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AA : Ascorbic acid

AGEs : Advanced glycation end products

Akt : Serine/threonine-specific protein kinase, protein kinase B
AP-1 : Activator protein 1

BAP : Biological antioxidant potential

Bax : Bcl-2-associated X protein

BBB : Blood brain barrier

CAT : Catalase

CHOP : C/EBP homologous protein

COX-2 : Cyclooxygenase-2

CRP : C-reactive protein

CSF : Cerebrospinal fluid

DAPI : 4', 6-Diamidino-2-phenylindole dihydrochloride
DCFH-DA : 2', 7'-Dichlorofluorescin diacetate
DHE : Dihydroethidium

DM : Diabetes mellitus

DPPH : 1, 1-Diphenyl-2-picrylhydrazyl

d-ROMs : Diacron-reactive oxygen metabolites
Edv : Edaravone

ER : Endoplasmic reticulum

ERKZ1/2 : Extracellular signal-regulated kinase 1/2, p44/42 MAPK (Thr202/Tyr204)
ETN : Etanercept

GFAP : Glial fibrillary acidic protein

GSH : Glutathione

GLUT : Glucose transporter

GPx : Glutathione peroxidase

HIF : Hypoxia Inducible Factor

Hsp : Heat shock protein

HMGBL1 : High mobility group box 1

Ibal : lonized calcium-binding adaptor molecule 1
ICAM-1 : Intercellular adhesion molecule-1

IDF : International diabetes federation

IL-1B : Interleukin-1 beta

IL-6 : Interleukin-6



i.p. : Intraperitoneal
i.v. : Intravenous
LPS : Lipopolysaccharide

MAK : Water-soluble extract from culture medium of Ganoderma lucidum mycelia

MAPK : Mitogen-activated protein kinase

MCAO/Re: Middle cerebral artery occlusion/Reperfusion
MCP-1 : Monocyte chemotactic protein-1

MMP-9 : Matrix metalloproteinase-9

MPO : Myeloperoxidase

MTT : 3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide

NADPH : Nicotinamide-adenine dinucleotide phosphate
NeuN : Neuron specific nuclear protein

NF-xB : Nuclear factor-kappa B

NGF : Nerve growth factor

NMDA : N-methyl-D-aspartate

iNOS : Inducible nitric oxide synthase

nNOS : Neuronal nitric oxide synthase

non-DM : Non-diabetes mellitus

OGD : Oxygen and glucose deprivation

+ OH : Hydroxyl radical

ONOOQ' : Peroxynitrite

PC12 : Pheochromocytoma-12

PKC : Protein kinase C

p38 MAPK : p38 mitogen-activated protein kinase
p.o. : Peros

QOL : Quality of life

RAGE : Receptor for advanced glycation end products
RECA-1 : Rat endothelial cell antigen

RNS : Reactive nitrogen species

ROS : Reactive oxygen species

SOD : Superoxide dismutase

STZ : Streptozotocin

SVCT2 : Sodium-dependent vitamin C transporter
TBARS : Thiobarbituric acid-reacting substances
TIA : Transient ischemic attack

TLR : Toll-like receptor



TNF-o : Tumor necrosis factor-alpha

TNFR : Tumor necrosis factor receptor

t-PA : Tissuetype plasminogen activator

TTC : 2, 3, 5-Triphenyltetrazolium chloreide

TUNEL : Terminal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate-biotin nick end
labelling

XBP : X-box binding protein
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iR B, BIED BARNORK O 4 (LIALE L, 1 ChMEZEIC X 2 5ER A E
FHEEZEOTWD (1), ML, B2 0 FERFIKNTH Y, MM E R BIEN B
OEIEOE (quality of life; QOL) #F LK F S5 Z Lonh, AARD A HFHEFRIIC
RERMESMEL LT, ZORRAK L R-> TV 5,

RIZAREDO DT D 2%IEE DR TH HIZb b b T, BREHEEITEED 20%% 4
LTI, EERERE (ROS) ZWELST WEsR TH D (IREED 2~5%), £iz.
BRI AR Ao 2 U 7 AR, A NI 7 E DR S TR Y . 7 TR KON
BN BRI VLR Mk U C LAY aR < | AP . (KRR, (K7 v — ) 1Tk L
TS THEITTH D, —BMERMEMIEIE (TIA) 1% 24 FERILINICTEIRT D Al fiid 22 i i i
DOPAZEZ R E T 53, Bz U CHass e fpffiiaicd - Tk, —#ttEoEmhcdh-oT
HAFRAISE NI Z &b, Fio, MEMZE IR LUBIET S 2 & T, IMEZELE i
THMERN EFHT S (2] EREFIC, i L OHRERRICEAET LA L ARG & 4
L0 MRHINE A TR b — A IZE L (3],

