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FF- i

LR (IEE ), S EIC B CHE D L4 5 5B Ch 5, IATEE

PEOMESRIZ LY F 2 FETRTRAD L, BAETIE I E TEMREY. DRERICKRS

FERI D 3L D 2011 FFITITMRICIR SH 4L b 7p o7 (Fig. 1), LLRD 6, i

i, T2z

MEID DT LT b ERAEREL T 2 L %< B

RLENHFINOF L L A>T D, £z, BEAAD Quality of life (QOL)DIE 72
TR, MHE ORI L R | WA LB BB SRR IR
REDERHSTND, LIeino> T, @bt OB EICBN T, MR OFRiE &

OESELBT I IZ W TORRIEORFE R BB L o> TV D,
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Fig. 1 HARADFERFIFEL ROFERHES
JEA S 2011 4R A\ DB EERET

Rz i i PR A5 T do D AL, < BT H LIS KOV MR A5 T & 2

FED 3 OIZKRBI S v, EEZEI I ZE AR DK 75%, 2612 X 5 3BT D) 60% % 5

HTWD, MILENAZEIND & MILEIME T U, 7272 BICHIasEDE T 2 R 1



DR (27 R BRI T LT 2 289 IS IMIAEIC I B 70 ML 8 ik
(T T GRS LB, T T ISR . WO T R
Wb o T (Fig. 2), 7 DF b, AVEIIOTRRRING L L CHliReso i 4 i < &
B, BRENALEETTH = b T T T A RHET 5 L A EETH S,

RE M AR (A7)

R I B D FELE (RF2T3)

FE >
fbiZE & D B RS #2 5

Fig. 2 G i A Dogeis & R 0520 RS

A SE S MENC 35 1T B MR cERes & LT, FeASE TIE 2005 4 10 A L Y #is1#i
HYAZ AT T A ) —F T 7 F_X— X — (recombinant tissue plasminogen activator;
rt-PA) DE AR IR 5-1C K 2 MARESIRFRIEDY . FEIER 3 RFH LA O S M 28 12
XU CRBA SHUBREIR DG TIKK HIWH N TE 7, £/, rt-PA BHENREEDIGHE FTRET
[f (therapeutic time window)ik K & #FAM L 7= ERIREUER T, FAER% 5 720 L 6 IR LA
DB ZxG L LT3R B CIRESI R I O 0 TlidZehr o 7228 (Hacke et al., 1995,

1998; Clark et al., 1999). European Cooperative Acute Stroke Study 111 (ECASS 1)+ L Y
Safe Implementation of Treatments in Stroke-International Stroke Thrombolysis Registry

(SITS-ISTR) CIXFIER 3-4.5 BEH O BE DA, ZRVENFEH S /- (Hacke et al.,



2008; Wahlgren et al., 2008), Z i1 H DFER AT, rt-PA FAREAIT 2012 428 H 31 H
7> therapeutic time window 7% 4.5 Rl & CIERE Shviz, L L, AP0HEE LT
JEEPETAZE N I OB EE 2SI 5 Z & N & CTuv%  (Hacke et al., 2008;
Wahlgren et al., 2008), F 7=, EFEROERK DY TIIFRIEEZ D HIRFER MG E TORFM N H
HEEREBLTLESTND Z ENELL | it-PA BHERIEIC X D JER 3 RFHILIN O
BRI ZE B REROBWIZE E > T D, D7, FBIERHAFE TE WG
F. 45 Bl Bl L7 B I LT et AOMEORBEN SR TE R0 L
MEBEINTND, ZOX 5 2EmNG, MAREFRIEC L 2EWEROMflE LT
therapeutic time window DJE R | & U CliAR AR TE & f1T T & 2R VWEBNZ T 2 MKk
AERIE & U O ZE RN T T RE 2R M ORAE SR D BHFE N I F ST D,

INET, %< ONEHEKDOBIFEN 7 V2 I BE-Ca¥ i3 (Lipton et al., 1994;
Ankarcrona et al., 1995) % Hi.0» & L 7= M HEIRSE 2 B35 Z & 2 HaZiThbh T 72,
(M FRHERTIC X0 BRI D & FRSHila~DOBEER, 7L a— 2 OMIEHEE S
ATP OB AET D, ZAUT LD | MR A A 2 A O E , MAEE D i 5y
MR U, MRS B MR RS E T D 7V F X g7 E OB AE Z 5,
W 72 7V & I VU ERIZ K 5 a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (AMPA),
N-methyl-D-aspartate (NMDA)72 & D 7 /L % 3 VS AR OIE AL, BALEFNE Ca™* F
¥ FVOTEHEAIZ L 0 | MIN A~ Ca* DI AMNSI & Z S b, MR Ca RED
ERIT. CMRAFIEORE % 2R 2 TEMEL U, IGPERRSERE - ISMEREHEM A LD 7 U —
FUANDREAL, I bar R T/NNAROBERERELZSISEZ L, ZRONERE
7o TERME R T ITEFRIEORGMIASEN FEIFE S D (Fig. 3), Z DREIMMEAFREHNDSE
ANZALEB =0y b LT, IV I VEESZRBEEGEE, Iy T 5T v 104
PriE, —bERAPLEIE, St X OWIRIESE R E DB S, B
FRRREBR M TOINTE T, Lo LA b, ZH ORI TEh 25k TIXaZhitEN
WD LD L, BRI W TERIER O B E 721 3A 2MEFER S vz



REDOEORAIEINT, AETIEME -7 ) =T U HNEERTHDI =L TR (T
UHy ROBRAIENTNDEDOHTH D, IPRESRIC L 0 i 2t L Ao
JERZ G < 2 L id, AT ORI X OBSRE PR OSEIT b o 5 2 & 23
Frehd, DD, BHWER DD IRWNGRNED & 2 i@ OB JE . mE ML MEARRE
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AMPA; a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate, CAMK; Calcium/calmodulin dependent
protein kinase, DNA,; deoxyribonucleic acid, NMDA; N-methyl-D-aspartate, NOS; nitric oxide synthase,
PARP; poly (ADP-ribose) polymerase, PLA,; phospholipase A,, VSCC; voltage-sensitive calcium channel.



AWFFE T, FRMREEOBTE 2 IS, ZaEO@mWEF L L TR THWS
NTWDHHREIED I A 7 U BRI EETH S (25)-1-(4-Amino-2,3,5-
trimethylphenoxy)-3-{4-[4-(4-fluorobenzyl)phenyl]-1-piperazinyl }-2-propanol
dimethanesulfonate (SUN N8075) D i Ifi A3l A B 5 L2 e 9~ 2 A 20k & feat L 7=,

F 7o, FESHIIAZE A I = X M2 F 1T D Nat/Ca® Az #alii e fA (sodium/calcium exchanger;
NCX)IZEH L, NCX 7 A ¥V 7 #— L D5 MG Lz,

H1ETIE, ~ 7 AP RIMENRKAEZE (permanent middle cerebral artery occlusion;
PMCAO)E 7 /LA FAMRE MLFEE F LT v b RAM BB WM RS A 7o pehee
JPEEET /G T DI /A7 U o OREERB LOER A I =X L2 fE LT,
52 B TIE, ¥ 7 X pMCAO E7 VMM MIEE R LT » b KRB B YIS 2=
f A O T I B 2 7 LIS k5 SUN NB075 DRI L OMER A 1 =X
LERE LT, 83 W T, v U AR KRIMENR—1mHEPAZE (transient middle cerebral
artery occlusion; tMCAOQ)E 7 /L i I L AR E 12317 5 NCX 7 A Y 7 4 — L
DEIE % NCX ~F a~< 1 2 (NCX1Y, NCX 235 LUV NCX3" v w7 2)B L N3 D
NCX BHLE#K (KB-R7943, SEA0400 33 X OF SN-6)D/EH % Lelk 45 = & Tt L 7=,
ZIVD OB BT BT L A2 LR IZH]E T 5,



F1E EMMAARRHEEE I T D I A 7 U O EEH
187 f&
R EmZE T, JeEEICB W TR O BT H T b, Bl-& 0 2 ORI

il

Rl

REEDER & 72 2 BIEMDOMRIEE Th 5, BIsFHEAMMZMET 7 A /) —7 v
7 7 F~X— & — (recombinant tissue plasminogen activator; rt-PA)72 & @ AR MRS,
HAERMERE MR 25 T 264 2 SR 2RO TR IR 28 E BRAOIZ KRS S V72 ME— DA T H
%o M-PA ORI G EEF 0T 2 AERTRD o2, AOHE L L TRHIZE
1 OFBAMEIC X 2 TR E O R AN H#E T2 (Becker, 2001; Emsley and
Tyrrell, 2002), F 7. rt-PA [Z R4 BE FH OMHE (WO IRSEE IR 35 2 & THHI O
fElRME N K45 (Hacke et al., 1995, 1998; Dijkhuizen et al., 2002), ¥T4E. rt-PA 73
N-methyl-D-aspartate (NMDA)Z 4k NR1L 47 = =~ ks O, PN Ca® g it ik
BIO~ N v 7 AAZ 7T A —18 (matrix metalloproteinase; MMP) 7 7 X U
—IZXoMRAN T v T T —EDEMH bR EOMBEFEEZHINESE S Z L RE S
TUW5 (Kauretal., 2004), ZD7=®, MR35 EIEH O 72 W KR FESE
DENLEEN TN D,

W /YA 270y UUFI A2 V) (Fig. )7 EDT N THA 7 U R HEH
L R TE 2 AT SR EMEUVEE &L L TR TV D, 2T b OFANTIH
N DTERITRIN S v, IO BRI~ m OB T2 7~ 3 (Aronson, 1980;
Klein and Cunha, 1995), X /%A 7 U i3, HLwiENE & IR OAEMFRIER 2 H 3 %
Frsy727 b9 A4 7 ) U RERITH L, BRICBWTRAZ2EEMEZ R L, BIH Y
U~ T ~OMWILNEE I TS (Furst, 1998), F7=, /N> F > b i (Chenetal,
2000; Wang et al., 2003), /X—=F >~ »J% (Duetal., 2001; Wu et al., 2002), ZFIEAE L
JiE (Popovic et al., 2002), FHEEE (Teng et al., 2004)33 L OpZEf M MIZZFE(LIE (ALS)

(Zhu et al., 2002) 72 & OFEFEDOMFREEFE T VB L OBE S NIckiF 5171



7T ORIER W45 (Tikkaetal., 2001), &5, R AXIBLVT v M &
WA 7 AT 3BT, — Il PN 55 T8 A M i B 7 2 B 9= 5 2 & A3l &
ATV (Yrjanheikki et al., 1998, 1999), Z 4L 5 DHEMNS, I /A 2 U 1L MMP
7&ME (Golubetal., 1991), iNOS (Aminetal., 1996), < h=2> RU T b7 4 c it
(Teng et al., 2004)33 L OF caspase {7190 DN FEIK IR IaSERE . (Zhu et al., 2002) D
TEMEAL 72 EOWRIEWVMERZH T2 2 ERALNIIN TS, LOLARRL, 2
M E TRIMBER MR X OKARPTIMEILE T VA2 HWT YA 7 U o Dff
M A& RBGET Lo @& 1370w, BEIR b K AR M X — i PR i 2 0 & @SR SR AT
5, &I T, RETIEH~ 7 AP KIMENRAKAPAZE (DMCAO)TE 7 /L 7 Ak 1 2 35
FOT v PR EWIRES MR Z W7 v & X R R E R E (k5
YAV CDERERFI Lz, HIC, v U AR E Y R — &AW R E g
LR35 K O diphenyl-p-picrylhydrazyl (DPPH)EEF 7 & D A EIEMICRTT 5 2 7 3
A7 ) OIERZERR LT,

OH O OH O O

OH
(™
OH

*HCI

Fig. 4 Chemical structure of minocycline.



F 28 EBRMER L UL
2.1. EBREW

HEVE ddY ~ 7 28 X O Wistar 7~ & Japan SLC (Shizuoka, Japan) & V) i A L
Too HWEA L7283 B B /K NICEZEEE (CE-2, CLEA Japan, Tokyo, Japan)z Fv T
fH Lz, FREIT O IXHTo> T, BRIER IR FEY ZERZ: B & () ZHRKRE H
ATV, PR RS e R THEm LT,

2.2. FEBAE

Dulbeco’s modified Eagles’s medium nutrient mixture F-12 HAM (D-MEM/F-12), X / %
A 71 > poly-ornithine, diphenyl-p-picrylhydrazyl (DPPH). 2-thiobarbituric acid, MK-801,
2,3,5-triphenyltetrazolium chloride (TTC)3 KO Trolox (the water-soluble Vitamin E)iX
Sigma-Aldrich Co. (St. Louis, MO, USA). L-glutamic acid monosodium salt (£ Nacalai
Tesque (Kyoto, Japan). isoflurane & Nissan Kagaku (Tokyo, Japan). fetal bovine serum [%
VALEANT (Costa Mesa, CA, USA). horse serum {3 Sanko Junyaku (Tokyo, Japan), 2577
A% Showa Denko K.K. (Tokyo, Japan), [i#3% 77 A% Taiyo Nippon Sanso Corp. (Tokyo,

Japan) &V EEUEEA LT,

2.3. KERITIE
23.1. ~ U AR RIMBENRKAPZE (PMCAO)E 7 /L DAFERLE K OGN

FEERIZIT ddY R~ ¥ A{KE 20-27 g 2 HH L=, /N ARELZ: (Soft Lander,
Sin-ei Industry Co. Ltd., Saitama, Japan) % FV >, KX N A 70%, EE3E A A 30% FiZisW
T, FREEE AR IZIT isoflurane 2% %, REFHERFRFIZ 13 isoflurane 1% 2 L 72, R
XTI X OFZEM BN S EIE 3 5 £ TRIRT o 7 THERF L 7o, ZE I R
HIROPAZEIZ, 74 7 A MeFEfHATLZ LICLViTo7 (Haraetal., 1996,
1997), 4 7ab b KBRS T, M b RINENIR 2 SHED R & silicone resin {54



(Xantopren + Activator Liquid) T/l E~>7-8-0 7M1 v €/ 7 ¢ A K (Ethicon,
Somerville, NJ, USA) Zfi A LEAZE L 7=, pMCAO 24 HF[ijt; D fftleEE 2 J1E, =Dtk
g L. mouse brain matrix (RBM-2000C, Activational Systems, Warren, M1, USA) % H >

T, HifidZ 2mm OE XTS5 U ER L7z, MY % 2% 2,3,5-triphenyltetrazolium
chloride (TTC)C 10-15 4yfi e ta U 7=, B ZETALIZT o # /v 1 A Z (Nikon Cool PIX4500,
Nikon Co., Tokyo, Japan)Z iV Citék L. Image J & A\ CHREZEmfE 2@ L, FHZE(R
HA A L7 (Haraetal., 1996, 1997), iAEILR DAZ (infarct volume + ipsilateral
undamaged volume — contralateral volume) x 100/contralateral volume (%){Z & > THH L
7= (Haraetal., 1997),

