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D S MEFROEEESFTETHRAINATETY
5. FIE SWEHIDNOBAMNGERE LTrtPAZ b bWz
MBERIRESB I b b X)) ZOHEHMIRER
DOH DY,

Wi ZE S O R 4T & LTIE, MM oS & AR
V) TODORNH L. MILFEOWUEZHIE T AHERE L
TUE, DHETH 20054 10 H 1 H XY rt-PA OFIRNIES-
2 X BIMARBEIRIEEN B I b Twb . —J5, Iifr#Ec]E L
TR 7=V INAINY T v —H20014E6 H1HELD
R ORAREIE L L CThOE TR SN, BREROYT
RSN TV A NI BT 5 2 EIINARE &1, IR I
X BMRHINEIE % & 72 R OGENT £ 72137 045818
ZRIE L CRMBEDILRERC LI BRAKREB I v, %
GEPLHELZETH L. AT, tPARROMNIEEZME
D AR RO W TS T 5.

i 2 X 2 14 A D e

I T AN F—DOFMHRENITE A LWz, BRI I
5 LI~ D 7 Bk L BE MR LD, ZORKE
AHIZT ANV F—HEEL ATP OMBABZ 5. ELC
L DHRENOZANVF—RTH L ATP 2’Hii®$ % &, Na',
K*-ATPase DifEAEIL L, HBLHNIZ Na OBRIBI D,
Na" OBLRALFWAFRLOE T A5 70V & 3 2 BRI MR

AL THIANIBUE S NS L9 12h b, ZORRITKIE S
NIy I VBRIE, v T AWM VY I %
BIRERAE LIS h, BARAE Ca F v v A VB LU
7 I= A MEBIE Ca®' F ¥ ¥ RV & A L7z Ca?* DAL
Axkd7z59. ZLTCa DAL L DHIBEHN Ca* D I
5%, Ca’-ATPase (Ca* pump) DM Lz 7261, —
1bg#E (NO) 27V —5 VA NVEEAEL, ML E A
N5 (Fig. 1). 215 o AN RSB B3 Ui
Raa PR L, WBMEOIKRER LD 2B & %3 2584 %
I PRAESE & PO, K ORNIRESRED B S T 5 (Fig. 1).

—7, WSRO X 5 2 /AT LI 33\ TR 7
C&E, MRS X 2 BRITE O T A%, o> i FBAL (I i
T2 5 b o & HENET) & HaE~EE o R i 567 (I E g7
PHbobEWELM 24 LEIETH L. HHIZ
ischemic core & MHIEH, RBIMLIC X Y BZE L 72 1% o> 32 Bt s
DOHLLEBIZHEAE L, #3132 ischemic penumbra & FHEH, 1
I HGE @ ischemic core & LY A & A C R I I 0 38
Ttz D 5.

Therapeutic time window

WL 2 OB IO TERELE, FE6E E TORMRMICAG
ENs. 7o& 2 BRHNCHH#ER LT, ischemic penumbra M8
WTIEEEISEAN D T O DI T, EEFEICD
s b, ZORNTESTLTL ABEER, ischemic penum-
bra DI % MINBFEIZE < A5, ) 20 I [ LS SR A <21t o Jis
BN TEEZB I %) 282X DA ICIEEFELY 50, 2
DR FERDIC LY, INEG 2 L 9 %KM % therapeutic
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time window GHEMTWHEREHIIR) LIFRY. % ) ZOKEHA
WL BB R B 2 0E, igE, & < IT ischemic penum-
bra ZEFETEI B, LaL, ZORZET B LWL HiRE
ZRATHHRMSEOERZIH T L2 LT TER V., —
75, BILR.OETd % ischemic core @ R & 2 Mg 5=
1, RIS X D BIEE S B 2 AT E B, lH ORRK
ST T, rtPA 4 &2 & B IMEEIREIC L 2 R oF
B8 L 2* ischemic core % & 2 2 V. FEMHE IR AT 254
<, FHIABMALLEICENE L e/, SEYHRLEM T
1%, ischemic core Z Ay T & 2\, T D X 9 T ischemic core
TR IMARE ARG & 3 5 2 &2 & ) fhsHii 2 $
iy AAFEEASH 1, ischemic penumbra TIEMMPRFEREDT,