2011 FOEEHERFEEEG (IDF) O#®EICL D &, FERFEIZ, HRORAAND OB L2
8.3%IZd7-% 318 6600 T AN X BB TH Y . R 460 7 AN LL EDSBEIRIFE O A DHE T
CLTW5, BHEMZRERE, ROS OIEMEZEFEFE (RNS) 72 EOLA h L A& S
L MEIMSCT 7 v — MBI RIELIE 72 & OBBICH T 5 EEARMERK L b 4-7), 2
METIT, 133 KX O 2 BUMEIRIE 7 VBN & BT FZE0 . B DRI OF R8I L2 R 1 i s
ERHE T H 2 & (8-10). FEEE. ERARBISICIT BRI BRE T, IR RS L
THEAEFR DFIER K 2~3 5@ <. SHICTPRARSHCROMAE /-3 2 & (11,12)
BHESNTNDHDD, EOFEML A T =X LTSN TIE AR,

FFIL, PR &l M O R BICB VT, B A b L RIZHEH L TIERKS O
BELTEROTPZBE LIEBRMEERE L. £ 5 DAMERLL BN DUV THREEL
T& 7o, BAREORRYO T D6 MbE EFMENEN & & it bER 2 " T Rm AR
RUTMER, SEEARE MRS L%, B 2 LR L CBUkiiE L TB 5 ni
FLHEARREEE MY (MAK) BEDTHLZEEZHLMILE, &6, ALY
N Ry (STZ) 1Tk - THE3 L7z bR RE (DM) 7 v b O—iMERE AL E 230 T
FHHERIFHEE (non-DM) 7 v MIHATHE ICHEE BT 2 2 L 2R L. 2 MAK
OROFHIZL > TflENs Z L2 R L, 2089 RBMMHEKREED 2 1 =X 50
—RNZIE, BB XD IT b A b L ARRIEBER FORBUZ L DT AR F— ZANK
EREEEZEDDLEENTEEZLOO, MAK ISR LTT R b= 220 TRl x
78— ABWTHIHIER 2R AlREERGER O Bz 2 & D  MAK OIXERGEZN 23



WERDOPEBLAER OATITANTE T, TOERA =X LOFERLIBHBLETH S
EB XTI, I T, MEFRFOBR B Z — T OFERIZEE SN T, MAK O
ERDORA T = XL %A T 5 Z LI LT,

AW T, 3 1 BIZBWTHERIFER OB LA b L RRREE IS 5 & 3kic, —itk
Jibd i LR L2 35 1 F 2 I N D 385 FF B DWW T DNA~ A 7 0 7 LA 12 K DR8I 72 it
AT, BEPRIPRBIC — I MERM R . & DF 8 U 72 BRIC AR U 2 IR IE OB TERE T A HEE L 7o, 55 2
T, BIMMENER O A = XA, BEA N L ARRIEREK IC LD TR h— R
MRE BB E EDD 2D, FEFERFRES LOBERFRET » b2V b DXEl
L« MRt L2, EHIC, A7 —YRIEHRL, ZORKOSIEELEZLZLNTND
high mobility group box 1 (HMGB1) DO/ERMEFFIZOW TG A720Ic, 20X 7
DI D JHTEZEAL & [EE DB & OBHEICOWTEE L=, 5 3 2 Tld, i rEimpEsE
DA T =R WHESNT, BEFEOEANC L DB EZHE LT, SHIC, % 4 FTIL,
JHFEZEIZ K BREFEOEND Y R 78 EA B E LT, RBERICHE T 2EER MO
AT & = oA M AZ RS D & T & BRI O PRI OV TR LTz,



951 BESRIFREINE OO R M b

R ZE SNE R O KA R B AR 1, EEOREE A & 72 bR ML & Al 22 &
DWVETREOEEL 2L THERL (X 77) B8db 5,

LI TIE, R hay R TEABEROREE, AAKRY S—8 A, OIEMEIZHE S
T T X RUFROWERED D WILREFEMITIHA O TIEROBAHRE T IZB W TOA T T
KBRS D XV T U BEEER ~OEBPR AL, 2D OifE T ROS BEAIND Z
ERHEIhTnD (13),