2 /%A 27 U (Sigma-Aldrich Co., St. Louis, MO, USA)IZ A P& AKICIRE L.
Rl L2 b D& Hniz, 2 /%A 27 U 1% pMCAO 60 43R, 30 4514 £ 7213 4 FRRE
#12 90 mg/kg (0.1 mI/10 g) & IEFEN G- L. control BEICIZAEB AN KEZRE L-, &N
BREHIBIT DI /A7 ) oG &R, BEROBMESHERND 90 mg/kg (2% E LT

(Yrjanheikki et al., 1998, 1999; Du et al., 2001; Zhang et al., 2004),

2.3.2. FHREIERAEIZE

PMCAO 24 5[] D~ 7 A OFRIEIR & LU T DO FLHAEITHE - THIEE - Fedk L7- (Hara
etal., 1996), 0. H .- 7=#fJEIR7Z2 L (IE®). 1. ARioMEN R (BRIE).,
2. LRI D R G80 B AL, £ Dy xERET 5 (TRE), 3. SMMTREE 2135
BV B DR (FEE),

2.33. 7 v M RIMBE RIS
BRI BRI HE V. 1R 16-18 H H Wistar 7~ DR KM E 7 HFRsL L 7=
(Takada et al., 2003), 7 ~ k&R E 7> & HifiE L 7= #iia 2 6x10° cells/well D% & T

poly-ornithine ZLEE L 7= 24 well 7' L — MR L 7=,



AR B FEEL 10% fetal bovine serum, L-glutamine 2.5 mM. glucose 17.5 mM & X
NaHCO; 14.3 mM % & A 72 D-MEM/F-12 5412 1-7 H i, 10% horse serum, L-glutamine
2.5 mM, glucose 17.5 mM 35 £ T NaHCO;3 14.3 mM % & A 72 D-MEM/F-12 5 #1112 8-15
H . 37°C. 5% CO, 514 N CHs# 217 > 7=, #§HE 3 H4&IZ cytosine-B-arabinoside 10 pM

N LRI 2 b & . SRR I35 2R 13-15 H H B Fpiddi i 2 vz,

2.3.4. PR o T SR A

EEEMIIRIZ S 21 27 U > 0.02-2 uM F 7213 MK-801 (Sigma-Aldrich Co., St. Louis,
MO, USA)10 uM Z RN L 1 REffES38 Lo, £ D%, 500 UM 7 V& I gt 1 C 24
REIRGE L, 7 V¥ I VSRRt 2 A4 27 U OER 27 L 72,
TIVH I BRI FE AP SE L IR A3 resazurin % resorufin (238 T D BE D HOG IR A
bR ET 5 Z & CERMIZHHN L7-, RBRIL 10% horse serum % & ¢r D-MEM/F-12
itz VT, 37°C O T TITo 72, HEHIT resazurin & ¥R EE 10%1272 5 X 951
Nz, 3WEMIESERMG, dOLIRE (Rl R 560 nm, HOGHE R 590 nm) & lE L, A
AR AR L7z,

2.35. HOCKRE

AMf@SEIX Hoechst dye 33342 (Molecular Probes, Eugene, OR, USA)¥ L OF YO-PRO-1
(Molecular Probes)iZ & %t Yuth ik 2 VTR L 7=, Hoechst 33342 (b &= 350
nm. HOEHEE 461 nm)iC LY gz de L, YO-PRO-1 (BhiEi = 491 nm, #OGHE
509 nm)iZ LV 7 AR b — AMAE & Yt LT, MIBEES £ 1 Hoechst 33342 (FIRFE 8
UM)E5 KX O YO-PRO-1 (F&IRFE 0.1 uM) Z Ushn L, 15-30 Z3 & Lt 24T - 72,

2.3.6. DPPH T < 71 L ETE MM

DPPH 7 ¥ 1 MAE ETEHEIFEEAHRIZHE VG- L 72 (Mellors and Tappel, 1966), DPPH 7

10



X ) — AWK L5mIC, =& ) — )VIZIfRE LT3 %4 27 U >IN Trolox 0.25

ml 2300 U 7=, ¥IN 30 45944142 517 nm 123515 % DPPH OWEYEEE DR 2 HIE L=,

2.3.7. ¥ U AWARE R — M XD NEE AR LR

FBRITIT ddY SR~ 7 AKHE 20-25 g A Lo, BEHICHEV, ~ 7 APARE Y
F— O EiEZFHR L7z (Hara and Kogure, 1990), it L7z~ 7 A& Kin K. 4 1%
D50 mM PBS (pH 7.4) %z, T 70 REYFHA P —THREI T A XL, -80°C
THHRTE LT, AT X — MIPBS ZMA T L0MEAMR L, MR LIZAEY R —
k2 mliZ 10 pl D#ARFEZ N 2, 37°C, 30 73 A > F = ~— | L7z, 35% HCIO4400 pl
Z N UBOS 45 1k &4, 2,800 rpm, 10 43 fliz.0 L7z, E1E 1 ml (2 5 g/l thiobarbituric
acid (TBA)ANR (50% FEERRYAK)0.5 ml Z i L. 100°C, 15 4y S8 532 nm 1238

TSR HIE LT,

2.4, W FHIMENT

SEERARE T I E £ ARVERAGE TOR L7, MERHFERYZ2 FLlg 3, STAT VIEW version 5.0
(SAS Institute Inc., Cary, NC, USA)Z FI\\ T, —JnE 72X ool &0 otk Tola
BE L7=D 5, Student’s t-test, Dunnett’s test & 5\ iE Mann-Whitney U-test (Z X D 175

oo fEBRRN SRz AEAEAD & LT,

11



B 3HT FEBRAE
3.1. ¥ 7 ApMCAO FEFRAFZEILE L OMKIRIEIC KI5 2 /A 27 U > ORI EEH
A7 Y90 mglkg EREIENEES Lz~ v Ax, B & B ARRRAEIR LS O
ITENFZITBIE SR D o T2, F£72, pMCAO 24 FE#Z I\ TRE I L ORS:
RICFRZER B b7 (Fig. 5, left side), X /31 2 U > pMCAO 60 45ai+ L U830
Syt BEGEEIT. control BE & FLBE LT pMCAO 24 Wifilt: OFFZEmAE, AR LW
Jibd v N 2 A S Hn L7 (Figs. 5and 6), —J7. X/ ¥4 27 U > pMCAO 4 K¢l i% % 5-
BRI, MBI Io T DA ZE IR, FHIE RIS X OVIMTRIE O HNHME M 2358 80 & AL 72 23,
ZDOERIZAHE TR 7= (Fig. 6),

Control Minocycline

"

Fig. 5 TTC staining of coronal brain sections (6 and 8 mm from frontal pole) at 24 h after pMCAO
in representative mice.

Damaged tissue is shown as white areas. Left and right brains are shown for a vehicle-treated mouse
(control) and minocycline-treated mouse, respectively. Minocycline was administered at 30 min after the

occlusion reduced infarction (compared with the control).
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Fig. 6 Effects of minocycline on infarction at 24 h after pMCAO in mice.

(A) Brain infarct area at 24 h after pMCAO in mice. Each brain was removed and the forebrains sliced into
five coronal 2-mm sections. Minocycline at 90 mg/kg, i.p. was administered 60 min before, 30 min after, or
4 h after the occlusion. Infarct areas in brain slices were stained with 2% TTC. *p <0.05, “p <0.01 vs.
control, n = 12-16. (B) Effects of minocycline on infarct volume at 24 h after pMCAO in mice. **p <0.01
vs. control, n = 12-16. (C) Effects of minocycline on brain swelling at 24 h after pMCAO in mice. *p <0.05,
**p <0.01 vs. control, n = 12-16.
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3.2. ¥ U A pMCAO #FFARIEIRICKT T DI /A 27 U DIEH
X /A2 U pMCAO 60 43RS L O 30 04 #% 581X, control #F & i L C

PMCAO 24 I OMRER A A BICSE Lz, —J7. X /127 U pMCAO 4 I
W74 B GRS 23RO b=, ZOERIZAE CTRh -7 (Table 1),

Table 1 Effects of minocycline on neurologic deficits at 24 h after pMCAO in mice.

Neurologic scores

Treatments n Mean + S.E.M.
0 1 2 3
Control 16 0 4 11 1 1.8+0.14
Minocycline pre-treatment (-60 min) 15 2 8 5 0 1.2+£0.17*
Minocycline post-treatment (30 min) 12 3 4 5 0 1.2 £0.24*
Minocycline post-treatment (4 h) 12 0 5 7 0 1.6+£0.15

Minocycline at 90 mg/kg, i.p. was administered 60 min before, 30 min after, or 4 h after the occlusion.

*p <0.05 vs. control (vehicle-treated group). n; number of animals.

3.3. 7 v b KM E AR Z V2V 2 2 U R R R E O 5
RV A T DOREER

YAV LT NS L R FEARRINAE A 2 uM T EICHEEI L, Bt R
HTH 5D NMDA ZFMREHTHE MK-801 (X, 10 pM CHEFRSE & A E 28] L 7= (Fig. 7).
Hoechst 33342 35 L. Y YO-PRO-1 |2 L s ezt B8 % Fig. 8 I~ LTz, 7 V& I v
PR QL C I QI T B 72 P RE % 7k L YO-PRO-1 [&M:TdH - 7= (Fig. 8A and 8B),
—J7. 500 uM 7V Z I URBALEIZ LD . TR h = ARROEEREL{LE X O
YO-PRO-1 (il @lgz S 7= (Fig.8Cand 8D), X /A 7 U 2 uM RifLiE|Z &
0. TNVE I RIS K DG RERE ORI LU YO-PRO-1 Bt i 73
P8 B 7= (Fig. 8E and 8F),

14
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Fig. 7 Neuroprotective effects of minocycline against glutamate-induced cell death in rat primary
cortical neuron culture.

Photomicrographs showing the pattern of resazurin staining of cells. (A) Untreated cells. (B) Cells treated
with 500 uM glutamate for 1 day. Marked cell death was found to have occurred. (C and D) Cells were
treated for 1 h with 2 pM minocycline (C) or 10 puM MK-801 (D), and for 1 day with both 500 pM
glutamate and either agent (minocycline or MK-801). Minocycline and MK-801 reduced the number of
stained cells, indicating that it inhibited cell death. Scale bar indicates 50 um. Bar graph shows the
protective effects of minocycline and MK-801 against glutamate-induced cell death. Each column

represents the mean + S.E.M. n = 6. *p <0.05, **p <0.01 vs. control (untreated group).
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Fig. 8 Representative fluorescence microscopy of Hoechst 33342 (blue) and YO-PRO-1 (green)
staining at 24 h after glutamate application.

Cells were grouped as shown below. (A) Non-treated cells showed normal nuclear morphology and (B)
were negatively stained for YO-PRO-1. (C) Glutamate (500 uM)-induced neurotoxicity, where cells
showed condensation and fragmentation of their nuclei, including YO-PRO-1 positive stained cells (D).
Pretreated with 2 uM minocycline 1 h before 500 uM glutamate treatment reduced both nuclear
condensation (E) and YO-PRO-1-positive staining (F).
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3.4. DPPH 7 V1 VI RTEIER L O~ 7 A V% — b & AW 2 IR EE R EUSS
T A7 0 OIEH

RERT V=TV HNTdH5DDPPHEZHNT, /A7) B IO RIET
&% Trolox OKIEMEE ¥ X v EFER)D T VO NAEEEEEZHME Lz, X /A2
B IO Trolox 13, IREKIFANZT P HNWEEEREEZ R L, ZNEN 2B L0002 1M
U ETHETH-T- (Table 2),

REE WL, 37°C, 30 A v F a_X— MZ XV A UM AEY R— M
malondialdehyde (MDA) &% 5l L7=, X /¥4 7 U B L OBHEXTHRIECTH 5 Trolox
X, IEEEERAL OG Z RER AR IE L, ZnE 02 uM LLETHE Th -7

(Table 2),

Table 2 Effects of minocycline and Trolox on DPPH-induced free radical production and lipid

peroxidation in mouse forebrain homogenate.

DPPH free radical Lipid peroxidation
Treatments (uM) n
Absorbance TBARS
(% of the control) (% of the control)
Control 8 100 + 0.4 100 £ 0.5
Minocycline  0.02 4 97.9+1.3 99.0+£ 0.5
0.2 5 97.4%0.9 97.5+0.3"
2 5 90.7 + 2.9* 95.2+0.3"
20 5 56.4 + 2.5" 54.9 +0.8"
200 5 20.4 + 3.9 6.1+0.2"
ICso uM (95% CL) 31.7 (19.2-58.1) 18.1 (12.6-27.1)
Trolox 0.02 4 92.9+3.6 98.3+0.3
0.2 4 88.2 + 3.8* 94.9+0.3
2 4 59.1 + 3.6 90.5+0.7"
20 4 51+1.1" 61.3+ 1.4
200 4 3.3+0.6" 7.0+0.7*
ICso uM (95% CL) 2.2 (1.2-3.7) 16.8 (10.4-28.8)

DPPH; diphenyl-p-picrylhydrazyl, TBARS; thiobarbituric acid reactive substance, CL; confidence limit.
*p <0.05, *p <0.01 vs. control (vehicle-treated group).
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At B

ARETIX, ¥ U A pMCAO E7 VB MIME MLEE S LT v MIMREREMRE Huv
T NE R R E LT A R A 7 U COERERE L, & 51T,
U AUARE TR — b E AW IREIRR{CEUGE L TOVDPPH 7 2 1 AAE RIEMEIS %t
T5I 94270 OERERG LT,

2 /¥ A7 U pMCAO 60 73 HiH £ TN 30 43t &% 513, ~ 7 A pMCAO 24 IR¢fEl %
PEZERE  IMTEIE A L, sk a e Lc, —J5. X/ A 2 U > pMCAO 4 It
EI 51, BHIE R S & OB i 2 7= L7288 B CldZeh o 7= (Figs. 5 and 6,
Table1), X /¥4 27 U ET v F tMCAO (2 X % B2 B & fdek © o R ZE 5L A4k L
(Yrjanheikki et al., 1999), b X I — b MERIIMEE MLF5 5 CAL B 8 (4K o b 5 2 Jnifil 5
% (Yrjanheikkietal., 1998), Z D Z Lt X A 7 U MR AT M 3 58
PR AR IR T & [RIRRIS . 7K ARy AT o o . &5 238 A M el B 2 b 47l 9~ 2 2 & 3B B 7282
ol XA T Y TARRIER 2 8GE U, £ OFRE I IAEZE B IS JTOVINTE IR O I
CRRREE ThHoT, O b, MEZENIGI SN2 & THRIERDSGE S L
EEZLND, ZHHDORERIL. BEDOIEICIWT caspase-3 [HEHKTH 5
z-DEVD.FMK 78~ 7 A tMCAO (Z L 5 FEZEHL | It N oo il & [RIFR B (SRR FE R 22 gk
T HFER & —F LTz (Haraetal., 1997),