MR D 2 LTI oKy & 35 S ¥ 9 2 W EEE2 S
%Y (Fig. 2). #R, IEZERENTIZ, TE 37213 R U0
I8 & N PRESR T X 2 B o SEYR AR IR O M D 72
DRFEDRTH 5.
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Fig. 3 Neurovascular unit (3CHk37) X Y 51H).
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Fig. 4 Survival rate, neurological outcome, hemorrhagic transformation and infarct volume at 24
hours after t-PA administration. (3CHk41) X 0 5IHZZ)
t-PA without edaravone group (V+t-PA) significantly lowered the survival rate (p<0.05) (a),
worsening motor function (b) and obvious intracerebral hemorrhage (c). t-PA with edaravone
group (E +t-PA) increased survival rate (a) and significantly improved intracerebral hemorrhage
(p<0.05) (e) and motor function (p<0.05) (b). Arrowheads indicate the area where brain hemor-
rhage was evident, on the surface of the infracted brain. Edaravone decreased the amount of
iron related in the ischemic brain treated with t-PA (p<0.05) (f). There was no statistical differ-

ence in the infarct volume (g).

PRESR L, ischemic penumbra T, MLFEOLCE 2 LI HRH
Na Dk fn % B X&) B REMEDS S 5.

4 F THWERTIIANEITR S N RERIBE < B
2% (Fig. 1), BRERCIIAMEZ RELh o720, 203k
DOFORWERIC L Y BR OB TR T & 2 MREER I %
Motz 72k 21E, BERL X)L Tl NMDA antagonist
TdH 5 MK-801 IZIEH AR TR DM ESE L OWIFED K
ED o 72998, BREER TIZLIH R0 - RO MED S ) 4

LS N0 v oy AFEPUEE S DLAT & 0 I 2 N AE
9 % & intracranial steal phenomenon 238 & TE&M: O i
RS ZRWEINTW 2 LaLl, #EHIIRIED X = X A
(Fig. DIZBWT, IV 2 OMIBATEADSHINEIEICK & 7%
WEELZHEDEZ XY, BPWFERL NV T, intracra-
nial steal phenomenon X 1) b AR EESERH O F A5\ & OF
RCHRISHOMEER SNz, ThbRABRTcI L T
SN THH-72™. Zofth, MU AF v RV,



51 : 308

V+V V+t-PA

i v“ﬂ:

MMP-9

K2

FRERHR#ES 51%57% (2011: 5)

E+tPA
25 ¢ *

o
w

0N
Pixel intensity
(Relative to V+V)
—
—_—

o
o

\]A'\I\I*Q?P*@)(’&‘?P&

Fig. 5 MMP-9 expression in the peri-infarct area at 24 hours after t-PA administration. (3CHk 41)

XD IHEE)

t-PA without edaravone group (V +t-PA) increased MM-9 expression of the peri-infarct lesion
(Fig. 5, left). Semiquantitative analysis of the MMP-9 staining showed that edaravone significant-
ly decreased the MMP-9 expression of blood vessels in the peri-infarct area (p<0.05) (Fig.5,

right).
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Fig. 6 Vascular unit (Blood-brain barrier) and integrated
protein.

