N Tz,
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D I BB 9 AU KA AR D HE 5575 U ITHERR IS 118
T5. LaL, WA mEEI g, FEE» S HE
IMATHE I & 2+ 4 Tn BER A3 12 AU iR RSB 15 AT i
Z DR ERICREZE D VA U RERR =12/ . ilitg
28 HHOMDOBEANEZR 217D &, ME BIEY
A7 0ORA7 27 EAMTH 25 HKINEEROFEENZE
AL, BELRML (L) KOERENEHEIND
(Fig. 2).'® T 5|2 ME O KRR E, BHETULE
LIS vE R I iz 1D 2SI R
B DA A E e OIS B s, S o BRI, i
RN, ST E R TR IR I Nz, A,
HGF % 58134 KA ERBE E 5 AL 2 iz Bk U
TIREMNBRINZM, ME B &L TE3UEE
FiIMA 5N T (Fig. 2). 1 R\ DO EE 7ML
WEHA AR DA U272, ME B R 7 ik 2
e ERE SN EHEHI NS, FFE, MEZOF
T I BV AT R BR D R R B, FRERAR, 18
TEHELLEAL, ZoOEDIIFHT S EVWS A%
BTWB. 9 L0 Z&a2BEASE HGFITLS
JREMEFF DI D 1 D & U TR ek ER S i &
Nz,

5. MMERBORMMEETHCKRE S FMIzE5E
HFnzhE

HGF 3N &M R F T H D, )
IRIMEFAERZR T 5, 2 2 C R M mn 5 b
12X 9% HGF OIEfZ2 X 51 L <MFdT2HM
THIEERH 7 )V 7 2 > (FITC-albumin) £ A%
EHWTHERME (KNS OETE OBlRE2T->
7. 17,18)

ME B D FER % #8189 /24 5 FITC-albumin O

Fig. 2. Gross Appearance and Coronal Sections of HGF-un-
treated (A) and HGF-treated Microsphere-embolized Rats
on Day 28 after the Operation

Bar=5 mm.

TFAEERALNE, K4 R B O 58 e BT pEIsR, ¥ 5% TR
LTW/z, AEREFBIMmICRIG L TmES A&z ek
U, B2 L KD ET 20, mEHERT
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WIEZK T T 5. 07D N hE R 113
MR TP W THELRAERTFO 1 DTH S, H
%, NS BE5E K T & % vascular endothelial
growth factor (VEGF) Ok FidIEHEENEN D
—R/ELTEZAENTNS. 2 ME W CI2IZER &
IZBWTAHANCEEST L T 5 FITC-albumin 73
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BEL-EZA, c-Met DFBEEBIXBL L7
HO®O, WHEM HGF 13 ME BRI 5 LG
THHETZOEADIERHEL TV ® ZoEdid
HGF & 52k o ifla iz, Lizdai> T, fktk
HGF O i 7813 N K 1 HGF & % #e#F X 8 i & 8 &
WFDOARRZER, EHRRAME 2 X 12 0]
REME 2 HEH S H 7.

RICEH S IIMEREOKELZTT>/-. ME £
T ORI RIS D &, KIMEE T 4 8647,
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MR T 2L 6 SALICEH U, HERIMEmEZ
BELZ., ZO#%E, ME B Sham # &L T
HIsE R, WS TiMmE mEN A BT L, HGF
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&L 721 JIE ERAL M A T 5 C HGF 22 R % 5
HELU 7z 3800 (BHTHEZE, (IBHLZE, WE) Tiro
7. ME HOBMERT, MEELEROBETHER
WAL T/ (Fig. 3). HGF 581320558
frCcomERHL>EZREEICMAR (Fig. 3). £,
HGF £ 58139 X TOEALT 10 um A i O 155X
ZHEFFL T/ (Fig. 3). Luli U 7z Banerjee 50
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ANEMEIZDWTHRE L. Z0Of%E, HGF #%
3@ BrdU BEEN BRI IE R G & i LT
LA L TW/=. 19 ME 1% 0 N Rl o 856 1%
KEFCIDEZIDEEZSNSDT, ZO BrdU
B3 14 PN B2 i B D Jil A B 111 HGF 0D i if, e 25 1
WWERL TWE=DTidans SIS N 7.