VA7V LTy P RIMREREE R A e 2L Z X BEE FE AR
M3 2 uM O CTHEIZHH L7z (Figs. 7and 8), X/ VA 7 U L idsbikimia, 7
A hadA MBLOI 7Y 7 E2E507 vy MEAREEFRMRAE W7 14 3
VIR L OV E I VIR E I A = OB FEEIC L DI/
7'V 7 OEEFEZ 0.02 uM O THIH L7z (Tikkaetal.,, 2001), 2D Z &b, 271
7 U T ORIER L OMEMEEZ MG T2 & T 2 /2347 U AT v Z X Uik
e PR L U CORGEAVIZ/EN L 72 v REMEDN B 2 D, Tikka b O#HETiX,

WA TV IR T U2 R B E AREMIIZ D 100 23D 1 DfREE T, IREEE
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FREMAIC I 1 DR SE 2 3k L 7= (Tikka et al., 2001), fEF 23386 B ALIZ IR E D
FHE X, KIS & BRI OBEWC LI 2D EEZBND, 2D DRER
o, YA 7V OEEMEII 7 v 7 U 7 OIEHEALIHITod 2 FTREMED /R S,
ZDOFER, KIMEEAPRAIIEZ 2 7V 2 2 U BRTE S AR R 5 (o ok L C AR E
MERLIEEEBZBILD,

A7 IHEBEERZ A L TE Y (Miyachi et al., 1986), peroxynitrite {52
WX Z oI EOFr s o= hafb a9 % (Whiteman and Halliwell, 1997), &
72. 7 v b/ANMTERLAR R & F VO 72 6-hydroxydopamine 75 38 R E R L OV
U—Z U hVEAZIEIT S (Linetal., 2003), Z D2 b, HEHSHIZDPPH 72
I EEMRS XL O~ 7 AR E Y3 — M2 AW RE R LS 72 EOfE{b A K
VAT I 79427 U ot Lic, 27 %A 27 U 3B KO Trolox 13, =2
FERAFHINC 7 2 I NVAHEIENERS K ONRE BB LSS 2 4] L7z (Table 2), HiAEME
iR, RIETALICB W TEE A L RABREIC K DV IRERMITERT 2 2 BRI h
TV % (Wasil et al., 1987; Cantin and Woods, 1993; Whiteman and Halliwell, 1997), &K
P K OFERRRAER A R Tl MR RGIIaRES A 7 =X A0 —B L LT, Rk X
OHERPICELC D7V —T VN PEAECIREBEBLS DOE GRS LTV 5
(Flamm et al., 1978; Siesjo, 1981; Chan et al., 1984; Hara et al., 1993), AMHHIFB VT,
YAV AXT ) TR T D PRIEMER7ET T < PiRILER bR 2 & T
PRREHIIICPRAERIICIEI LT L B A B D,

YA 7V TR EEREOESNEYTHY | BV U~ F ORI L
TAHIME, BEMENED LI TW5 (Langevitz et al., 2000), ¥4, 2/ VA 7 U 0%
fidzErh (Yrjanheikki et al., 1998, 1999), /~>F > b 9% (Wang et al., 2003), /78—
Y %5 (Duetal., 2001)8 L OVEHEHEE (Teng et al., 2004) 7 & DOMIFRSENEE5-3 5
REEEE T /UICx L CREER A2 R T Z L0 ME S T D, M IERER 6-24
MDOEH 161 £ &2 xtg & LIBIRREBRICBW T, 744D 7% A2 U 200mg, 5
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AR G- EBEREL, 7T O T v ARTGBERE L ik U CMEIZEFRE 90 H 1% DOSER
A EICWE L (Lampletal., 2007), 5% S 672 HEIRBRA TV, I /2472
U DM TTRERIE L L TR SND 2 &2 HifF L2y,

ARETTO invitro B X Ninvivo i BRICEB N T, 2 /¥4 7 U 213 0.2-2 uM (£ 0.1-1
pg/mIZBWTEARRD biLic, I /A 27 U UE, @minE IZB W T il
BRI 4L (Barzaet al., 1975; Kramer et al., 1978; Cunha et al., 1982; Sande et al.,
1982). M~ TIEIZ B AT D (Aronson, 1980; Klein and Cunha, 1995), 1 X~
DI YA 27U 5mglkg HIRNEGTIL, /%A 27 U 3MNIC 2.8 ng/g. IHE
BEWZ1Z 0.98 pg/ml (2.0 uYM)E1T9" % (Barzaetal., 1975), 7 v b Z 7= iyBhReRBR
Tk, 2/ A7 U ATHEB ORGSR 63, mEPiRE O 30-40%72°
fMNIZ#47T9 % (Colovic and Caccia, 2003), X / Y1 7 U > 25-50 mg/kg fEVEN & 5%
Tol=~ v 2ADMEHEEIL5-10 pg/ml (10220 M) TH Y . & M ¥ 7 U 2 200
mg Z 5 L7z L R Th 72 (Wellsetal,, 2003), ZDZ &b, I %A
7 U D513% < OBEMWIREIC IV THESIIAPRERN R 2 F /9 5 DI+ iR E
BT T D B2 6N D,

VL EDFERS, 2 A 27 U d~ 7 A pMCAO &7 Lk 38 L 3 L O%s
FEAPREAINE 2 O TR e P Lok U COREIE ] 27 L7z, 240 B DA RStk it
TER A T3 = X L D—EIZ, Wb A b L 2MfiER OGRS iz,
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52 % M PEARA IR (285 SUN N8075 ik i 1 ]
H1HE WS

FLFEIZBWT, 2 /A2 U idinvivo B X W in vitro 5RERIC X 2 APk A g E
ET VK L TIREER 2R L, ZOERO—EICERb A b b 2 MslER OG- 23 7R
eI 7o, b2 b L AFNEEEEEL° DNA [EE 2 55T D18 R TEIC L > Tol
T Z S, B ENES O 2T 5% < OBER O TH.ORREE 2 KT
EEZBITWS (Chan, 1996), M L& MERRSE & FLRALIEA OS2 5 S Z L,
7 V= VANVOBRIEAIIRIE, TR M- A RIEEEEEI XU DNA Ot
i L TR A b L AMEELZFHEHKT D (Chan, 2001), L7=28- T, MhiRilfalg o8
WIPD BB A ML AERELZMHT 2 2L IFEETHLEEZ2OND, ERIZ, 7V
—TVHNHERTHDLZH TR (FVFy RO, HAT 2001 40 B A i 5
WX D pRER L L TR STV D,

(25)-1-(4-Amino-2,3,5-trimethylphenoxy)-3-{4-[4-(4-fluorobenzyl)phenyl]-1-piperazinyl }-
2-propanol dimethanesulfonate (SUN N8075) (Fig. 9)i%. Na‘is L OV T % Ca** F v /L[
FIERB LOMBRILER 283 28 TH Y . T v b —1sMENMRE b 2 4m] L
(Annoura et al., 2000), f¥zEHZ%t 3 2 ERIRERER 23 T4 TN %, SUN N8075 (IR i1

FREEARACSE L B 1T D EE DN FITMEH 95 2 & THRFER R O TE 5,

OH |/\NF
o A N _J

H,N :2MeSO;H

Fig. 9 Chemical structure of SUN N8075.
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% < O IETHIRIEN B EIR TITANERRD HNTzDIzxt L, BRRBRIC B
THMER RSN olo 2 L0 b, MEIEERIEORIEIC STz > TiE, 1) B
DENTE 2 AN B2 2 I ZEE 7 /L OKAJRFTIMRE L& 7 /L d6 L OV—1 4 SRy A ik
REILE T V) TORMM, 2) AEKISTEDRG. 3) therapeutic time window D% E, 4) X
TEEY A LIS T ORBERERIG. 5) EBRDO T T 1 > ML, 6) R HWF5EE TDH)
KR, 7) KEMW) (BRBE) TOMRMER L EDHB 2 EMT 5 Z LR REEINT
W5 (STAIR,1999), Z#LE T~ U AKA RPN €7 /v % VT SUN N8075 D 1fE
R ZBGE LTemE T2, £ 2T, RETIEY U A KA RPTIME LT X D25 K4
VRIS X OMRRIE IR 12 %1925 SUN N8075 DR (R#EER 2 Mt L=, X 5IiZ, i
K-> TELDBILA NV AIZEB L, 1) ~ U7 AMKAE 3 — b E AW REEEE
BEOS. 2) T v b RIMBE AR EGZ MR 2 W T ARER R d K UK A A 3 F8 AR
faksE s KO 3) HREBE b OSBRI RH M &2 17V MR LBE 3 2 xh9 % SUN
N8075 DIRFEIEM DIEM A J1 = X L& kat LT,
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F 28 EBRMER L UL
2.1. EEREhY

5 BERHENE ddY ~ 7 A F L OMTHR Wistar 7+~ ki3 Japan SLC (Shizuoka, Japan) & ¥ i
ALTe, BEALT-8IT B Bfa/K FICE &R (CE-2, CLEA Japan, Tokyo, Japan) % H
WTHE Lz, X ToOEM)SEERIT U.S. National Institutes of Health 233817 L 7= Bh# 32
BB D FREHIEV Y, I RIERLR P I R B 2 (B ERORGE G 21TV FF
A &5 e O LT,

2.2. EERIME

SUN N8075 ¥5 &2 OF Lubeluzole (% Asubio Pharma Co. Ltd. (Osaka, Japan) & ¥ % 5-Z 41
7= % O % L 7=, Ebselen, Riluzole, Trolox, AC-Asp-Glu-Val-Asp-H (Ac-DEVD-CHO),
Hoechst 33258, 2,3,5-triphenyltetrazolium chloride (TTC), sodium pentobarbital, isoflurane,
KRN AR L OWESEE /7 A 1% Cayman Chemical Co. (Ann Arbor, MI, USA). Tocris Cookson
Ltd. (Bristol, UK), Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan). Peptide Institute Inc. (Osaka,
Japan). Invitrogen Molecular Probes (Eugene, OR, USA). Sigma-Aldrich Co. (St. Louis, MO,
USA). Nissan Kagaku (Tokyo, Japan). Merck Hoei Ltd. (Osaka, Japan), Showa Denko K.K.

(Tokyo, Japan)33 X OF Taiyo Nippon Sanso Corp. (Tokyo, Japan) & ¥ ZiuZ LA L7z,

2.3. EBRITIE
2.3.1. ¥~ U AP KINEIRAAPAZE (PMCAO)E 7 /L DAY

FEBRITIL ddY REEME~ T 22 Ue, /B HIsREgR (Soft Lander, Sin-ei Industry
Co. Ltd., Saitama, Japan) % fi\ >, E& 0 A 70%, [ 4 A 30% FIZIBU T, FREHE A
IRF1Z 13 isoflurane 2.0-3.0 %%, REEMERFIRFIZ I isoflurane 1.0-1.5% % {1 L 7=, {RIRIE
FAfrh I X OFMite BRI A EIE T 2 £ CRIE 7 o 7 CTHEFF L7z, R Im it &

(rfCBR)IX, L7 ~Mmhb2mm& B L6 mmiMIEAEE I e —7 2#@EL, L
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—— K v 7 Z—1fjiEEt (Omegaflow flo-N1, Omegawave Inc., Tokyo, Japan) % Fv T
WE UTe, ZEW T RAMEIIROPAZEIL, 7 4 T A > MeTEfATHZ L2k 01T
7= (Haraetal., 1996, 1997), 972> 6, SHRBAMEL T, ZEMMA T RAMED R A SHEH IR 2
© silicone resin {54 (Xantopren + Activator Liquid) C/Eia & ~728-0 7/ rn &/
7 47 A2 b (Ethicon, Somerville, NJ, USA) & fi A LBAZE L 7=,

SUN N8075 (ZABR R /KICTME L, AR L7 b D& 7=, pMCAO 10 73 A,
1 I F 7213 3 Rl 12 SUN N8075 3 mg/kg (0.1 ml/10 g)Z 90 FY[#I 7 THERARPI#

B L. ZD1% 10 mglkg % & TG L7=, Vehicle FEIZITAFR B K Z G5 LTz,

232 AHEHE=X ) T

M EF L OVaEUE,. pMCAO 20 45 AT &L T 30 4314 12 Power Laboratory/8SP (AD
Instrument, Osaka, Japan)Z T, ZMIKIRENRICA Y =F Lo 7 —T )V EfA L
HIE L7z, pMCAO HiTds £ U830 43 7% 12 1Lk 50 pl ZBRER U | MLk 7 A 43 HrdE (i-STAT

300 F, Abbot Co., Abbot Park, IL, USA)% fv >, pO,, pCO, ¥ XUV pH ZHIE L7z,

2.3.3. MEZER IS K OV IEREAL

PMCAO 24 %7213 72 B #% 1 pentobarbital BREE T TZ2%84E4% . mouse brain matrix
(RBM-2000C, Activational Systems, Warren, M1, USA)Z FV T, Hilfli% 2mm OE S T5
IR ERL U 72, MY % 2% 2,3,5-triphenyltetrazolium chloride (TTC) T 10-15 43 1 4e 4,
U7z, EEEILIZT & v A Z (Nikon Cool P1X4500, Nikon Co., Tokyo, Japan) % >
TREER L. Image J Z# W CHEZEmAE 2 E L, MZEMRTEZ 315 L7 (Haraetal., 1996,
1997), MMTEIEIZR DOZAF (infarct volume + ipsilateral undamaged volume — contralateral

volume) x 100/contralateral volume (%)IZ & » CHH L7~ (Haraetal., 1997),
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2.3.4. FRRLFERBIZE

PMCAO 24, 48 F£7-13 72 B¢fEliE D~ U A DOMRLIEIR 22 LU T O BAEIZHE - THILE -
Fhék L7z (Haraetal., 1996), 0. HIL» 7=fJERZ L (IER). 1. HRiKOMHENH
Ry (BYE). 2. ARIERO AR FR O Hiv, £OGEEEAT 5 (TRE), 3. 17
PR & 72 13N DI KK O R (FEIE),

2.3.5. fHfRGI 1R

~ U A% pMCAO 24 F§[i]# 12 pentobarbital JifEF: L. heparin ALEEAE BRI K I i &
4% paraformaldehyde &4 PBS % /2 DENIZIEAN U CRERLIEE LT, £ D%, WME
H L. 4% paraformaldehyde &7 PBS (2 C—HriRi% L7z, FIEICHEWV BRI ethanol
232 LK L. xylene T&.., /8T 7 4 AL 24T - 7=, ##k1T microtome (RM2255,
Leica Microsystems, Wetzlar, Germany) % AV T, J& & 10 um O &2 1ERL L 7=, M)
Jrix, =7 A7 k7 A (Paxinos and Franklin, 2001) & £ RIZ, Rl o 7 Lo <