GABA TEBJSEY, F ¥ A4 FEEPUIEY, PLdoiEsE (Bt ICAMI
Puik), % ER T (bFGF 24 MAERI3E), M2 et
IV 70 2 B % & OMMPRESEASERIRIGH % A & 2w, [
RABRIZ BN CZOREMNEE RE R oz ZOHT, T 9
VEREIE GUBRALIE) (NI E 7V T JMRE S8R < I i
JEWICAR T, BRRETLZOH NI R S 53R
A LD LN, RO REE (7)) —F I ANV AH RV
VX =) ALY 200046 H1 HICHALK, ¥R
(55 M) BRI THADOMEEELTH Y, Ik
M—FF BB A S, MR ECiGFEEY 0 & B2
T =T VA NERE L CREBBILEZ RS 2ERICX Y
o AR e o B A L B 5 5 7 B0 L It DR T & R 3210,
BS0E 72 BERI AN O A £ S B E 2 0 R ER L 72, =
AEMEKREBRICBWT, 45KV EHERIERED
YRR L7z, R EBRUEEICB I 5 WER DT 328%

THY, 77 REOMICHERERPALDONI. ZD)
5, FEhETR 24 RERI DA IS $e 5B L 72 B 12 BV TR A
WHEFEIZBIF 2 WEFDEIL482% TH VY, ORI
T XD AHRVEDTE D o 72 FEAE 24 W[ LLN O Bl 28 2R 1 AR
HOWBHEE U TR THEMAEAT &z, ikilt, Edh&
FAA FIA4 Y REXL DR S WG R T A N7 4
¥ 2009 (2B T b [REEH IR S D T8 7 K VI3
HE (MIURE, ZEAE) BEOBREEE LRI hs]E L
TZV—=FBLRBRENTVDY, F7, 2007406 A1
B CREOBEEZEIIBITEHERTL FI 4
(Guidelines for the Early Management of Adults With
Ischemic Stroke) ®H1o XIV. Neuroprotective Agent (1685-
1687) ®IET [ A small clinical trial found that edaravone
might improve outcomes. ] & ¥ 5 RV A%F L THERE X
nTnT?, BHFoLa—Tbxs 5Ky oFHE #E
ENTn3Y,

ZOM%, L WRRERE L LTl S N7 502 i 5
(FK506)", 7 A b a¥ A MEEALMHIFE (ONO-2506)",
Rho—% F — G (AT-877) %%, 230 &> ¥ LKA L
BI otz EHHIZE (FK506) 1, #2770 AR (Furs
Z7%) LT, BRICBW OB - B L Sligis
WD ERT M E—MEM KR E, & HIIEMREANRER T
W ESE M0 L CBITE M S T v A 5B HiHIgE < b
D, BEMEFVICBWTHVY=a—) YEHHTE &
W&, IAEERE D, RIER S, AR e E oI
PREEVER 2 R 5, RETIZERIRRERASHIE S 17228, BIfEI
ZoORIER (BHM) chik e ZoTwb. F/2, 7A MO
4 MERELESE (ONO-2506) 1%, S-100B ##ifil$ 5 Z 12X
DT ANOYA POREFELE B S R, NEERER O
4818, (ischemic penumbra) DK Z B L S, BiWELR
TR RN R E A LD TE N, HARTEHKRABRLE
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Fig. 7 Immunohistochemical staining and relative intensity of NAGO, occludin and collagen IV at
24 hours after t-PA administration. (3CHk41) X 0 5IH%Z)
There was no statistically significant difference in the expression of the endothelial marker,
NAGO in the three experimental models (a, b). In contrast, edaravone treatment inhibited the
disruption of the tight junction protein, occludin (p<0.05) (c, d). The basement membrane pro-
tein, collagen IV, was obviously degraded by the t-PA administration (p<0.05) and this t-PA-in-
duced degradation was inhibited by edaravone treatment (p<<0.05) (e, f).