— AV MM 72 % & PN R Al e U — 3 1 12 B 5l
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Fig. 3. Effect of HGF on the Number of Total Cerebral Vessels (A) and That of Vessels with Different Diameters (B) in the Ipsilater-
al Cortex of Sham-operated, HGF-untreated Microsphere-embolized, and HGF-treated Microsphere-embolized Rats
*Significant difference from sham-operated rats, p<<0.05. *Significant difference from HGF-untreated microsphere-embolized rats, p<0.05.
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NI EHBEOADNEHEEINTNDS. D I2b5
R CRE % S 15 WK M HGF O A R 25N Al
fafEE 22 L TWD RN H S, = TME
% O N Bz fll i [ %2 %2 TdT-mediated dUTP-biotin
nick and labeling (TUNEL) ¥4 Tfight L 7=. HGF
513 ME #% @ TUNEL Fg 4 N Bz #llfid %% o 84 hn 2
BRI (Fig.4).® 202 XD ME #%
WEMRE 7 R b= RO MEEZE I L,
HGF i3 Zh 2zl L = &FEx sk,

6. MZER% O M&AMBAFIHR(CK(Ed HGF O
R

BV MBI T & W D R DN U v — B IC K o
TYWEOMEZEEEZFHHL TW5, ZOimikiked
MDBAES 5 &, [ERRMERBITIREESN, KN
WUNRBEIIZ R EEEZ TS, FREEEBITHA
Pt bR X TR EIRE & 72 B O A3 I Ak BE P R O G SR AR
CONRETH S, X5 ICMmRkBEMomHEic k-
THAU BN M AEREEEZE<, 25 MK
v P P o 5 2 BT 9 % M 5 M B BBV B 6 D A
ERIPLRANEDRNSD., T TEEZESIIME Tk
JE I N5 MK IABE P D fk e & 2 JiE 9 HGF @
R ERE L7217

F 9 AD I ME % O If % B8 P9 D #R R 2L &
B =% 5%, 1 HH TELICL#iPH /2 FITC-albu-
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Fig. 4. Effect of HGF on the Number of TUNEL-positive
Vascular Endothelial Cells after the Microsphere Embolism
Photomicrographs of double staining for TUNEL-positive cells (black
arrowhead) and von Willebrand factor-positive endothelial cells in the ip-
silateral cortex of HGF-untreated microsphere-embolized (A) and HGF-
treated microsphere-embolized (B) rats. Bar=50um. The number of
TUNEL-positive endothelial cells was counted (C). *Significant difference
from HGF-untreated microsphere-embolized rats, p<0.05.

min QYR 2, 3HETY—27%20Zx7%. 7H
HICETHAT 2 6 OO S /i ik ik B8 P o il
B L. Ty FMAKAHRKRIKEIIREHZE (MCAO)
EF)NERW, BITSNIVLEYIVT I Ol
ZfRRE & U CH ik BE P o filihe 2 38 U 7= s 12 &
%5&, MCAO #% 2 HHE TIRINIMENS DT IVT
2 URHEIRBEZRINT, 3 HEH TIENANDOJREA
BEINS.D INcofEREHKT D E, ME £
FIVIIM DMK I E 5 )L & bl U T, ifi ik I BE P
EIIEETETORERFH RN ENa0n5. £L
TZ @ ME &0 Mk hig B M e I 8% 8 5 i 3
LRPRLE - FEHEOEEFIIDEND EEZEZA LGN
7&‘6,11,16)

RIZHGF O RZEMF L& 2 A, HGF 5
\% FITC-albumin O % HF REICHI A 7= (Fig. 5). 17
MR P DGR, HEEERIAIRIY, AERMIE N
MilaEzns 245 L TW5 tight junction 12 &
%. 9B IRk EE P O BRE I PN i D 1R 15
KWLd 5 &E Z2 65N, HGF 3% O N M fafEE
Il U FITC-albumin O J 2 I 2 7= A GE 4 Y
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Fig. 5. Effect of HGF on the FITC-albumin Leakage of
HGF-untreated (ME) and HGF-treated Microsphere-embo-
lized (ME+HGF) Rats on Day 7 after the Operation

Bar=>50 um. *Significant difference from HGF-untreated microsphere-
embolized rats, p<<0.05.
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5. ZOZ &I, mirk L7z HGF 2% DN R #ifd Y
™= ZMFI R EEHT 2.