FT? 0.4-1.0 mm O#HPH THIAEZ @S L 9 I/ERIL 7=,

2.3.6. Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL)%x
&

TUNEL ¥%:£413., Insitu Cell Death Detection Kit (Roche Molecular Biochemicals Inc.,
Mannheim, Germany)?® 7' 1@ k 2 JUIZHEVM T2 72, IO I3/ NF 7 ¢ > FREK bR
EZATVN, 20 pg/ml @ proteinase K ¥ 1Z 30 3 MR EH 72, 3% H,0, & methanol
T 30 4y iR | terminal deoxynucleotidyl transferase (TdT) % 7 /LA L 7= SOhis i B
THRSAE TR, 37°C, 90 s Sz, BEE#E, = o/ —4 —POD Z RS T,

37°C. 30 &I )&% . 3,3-diaminobenzidine ¥ 2 VN TYv @ LT,
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2.3.7. 4-Hydroxynonenal adducts (4-HNE)%x {4,

MBI H 2T 7 ¢ 1%, 10 UM 7 = U BRfR TR (pH6.0)Z W T~ A7 17 = —
TN K D RIE AL 2 10 43 ATV, 60 43 I F#E L EIRIZ R L 72, PBS T 3 [EIBEHA L,
3% H,0, &4 methanol C 30 7y UG & 721% . PBS (Z#E#2 L 1% mouse serum C 30
STy Uin, —IRPUAIE. BT 4-HNE &/ 7 o —F L FiA (25 pg/ml, JalCA,
Shizuoka, Japan)z I\ T 4°C T—Bis S E 7, kLKL, M.O.M. biotinylated
anti-mouse 19gG % =i, 10 /[ & ¥7-, D%, avidin/biotinylated horseradish
peroxidase complex (ABC Elite kit, Vector Laboratories, Peterborough, UK) T 30 4 [ 5t

# . 3,3-diaminobenzidine + nickel I&& % N T 4 43 Gufa L 7=,

2.3.8. HEMkEEAM

TUNEL [tERIaEcA G142 2 &2 L0 fImic K 5 DNA KA bR a2 24l L
7=, TUNEL FEPERIias0E, #Raicis s 2B oiEs (=2 7 8iK), KEICBIT 5
= 7 SRS K OV MR RER (> 7 T ER) (BB L OVF O 2 IO ) &
ZALEI 200 15O EEFRMET TP L7z, F72. TUNEL BHEMRaEOE & Rk
{5, 4-HNE FGPEMRE 2 5135 2 LI K 0 bR b L ARRE 250 L 72,

2.3.9. ~ U AMARE U — MEE LR

EBRIZIT ddY SREEME~ 7 2R 2 L7c, BERICHEV ~ 7 AT VR — b BiF
ZiH L7= (Hara and Kogure, 1990), it L7=~ 7 A& K% T 4 {52 50 mM PBS
(PH 7%z, 770 REVFTA P —THREYF A XL, -80°C THIHRAF LT,
JMARE T — MEIPBS ZMATL0MEAML, ARL7AETR— R 2mliZ 10 ul ©
WkEE ANz, 37°C, 30 /M4 v F 2~— b L7z, 35% HCIO; 400 pl Z¥#shi U
ZiE1E &4, 2,800 rpm, 10 43z L7z, EJE 1 mliZ 5 g/l thiobarbituric acid (TBA)

AR (50%HERRIRIR)0.5 ml Z s L, 100°C. 15 43S &6 532 nm (28 1) 2 WL E
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ZHE L7z,

2.3.10. 7 v MARBMBCE IR

PMREE R I IBERICHEV N, Bz 18 HH Wistar 7 v M ORI KM E 2GR L 7=
(Hisanaga et al., 1988), Hiff L 7= KJKFZ'E % 0.6 unit/ml papain 5% C 37°C, 20 57 [AAL
P72, 408 L7 M2 1.5%10° cells/well % T 0.1 g/l polyethyleneimine ZLEE L 7=
7L— MM L7, EEMIE 10% fetal bovine serum, 2 mM glutamine, 50 1U/ml
penicillin G 35 & TY 50 pug/ml streptomycin % & A/ 72 DMEM £5#11lZ, 37°C. 5% CO, &+

TCHE LT,

2.3.11. IKEEEFFMIREE T T /LI IT D MIRAETFERE KO caspase-3 5 MR
AR 2 H & O KRB E MRS 2 M L S e & 7213 vehicle Z & e #E1f1Li% © DMEM
Bz @R U, BRIy 18 I EE R AR (2R L 7= (Tamatani et al., 1988), (K%
MR R 1% ORI AERIL, 7R b= At L O 5 @ lactate dehydrogenase
(LDH) R ZHIET D Z SIS L VAl L7z, 774 b — 2 AffaiE, 10 uM Hoechst 33258
2LV 15 e 1TV, HERMEE (Olympus BX50, Olympus, Tokyo, Japan) % H
WCEHII L7, LDH JRHiIE CytoTox96® kit (Non-radioactive Cytotoxicity Assay Kit,
Promega K.K., Tokyo, Japan) % F v CiHlliE L 7=, Caspase-3 {iEMEIX FRE D H 1L THIE L7,
#MAE 2 50 UM Tris-HCI (pH 7.4).1 uM EDTA R X V10 pM EGTA 2 & e B5 il 2 E#a L |
10 uM digitonin T 37°C, 10 43f#lR5# L7c, MR A#HK 2 15,000 rpm, 3 4y R0,
3% % Microcon YM-30 (Millipore Corporation, Billerica, MA, USA) % F VN THJ 50 351238
% L7=, CaspACETM® assay system (Promega K.K.)%& I\ T, #E#E1HE 4 O caspase-3 i
PEZ G L7z, S EE TH D Ac-DEVD-AMC 73 caspase-3 ([Z L W HIr &5 = & T
4 U % 7-amino-4-methylcoumarin (AMC) & % 8t %43 e e EE R (Fluoroscan Ascent FL,

Dainippon Pharmaceutical Co., Osaka, Japan) % HV N CREAl L 7= (B & 375 nm, H#%
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& 460 nm),

2.3.11. kA AV EB RN TE T 7 ISR U D M AR ARl

FEHE 5 H % O KB E W ESZ I cytosine-p-arabinofuranoside 10 uM Z %S L .
7V T Oz E L, % 8-10 HIZEEMICHEV Fe* 21N L 7= (Chow et al.,
1994), §7xb b, HkrFE £ 721 vehicle 257 DMEM BrHIICE#L L 1 RFRIREE%
ferrous sulfate (FeSO,4) (F&I2E 150 uM)Z i L, 18 Weffisse U7, MilaEfF=R i3

5O LDH IR L v 3l L 7=,

2.4, W FHIMEAT

SEERBRE T I E £ ARVERAGE TOR L7, MERHFERYZ2 FLiRI . STAT VIEW version 5.0
(SAS Institute Inc., Cary, NC, USA)Z FI\\ T, —Jn 72X ool &0 otk Toa
BE L7=D 5, Student’s t-test, Dunnett’s test & 5\ iE Mann-Whitney U-test (Z X D 175

oo fEBRRN SRz AEAEAD & LT,
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B 3HT FEBRAE
3.1. ¥ 7 A pMCAO #EFHIZ I 1T DB /X T A — & —Fl

Vehicle 35 & OVSUN N8075 & H-REIZ B\ T MR & (rfCBF). ‘E¥JEIRIE (MABP),
O (HR). BRI pH, BMRILERZE 73 (pO,)d L Uk —f{t ik 57JE (pCOy)
WZH B 72 B LITER O B v o 7= (Table 3), &£ THO~ 7 AZHW T, pMCAO %12

BRI O T (FERR D 18-25%) 7358 HvT-,

Table 3 Physical parameters before and after drug administration.

Vehicle SUN N8075

Parameters Before ischemia  After ischemia  Before ischemia  After ischemia
rCBF (ml/min/100 g) 67.9+3.7 14.0+0.9 71.8+2.0 148+ 1.7
(%) 100 20.8+1.6 100 20.7+26
MABP (mmHg) 79.2+3.0 85.6 +4.4 80.7+2.7 86.6 +3.3
HR (beats/min) 545.7 £ 20.0 543.7+41.2 545.1 +22.6 478.9 +30.0
pH 7.41+0.03 7.36 £ 0.04 7.40 +£0.02 7.36 £0.01
pCO, (mmHg) 29.8+1.7 29.6+3.2 30.3+26 30.6+2.6
pO, (MmHgQ) 146.6 £ 9.6 135.2+£10.8 133.0+ 115 127.0+7.0

Values are mean + S.E.M. n = 5. rCBF was monitored by a laser-Doppler flowmetry with the use of a
flexible probe affixed to the skull (2 mm posterior and 6 mm lateral to the bregma). MABP and HR were
measured at 20 min before and 30 min after MCA occlusion. Blood samples were taken prior to and at 30
min after the onset of ischemia for pharmacokinetic analysis. pH, pCO,, and pO, were measured. There

was no significant difference in vehicle- and SUN N8075-administered mice.
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32. ¥ 7 A pMCAO FEFMZER, I L OWHERIEIR T332 SUN N8075 DAk
PR

PMCAO 24 IFfIfZ IV T, FE R L UOMRSIRICHZEER NGO b vz (Fig. 10),
SUN NB8075 (3 mg/kg kPN 5- + 10 mg/kg F2 T4 45-) pMCAO 10 43RS & OV 1 e[ 74
B HREIX, vehicle B & i L C pMCAO 24 W§[# OFFZEmIfE, AR L OWMTE
2 A B L, MRER 2 A EICSGE L. (Fig. 11A, 11B, 11C, and 11D), —
SUN N8075 pMCAOQ 3 Fefilt4 ¢ G-REIX. MMEZIELZ A EISHH L7z Ay, FHIEmfg, %E
IRFEFS L ORI B © 2 708 R D B v 72 0> - 72, SUN N8075 pMCAO 10 43 i
P 5HEIX, vehicle B & L L C pMCAO 24 B[ D BB L ORE FElcBIT 55
JEMHFE, FHIEMRRE &2 A 24 L7= (Fig. 11E and 11F), %£7-. SUN N8075 pMCAO 10
SYRIHEGEEIL, vehicle B & HLil L T pMCAO 72 B[4 O FEmE RS, MIEMAFE R L O
BT 2 A B 3] L pMCAO 48 33 X OV 72 I fE11% o #iIE ik 2 A B 1ok # L 7= (Fig.

12),
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Vehicle SUN N8075 SUN N8075 SUN N8075
Pre 10 min Post1lh Post3 h

6 mm

8 mm

Fig. 10 TTC staining of coronal brain sections (6 and 8 mm from frontal pole) at 24 h after pMCAO
in representative mice.

After TTC staining, damaged tissue appears white, whereas viable tissue appears red.
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Fig. 11 Effects of SUN N8075 on infarction at 24 h after pMCAOQO in mice.

(A) Brain infarct area measured at 24 h after pMCAO. Brains were removed and the forebrains sliced into
five coronal 2-mm sections. * P <0.05, ** P <0.01 vs. vehicle; n = 11-13. (B) Effects of SUN N8075 on
infarct volume (measured at 24 h after pMCAOQ). * P <0.05, ** P <0.01 vs. vehicle; n = 11-13. (C) Effects
of SUN N8075 on brain swelling (measured at 24 h after pMCAO). * P <0.05, ** P <0.01 vs. vehicle; n =
11-13. (D) Effects of SUN N8075 on neurological deficits (assessed at 24 h after pMCAO). * P <0.05 vs.
vehicle; n = 11-13. (E) Brain infarct areas in cortex and subcortex at 24 h after pMCAOQ. * P <0.05, ** P
<0.01 vs. vehicle; n = 11-13. (F) Brain infarct volume in cortex and subcortex at 24 h after pMCAO. ** P
<0.01 vs. vehicle; n = 11-13.
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Fig. 12 Effects of SUN N8075 on infarction at 72 h after pMCAOQ in mice.

Brain infarct area measured at 72 h after pMCAO. Brains were removed and the forebrains sliced into five
coronal 2-mm sections. * P <0.05 vs. vehicle; n = 13 or 14. (B) Effects of SUN N8075 on infarct volume
(measured at 72 h after pMCAO). * P <0.05 vs. vehicle; n = 13 or 14. (C) Effects of SUN N8075 on brain
swelling (measured at 72 h after pMCAOQ). * P <0.05 vs. vehicle; n = 13 or 14. (D) Effects of SUN N8075
on neurological deficits (assessed at 24 h, 48 h or 72 h after pMCAQ). * P <0.05 vs. vehicle; n = 13 or 14.
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3.3. ¥ 7 A pMCAO # % TUNEL $ L U 4-HNE Bz %4 % SUN N8075 D{EH
i O EIR (=7 fEIR)d L OVE MESAEIR (-2 v 7 T EIR)IC 1T S TUNEL

Bo PR oD BRI B EL 2 Fig. 13B 1278 L7z, pMCAO IZ L HEMfERIC W T, 273
LT > 7 5EIRIC TUNEL FPERIIRE O FE BE AR C B 2 MR O/ ok Dt
FENBIZR SN2, TUNEL BRI (R 27 v — 3 2B LT AR b —3 2EEE )1
T 7 THEE D b 3 T ISRV T < /FE L7, SUN N8075 # G-I, vehicle
B ERE L i L C pMCAO 24 FffEIt: 0 2 7 B L O o 7 T 5EIRIC 1) 5 TUNEL (5
PERIER DA B 72 358 8 b ivTz (Fig. 13),

MR ER 2 [KBed™ 2 4-HNE 13 2 7 I 33 1) 2 phiR A i, APk Ze i 38 L OVl
FRICHRBNE D Hiviz (Fig. 14B), SUN N8075 #5-F£1%. vehicle 51 &tk L TR
BIZBT 2 a7 B IO 7 T HIICI W T 4-HNE BEPEMAaE o f E 78 0358
DB AR O TIEEM 23388 S 7= (Fig. 14), SUN N8075 & 5-#EIC
% 4-HNE 5 Ra£ oi 13 TUNEL B fiia i o & [FIRRE Th - 7,
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Fig. 13 Effect of SUN N8075 on the TUNEL staining after pMCAO in mice.

(A) Schematic drawing showing brain regions at 0.4-1.0 mm anterior to bregma (through the anterior
commissure): 1, ischemic core (striatum); 2, ischemic core (cortex); 3 and 4, ischemic penumbra. The
number of TUNEL-positive cells was counted in these areas, the average of the numbers obtained for areas
3 and 4 being taken as the number for the ischemic penumbra. (B) SUN N8075 reduced the number of
TUNEL-positive cells (vs. vehicle treatment) in both the ischemic core and the ischemic penumbra. Scale
bar = 100 um. (C, D, and E) Quantitative assessment of TUNEL-positive cells in ischemic brains treated
with SUN N8075 or vehicle. Note the considerably smaller number of TUNEL-positive cells in the
ischemic core (both striatum and cortex) and ischemic penumbra following treatment with SUN N8075 (vs.
vehicle). * P <0.05, ** P <0.01 vs. vehicle;n=6or 7.
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Fig. 14 Effect of SUN N8075 on 4-HNE staining after pMCAO in mice.