2H - B 3MMDBIE S NS, AR AL D THEERIES
N7z, Rho—% F— B (ATST)?2 T 7 X V)V
(ZY®) & LT, BAERKOBEY T <SP T IO mE
BHOTH oML ERD, HETHMEREELTb L
B EINTWAA, 1997 £1ERE 7 7 A ¥ )V @ Rho—F F—
COWHIEHPRR SN, AROBERABICBT—EIZA
PERIBAE 22 T OF MMEATR Sz, JEAESEE X ) fEf %
W LTHRBE S5 &) Wb, Bl g2 o5 BN 5
AR & U CHRIRERERSE 2 M - 45 3MIASRAMR S 7z 2%, WRAER
ARIEARE TR I L L %o 72,

M AfEREA & R RERUE
MR L, DAETS 2005410 H 1 H & D rt-PA

A S, 3TISH 30,000 LHETEDR G- % 2T TWEP .
58 ZWAD 09mg/kg 7 5 0.6mg/kg (29 L T rt-PA @

BRI S- % B 2 v, RETOMETEBREAT A K94 >~ 2009
T L—FAYTHBH, EFEEBIILOTHEEOGR L F$E
SHHUNTHEREBI 2 HRAIREREEL L >Tw
5.

2006 4 2 AR TH - L XD B 2 BRIREF DMK T
& % New England Journal of Medicine (28 #& & 11 72 NXY-
059 &\ ) MR#ER (7Y =5 T AV bS5y FH) L rtPA
DLW K BEIER R TH 5 SAINT LI K & 7% JUB % I
AP HRIEEF 25 9 LT mRs=0 O E A NXY-
059 G5BT ER 5723 0®D, mRs=12 DeLHERTIZ T
D, mRs=5DWHERD L WVIILTIZOWTIEF - 72 L IER)
THY, NIHSS b A EEEZ AL OTHWHIThOKETH-
72. L2 L, T NXY-059 3 53 C U g P ok i o> 35 B 2
TS REEE B LT 64% 205 25% ~EA L, MAEETERH
WM Tix 209% 205 129% ~EH L 722 LAVRE NP, 2
DR (SAINT 1) 1, Bifr#ESRE % rt-PA % b B2
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Fig. 8 Double immunohistochemistry of the peri-infarct area with an anti-GFAP (red) and anti-
collagen IV (green) antibodies 24 hours after t-PA administration. (3Lt 41) X 0 5JHeZ)
Compared with the contralateral side of the t-PA without edaravone group (V +t-PA) (a), the
space between the GFAP-positive astrocyte endfeet and the collagen IV-positive basement mem-

brane was greater in the V+t-PA group (b), and the neurovascular unit was greatly improved

in the t-PA with edaravone group (E+t-PA). The vascular dissociation index, which estimates

the space between the astrocyte endfeet and the basement membrane was significantly in-
creased in the V+t-PA group (p<0.01), and significantly decreased in the E+t-PA group (p<

0.01) (d).

EMEE PR 3 5 2 & CHA LR R A BEE
(hemorrhagic transformation) %% S Zu[HgtE% R L
7RI ICH BER LR TH Y, G TR E O
EEEZ IR L 20N 2R TH - 7228, Z0H%D SAINT
I O BMERER (SAINT 1) OFERAEER) TH - 72728, NXY-
059 DEFsIEHIE L 7 5 722, 2 SAINT I TOHEMEOH
HORMIZIIFEHB CEBORELBERL L) L L7290,
SR O BHE S E BRI TS 78 b I — VEFH15
Tl hh ozl EMiEmIN TS,

ZDEHIZ, HAEOKRETIZZ O SAINTI SAINTII 74 &
oA 2 A R Lot U IAUAR VA 122 + I PR EE R T S 3 C
HY, HRTLEHITIO L 5 I IEMRIRE & PR
EFENFRYEMIIBI L) OTIERL, FREROKEEHEA
ANCFHE L, MOGER R EREo L & -t F—L L
THHATAIIEDPEEIILZ-TLBEEZLNL. 521,
Jipi A 28 2R o B IS I PR EE SR & $2 5 L ischemic pe-
numbra (2B} % therapeutic time window = #E& L, Z D
\CIARTEfRFRE & B 2 2 ) Bl Eo ke E sk & ot
IR X BN ARERD R O ¥5h % HIF S IHEEO 5B ORSE
RN TV D, TF 5K VT, MARTEREDE & OBk
therapeutic time window Z IER &€ 5 Z LR E N T W
%27)28).