— . _F T TR T D MAEN BRI T, B L CYEME L L 72 4F Bk NADPH A3 3
H—BIZE D A= =A% FREASH, IENEHIRSEELZZIT D2 00 KK
REARELDZ EHHMBILTVD, FW T, FERREICIT, BIMFEO ROS FEARREIZ &
DAREAINIC R ED MRS EA SN D T2, BRFROUAE /17388 K LT ROS MBI PEA
ER, AL ST hay R TOMRIEA G E2 20T 5, [RIRFS, R i e i e b
ETI, BEET I B THDLINE I UEEOFEREE BN CaA A D EREEZ L, D
NWEY 2 ) OIEHLZFFE L TR — b E R AR (NNOS) %41 L 7= ROS % pEA
T 5, £lo. RAKR U A—F A, OIFEMHELICE Y 7T % RUigh 27— R3MEdE S, ROS
FEAEDHRIZ I - THERMFIZAE LS S TS EREDHEOELICESTHLEZHN
TW5 (Fig. 1-1 7 v % X U - Cafiin) (13, 14],

P> T, —IMERNIE M 72 & ORK I E R B DTG & D5 WX PO DIZiE, MR mIC L5
BEEEAOEFZIAONCT LI ENEBELEZ LN Z 00, BLEZOMEANTO
AR T HBI RS — U BRI T2 2 & T, BMEOA D= AL EHETHZ LI LT,
F7o, FERIFRBICIMEE M A 0F 38 S 2 & IRFEIRARBIC LA TN 2SI U | ACRTRIF AT
BRI CH DT U7 T ETHENRAHRRERICND Z &0, ZOBORRE A B{5 1
DIBUFHT N OHEET 5 2 & il T,

9 LET FEREIRPIEIS LOWEIRINHET v N O A b L R BRI

RE I/ FREVRIC K D b A N L ADFAEL ZDHD Y T F IAREEIZ DV TIXATRE L 72 i
0D THDLN, PERFERFCIZEILA N L ARBEFIC EF LT EoRENH D (15), HE
JRIGRERF DRI A |~ L APEAEDOEFIZIE, ROO~@ONREZ LN TWD, OZ/a—R7g
EOBITHEN, X X7 BOT ML IERER I Schiff BIEA TR L%, 7~ RV i
WL TRERT~ RV LA ERK L, ZOAWNEH iR 2R CiEEmE N4
REND, @F D%, NAlHIRMiK - MGz ik L, AU EY (AGEs) SIS
%, AGEs X, WEMIE FICHFET 5 AGE ZRIR L #6795 & ROS DFEH AL, 55
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RIES S 2 BT D, FERIGAE /e & O&MER) 7o & MR R CIXEBR ik R4k T AGEs
DMEERIIZ TR « S5 S 4, M%x%vz%iﬁéﬁémmﬂ O MR e TIEAR U A
— RS N R AL L, Z v a—R 3TV h—RIZEREND, AT h—RT T

I—RALV X NI EEE T AERRRWNZ &G, ROS OFEANI LIZILHEL, &
U A — AREHHZHE S NADPH OWHE & U LD 7NV E T4 VB EMREOR T EfHE - T,
AN OERE A b L AR - HIfBSREREIC D7D, @7 a7 A %7 —E C (PKC) ®
TEPEARIC K0 | mAF MO NADPH A3 o 7 —BiE 2890 L C, BR{LA b L ADEAZTT
#3425, GAGEs 2N, A— 4 F L RV ALZX—FY (SOD), F VA F AL~ AF o F—
£ (GPx) 72 EOPIBMLEERTEEZ K TS L E L b VT T Ay, EX I C, BX 3
VE@E@QQ%H%ME%@ﬁ%ﬁﬁTﬁéo@X%N%ﬁ%VFTZﬁV(%3kNO
DISCE D b= e fblEAZA T2 /3—4F A4 k74 F (ONOO) ZFEAL
T, #oU8%= kT 5,