(A) Schematic drawing showing brain regions at 0.4-1.0 mm anterior to bregma (through the anterior
commissure): 1, ischemic core (striatum); 2, ischemic core (cortex); 3 and 4, ischemic penumbra. (B) SUN
N8075 apparently reduced the number of 4-HNE-positive cells (vs. vehicle treatment). Scale bar = 50 pm.
(C, D, and E) Quantitative assessment of 4-HNE positive cells in ischemic brains treated with SUN N8075
or vehicle. * P <0.05, ** P <0.01 vs. vehicle;n=6 or 7.
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34. = U AFIMAE YR — k&2 AW IEEEERE SIS IZ 5% SUN N8075 D EH]
FEEBERLGIE, 37°C, 30 /04 v F a_X— MZ KW AEUZMET YR — R
@ malondialdehyde (MDA)&: % &¥4fi L 7=, vehicle ZL& &% T4 U 7= thiobarbituric acid
(TBA) USRI D)% 100% & L7z, SUN N80750.02, 0.2, 2, 20 I X 0200 uM
RLIEREIT vehicle JLERE & LLi: L T2 A 97.7 £ 0.2%, 81.3+1.2%, 10.3£0.1%. 4.0
+0.2%F L UN3.2+£02% Th -7 (FHF 4 ), SUN NBO75 IINEE e b St 2 i BEAK
FRZHNH L, 0.2, 2, 20 38 X 10200 uM ALEREIZB W THE TH - 72 (P<0.01), SUN
N8075 ¢ ICso & (95%1E #E [X.[])1% 0.584 (0.291-0.982) uM (2% L. BEtEX BRI CTH 5
Trolox (KM E 4 2 > E)id 16.8 (10.4-28.8) UM T o 7=, SUN N8075 i% Trolox d#J

30 fE DIl & 78 LT,

35. 7 v MMM A F VO T2 AR SR 55 28 AR A PR (2697 5 SUN NB075 DR
R

(KA RIREE I K 0 B ORI k& "9 7 A b— 2 AR L7z oot L,
SUN N8075 /L 1 uM TH EIZHNH| L7z (Fig. 15A), HIIEE OFE L 72 2 i LDH
BRI RERERIC L 0 B L. SUN N8075 3 L O caspase-3 A B HIPHESK CTH 5
Ac-DEVD-CHO [, 1% #1 0.01-1 pM B L OV 1 uM THEIZHH L7= (Fig. 15B), +

72, SUN N8075 |% 1 uM TIKEEFE % caspase-3 1M & A & (24| L7z (Fig. 15C),
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Fig. 15 Effects of SUN N8075 on the neuronal damage and caspase-3 activation induced by hypoxia
in rat cultured cerebrocortical neurons.

(A) Neuronal damage after hypoxic treatment was assessed by counting apoptotic cells with condensed or
fragmented nuclei stained with Hoechst 33258, shown in representative fluorescence images (scale bar = 20
pm). ** P <0.01 vs. hypoxia-treated vehicle (H,O) group; n = 32. (B) Neuronal damage after hypoxia was
assessed by measuring LDH release into the culture medium. Data are mean + S.E.M. of six measurements.
* P <0.05, ** P <0.01 vs. hypoxia-treated H,0 group. *P <0.01 vs. hypoxia-treated DMSO group. DEVD:
Ac-DEVD-CHO. (C) Caspase-3 activity in cells after hypoxic treatment was determined (fluorometrically)
by its ability to cleave Ac-DEVD-AMC. * P <0.05 vs. hypoxia-treated vehicle (H,O) group; n =6 or 7.
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3.6. 7 v MMM Z T8k A AR IR EF L2545 SUN N8075 @
TR 1E

SUN N8075 138k A > F FE ik Ml el e 75 2 e AR A7 RIS HI L. 0.01-1 uM TH &
TdH o7 (Fig. 16A), Hife{t3K TH 5 Ebselen 1E, #kA A L iF 3 ARAMIEREE %2 3 uM
TH B L7225, PRt TH 5 Trolox, Na'B LT & Ca®* F v LB EK T
& % Riluzole ¥ X T Lubeluzole 1%, BB RER &R S 727> 72 (Fig. 16B), SUN

N8075 %, Ebselen J {52 % ¢4l L7= (Fig. 16A and 16B),
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Fig. 16 Effects of SUN N8075 on the neuronal damage by FeSO, insult in rat cultured
cerebrocortical neurons.

(A) Neuronal damage after FeSO, treatment was assessed by measuring LDH release into the culture
medium. * P <0.05, ** P <0.01 vs. FeSO,-treated H,O group; n = 5. (B) The effects of Na*/Ca?* channel
blockers and antioxidants on neuronal damage induced by FeSQO,. ** P <0.01 vs. FeSO4-treated H,O group,

*P <0.05 vs. FeSO,-treated 0.03% DMSO group; n = 6.
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At B

ARETIL, ¥ U A pMCAO E 7 /L7 M 2592 SUN N8075 Dk (R
TEM B KO DR A 1 = X LIZOW TGS L 72, SUN N8075 (3R IILIC X 2 KR BB
BELORE THEIC I T DAARRIE O xh U CRREMEA 278 L, #RER 2 de L 7= (Fig.
11), SUN N8075 ™ pMCAO 10 45 Rl 5-1%. pMCAO 24 1 L O 72 B #2351 F Dl ZE
B KOG E A Sl L, fhfER 2 s L7z (Figs. 11 and 12), SUN N8075 DR
EAIEX, pMCAO 10 Zraif S-REZ BV TR 788 B, pMCAO 1 3 KUY 3 By #%
HHIZB W TH IMEEOIHI23F D iz, Vehicle e GHEZI T R LA OAEI
(= 7 1) B L OB ML E N (27> 7 F fEI)IC TUNEL B ia 3586 & 1,
SUN N8075 #x5-1C LV 2 & Ol 381 5 TUNEL B3 o A B 72 b 7338
b7z (Fig. 13), Lei 51X MCAO 24 FFfi]f£ 123\ T TUNEL [GHEMIa N ~F > 7 Z
WIZE <L, a7#EETIEbT 0 Th s EME LTS (Leietal., 2004), AfRq
& DOFEEX, Lei bW RPTINE T 7 V&2 W e OITxt L, AfREHCIEok AR
TN 7 V&2 W27z & B 2 Hivsd, TUNEL YefaldZ o DNA kA it L,
DNA Wbz r 7 o —v AB LT R b—v AR TAE L 5 (Linnik et al., 1995), A<
BREHIBWT, a 7RI R 7 71— 2RO REZ /73 TUNEL BPERII Y £ < FH
L7zDIzxt L, EEFIONMICT AR b— v AROFREZ 773 TUNEL BERIE 23
L FH L, MEMICELY X7 a0 — 2B LOT R F— Z2ARFE S (Lietal.,
1995), & D% [ ItidHila~— A —T&dH 5 NeuN B TH > 7= (Leietal., 2004), =
DT LB, SUNNBOT5 512 L B3 7 I8 LU a 7 lkic 1) 5 TUNEL [tk
AR DL, MO T AR F— T ZAEB XK 7 v — 2 AN X 2 ATREME S RIS
S,

In vitro BBRIZ I T, SUN N8075 [ ZAKEE SR 75 FE AP S Al i b5 12 %t L T caspase-3 [H.
EI L RIFEOREERAZR L, ZOREEMIT caspase-3 IEMEIHNZBEET 5 H DT
& 7= (Fig. 15), Caspase-3 (£ 7 AR b — L ANAE U 2 BRRICB W TEHEERBETH Y |
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7 v MMCAO IZ K 5 ~~F 2 7 Z fEI O HAE T caspase-3 {E N FRO BTV D
(Zhang et al., 1999), F 7z, SUN N8075 |1 A > &R stioxt L CIREER %
w7, —J, PiEB{EIE TH % Ebselen [ZREFEH LR L7-DIZX L, Hil(LIETH
% Trolox, Na*3 L O T A Ca®* F v F /LELESK (Riluzole 35 & O Lubeluzole) 2/ 1378
D HNRDNoT- (Fig. 16), ARET Tl #k1 A U 4LE (150 uM Fe*)16 BEf% D T v
N R R B M 2 AV €L 1 B LTV 10 pM DS T Trolox DR 21T - 72, #kA
F U ALE (50 M Fe? 35 TN 50 uM Fe**)24 1% D~ w7 2 KM G iiia T, 8
A A RLEFAD & Heig L C Trolox 1% 10 uM C LDH i H % 9 40%#71#| L 7= (Chow et al.,
1994), F7z. A A ALE (10 pM Fe?")16 BFE O T » b KAV E B3 MR T,
kA A ALE L & Ll L C Trolox 14 12.5 pM C LDH I Hi %9 50%4#)11| L 7= (Boland
etal., 2000), D= &b, BREER L OWRERSIFOEWNC LY . ARBEHCIE Trolox
CHEADRO bR oT2Z EMBE 2 iz, SUNN8BO7S i, Na' B L O T Bl ca®* 7
¥ XVHEMEA B L OPERLER 2 LT\ % (Annoura et al., 2000), &k 4753
FRGHIINAEIC R LT Na™ B L OV T B Ca®* F v VL ESKICER IR b o 72 2
&5, SUN N8075 DIRGEMEMITHIMILIEHIC L 2 b D LB X bivle, $kA A 3T
PR FPEAIC LV MRSEEFHER T HZ Mo T | HEEBRIIT R h—v 2 %
79 % (Nicoteraetal., 1997), Z D Z L2265, SUNNB075 DR FEMEM A 1 =X
I D—ERIZ caspase-3 {EVEIC K B 7 AR b — AFFE A W] 5 FTREME SRR ST,
AREETTIE, SUN N8075 % 3 mg/kg DRI 5-4% 12 10 mglkg DBz T 5217 -

72, MC-SUNNBO75 D F v h TOIMMEHX L /37 FEAHITH 1% T 0 | MR —
EThHoT, IEHT v M T, B&H5% 30 DBV TERIREIZEL, 10 KEIZHTZ
D FAE L7=, SUN N8075 O it H i EE 13549 0.6 pg/ml TH v (Tamuraetal.,, RFEEKT
— X&), &1L 669.82 THDH, DI Lab, SUN N8O75 O i #E FHilFRfkER L 13549 0.9
UM TdH 5, AMETTO in vitro FERIZIV T, SUN N8075 1% 0.01 puM 7> S 4R E/EH 23
e B (Figs. 15 and 16). I SUN N8075 72 1% in vitro 3RER CTERANIRD S iz
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REE—& LT,

SOD-1 N7 v AV ==y 7~ A% HWERFHIE N T, BRfb A b L A0S i wh
PR E 2 3%+ 5 Z & (Kinouchi et al., 1991; Yang et al, 1994), 4 IV E/R ED
PUBR bR i i MR R P 5 L oeh U CORGETER 2 97 2 L 3R ST\ % (Hara

etal., 1990), ARETOIEE @AV S TIE, SUN N8O75 1T /KR Y # 2 o E #FEK

S

T 5 Trolox D) 30 (EOPELIEA RO Hivlz, ~ 7 A pMCAO E7 /L% -
GFHRRE O MRFHT BT, vehicle B G RETIX a7 B L O 7 ZHERIC, BB A
kL AEFOMIA~ — I —Td % 4-HNE [GYEMIa ORI 580 iz (Fig. 14), SUN
N8075 #¢5-12 & ¥ . TUNEL [EPERINE & [FIERIZ . 4-HNE BB Z B ICB T 5 =27
BRONT 7 IHBICBWTHEIZEA L7z, 4-HNE X, 7 7 % FUEBlmfbiz X
HAEBIEHEMTHY . HY VIRE., X0 F 07 I VBB LU DNAFOT X
BRI & RO L, ZER @O ETER T 5, H14-HNE BURIL 7 V2 07
NT e RELIFRLLT LT B RULE LT=X VN0 B E RS R RS 7202 b
Mo, FERL~ ) VEEICK DT T o eyl A VWSS (Yoshino etal.,
1997), —MANICIERET /L7 & RIZ/ST 7 ¢ ol SRR P ICFRF LWV 2 L2260 HNE
IZ HNE Effi % > /37 & U TRIEERICIRIET 5 Z L 3 T& %, Toyokuni I&, 1)4-HNE
DREBFLY VIRER-EEHT 7% FUBBkTh Y | IRERRIAFET L7 —F
CHNOFEEE LTREREEREWEB XA bNDH T &, o, 2)HNEIZFESHITH X
78 LRt 5 2 & 3) ferric nitrilotriacetate (Fe-NTA)IZ X 2 Fifeh0 72 fefb A kL A2
K0 WER 48 FEFIIC DT D HNEERi X R BNERBBTHZ L2 HELTWD
(Toyokuni, 1999), £7-. Bt A b L ABEFE AR ClERE HNE &34 5 2 & h»
5. HNE &fifi # o ™7 13HBRREA F L A=W —IZ 5 LEZE 2 bILD,
AIRFHZIBWT, ARHIR7Z T T < 77 Y THEAIRRIZ BV T h 4-HNE B PEfAE A3
R B HL, SUNN8O75 13 Z 1 & DI T 5 4-HNE Btk 2 8 S w7z,
4-HNE [t ) TERARRIZ S 7 v 7Y 7 & Geta 3 % OX-42 B CToH % (Yoshino et al.,
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1997), 27 a2 ) FIZEIT 5 4-HNE BUL, 27 n 7V 72X % 4-HNE BEEmpisHn
fao 7 7 %A h—3 A (Rosenfeld etal., 1990)) L O 7 e 7 U TN TAELETZY
— 7 U 1)VEEAE (Boje and Arora, 1992)12 K B FIREMENSE 2 H 5, 4-HNE [, ARk
fa, #RB LAY F7 0 Fad o ML THEEELZ AT (Imaietal, 2001), ZDZ
& 775, SUNN8075 (2 K % 4-HNE MII{ER 3MEM A 1 = X LD —FfIC B 7 2
Ri-LTnws BB BN,

TV =T VANAHEETH D = b v UFEER NXY-059 [FIEREIR N 2E e 7 L2k
W TR VE 27k L7=2Y (Fisher et al., 2006). &K ABRIZIB W THRIMEIZED 5
L7271~ 7= (Fisher, 2006), ANMENTRD LR > LR O—> & LT, MfkKBIM
FREDIR I NEZ BN TWD, —@MERFTINE 7 L &2 AW TZRREHT W T
NXY-059 OB IZH T TdH 5D (Kuroda et al., 1999), F 7=, NXY-059 D%
WML Z < T TH o7 (Dehouck et al., 2002), xFHBAJIZ, SUN N8075 1L 5 12K
WA~BATT 5, SUNNBO75 Db iz b3, WEEMETAMNA~ T X (DBAI2 ¥ 7 A)IT
BOWTHIRSEIER 27 L, 2O MXAER X SUN N8075 23 ik i BA P 2 i@iE L, Na
BIOTA CZF v FAEICLD LD EHESN TS (Annouraet al., 2000), =
NHOZ NG, BKRIZIBVT SUN NBO75 1 NXY-059 K 0 & id i i b 55 12 xf L Tt
VMERZRT 2 ERIFCT&E 5,