% Z T TUNEL [P v i K & 72> 7= ME
BIHBICEREZYTY R M= ZIAF Bax, Ji7
™R —3 ZHF Bel-xL, Bel-2 D% )N 7B &2
ZHiFt U7z, Bax |3 HGF 5 THbRA L ZEEZ
iz /2.1 —J5, Bel-xL KT Bel-2 13 ME
AU, HGF iJ Bel-2 QA0 A2 M L7z 17 72
B HGF 13 Bel-2 A HIiIER K > TN KM D
VIR M= Z&EGEEL, Mk O BiE 2 — i
BWLZonsLNRBW, 55 A HGF 2MilOEA
He R 2 U C i i BE P o Rl 2 0 U 7= nl REE &
EzoN5.

7. BMZER1X D Tight junction ¥ > /N7 BDOFRIHE
Z{t & HGF O%HE

KIT%E 513 ME % O tight junction #§p% % > /N
7’8 (occludin, claudin-5, ZO-1) @ JH1E % N i
X —J1—"T® % rat endothelial cell antigen (RECA)
EOERETHRALZ. Y NEMEICEET S
occludin |X ME #% 6 BfRIH M S A LIRYD, T
BT 24 R H 2 — 2 & U T 72 Refi H £ THifE
LTWw/. ZO-1 DREBENBFEKTH > 7.3 —
7, claudin-5 ®FHEHIE ME 82t Lz -> 7=, 32
I 5 tight junction #pk 5 > /N7 E D J{TEZEALIT
X9 % HGF O &z ma L%, HGF 3imE
N RGO occludin KT8 ZO-1 Dz Hii L 7.

Angiopoietin  (Ang) -1 {34 O 18 & e #5 IC EHE 7
KT EESbh,»® ERERAOMEMEMTETILIZBN
Tl Ang-1/Tie-2 $£#&A% occludin O FE I 2 58§
5.3 —7F, Ang-213 ZO-1 OFBEEMH T2 Z &
MAIS N TS, FEH 513 ME %712 Ang-1
mRNA 24 L, F®—J T Ang-2 mRNA 23BN
THIEZHRL TS, ZTH5 DK T Ang-1
O -2 DINT > A DRAEES tight junction #Ek % >
NI EOBRMELZEFZR I Lizalfeti 2Rl T
5. Z LU TCTHGF #5113 Ang-1 & 2 DNF A %
1&1E UINEHIRE E @ occludin KUK ZO-1 &2 HEE L
T=Dnd LN,

KIZNEZMRE F o tight junction K§pE 4 > )N 7 B
DAY FITC-albumin QYR SBEHET 2 0G0 %
FITC-albumin % & A U 7= LGRS > 7 )L & i »
tight junction #§pk ¥ > N7 B THRERMA L. <
DFER, tight junction fEE % > /N7 E21E L < {8

LU TWBERALTIE, FITC-albumin O H At 5HE
THh-> 7. HGF 5 FAITH N TS tight
junction #§pk & > N7 B & N MG LICHERRL, 2
D FITC-albumin OJFHZMH L TW/=. T7ab
5, MENKMLICEET S tight junction K5k~
SN EOWEA DB IMEKEF OikfE 2B &L, £ D
BOBFZEEDILKIZDBRMNBEEZONSD. LT,
HGF 13 % N Ml N @ occludin & OF ZO-1 B D
P EMET B 2 & Tl iBE PR EE 2 MERF L T
LT ENEZLNT.