BERFIETIE, FRRO~@OBSEIE L T, B2 b LA X DEIREE L2 &R &
AU, A MAE EE S L ORI AEEENFE I D, O, WiRb/Kk#HE (H,0), B RrXi 7
v (+OH) 72 & ROS 1%, DNA OHEECIEE ol ., % /7 HOEM 2 & %5
BL, AERICASRISESIERE T, b ROSIE, BERFEAZIILD L LIELL DOFREA
IZB5-3 5 & oWE[12, 18] 6, IR TRICE OWESIRE B E LIk A b L 2 DRk
BITIEEREE > T D,

FRT WA % Fig. 1-2 12~ L7z, LERMBIME L72 5 BEiEsod SD 7~ ~MZ STZ (50 mg/kg)
Z HECRERENEE G- U, RS 300 mg/dL LA E o @ % 5 A E L ChERFE (DM)
7 v h& LT L7z, DM (282.1 £57.3 9) DIREIX, #RET#K D A % $¢5- L 7= non-DM (412.3
+2759) BEL LB L CTHEIZHE L, £/, fFEE (non-DM : 123.5 + 13.5 mg/dL, DM : 543.2
+42.6mg/dL) I EH L7,

Mmie Re LAy NBEZIELE L7Z d-ROMs 7 A b v, (KNER{EA R L RAE %
B L7z, FOfEHE. DM BEDOBRME A B L AJE (252.8+32.9 U.CARR) I, FEHERRHE
(non-DM) #f (131.0+£7.0 U.CARR) Dy 2 fif L AEICHIML Tz, S5, BAP 7 &
MZ & 0 IE U= pulg{k /71%, non-DM &% (1875.4 £ 156.1) & Lb#k L. DM B¥ (1475.7 £67.1)
THEIETFTLTWE (Fig. 1-3), S 5HI2, ARk OMERLIEE & &%, non-DM Ff & b~
T .DMBEZEB W THHE L2 R TOMMEBAICB N T L35 2EREAZITHEM L TEBY .

OFERIE, B A N VA Filb ) OfE R & KB LT DM TIIMAER D Bk 2 kLA
WeeThsrZ LE/RLTWe (Fig. 1-4),

HARDIR AT AL ADHEFRFDO 7280, ROSIZE DHE A~ OREMECHK LT, IR & 4R M
DEREHEREDFIENEE L 720 20 H LRREMD ROS FrZix, SOD, 7% 77— (CAT),
GPx 72 & OHIEEER M H > T\ D, £ 2T, Mgk o Hiie bz R OTEME 2 IE L 7zfs
. SOD, CAT I LGP IEMEIZ DWW T, DM DI T X TOMEBALIZ IV THE R



K TF27H Bz (Fig. 1-5),

—F., EERNTOROSBREFELE LT, X2 COLIH bl oERIC X554
KD ROS FREBLA M L ZADBHICHE THDL EEX BN TS (19-22], ZNET
\Z. DM TifF o 22 CREH 2V E R EDRIC L » THEKRNOFER L MK T
L. Oy RCHO, NEAFBEIND Z LIZL - TH U7 EOIERZRFELERR BN 5
ZEBHLMIIENTWD (23], Fo, BHEEUSIZIEVWROS BEASIND Z &b b,
DM TOHEMLEEFRIETEDIK FIE, 050 H0, 72 & D ROS FEARI KICEN L T\ D L5 %
HID, ZHHOREEN G, DM O Tk, HilRbEERE OIEMER TIZ X - THERLAED
WET L. bR P UABREER L TND Z ERREBE T,
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Mitochondria v arachidonate cascade (1)
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'02- ........................ P § € '02-4_1
1 ONOO 1 Prostaglandin
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Oxidative stress

NMDA-R : N-methyl-D-aspartate receptor YAKUGAKU ZASSHI, 124, 99-111 (2004)

Fig. 1-1 The generation of ROS after cerebral ischemia.



[ Streptozotocin-induced diabetes mellitus model rats])

SD rat (4W, o)

STZ (50 mglkg, i.p.) [Coronal plane of rat brain]
w | "
€ citrate buffer (i.p.) Sz
DM rat: Blood Glucose (>300 mg/dL) |

5w ]
Oxidative stress (d-ROMs test) ‘
Antioxidant (BAP test)
Lipid peroxide (TBARS) [ ] cortex

Antioxidative enzyme activity (SOD, CAT, GPx)

Fig. 1-2 The experimental design.
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Fig. 1-3 Oxidative stress and antioxidant of diabetic rats.