VL EDFERDS | invivo sBR IV T, SUN N8075 (X~ 7 A pMCAO #% & fitd i 1fr. [
TR L, ML B G2 B W T bR OREE ] 2R L7z, E 72, invitro sABRIC I W
T, SUN N8075 |HMKi#3R 36 L OKA A L i FER M fE 3 2 4] L 72, 240D DFhie
HIREPRFEIER A 1 = X L o—#112, SUN N8075 DA 9 Sk A k L 2 il fEH OB 5-
DR ST,
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#33  ~ v AR EER I E IS BT D Na'ICa® A Hali kA T A V) 7

+— L D5
Bt fES

INFETEZL OIFRIT L - T, IR A 7 = X AR BN ShTE T,
JE MLMHARRGHIIE A 7 = X LD S 572 DT, UM IRERE ORI’ D L& %
LD, RILIC & 2HAERN Ca® D ERIT. Ca® IKAFE DRk~ 7aBEFR 2 1AL L
MR EFBRET D EEZ LN TS, HIN~D Ca2 AT, ZVF I VB
BAR, BAMKAENE Ca®* F ¥ %L F L O Na'/Ca®* se #aiiiik A& (sodium/calcium exchanger;
NCX) 23B85- L TEY, ¥ I VBZREIETERS TV 7 AT v L HEHIEE
DEFRFAER AT O TEPREIEH OB E 713G REDFTEH SN2 We ED7-
BAIIN TR, —F, NCX &% —5 v F & LTZBRERBRIATOATninz &
ING | BEFIARHIASE A /1 = X M2 D NCX ORSICEE Lz,

NCX %, M2 /- L C 3HD Na“ & 1l Ca® % 2cHaiifint 4~ 2 Ml A 4> ~ 5
VAR—=H—=THY, HIAN Ca® A TS 5, IEHAAE T Tk, NCX i Na' iz
AEEFIA LT Ca M ~R AT Z E AL TS (CaiitE— K), —J7,
FRLN Na 23 Z8 9 2 R ERSRE T Cid, NCX IZHIMS 2 B Ca®* & i A &8 % i@
< (Ca*" i ANE— R) (Fig. 17)s NCX IZ NCX1, NCX2 3 L UNCX3 D 3FEDT A V7
F— L DFAENHFLIE CTHER STV D (Lytton, 2007), NCX1 1%, /D, Bdds L OV
figi7e LRk 2 22 CERERIICHEEL L TV D OITK L, NCX2 38 LTV NCX3 (3l L

BRHIZHEEL L TWD (Quednau et al., 1997),
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Ca2+ i E—F Ca> i AE—F

3Na*t Ca?"

a5

HEn
Cazt 3Nat

Fig. 17 Transport mode of the Na*/Ca”" exchanger.

NCX [ZMfEN Ca® IREZMET 2 HER N TV AR—F—THDHI LD, T
FEPRFABEEATZEIC NCX FLEZED B S LW BTV 5 (Fig. 18), NCX BHESE T
& % KB-R7943 {2-[2-[4-(4-nitrobenzyloxy)phenyl]ethyl]isothiourea}, SN-6
{2-[4-(4-nitrobenzyloxy)benzyl] thiazolidine-4-carboxylic acid ethyl ester}¥3 &2 U8 SEA0400
{2-[4-[(2,5-difluorophenyl) methoxy]phenoxy]-5-ethoxyaniline} i @& & LT
benzyloxyphenyl #i&4 A L T3k 1Y, NCX ® Ca' i AE— F& A5 Ca* D A% i3
RECBEE T 5, £72, 2 H O NCX LERIZZEN NI D NCX T A Y 74— 4
B %2 F72, KB-R7943 [X.NCX1 B L O'NCX2 X W NCX3 25 < [HEJ % (Ilwamoto
etal., 1996; lwamoto, 2004), —, SN-6 35 2 TF SEA0400 (% NCX2 3 LTV NCX3 L ¥

NCX1 Z R < B L, SEA0400 (3 NCX3 Z[HE L 7Ze\ (lwamoto et al., 2004a, 2004b),

O,N
gl
COOC,H,
s N, \©\/LS

-CH,SO;H
KB-R7943 SN-o
SEA0400

Fig. 18 Chemical structures of NCX inhibitors.
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VAR, R M FRERRE = 12 B 1T 5 NCX @ Ca AT — FOBGRHESh TS
(Yamashita et al., 2003; Iwamoto, 2005), lgign 23 HEMLIZHE D & | R R ZIZ L D Hfs R
HATCHE L, MR HBREN EF LT v F—vA~EE S, 8L AN HYE,
Na"/H Ak AR &/ L CHEBaAN R A Sdu, U 0 I Na S flia N ~Jit A L T <
%, F7o. ATP DR ZIZE Y, Na'/K" ATPase iHMHEDOK T2 & 2 FAE PN Na' i EE A3 8N
T2, —J7. FREMRACIE, BRI X 0 80 L 72 MK Na'23 NCX o Ca” it A —
R Z RS L LSt~k S v, R 0 ISR Ca® AN %, Dl
T, AN Ca® g iRl /e AL Ca A — "—n— RF& 5 &k L, DifiamEE
DOFREICHEETH EEZ BN TED (Watano et al., 1996), REEAR, OAEE L UAKRE
PR ML 7R E ORI BIZR LT NCX BREENMRGEEH 2R 2 R HE SN T

W% (Fig. 19) (Annunziato et al., 2004; Iwamoto, 2004; Lee et al., 2005),

G

/ \ NIk

ATPED FF—32 l

a4 +
Natho JH#EEKT Na*/H* 3z Haigii* (5 A LIcNat D5
\’ /

HBRANa BEO R

v

NG RMEREALCE ORA ||

v
#MiaACa? 4 —i—0O—F
v
Car ik BB OEML. 2OV FU7 O #EEREE
A 4
ko=

Fig. 19  Mechanisms of cellular injury in ischemia-reperfusion.
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— 5. NCX D5z i TR E ~DB 5 & s STV 575 (Matsuda et al., 2001;
Pilitsis et al., 2001; Luo et al., 2007; Jeon et al., 2008; Molinaro et al., 2008). & Ifi. I f 5=
2B D NCX OEENTFEMORMR DY | TDA N = A LIRTEAL N E 25T
RN, £ 2T, AETIEIME ML AEREEICBIT D NCX 74 Y 7 4+ — LD E 2/
T B0, NCX ~Fr~ 172 (NCXLT, NCX 273 L OVNCX3"~ 7 2)%& T,
~ 7 A RIMENIR—EPERAZE IMCAO)ET L EZ/ERIL, NCX 7 A VY 7 4+ — AL D5
ARG LIz, S DIT. = U AN ML AR R 126 % NCX FHESE (KB-R7943,
SEA0400 353 X OV SN-6)DIER Z tbifg 35 Z & TNCX 7 A YV 7+ — LD G- 2 /G L
7
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F 28 EBRMER L UL
2.1. EEREhY

HEPENCX ~7 2~ 17 2 (NCX1Y, NCX 273 L OYNCX3"~ 7 2)B L ENnFh
@ wild-type ¥ 7 A%, C57BL/6J ~ 7 A (Japan SLC, Shizuoka, Japan)% /3> 7 75 7
KNEeL7ebDE MW, HEME ddY < 7 2% Kiwa Laboratory Animals Co., Ltd.
(Wakayama, Japan) & W A L7=H 0 & vz, KEWIEE BHEK FICE-ERZ FH
THIF Lz, ERZATIIZHT- - TE, RER RS L ORI RFE) R EE =
(CEMRBORGE R 21TV, FFA 252 o BT L7z,

2.2. FEBAE

SEA0400 (X Taisho Pharmaceutical Co., Ltd. (Saitama, Japan), SN-6 iX Senju
Pharmaceutical Co., Ltd. (Kobe, Japan), KB-R7943 & Nippon Organon (Osaka, Japan) & ¥
HEENTELDOEMH Lz, 77 7 2% Wako Pure Chemical Industries (Osaka,
Japan), isoflurane % Merck Hoei Co., Ltd. (Tokushima, Japan). 2,3,5-triphenyltetrazolium
chloride (TTC)i% Sigma-Aldrich Co. (St. Louis, MO, USA). &4 47 A X Showa Denko K.K.
(Tokyo, Japan). f£5% 7 A I% Taiyo Nippon Sanso Corp. (Tokyo, Japan) & ¥ Z i E LA L
7=

2.3. FEE L
2.3.1. Real-time PCR fi#47

% NCX ~F < Z (NCXL", NCX 2" LT NCX3"~ 7 2) I L FnEhno
wild-type ~ &7 ZA D Z it L7z, %~ 7 2 O+ total RNA il 13 RNeasy Mini kit
(Qiagen, Hilden, Germany)% H\»TATV ), QuantiTect Reverse Transcription kit (Qiagen) %
AW TWHRE 21Ty eDNA Z BRI L7z, % NCX 74 Y 74— mRNA FEIIZL,

QuantiTect SYBR green PCR kit (Qiagen)% H\ T real-time PCR J&IZ THMFT L7z, &
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MRNA 1L GAPDH mRNA (2 X » THEHE(L LT~

<primer Hc41>

NCX1-fw; 5’-TGAGAGGGACCAAGATGATG-3’
NCX1-rv; 5’-AATGCTCGGCTTTTCTGCTG-3’
NCX2-fw; 5’-ATGGAGGGAGCAGTTTATAG-3
NCX2-rv; 5’-AGGAAGTGCATCACGTAGTC-3’
NCX3-fw; 5’-TTGGCATCTGTGTCTATGTG-3’
NCX3-rv; 5’-AGAAGACTGCCAGGATCATA-3’
GAPDH-fw; 5’-AACGACCCCTTCATTGAC-3’

GAPDH-rv; 5’-TCCACGACATACTCAGCAC-3’

232, Uz AZ Ty MERT

JbakHAR 2> & DR 2 27X 7 flH T 4°C o4 T T1T o 72, i % protease inhibitor %4 PBS
CARE UF A X%, 800 x g, 15 4yiE DAy L RHI A B0 RV 2, S F (2 100,000
x g, 60 srfflim o LI 2 X7 Zfhi L7, B4 X7 % sodium dodecyl sulfate-
polyacrylamide /L (7.5%)IZ < 7Kk®E) L. polyvinylidene fluoride (PVDF)fi&
(Immobilon-P, Millipore, Billerica, MA, USA)IZ#s5- L 7=, #xEH&, —RPUBICIT Y %
HUNCXL Ui, »7 % FHNCX2 Huik £ 7213~ 7 250 NCX3 Hifk 2 Z 21 100 547
WL7=boa Ay, “RBUAIZIE horseradish peroxidase =ik w7 VX £ 7213~ A
IgG FLikz v 7= (lwamoto et al., 1998), 121 ¥ > X7 % ECL Western blotting detection
system (GE Healthcare, Waukesha, W1, USA)IZ & » #&£4 L. lumino-image analyzer

(LAS-3000, Fuji Film, Tokyo, Japan)Z N THEH L7,
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2.33. ¥ U AP RIMENR—IEPEPAZE (tIMCAO)E 7 /L DAERLES JL UG

/INEh )RR % (Soft Lander, Sin-ei Industry Co. Ltd., Saitama, Japan) % F V>, 2250
A T0%., R A 30% T2\ T, FRIEARFIZIT isoflurane 2% 7%, FRIFHERFIFIZ I
isoflurane 1% ff F L 72, {RIRIZ T I L OFIZ ER RS 23 E1E 35 £ TRIR 7
v CHER LTz, MR RIMEIIROPAZEL, 7 4 T A MaFafAT 52 LIk
N1T-7- (Haraetal., 1996, 1997), J7ei> b, SERPAMKEE . AR KAMENIR & $H
kA5 silicone resin {244 (Xantopren + Activator Liquid) Ttz -7-8-0 7 A
V) 7 47 A2 bk (Ethicon, Somerville, NJ, USA)Z4F A LEAZE L7, NCX v 7 2 %
V=3B CTld MCAO 90 70412, ddY ~ o A & FV 7= 3252 C ik MCAO 4 BEi 412
FFWNisoflurane BRI N IZIB W T, 7 0 7 A v b ZZHENIRD HELY BR & FREIR 21T - 72,
FEVETT 24 HERE 14 (2 WrEE L . mouse brain matrix (RBM-2000C, Activational Systems, Warren,
MI, USA)Z W T, iz 2mm OE XTS5 2ER L=, MU % 2% 2,3,5-
triphenyltetrazolium chloride (TTC)C 10-15 sy 14t U7z, MEIEERALIXT VX VT A Z
(Nikon Cool P1X4500, Nikon Co., Tokyo, Japan) % H\CRié&k L, Image J % FV CHIZE
FEAERE L, FIERREAZFH L7 (Haraetal., 1996, 1997),

NCX PEEFKE TH 2 KB-R7943, SEA0400 35 L TN SN-6 (L 5% 7 7 £ = AEIRIZER
fig L. FRFRELL 72 6 0% A7z, KB-R7943, SEA0400 5 K UVSN-6 1%, ThZi
MCAO 30 4312 3 mg/kg % 7213 10 mg/kg (0.1 ml/10 g) % ddY ~ & A IZHEREN & S- L 7=,

Vehicle BEIZIX 5% 7 7 €7 2252 & 5 L7,

2.3.4. Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL)¥%x
&

NCX1""3 L O wild-type ~ 7 % Z FE#ET 24 FE[#14% |2 pentobarbital &= L. heparin
JVBRAE PR K ITHE & . 4% paraformaldehyde 74 0.1 M phosphate buffer (PB) (pH 7.4)

ZEDEPIZIEAN U TRERIEE L7z, 4°C S_fF T T 20 & ICIMZ R H L. [F{RIC
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T—WiRE LTz, WIEICHEWERFEAYIC ethanol 121& LK L. xylene T&H %, /X7
7 4 M AT o 72, FEkIE microtome (Leica Microsystems, Wetzlar, Germany) % f >
T UEE 10 um O8Iy 2 1EHRL U 7=, TUNEL 40X, In situ Cell Death Detection Kit (Roche
Molecular Biochemicals Inc., Mannheim, Germany) >~ &2 k 2 JLIZHEVM T 7=, G113 M
RT T 4 KB EETTU N, 20 pg/ml @ proteinase K AR IZ 30 43 [ Ui S 7=,
3% H,0, &4 methanol T 30 /rEi{2i%E#%. terminal deoxynucleotidyl transferase (TdT) %
Z Al U T BOGTHENE CHNE S T, 37°C, 90 rMIRE S 7o, Hipfh, o3
— % —POD Z w2kt T, 37°C, 30 ZyfHs#&, 3,3-diaminobenzidine ¥4 2 Fi v T