EFSIIETSITT Y MO S BLEE U 72 BB Al i
% W occludin O ZO-1 B DR 2Bt L 7=
FE, MY NZEEHICTME BRI SEADL
Tz, 30 Z OFEHIE ME £ O I i ik BE Y o il ke 12
tight junction f#§f% % > /N7 B O HRBEEL T EL B
HELTWsZ&2RBLTNDS.

oo > b B R B & 3 0 % 513 tight
junction OS2 AHANC L, M@ &M 2 T X
®%.3 3 /ab b tight junction DREHEE F O >
) b E OBEHERI S N D, FEBK, occludin A3
Fo U EB{kansg &, occludin & ZO-1 £ D
BEMNGH S ND 2 ENHS N &R D, tight
junction D f#E & occludin ®F O > V(LD
BREREENRBIN TS, EH 51X ME %R
A5 occludin OF O U CEEAHEARL, 48
R EETEOHEMM T2 zW\s ML
2.3 Z o RI1E, ME # B #8/» 5 occludin &
ZO-1 EDOEBENPMEZINTND T EZRBLTH
0, HGF O IfiL#5 i B P e B il 20 5 D —F I Z D
£ 57 occludin O F O >V LD B 5
LTWEZENHRTE S,

UbZzFELDHSE, ME THRE I NSRRI
EREICN U HGF [N fsE oM, ik fixBa
PMOHMeREZ T U CHZROILREMGEIL, MR
DZEMH - B EREEEZUE L L EEA5N5.

8. EmMEMEMAZIE(CR(EFT HGF DR LZ
DR

A, 7R b —3 A DiEFE T caspase inhibitor 12
K0 EEE 2T\ caspase JEKFEREIR DIELED
REINTND, ¥4 ZORKRETHLONEE ZHE> T
W54 )\ 'E apoptosis-inducing factor (AIF)
W, EEAMBETIEI a2 RY 7ICHEELBLE
TeREFE & U THERE T 223, 404D il 2SEE (b X B L A
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ZZTA5EIFIRUTYDSHRBEINEAT
DNA Wifrfbz 5l S 2 9. 4

HGF (3 Fe Kk 80 (KL %/ PR BT K D
LA b L2 Sl R Oz RET 2 2 &
MMEINTNG, 89 ZZTEHSIT, NEIMZ
D AIF LAY DNA [EZEOR#IZ%EH L, HGF
OHLY R b — ZAEH & ORF R & il A7z,

9. AIF BEANBITICR(FTAHRERERF DR

TINE I VBSHEKRTTEZATD1DTHD N-
methyl-D-aspartate (NMDA) &k 2/ L 7= i@ &
@ Ca?* i AlZ neuronal nitric oxide synthase (nNOS)
D& HAL & nitric oxide (NO) DMEAZEFIEE Z
9.9 FEA X 17 NO 1T superoxide & DFESITLD
peroxynitrite (ONOO-) Z4:hk L, DNA [HZE % 5|
ERITEEZSNTNS. 2 Z ORI DNA i
213 poly (ADP-ribose) polymerase (PARP)-1 DiF
HibzFE L, BN > N7 E % i 2 poly
(ADP-ribosyl) 1t 9 %. ZO#5E, MENITZxIL
F—NEA T 52 & T AIF OBENANOBITHETT
TBHEEZSNTND, D EF 5 13851 55 e
gz My, NMDA fIlE# O thig i flust & AIF A
BATZEBHSNITL .40 35122 O NMDA #Hil#ic
X 2 MR SE IS AIF O N#TT & poly (ADP-ri-
bose) formation & % 2 HGF {LiE CTHIH X 172, 4©
OMREREZ Ty b—aE2KEIMEST )T
AIF Ol NJRTE % i@t L 7= #5%, HGF 13 AIF ©
WY NI EBIIREEZGA S I LR, RILEE
RBICHEINT 28N AIF OB 2 ME L, MmO
AR SE &2 H# U 7= (Fig. 6).47 25 in vitro &

A

120 %
C -
S% 100}
® 2
o E
[] -
3 80 #
§=
=8 eof T
g"é
o 40fF
2o
LS 2}
<

0

control IR I/R+HGF

Fig. 6.

W in vivo DENTHERM S, HGF D7 R b—3 2
HIKeFD 1 DE LT, AIF ENBITHERH %12
R BT EMTE.