(A) Total oxidative stress and (B) antioxidative capacity in plasma of the non-diabetic (non-DM)
and the diabetic (DM) rats were determined by d-ROMs test and BAP test, respectively, both in
non-DM and DM rats. The open column shows the non-DM group and the closed column shows the
DM group. The results of the d-ROMs test were expressed in arbitrary units called “Carratelli units”
(CARR U), where 1 CARR U corresponds to 0.08 mg/100 ml H,O,. Data are means = S.D. of 4-8

rats per group. ***P < 0.05, 0.01 for statistical significance compared to the non-DM group.
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Fig. 1-4 Lipid peroxide of diabetic rat brain.

The level of lipid peroxidation in the brain of the non-diabetic (non-DM) and the diabetic (DM) rats
were determined by TBARS assay. The open column shows the non-DM group and the closed
column shows the DM group. Data are means + S.D. of 4-6 rats per group. *P < 0.01 for statistical

significance compared to each of the non-DM group.

SOD GPx
12 =
= > 2
=2 =T 5
Ssa * So
< b = ag
ag © * * Sk 5
o5 ;t(sz £
n XsE
O3 0
0 " . N
cortex strigtum cerebellum brainstem 2 cortex strlatum cerebellum brainstem
(=]
hippocampus hlppocampus
720 [ non-DM
z5 B DM
s *
B0 1.0
§ < * * +
I
Se
c> 0 " .
OF cortex striatum cerebellum brainstem

hippocampus

Fig. 1-5 Antioxidative enzyme (SOD, CAT and GPx) activities of diabetic rat brain.
The open column shows the non-DM group and the closed column shows the DM group. Data

are means £ S.D. of 4-6 rats per group. *P < 0.01 for statistical significance compared to each of the

non-DM groups.
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K HLPE PR L2 do U T A EER A 1T ML AE PR ZE S 0 HIEL BISFFE S, BRI H30A
Z o TR DEN BT U T TR > TN, FEOERIZIE, $TI7a7 07
DOIEVEILIZ L - T, IL-1B72 EDORIENVEY A b B A > . monocyte chemoattractant protein-1

(MCP-1) 72 ED A VN EASND (24) , 61T, T A ha¥A oI LIZ L -
TS100BDFEA « /b A TLHE L T, ZAMfEfiiE, 27u 707, 7 X hatA MIEH
U CRIEMER OB AN S, a3t 5 (25) 4., WHEEOFRK L 725
7 71— AEALSCHMENRAEE L2 FS N T, RAE ~ — 41— DC-reactive protein (CRP) <CIL-672 &
DRIEFEIEDRS B L TWDH Z &b, RIEOERLZHML ., b EflHT 52 &7
MREICHELETHD EEBEZ LN TS, T7o, MEM%E TIE, RIELIMCHL TR b— R
R/pfafs (ER) A N LA (RER T OFEL 7 2 ORSDTFHE S L, FRPEIRPRER T
X, AR ORFOMIZ bk~ 2R 125N 0 | BEEBCOBTIIE A EHER b DL D,
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ZLT, WEOERLE EHITEMO A=A LERET HZ LT LT,

[ Middle cerebral artery occlusion/Reperfusion model rats]

Middle cerebral artery
occlusion/Reperfusion (MCAO/Re)

SD rat (4W, ')

1 weekl

STZ (50 mg/kg, i.p.) | |
or nterna
5 weeks citrate buffer (i.p.) carotid artery
— ‘
MCAO /
‘l 2 hrs 4-0 surgical nylon
Reperfusion (Re) monofilament
Neurological score
l [Coronal plane of rat brain]
[] Penumbra
Infarct volume, TUNEL stain, hE

. Infarct area
inflammatory gene D

Fig. 1-6 The experimental design.



FBRT A V& Fig. 1-6 (TR L7z, 10 RO 7 » M2 2 KE# o RIMEIREAZE (MCAO)
LEF . non-DM BECIZFERERIH 1. 3. 6. 12, 24, 48, 72 Bjf#], DM #£Cl%, 0.5, 1, 3,
6. 12, 24 BFH CORMM AT > 7o, i MLALTE % O JEBERE 2 AHREIR 2 =2 7712 X0 #F4l L 72
fE . MCAO 2 #1238 T non-DM  (1.3+0.48) B L O'DM (1.7+0.52) 7 v K THE:
ZEITERD DIV o T2 A, FRRENE 12 REREI #1350 C DM CHIFREIR 23 B 12 B L L 7=,
A2, non-DM BETIE., FHERi#E 72 BB ICBWTHAEFELZDICK LT, DM TiX,
HEWR 24 W LI D Z » M X9~ THLE L7z (Fig. 1-7),
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Time after reperfusion(h)