SIE 3B DA THBEEZ B I 2 ) HIBRICE L Tid, KT
1 ECASS III*% %> SITS-ISTR®Y ¥ 7 & CIAE B R D W
RN BERF I DS 45 B E CRERE I N TV A, T bk
I L O TS IR RER IR A IR S8, Hilo &
PHEAZ BN T 5 2 EDSWHREIC e 240 b LR, R RE
Ptk OIEREE I 0> 8 BUSH EE Tl ERIN 0 6,483 44 O Ti7 4 3R

4 (SITS-MOST) D5, JEBEME IR INAS 85% TdH - 7230
3 LT, 58 % 06mg/keg (2 LT rt-PA % IR
HL7Z2BAORMOEE (J-ACT) TH 103#H 649 58
% L FEBEME IS, BROWHREHETDH 5 -MARS
IZBWT D 7492 B 259 440 35% % & fEfEtk i 722 A 72
AL Y, D% D MR angiography = b H W72 J-ACT 11
TIE 58 B 0 4D 0.0%*75 5 7=, & DEBEME I ASRCK &
DA CEHNIE, 5B 02, HARNEMO T8 2005 72 &
HNAHEZ LNDH, BHENDOIE, J-ACT TlETy IRy
DHHIZ % {3, J-MARS Tl 7,492 b o 5557 ) (74.2%)
W27 R OPEA»H P, JFACTII TIE58FlH AL
534D 914% TIF IRV PFEHYINTEY, ZOILF T
R UK BREEE B MR O REMEII T E TE 2w,

Neurovascular Unit & &R & {RE

BEFTT)—FGIVANAAINY X —DIYFKY (5
DIy M) DA O R RS AR I A5 5 eV &
LT, 4% TOMBHILOARDOHED S MRS RET S
MR PR + M B R I H A F - T & 72, Neur-
ovascular unit (NVU) &1iZ, Wof#t - % - 770 7Hilg%
—DOWUMEBR O & 2 A& T, o BRI 1, i
BNEME Z05 A4 Y vy Y a v, R, X 51213F
NSO ZEI T A a4 FCTHE SIS MEREEY A
LTBY, ZOFBEREEAMEMEEM (blood-brain bar-
rier : BBB) DML - MHFICEE 2B E R LTWT, TA
Ma¥ A POV FT7y bEALTRHIEROMEH 2B
75T\ 5 (Fig. 3). 4 % TORNPRERE IR & Foh T
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Table 1 Animal experimental stroke and clinical trials for acute ischemic stroke with neuroprotective agents and thrombolysis.
Neuroprotective agent animal model tPA time hemorrhag_lc infarct neurological clinical trial with t-PA
(mg/kg) | window | transformation volume outcome
NMDA Antagonist
Gavestinel — (clinical only) no efficacy
Magnesium in vitro only on going (FAST-MAG)
AMPA Antagonist
YMB872 (Zonampanel) rat eMCAO ? 2h - decrease improve no efficacy
Na Chanel Antagonist
Lubeluzole —(clinical only) no efficacy
Free Radical Scavenger
Edaravone SHR eMCAO 10 4.5h decrease no change improve not yet
NXY-059 rabbit eMCAO 3.3 1h decrease no change - no efficacy
Anti-inflammatory Agent
Minocycline SHR eMCAO 10 6h decrease decrease - on going (MINOS)
Anti-ICAM-1 Ab (Enlimomab) rat eMCAO 10 4h - decrease - not yet
Immunosuppresant
FK506 rat eMCAO 10 1.5h decrease decrease - terminated
Statin
Atrovastatin rat eMCAO 10 6h decrease decrease improve not yet
Simvastatin rabbit eMCAO 33 1h decrease decrease - on going
(Neu-START 1)
Proteosome Inhibitor
Bortezomib rat eMCAO 10 6h decrease decrease improve not yet
Membrane Stabilizer
Cerebrolysin = (clinical only) finished
Citicoline rat eMCAO 5 45min - decrease improve on going
Erythropoietin (EPO) rat eMCAO 10 2h decrease decrease - no efficacy
Others
Albumin rat tMCAO ? 2h decrease decrease improve on going
Caffeinol rat tCCA/MCAO 5 3h decrease - - finished
Activated Protein C mouse eMCAO 10 1h decrease decrease improve not yet
Rosiglitazone rat eMCAO 5o0r 10 3h no change decrease improve not yet
Melatonin mouse dMCAO 10 6h decrease no change - not yet
ETA blocker (5-0139) rat eMCAO 10 4h decrease decrease improve not yet
GPIIb/IIIa inhibitor rat eMCAO 5or 10 4h decrease decrease improve not yet