Yutt, 7=,

2.4, KA FHIMRAT

BRI EIE £ FRUERRE TOR Lo, MURHERYZR EERIE, STAT VIEW version 5.0
(SAS Institute Inc., Cary, NC, USA) & H\W T, —JoE 721d el @& 0 o diE T, ok
ZIRE L7=D B, Student’s t-test & 5\ i Dunnett’s test (2 X D REZEIT o 72, LR

5 %Az AEAAY & LT,
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3 R
3.1 NCX1", NCX 2" L Y NCX3" = 7 2 Dk NCX 7 A V) 7 4 — L8]

% NCX ~TF <17 % (NCXL"  NCX 23 L OV NCX3"~ 7 2) D [k 1 NCX1.,
NCX2 5 & OV NCX3 mRNA B & % Z €D wild-type ¥ 7 A DFETLE & Ll L7,
Real-time PCR 1% FHIWTHIE L7245 NCX ~T B~ 7 ADIEHF)NCX 7 A V7 4 — L
FEELEIX, wild-type ¥~ 7 A DIRTLE & ik L CTENENKI 13 - 213 DA E 72l 237
DOz, 7, BERFNNCX 7 A V7 4 — DRBEIZIH S R 0T S )
57z (Fig. 20A), £72, v A7 ay MEZFWTHIE Lz NCX1~ 7 2D
FEAE T NCX1 & > %7 B, wild-type ~ 7 A DFEHEDOKI 50% ThH -T2, — 7.
NCX2"" 3 L TN NCX3"~ 7 Z Dk NCX1 & > /37 Fs8i 813, wild-type = 7 & &
e U T RITER O b hyo 72 (Fig. 20B), 2D Z b, NCX AT R~ A%
C5TBLI6 v U A& /Ny 7 777y REFTHNCXT A V7 4 — LR ~T 1 KiE~

DAL LTHERICHEMN L,
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Fig. 20 Expressions of NCX isoforms in mouse brain.
A: Expressions of NCX1, NCX2, and NCX3 mRNA in brains isolated from NCX1, NCX2, and NCX3
heterozygous mice. NCX mRNA levels were analyzed by real-time PCR. The mRNA expressions were
each standardized to the GAPDH mRNA level (n = 3 or 4; *, p <0.05; **, p <0.01 vs. wild-type mice). B:
Expressions of NCX1 proteins in brains isolated from NCX1, NCX2, and NCX3 heterozygous mice. The

o L L
fg &3 #3
¥ §5 §§
SRS £ 2 &

:H*
|

Wild-type NCX1™- NCX2™ NCX3™

same amounts of microsomes (40 pg) were subjected to immunoblot analysis using specific antibody

against NCX1. The protein expressions were quantified as each band density (n = 3; *, p <0.05 vs.

wild-type mice).
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3.2. ¥ U A tMCAO FHFFMIEHLIZI 1T D NCX T A V 7 +— L DL

FIE R D NCX1T NCX 2745 L OVNCX3™ = 7 28 L O L2 h o wild-type = ™7 &
Z VT, tMCAO (90 43 fH] MCAO + 24 Ik ] FE-E it ) &5 6 b i [ FRE R I L2 38 1T
NCX 7 A Y 7 4+ — LD Z B Uiz, B 24 K123\ T, BB JOWS
RICHEZEBANED HiLT-, NCX1Y~ w7 213, wild-type ~ ™7 % & bbig U C FEDR 24 Iy
[E# ORFZEMmFE (BIMMIEIR2 S 6 36 X100 10 mm)Is L O ZE(RFE DA B 72 8D A3 38
Hivlz, Fio, FZEmAE OB LR A OaEE (= 7 sE) & Vb R iR sEiE (T
VT IREBICERD b, —FH. NCX2T B L OYNCX3 = 2 Tld, B &2 L
TR L L7 o 7= (Fig. 21),
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Fig. 21 Decreased infarct size in NCX1"" mice.
(A) TTC staining of coronal sections of brains taken at the end of 24 h reperfusion after 90 min MCAO in
wild-type mice and in NCX1" mice. After TTC staining, damaged tissue appears white, whereas viable
tissue appears red. NCX1"" mice had reduced infarcts compared to wild-type mice. (B) Distribution of
infarct areas in different brain slices in experimental mice. The area of infarction was smaller in brain slices
from NCX1"" mice (n =12 or 13; “p <0.05 vs. wild-type mice). (C) The infarct volume was reduced in
NCX1"" mice too (n = 12 or 13; “p <0.01 vs. wild-type mice). However, NCX2""~ and NCX3"" mice

showed no improvement in either infarct area (D, F) or infarct volume (E, G) (n = 6-8).
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3.3. ¥ 7 A tMCAO #% TUNEL HUZHE T D NCX 74 Y 7 +— L D5

TTC Yeta %47 - - IR IC B T, NCXLT = 7 (2388 & U 7= FEZE T FE Ok
PE, ITHEREL Y b U T IHEIC L A b D Thotm, TDZ LG, NCXI
~ U ADNRF T T HEIRIZ BT D TUNEL FEBLZ Fat L 72, Wild-type ~ 7 2128V T,
TUNEL GBI, 2 7B X O o 7 F 8l & b IO A MR L 0 £ < 8o
ALt (Fig. 22A), —J7. NCX1"" <=7 2%, wild-type = 7 2 & bl L CT4F > 7 54

I 3B1F % TUNEL BRSO F B el 0358 v/ (Fig. 22A and 22B),

A

Core
Confralateral

Penumbra

38 S : 5 -
Wild-type NCX1Y

B

{cells/mumn?)
1000
900 T
300
700
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500 | T
400

300 |

200

100
L]

Wild-type NCX1"/ Wild-type NCX1"

Number of TUNEL-possitive cells

Core Penumbra

Fig. 22 NCX1*" mice displayed a reduced number of TUNEL-positive cells in the penumbra.

(A) Representative images of TUNEL staining in the infarct core and penumbra, and on the side
contralateral to the infarction. Insets are higher-magnification images. NCX1*" mice exhibited a reduced
number of MCAO-induced TUNEL-positive cells in the penumbra. Scale bars: higher-magnification panels,
20 pm; lower-magnification panels, 100 um. (B) Cell-counting analysis revealed that NCX1*" mice had a
significantly reduced number of TUNEL-positive cells in the penumbra (n = 6-10; ~p <0.01 vs. wild-type
mice).
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3.4. tMCAO #HFEFEZE R4 5 454 NCX [HE KD

Jibd R . P FE W R L2 k97 5 NCX B 3K KB-R7943, SEA0400 35 L UY SN-6 DEA %
BETT 5720, ddY 7 RIZHAFE NCX LESK A 3 £721% 10 mglkg IEREN G- L |
tMCAO (4 ] MCAO + 24 FFRIEHERR) 21T - 7=,

Vehicle $¢ 5.7 & Lhi L C SEA0400 35 & UV SN-6 @ 10 mg/kg 6 5-1%, FFHENT 24 IR
% OREZEMRFE 2 A B ZH L7243, SN-6 @ 3 mg/kg $¢ 5- 1B E 1 23580 S =i
XlpdoT-, —J7. KB-R7943 ™ 3 1 X 08 10 mg/kg % 5-3 X Y SEA0400 ™ 3 mg/kg #¢

HCIE 60 2 3580 Hivze o 72 (Fig. 23),
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Fig. 23 Effects of various NCX inhibitors on infarction after MCAO and reperfusion in ddY mice.
(A) TTC staining of coronal sections of brains taken at the end of 24 h reperfusion after prolonged (4 h)
MCAO in representative mice. (B) Effects of various NCX inhibitors (SN-6, KB-R7943, and SEA0400) on

infarct volume (measured at the end of 24 h reperfusion) (n = 3-10; “p <0.05 vs. vehicle).
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At B

ARETIL, ~ 7 AHRINEIR—1EIEPAZE IMCAO)TE 7 /L R MM e i P e 5 12
BT 5 Nat/Ca? sz #uliis k. (NCX)7 A Y 7 +—LDE5%4, NCX ~T ar~7 2B &
NNCX LEH A2 AW THE L7z, NCXIZIZ3 DT A Y 7+ —24 (NCX1, NCX2
BIONCXYNBFLEL, MITIZ3FEDT A V7 4 — L& THREIHL TV D, KT
BT, AT NCX1 mRNA FBLE X, NCX2 3 L UV NCX3 mRNA FHl& L 0 5
FEELL T (RIBHET — 7)., RINEE AR IZ IV T, NCX1 12 NCX2 LY
EFEHL LT\ % (Papaetal., 2003), —J. NCX2 [TMRMERGE ARV CRIRIGIZ TS
BLLTW% (Papaetal., 2003), /5 Tl dREIOERMILE I LT CAL 5 CA4
FEIR DO HEARHILICI N T IFEDO NCX 74 Y 7 —LREHIL L TW5 (Papaetal.,
2003), 3FED NCX 7 A VY 7 4 — MIHARMRFEIR IR RICHM L TRY . Thz
NRLRDERNIEE ZAT LB OND, ABFHIBWT, HFNCX~Trv TR
(NCX1*, NCX 2"3 L TN NCX3" = 7 2) D ik S NCX 7 A Y 7 4 — LR LR
I%. wild-type v~ 7 A DFEHLE & IR L TENENK 13 - 2B 5OFERBD 3R 5
Nico — 7 EERISNNCX 7 A Y 7 4 — LR BLEICEIERO i dr- 7= (Fig. 20),
IINDDFERNG  F NCX AT B~ 7 ANRE NCX 7 A V74— LOFIFHEE O
FRINCAE N R TRBRICR D EEZ B ILD, L LR G, Molinaro 5% NCX3" 3 L X
NCX3"~ 7 2D KIMEE I L OMER Tk, NCXL 38 L T NCX2 mRNA FEHLAN i 56 5
T 5 LA LTV 5 (Molinaro et al., 2008), AfRFHE R & OFHEILELRE S CIX & 7
TN, SRERDIMEFPMLETH D,

AFHCBW T, NCX1 = 7 2 1%, wild-type = 7 2 &t LT tMCAO 24 ¢ #%
DORFZEROWD M8 BT, —F . NCX2" 8 L O NCX3 < o7 2 TIZZELIFiR0 &
n7gino7- (Fig. 21), LarL7asd b, 1) NCX1 = 2%, wild-type ~ 7 2 & bhii L
T tMCAO 24 FF[]#% OAEFEHICZLIEERD S 720 (Luo et al., 2007, 2008), 2) NCX2™"

~ 7 A%, wild-type ~ 7 & L i L C tMCAO 24 W[ # DOAFZER 3 L4 % (Jeon et

58



al., 2008), 3) NCX3""3 L UNNCX3"~ 7 213, wild-type = 7 % & L L T tMCAO 24
eI 1% OFFZE 3 3% (Molinaro et al., 2008), 4) 7> F k2 A4 Y 54 F X
7 VAT K (AS-ODNS)IZE V& NCX %2/ v 7 X7 LT v hTlE, pMCAO 24 IiF
[F1% O RMIE M fEE DL NCXLIB LOINCX3 / v 7 X7 Ty TR LD
L. NCX2 /v 7 X o Ty hTIERO LR -7 (Pignataro et al., 2004) 72 & A
FRahiE R & B D MENTHON T\ D, Luo Hix, 129/SV ~ T A% Ry 7 757 K
L35 NCX1 =7 2 & VT, 30 £7213 60 43[E MCAO 4T\ FHRENT 24 B[ 0
Jib4 R 1. 5 2 A BEAf L 7= (Luo et al., 2007, 2008), — 5. AFiFf Tl C57BL/6) ~ 7 A %
Ny 75070 RETH4NCX ~T o< 2% HNT, 90 43 MCAO 21T\ i
Dt 24 W1 #% 00 IR 1. P 55 & 3 Al L 72, & 72 . pMCAO &7 /L1235 T, NCX1 AS-ODNs
280 & 8T RBLE AR 20%IZ 5] L7 NCXL / > 7 X0 v Ty NIIMEE i fEE
ML 5 (Pignataro et al., 2004), K M35 X VRPN £ 7 /L1230 T
C57BL/6 ~ 7 AL 129/SV ~ U A LV i M fE 2034 Uo7V (Fujii et al., 1997;
Maeda et al., 1999), = DEM:D7E1F C57BL/6 ~ 7 A D 93%F5 L TN 129/SV ~ 7 A D
50%IZ 1% A IBENAR D A +43 28 382 £ 71T KRB O B D 72 E OB ZE PN I & 1S
WIZEDHDEEZBND (Majidetal., 2000), & 52, 26 ORM TIIftho4E
{LRRAE S HREE STV b (Momoi et al., 2003; Houde et al., 2004), Z D Z L2k,
NCX 7 A V7 4 —AITBIT HREROMET, BHZECE MO X2 ATRErER
EZOLNDLN, ZRODEWEZHONIT DTSR ER DB DB ETH D, —H
B LT v a—2 % 3RfIERE L 2L I R L A2 1T o 72 in vitro SBR I\ T
NCX L Ffe a3 BRI OMIIASE T R L 0 K2R L TR Y . i iEEic X %4
REHIEBE LS NCX1 DFIEN~0 Ca® i AR 2N B 5-9- % ATREME 23 RIR S 7z (Luo et
al., 2007, 2008), AMFfTlL, C57BLI6I 2Ny 7 757 FE425 NCX2T~ w7 2 %
RS D Z & TNCX2" = 7 2 ONERL A R 7= R AEBFE T - 7-DIZxF L, Jeon
513 129/SV B EUNCSTBLIB) & /3y 7 /T 7 R4 5 NCX2~ 7 A& Rl & ¥ 5
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Z L TNCX2" =7 2D fERUT R Zh L7 (Jeon et al., 2003), tMCAO EF /LTI T,
NCX2"~ 7 ZiZ. wild-type = 7 & & Hoills U CHEZEHL O AL ASERD S 417 (Jeon et al.,
2008), — 77 AMFt T NCX2" < 7 2 % v 7= tMCAO & 7 /13 L TV NCX2 AS-ODN
2R & X RBLER AR 20%IZHHI L7 NCX2 / v 7 X7 Ty M aE AW
PMCAO E7 /L Cl, MMEEIMEEEIZZLITFRD Bt/ h- 7= (Pignataro et al., 2004),
ZOZ LD, BEMEEEICR T D NCX2 OFEEAIBE 50X, NCX1 L 0 KWV Al aelt:
PRI ST, F1o. ABEFHTIVT NCX3T~ w7 2%, wild-type v 7 2 & Hlg LT
tMCAO FhFEMRE I FE 55 1 25 LIFFR 0 Do 7z, —J7. NCX37 3 LTV NCX3”

7 A% T2 tMCAO £ 7 /L35 L TVNCX3 AS-ODNs (2 L 0 & 37 8Bl & %) 60%
WZHIHI L7ZNCX3 /) v 7 X7 T v b Z& 7= pMCAO &5 /L ClI M I s & A3 2
AL L7= (Pignataro et al., 2004; Molinaro et al., 2008), HEZEWZ &2, pMCAO
B L OUMCAO Wi 5 DE 7 /L CTREIMFEIRKIZ I T 2 NCX1 38 LU'NCX3 ¥ > /37 ¢ Bl &