10. Hsp70 & AIF 4 (CR(ZF I AR IEEEF
DINF

Heat shock protein (Hsp) family (Hsp10, 27, 60,
70 } T8 90) D th T Hsp70 |3 M — AIF & B H#E &
L T AIF ON#1T % il 9 % NI 1% inhibitor T
& 5. %513 HGF £ 542 D AIF N7
DOHFZHSNICT 5720, Hspl0 OFEH (LK%
U Hsp70 & AIF OfEGEZA L E R L k.

— 3 P 4 AN R I P EE O 72 O Hisp70 FE B & Kk O
Hsp70-AIF OB &IIEML 20D, ThoXk
BT HGF #H5ICE D IRASEEZZ T RN &N
HASMZIe o724 Lo T, Hsp70 % >NV &
& MU Hsp70-AIF O #% & 813 HGF O 1% il il 58
REERICTFG L TW S TRERII M RnEEZ SN
%,

11. NMDA S2FEEM(LICR(F I RAnEsEE
F DR

NO JE/EIZ K % DNA [EEIX, AIF [ OWIFEER
THD, ZO AIF i KRE)7: DNA [EZE (DNA
Wikfb) Z@HT2EEZ5NTWS, 9 NMDA
ZRREN Uz Ca2t i AlZ, nNOS ZiEH{b L T
NO ML ZFHRLT 279,49 NMDA Z KOG
I DNA BEEZELATIEEREETHDENVZ
%. % Z°CNMDA ZHEKDIEM%E, NMDA 2%
RNR2Y T 1Zy boFOoL > B bEEEE
UTCEHili L7z, & DOfER, i F % R

Number of viable cells

700
600 F =
500 | #

400 | T

300 |

(cells/mm?)

200 I

100 | *
0 .

control IR

I/R+HGF

Effect of HGF on the Number of AIF-positive Nuclei in the Hippocampal CA1 Region of 4-Vessel-occluded Rats (I/R) at 36 h

of Reperfusion (A) and on the Number of Viable Cells in the Hippocampal CA1 Region of 4-Vessel-occluded Rats (I/R) at 72 h of
Reperfusion (B) without (I/R) or with (I/R+HGF) HGF Treatment

*Significant difference from non-operated naive rats, p<0.05. *Significant difference from HGF-untreated ischemic rats, p<{0.05.
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NR2BH 7=y hFO >V LI EE 8
U722, ZO8M: HGF & 512X D b FE %
ZIRMho. 4 97xbs, HGF [IMEME D
NMDA Z BRI L IR ICIIEEEE 522\ On
b LNz,

12. fMEE M OE{LR) DNA BE(CR(EF S
FRtEFE R F DR

NMDA Z &K %9 % Cat i Ald, NO /=1
Th<, TP RYTICBISIENEBEREDES
%A L, peroxynitrite (ONOO-) & ZFhIiZhlx
¢ < hydroxyl radical (- OH) D Z{EE L, EE
L DNA EEZ5[ZR T EZELLNTNS. D
K1z 8-hydroxydeoxyguanosine (OHdG) O ¥ %
fREZIC L, ML) DNA BEEIC &KX 9 HGF O%h %
ZRrat U7z, 8-OHAG F&HI D H K13 RE if 7 HE I £
BHIMSEHEEN, 08K HGF #512X 0
s 2o ORRIZ, HGF 23 i fHERR
BYI M OR{LE) DNA EEZHET S 2 LITED
AIF ONBATZ2H L 7= nl et 2R L T 5,

B2 (L% DNA [E213, PARP %> p53 OiE AL %%
L ENMENTNS, X512 DNA EEIZK
% p53 OIEMEALIL, ROS EA EZHICH I EHi< 2
FaAYRUTVREEEZFHFFEL, THRE— X %5
2. iz, p53 ENT HHRMEEEICS AIF
DOENBITHEEGT 2 ERMBINTNDS, 0 EHS
1% in vivo B FEEER % D BEE 7R poly (ADP-ribose)
formation }xOF p53 % > /N 7 B F I BN % % 5%
etk THERR L, Z OHAIME HGF % 512 & 0 Ml
INBDIZEEZHSNITTER. D 97205 HGF i
in vivo M EEFRFRETH PARP OE M2
52 L TAIF OBNBITZHHEIEEEASN
7z,