ETA blocker: Endothelin Type A Receptor blocker, SHR: Spontaneously Hypertensive Rat, eMCAQO: embolic Middle Cerebral Artery Occlusion,
tCCA/MCAOQ: transient Common Carotid Artery/MCAO, dMCAO: distal MCAO, tMCAQO: transient MCAO (suture model)

TS DRV E L T2y, oAl & i i e i sz
RO R ASEE Th B & 9 neurovascular unit protec-
tion &\ ) SRR EHLITRO S NTEZY. t-PA 13
FHE T 5 &, matrix metalloproteinase 9 (MMP-9) %
WAL L ORI~ Y v 2 2R E LHIMEB S L
RFLTHLY, FRICEMFEEICRILENG 7V 3 VRIS
X BRI S 2 BT X g B MR L SN T B Y, K
WEKIZB T 2HMEBKRER 7Y —5 VA VS 2 RET 5
CEBHONTVEPY. 20X 91, tPA HEE, MENT
IR OBEALER & LTSN TS, LzdTo T t-
PA % b bW - MG BT 5 MIRER R EI,

(1) BeAnRapaE, (2) BRI MR BRaE, (3) Mifast~ by v 2 2
PR3, (4) I ZER R TR O 4 M EETH S, bhvbh
LIRS 2% 2, R TE L ASh 5, BIUERE OhxE
2B 5 rt-PA OFIREEG LW TEBR T A & A,

BIE HRFAE T v b O KIEEIAR % 45 RHMZEL, €0
B rt-PA 2455 L CHBB S ¥ 24 BRI BICEB LS
%, rt-PA 5T 30% A HIME X 72 L THRELTWwiz
S, TF TR VPHHEECIE, BILOAPHEDR Y, B4
L7z (Fig. 4). WO &BEAWD LI F 2 MFET 57200
PR 2 B2 oz 24, rtPA KGR TIRIMEE
PR MMP-9 A3 L T (Fig. 5), EHIMEREOAH2 S W
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Fig. 9 New strategy for acute ischemic stroke in future.