INEREEHIIZAE T L7 (Pignataro et al., 2004, 2011), NCX3"3 L TXNCX3"~ 7 2 Clix
FEIZEBWT NCXL # 37 BB &P A REIZ EH L (Molinaro et al., 2008), NCX3 /
v 7 BTy FCIEL ER MR I 1T D NCXL B L OYNCX2 & v )7 3B ED
HEIME M 2358 B 417- (Pignataro et al., 2004), Z D Z &b, MO NCX 7 A YV 7
— L DORAERI RIS, NCX3 K~ ¥ R 21T 2 R L f 3 o FEALIZ B 54 % Wl e
PEAVRIE S 7=, LsLZR S, AMFTIT wild-type = 7 % & Hilk LT, NCX3"~
0 2 DRAERE I DD NCX 7 A Y 7 +—25 (NCX1 B LTV NCX2)JEH 124
LITRO BN o7, NCX3 /v 7 70 b~ T AZBIF L5 EIOFREE ZNETD
WEOHEZWAOLNIT D201, SBRERIMAENLETH D,

JMREIMC 31 D NCX 7 A Y 7 4 — L DG Z a4 5720, 4 B¢l MCAO Z1T0»
FREE 24 FFFEI% O IR fLE 77 /L 2 -V T 3 FEEH O NCX FHEFE O FEN 21T > 72, NCX1
~DERMED Y SEA0400 35 & TR SN-6 @ 10 mg/kg ¥ 5-1%, < 7 X tMCAO 24 ]

BRI HDRZER 2 A ZIZME L=, —J7. KB-R7943 ™ 10 mg/kg #&5-ClI#nHi1E A
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ITFR O b7 (Fig. 23), 2D Z &1, SEA0400 737 ~ ~ tMCAO # O Kk R B
B HHIERBEEZIHIT o858 L —%3 25 (Matsuda et al., 2001), AMEIM S T C
MRSV B X R OMRIEREIC L 0 | ARSI O Na'ds K OY Ca®t o TE A

REPEE NG EE Z S, FRGHINIUSE 25539 5 (Kiedrowski et al., 1994), FEIMLIZ XK 5
TRL AR E IR, B, AR Na' DA, A A s Bl o is,
JaN Ca®* DA — " —nm— R & il O RGZ#% L, R A il Ao i i s £ 5|
#2 =3 (Loetal., 2003), AMEITHU V- NCX [HESK T, NCX 24 L7 Ca®* DifiH &
D E Ca DA ZRINAGIZILE T % (Iwamoto et al., 2004a, 2004b), AMEfTid, D72
< EHvTRIZEBNT, —WPEMEIMZ I U R IafEE A 7 = X A2 NCXL %
N Lz Ca* DA — " —a— ROEEEHLNI L, ZOZE05, NCXLZ/4 Lz
Ca” D AIC L B A — " —m— F23, MEINEEIC B 2R BRI EE 2 AE & 5
To T AIREME DNV RIE & T, ARRET TR, NCXLIZIERMED @ L ESE & LT SEA0400
B LSN-6 % v 7=, SEA0400 #5 L T8 SN-6 i I EH 5 (10 mg/kg) Tk, MiFHsE
FE DR M PSR P E I HIE R ISEWTERD i o 7z, —J . SN-6 DfLH &
5. (3 mg/kg) TIZIHMEA 258D Btz dIZxt L, SEA0400 O &4 5 CTIXEH N
RO oT=, SN-6IFZT7 V=T P HNEEEREZHTHZ L05 (Hottaetal.,
2002), MM M FRETT IR L6 LT NCX FLREEHB L7 U —F U AEEER O 2
OOEMNZ LV R AR LTZATREERE 2 Hivd, —J7, KB-R7943 (X, tMCAO #%
JIbd i L FREE R P 5 Lok L TR 858 80 B 7273 > 72 KB-R7943 [ NCX1 35 JL UPNCX2
£ U NCX3 % 3 5L Bi®INAIC A3 % (lwamoto and Shigekawa, 1998), KB-R7943
13 NCXL FHEBEERAMENZ LD IEHZ RS RN T2 2 EBE X B, tMCAO #%
JIb4 R 1 FRE R 2 (2 k-5 NCX3 OB G IR W ATREME DN B 2 B 5,

VL EOFER 6 I M R SR 12 % LT NCX1 O B H- A3 7RI S 38U NCX1
PH =DM 2E VR DGR O —> & 72 B AIREMEDVRIB ST,
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SO

AWFFE T, FRMREEOBTE 2 IS, ZaEOmWEEFl L L TR THWS
NTWHHREIED I A 7 U BRI EETH S (2S)-1-(4-Amino-2,3,5-
trimethylphenoxy)-3-{4-[4-(4-fluorobenzyl)phenyl]-1-piperazinyl }-2-propanol
dimethanesulfonate (SUN N8075) D iz IfiL AR MR F (269~ 2 A A it Lo, &
7=, AHEIESE A B = X AT D Na'/Ca? ZeHalfisfA& (sodium/calcium exchanger;
NCX)IZAE H L. MR AREFRRE E 1231 5 NCX 7 A Y 7 — LD 2 Et LT,
RO AZ LI TIZRET,

51 FE T, EilrErRSiaEE TS X A 7 U OMRREEIEH % invivo
B L Winvitro R THFT L7, Invivo R ERTIX, X /A 27 U d~ 7 A RNE)
k7 A PAZE (pPMCAO) 60 437il, 30 431% & 72 1% 4 Wil #41Z 90 mg/kg & FEEN & 5- L 7=,
1) X /%A 27 U pMCAO 60 47 Ri1F & T30 /0% 513, pMCAO % 36 M iz ifn. f
BECIHI Lz, —J. 2 /%427 U pMCAO 4 iR #% 55 C I m 23580
LI, AETIE R o7,

2) X/ VA 7Y R, KIMEEAREG B E AW 7L & 3 R T RAR R SE
Z 2 uM THEIZIHI L7z,

3) 2 VA7, BEKREMICDPPH 7 ¥ VIHEENERS LOMAT Y 12— b
ZRWTEIRE BB ESEIE L, TN 2 M BEL 02 M UL ETHEETH

>77,
B2 FECIE, BRI ARFE S (2 59 D SUN N8075 Dk fri#E/E ] % in vivo 38

F OVin vitro FABR CTHIET L 7=, Invivo sBR CTiZ. SUN N8075 (L~ 7 A i K AME R 7K A

FAZE (PMCAO)10 43 Ril, 1 BEfI#% £ 7213 3 BEM#£1C 3 mg/kg OFFIRMN 5% . 10 mg/kg

62



DR TG 21T 272,

1) SUN N8075 pMCAO 10 43l L O 1 Kefil £ ¢ 5-1%. pMCAO #78 Iii ifn 55 & A7
EAZHHI L=, —J5. SUN N8075 pMCAO 3 H#4 $¢ 5-1%, MMV-IE 2 A &2l L
PN, FEEERAEES L OMRRIEIR IS LTI D2 ERITERD S o 7z,

2) SUN NB8075 $¢ 5.1, i+ .0k (= 7 fEik) 3 K OV &0 6838k (=7 > 7 7
) IZ31F D TUNEL G O A Z R 1RO b, £z, REIZBITS
a7 BIORTF T T RIS T 4-HNE B HEMIaE o A B 22D 1378 HiT,

3) SUNNB8O075 (X, AT 3— b &AW IREEER LG % R BRI B L
02uM L ETHETH - T,

4) SUN NB8075 I ARk A s Ml &4 W T ARER 6 KOk A A i 7 el i
B 2 YR FE AR AF L P L, 0.01-1 uM THE TH - 72, £72, SUN N8075 %, 1 uM
THKERF 5 caspase-3 11L& A B2 L7,

F3ETIL, v U AP RIMEINR—EPEPAZE (tMCAO)E 7 /L 5% 8 M e i 7V i
23T % NatlCa® B2 #aliiis s (NCX)T A Y 7 +— L DG4, NCX ~T 1< 17 2
(NCX1"". NCX 2" L TNNCX3" ~ 7 )3 L U NCX FHESE (KB-R7943, SEA0400
BELOSN-6)DIEM & L% Z & THET L 72, NCX FHEZEIZ MCAO 30 45 Al AR H]

B (3mglkg)F /- ixEmHE (10 mglkg) & IEENK G LT,

1) % NCX~7T <7 ZADKFR A NCX 7 A Y 7 4+ — LD mRNA B L OVZ X
7 3B EIT, wild-type ~ 7 ADFRHLE: &l L CTENEIVK 1/3 - 213 DA E 720
DD BTz, — T, BERSNNCX 7 A V7 4 — LR BLEIZH 6 0 72 2 IX7E
Lol

2) NCX1~ 7 % tMCAO 7% I 1 FF e e 58 2 A ISl S8, v 7 I
51 5 TUNEL PRk 2 A I S 872, — 7 NCX2" 8 LTV NCXS*™
~ U A TIEA S RBGITE D b no T,
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3) NCX1 (ZERMED E VY SN-6 35 L O SEA0400 5 F B 5-1%. tMCAO 5 3 Mz 1.
FRHE VIR 2 A B4 L. SN-6 DR & 51X #2338 0 biviz, —7.
NCX3 |2 D E VY KB-R7943 35 KUY SEA0400 DK E:4% 5-TIXH & 772 /EH
TR Lo T,

AWFZEDOFRER LY | ~ 7 A KRINENRK A PAZEFA IR MLFEEF I LOT v b KM
BB R ML A2 7o bE e 7 L icx LT, X YA 2 U B K TUVSUN
N8075 D#h#EARNALRFENE A 2VGR D DAL, £ OIEH O —EBICHIRRLIEH OB 5.3 R =
Nico Elo, ~ U AP RINENR— 1 PA ZE 35 8 I (. PRV 5 12 5 1 2 NCX1 B
B3R S iz,

IHNE T, BRRBRICHW BN T=Z < OINIREEIZHRINENTRD B> T2 JF A
D—2& LT, HAIBERDOFNELINT & I6%E AT BERFR] (therapeutic time window) D&%
ENBZZBND, EBROMRKIY; Tl IMEEIETIER & 2 FEEERFHR 3806 L TH B
WG SND Z LB, TV F I VIR RIEHUEE R E R AR SE X T =
A 5D _EFRICAER T % FEANL, therapeutic time window 235 < AR 2 /R S 72 o 72 7]
BEMENREZ 2 bND, —FH. 7V —F T HNAOEAITEN TN SIEE Y | MR
2RI AIEIAVIEFE TRIE L, therapeutic time window I X LB R W EE X2 B D,
Bz, 7 U —TF UHNAEERKTH DT H TR O therapeutic time window [ i ZE %
JEW 24 ReILANTH D, F7o. BIMMEMRAISEILZ OEIR X T = X LBEHETH
D, B—DAN=ALEMET L7200 TIE R 2B on2n et b E 2 6
Do

AKWFFETHNZ X A 7 ) %, ik /E - LASHZ MMP 7E% (Golub et al., 1991),
iNOS (Aminetal., 1996), X b= RU T T h7 1 A c it (Tengetal., 2004)F L Y
caspase R AFAINE DN IR AEHOFIIESERR I (Zhu et al., 2002) DIEVELINFEIER 24 L C
VW5, F7z. SUNNBO75 [ZHERLAEMALIAMT Na'd LN T B Ca®* F v R VB EE
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(Annoura et al., 2000)35 L OVINEA A kL 2 IfIER 24 L Ty % (Shimazawa et al.,
2010), T O DOHANIEHORFAE2 2 —7 > ML 252 Lt BirEMR L
AN - FRFREZINEIT D FTREMEAE X HiL D, —J7. NCX1 BHE R I I RARLSE A
B = A LD BRI T 23 Th 573, BIS AR T T A ) =507 0
F~_— % — (recombinant tissue plasminogen activator; rt-PA) 72 & o I # i7sfRsk & ff -4
% T & TSR O M it B A © BRI S oMl S HifFTE 2,

LEDORERX Y, I /79427 SUNNBO75 35 L UYNCXL PHESRIL, Hrsliki
OB EME L THEHTh 2 PRSI S LT,
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PHEF

AR B\ HR . RBFIRATICHE L ORI 7 5 R, ISR Y &
L 72 LSRR 7 AR HERERRAT 7 R A AR AT 7 P S R S 1 VR
ROWEERLET,

o REFFEICHS L CRIGTIEREI 2 888, MBS 2B % Lol RITR 4
ISHRERE MR AT 7 KR SN AR T I JE SR B BT MG IR DN Bh B Bl 54
FEICHRBL £, 72, #EOZ KRR D T 2TAE £ USRI 2R e 5l
RICTR#E L £,

KL DOFEEIZ DY, ARAMIME 2B Y £ LIk BRI ARE ) 5 KGR E
HHE PR E AR R EAE A, I RIR R A A IR RE AR AT 2 KRR 7y 1 B
PSR A1 RS A ONC g B R R 27 B 3 A 7 K e S TR R S g =
% R LIRS L £,

AUFFEDZATICH T2V | HIFEW OISR Z 5 0 £ L RIEREGERE 2 —
IR FRRINE L A B R R R B R B R AR MR QNS B %
WOSLSE It RO R R R R R B R R R i, T A et T 7
— RS IR B, BA BRI NCEA % TR, IR RERKE S a—
Ve X aT N — - A = AEEHEE B L RSt = F B
gk FBIE A NS TPA USRS L £, £72. ERMEOERMILATEE
L 7o RIERUSEHE A S, THRRBEMRASH, BARA VY 7 S (BLMSD)IE Y
(ZT AEF 77—~ RS E L £,
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. 7-amino-4- methylcoumarin
. a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate
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: adenosine triphosphate
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: complementary deoxyribonucleic acid
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: diphenyl-p-picrylhydrazyl

: European Cooperative Acute Stroke Study 111
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MCAO : middle cerebral artery occlusion

MDA : malondialdehyde

MMP : matrix metalloproteinase

mMRNA : messenger ribonucleic acid

NCX : sodium/calcium exchanger

NMDA - N-methyl-D-aspartate

NR : N-methyl-D-aspartate receptor

PB : phosphate buffer

PBS : phosphate buffer saline

pCO, : carbon dioxide partial pressure

PCR : polymerase chain reaction

pO, - 0Xygen partial pressure

pMCAO : permanent middle cerebral artery occlusion
PVDF : polyvinylidene fluoride

QOL : quality of life

rCBF : regional cerebral blood flow

RNA : ribonucleic acid

rt-PA : recombinant tissue plasminogen activator
SITS-ISTR : Safe Implementation of Treatments in Stroke-International

Stroke Thrombolysis Registry

SOD : superoxide dismutase

STAIR : Stroke Therapy Academic Industry Roundtable
TBA : thiobarbituric acid

tMCAO - transient middle cerebral artery occlusion
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TTC : 2,3,5- triphenyltetrazolium chloride
TUNEL : terminal deoxynucleotidyl transferase-mediated dUTP nick

end-labeling
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