13. EUBRREEL(CRETMIEERFO
CYES

ED & 512 HGF 7 (ki DNA [ 2 M L 7=
DInEWVND EEMIZE LTS, HGF 13 Bel-xL OFEE
EWINE®5ZET,* £/-, MEK-MAPK & %
EMHES 2 2 & TOMMETO H,0, #% 7 K
F—=Z2MHIL T35, 9 &Kir, HGF 7 small G
% 2 )X 8 Racl ZARIEMEL L, iR T ORI R~
HEF LA ERE A N L AR T R b — 2 % i
THEHRESINTNS. 9 HGF 3N EHIK, Bt
BICREEICEBERALARAVWEZEZ SN TSN,

Ny 5 —YHRRZREETHZETET I RFEED
TR = ZBHEHT .0 2 TEHF ST DNA
BRALICB G957 FICEHL, HGF O&REZD
WP 2 fat U7z,

Apurinic/apyrimidinic endonuclease/redox factor-
1 (APE/Ref-1) |3 DNA i EBEERKBICET 2%
HeREMEY N7 ETH Y, IEEME TIIMEICE
E9 20, EEBEICK VIS NS EBENABIT
L, Befbi) DNA EEZEET S, #EOREZ -
L X3 APE/Ref-1 #EHEZRFE DS E, O
— P 4 A R I P R I 2 D iR R E S BT S &
HEZLNTND. 29 ZO/HICERHL, E£EF51Z
APE/Ref-1 O 32 {f 4 Ko OV M Ml e B 8 — 3@ 1 4
R 1% DR CAL FEI MR T4 L, HGF #%
HRIZInsoEbzadHds I EzBHenITL
7=

KIZ, superoxide PEAICEE L E(ZEZL TV
% W% %, NADPH oxidase O 1% 1 2 g bt L 7=.
NADPH oxidase &% D H1 ill 23 iz 1 14 Ao B 5 2= Jik 55
THIER, 0 7)), 01— ABREBRD RIS Y
Z hOYA N TRERIEEBZEOEMIBRIND
TENEZEZEDEDE, MRRMEOAL ST Y
7 #ia T D NADPH oxidase 1% 1 ® IR ifi B 42 7 95
BROBEERBERETHHIENGNS. E£EHS5IZ
NADPH oxidase % % 7 i Ifil £ i £ 1C CA1 fHI
O 7RI TEML, Zo8ms HGF #5112
KOMHE NS ZEZHSNITL 7=, 5 g IR [E
838, T3 NADPH oxidase & 132 Mm% T H 2t
9, HGF 5ick > TEEEZ ko=, Ih
5OFERMNS, HGF O MR R#EER A, NADPH
oxidase {EPEILIC X BIEMEEE FHPEA O MG &, APE/
Ref-1 BB DMHENEAEL TWb Z ENREE
N,

NADPH oxidase |3 superoxide ZpE/E L, i
superoxide dismutase {2 & > Tl /K FEITE B X
N3 EFE<AENTNS, BEEL/KFIIEEH
HOEBETH S0, EIgics ) 7T
A I N7z R LK RV TR LR & 5] S
YR T IcE A s NS, —, KBS
Rz AW/ T, NMDA [ZX&-> THl &k
Z3IN5 AIF ONBIT % HGF INRHEL Tz
ZEMNSHD, MRRMENTELEINDIEEESE ST
NIZ& > THIER Z I 5 DNA #1{LE®EH HGF
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DY —4y N Th DA BEETER,
Phb, S5 5 VR e R I 4 R 1T JRIE 3 HGF
DTN RE2RRTDEEHITFDIERAETFD—
WERIIT B Z ENTE,

14. HHYIC

HGF [3BIE, 1A R B IR B iA e & U TG
i v
RESREIL N E 75700, 518 ORIE % W1 L 7=,

BEE AWIRIZZE < OREERIRFE )T
MRS B Y v 7, KRB, 2% X
MEEDENTRLETSNLZDDTHD. HED
B, MO NIRIRSRICRSE#M T 2. £k,
HGF % fg i\ 7272 W e RIOR 22 R B R 22 Fe R
B PNE SRR L BT RT. RO
— ISR E IR [ O SIS E Nz
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