Bz, tight junction, J&ECHE, Mgt~ 1) v 7 2 &k D vas-
cular unit (Fig. 6) DAVEBEE SN THB Y, & JITHEKRD
5=V IVHIMEBEISN TV T (Fig.7), Thick->T
& & 77V 7 O%# (neurovascular attachment) 234411 (Fig.
), MECHTTEZICHINTA2bDLEZ LN 5T K
YPORRBETIE, rtPA BRGBROBEHREEIC X D ERIES
ENFT V=T T HNVEISEHHIT 57205 T% <, MMP9
OWEMALZ IR 2 2 & (Fig. 5) TR O K T T
HBas—rvIVEFY (Fig7), REBEOGHEET A 1
A4 by K7y boiEEE W (Fig. 8) L CILEMEIM
FRETHIELFAPILAY. ZOTY 5K VIF rt-PA 5
Bz (1) BeHiietisg (70— I 7 )vo i), (2) RimeE
IRz AR (R D 25— 4 > IV 04RO, (3) it
< b vz A (MMP-9) £#3# (MMP-9 o#iil), (4) By
ST (R IE O HIH]) D 4 35 AT RCTH/z LT Y, rt-
PA LRI T2 RER L LTHRN B 1 DLEZ N
72, FO728, BEDLPEIZBWT, FIERS 4.5 BRI
HEDMNNC = ¥ 7K v 0% % Rgs L 725 10,000 B o &
HEMNRIZ, FOEMEE (NIHSS 2 &) 2B L7 ETHR)
MB LU Rat % W& d 2 PROTECT4S (Postmarketing
Registry on Treatment with Edaravone in Acute Cerebral
Infarction by the Time Window of 45 Hours) 25# 47t T3
D, ZORBTLY 5K % rt-PA OERGHIAFRVOH, 5.
BEHEPEWON% EO rt-PA OB )53 R0 B0 1 i o 5
H, SHICRIFHREEOAEMED SbETHET 2R TH
bDTEDRERDVFEI-NB.

MASEMREICE LTk, BHEET S Y —VoR%D
EAEAMEATWT, 4 % T diffusion-perfusion mismatch
&) MRI Zffio> T tPA O#EEEHET 5 ikt b T
MMzRETHENEBI o> TWw b2, I 0 diffusion-
perfusion mismatch OFEAEZT TIE, t-PA O@WIE 2 FET 5
WKEATGTHE I LIIPHATH Y, & ASPECTS (Al
berta Stroke Programme Early CT Score) % B\ % & Hilil
DIRADT B v ) FEPPAY, Stroke & Neurology 1215 # X
n, IhhrbidearlyCTHA v &2AhDHZETHEILZ LT,

FRERHR#ES 51%57% (2011: 5)

FVZLDBFHIHRDOD 2 tPA %) kLSS T
TV, & DI BE M OBE 2 MMP-9 O B3 2 &
THRANIHRI S 2 KHACHE R BT OB DA TV 2.

SHRATF I ZRREE

BRI DS S M7= KR ORGP FESE (NMDA =25 Pt
3, AMPA ZBARFEPEER 1V ¥ L HEHIEE) 7 SRR
BRI RB L, SERIHISE (FK506, ¥ 7 @) A R), TA ¥
A M IHEALEEIZE (ONO-2506) %° Rho ¥ 7 — CHiil$E (AT-
77, W7 7 AV W) DT RTIRBUHKEDb > TEY, HETIE
TV=FIANAIRY Y X —DIY 5K Loy RRHEED
Bo TR WHIRTH 548, KRETIE, I /34D tPA
L OPEH B KRR (MINOS) 288 Z b T 5% (Table
1. FFE 2 RERMUNORBEMEN» AN~ 7R T
AR L CEBHEICHSE L tPA 2B 2 7 ) BIRE K
(FAST-MAG) 7 Ed5H#ATW B (Table 1). —7, citicoline
% LM A LIEIE S < DERRBICB W TZE AR
B ro 2P0, FHMiEICL o TidARET AL DY
1, pooled analysis TIZHRITH HHINAIAE D SN2
LS, AR I MR B Z b T 5 (Table 1). #
BT STAT 3 ¥ 7+ WZEER = G E1L L PARP % il 5
% G-CSF % HMG-CoA BILHZEHERLTH LAy F v 2 &
bR, G-CSF IZRRM (STEMS2) T, A% F ~ (Lovas-
tatin) (&>KE (Neu-START II) CTHIRIBERA B Z b T
% (Tablel). 7277 3 3 ALIAS Pilot Trial ® phasell
WCBWTHIREDT VT I ¥ (25%) % rtPA iGHRHICIEA§
5 EAGRED T IVT 3 ¥ (12%) OPF I EEE U CHEMeE 1 i
OEPFHBL %L, 3HABOFEILE LI LIRS N7,
BIAE phase ITL 258647 L T\ 5 (Table 1). & 5121, iPs Hilfi
R B R 2 & oM AR b S O MIRGERE & L
TS D, tPARMUOMRRER L LTIE, tPAICI S H
M OB RAD V), therapeutic time window % 5 { 9 5%
BEOMPEEFFOMWMBHEREIRDOLND., LIWCtPAICK S
W2 B8 LCix, MMP-9 o#iil 2 X % Neurovascular pro-
tection DM E RO BEE L TENE 2L LEZ DN,
G, tPA DINEEAENERICIVEBTE S X9, t-
PA ONRA MS— =& L CORBHEESFHES N, ik
VAR + I PR CRnREAI N PR3 + I PN B2 DR s B &
HTbhbZENZEEND (Fig9).

INS ORREREDHERIGH SN S L)1 5 L 5HITM
PRAESEZEINT 5 2 LD TE, WREOEREI KT 5. £
72, WEFTTRMREMIBILD A AR LIZELTRIN—V R
REDD Y 7 F v (cell death pathway) % Fh <2 & AMPR
Ty — 7y FIUTOHENTE A (Fig. 1), BN
B HAEEE 5 Y 7 F )V (cell survival signaling pathway) % Iif
PEAL S5 Z &2 & 0 kI & PR S 5 JETERTZE & AL
BIhbNTETE), SHBIIAENEEAFESEL Y 7S
W THHEAL S 2 AR A & 9 7 HS 3 T BN PR A SE O JE AR A3
7enb®,
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t-PA R o idl 22 2V WG IR 12 D W O R ER L O T BB
PEIZDWTHER L7z, W % “brain attack” & £ Z,
ischemic penumbra 25K & VIRFET, BENZ, WEICZRIL,
therapeutic window @ I I PIIC rt-PA 72 & o I K 15 i 8% =
RMIREE L e EAM R B EREIIB IR 2 EARY
T, FOOICHRINHER L TRE - HEF TS TED X
9 Stroke Care Unit (SCU) O X 52 5% NFLEND. 5%
i, IAESE AN B LTI, EFEEBIMOIEHE & therapeu-
tic window DIEF % % 2 72 rt-PA 7 & D I AR VA R & A
PN PSR 7219 T 7% < neurovascular unit PR & Il &N
BEAREVER b i 2 72N EREE OB & % 2, AT ZE TRk
WaEBI%) I ENEETH L. &SI, FRhiis s iE
L 72K, BEAEEO R CTRICHRESE % 35 X L therapeutic
window ZIER L, ZDOMIZ SCU AL T2 5 rt-PA 22 &
DIMBEIFREE B 2 %) Ak 5 2 & 2 EFIIICHE
LTw5.
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Abstract

Future neuroprotective strategies in the post-thrombolysis era
—Neurovascular unit protection and vascular endothelial protection—

Tatsushi Kamiya, M.D., Ph.D.” and Koji Abe, M.D., Ph.D.?
"Department of Neurology, Kamiya Iin
*Department of Neurology, Division of Neuroscience, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences

From an appearance of recombinant tissue plasminogen activator (rt-PA) in the clinical therapy on 2005 in Ja-
pan, the therapeutic strategy of ischemic stroke therapy is now changing dramatically. Many experimental data
from animal stroke and clinical trials of neuroprotective agents failed to clinical useful therapeutic strategy. A free
radical scavenger, edaravone is the first clinical drug for neuroprotection in the world which has been used in al-
most all ischemic stroke patients in Japan from 2001. Now, it is especially useful in thrombolytic therapy with rt-
PA, whereas we still need the newly more effective neuroprotective drugs which can be applied to many ischemic
stroke patients. Therefore, we review and describe the future neuroprotective strategies in the post-thrombolysis
era.

(Clin Neurol 2011;51:305-315)
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