Grade 0: No deficit

Grade 1: Failure to extend right forepaw fully

Grade 2: Spontaneous circling or walking to contralateral side

Grade 3: Walking only when stimulated

Grade 4: Unresponsive to stimulation and a depressed level of consciousness
Grade 5: Death

Fig. 1-7 Neurological deficits in non-DM and DM rats induced by cerebral ischemia.
Post-ischemic neurological deficits were evaluated at 2 h of MCAO and various time points of
reperfusion on a 5-point scale. The open circle shows the non-DM group and the closed circle shows
the DM group. The dotted line represents that DM rats died from the severe ischemic damage until

the 48-h time point of reperfusion. Data are means + S.D. (n = 5-8 per time point). *P< 0.01 vs.

corresponding values for the non-DM.
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Fig. 1-8 Infarct volume and edema after cerebral ischemia.

(A) Representative photographs of coronal brain sections of DM and non-DM rats stained by TTC
at various time points after MCAQO/Re showing viable (red) and dead (white) tissues. (B) Infarct
volume in ischemic hemispheres of the non-DM and DM groups after MCAO/Re by TTC
staining. (C) Edema volume in ischemic hemispheres of the non-DM and DM groups
after MCAO/Re. Infarct volume was calculated as follows: infarct volume (%) = [LV -
(RV-MV)]/LVx100 (MV: infarct volume, RV: right hemisphere volume, LV: left hemisphere volume).
Hemispheric edema in the ischemic hemispheres was also calculated: edema (%) = RV - LV/LVx100.
Scale bar =5 mm. N.D. : not determined. Data are means £ S.D. (n = 3-5 per time point). *P < 0.01
vs. corresponding values for the non-DM.
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KIZ, MCAO/Re ZIZHiH L7220 2mm EDOREREGIF 2R L TR 7 =2=17 kT
Yo LhrzuZA K (TTC) Yeta L, FEIEEAREI L OMMIFIE 2 JIE Lz, £ Df5H. non-DM
TIE. MM/ FREEE S 12 REfE] > D FEFE BN S UL U Dtk 2 I ZERLRFE 3 9 L, 48
MRF P DA A ZE BLARFE 3 R ER D) 50% & 72> 7=, —J5, DM BETIE, TN 30 0 o
D DFFFER SR S, 37T 6 REREI IS 3V TR 50% DA ZE R 358D B AL, 24 FREH]
%TIE80% BEFCER LA, £7-. DMEETIL, F#EDOEA non-DM BE L HE_TE L
WZ e b (Fig. 1-8),
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Fig. 1-9 Gene expression variation in ipsilateral cortexes in a transient middle cerebral artery
occlusion rat model by DNA microarray analysis.

(A) Heat map in cluster analysis. (Dsham, @MCAO/Re 1 hr, @MCAO/Re 3 hr, @MCAO/Re 12
hr, (B) The numbers each bar indicate the selection of genes from the microarray data within a

defined fold range of greater than 2.0-fold and less than 0.5-fold.
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Z T, BEEBORA = X LZHEET 5 72012 non-DM 35 L U DM B O 1f/FHREFT 4
DOERTF 7 Z726H RNA ZHlit L, BIEFORENZ —ZDNA~Y A 70T LAk
W2 K VRN LT=, %7 —# ® normalization . non-DM O Fffi (sham) BEZ UL L T4
27342 AR T O G 2 (5 LL RIZH T 285 2 Lo, e T, 7 7 A% U T g
(X o T, I/ 1. 3, 12 K% & non-DM & DM Bf & Tk L7-, £ O#E %, non-DM
O M/FFREDE 1 RFH Tl 64 B 5. 3 FFH T 28 BAn1. 12 IR¢fH] T 145 BInFIZEEH R
Do, —J. DM Tid, sham & bl U CHE M/FR#EsE 1 REEC 82 s 1-. 3 IRffE]C 215
AR, 12 FEH C 368 #An 1 & REREMATFAIICHIMN L, non-DM & T L < AEhE s 14k
NEIN L7z, & Z 525, non-DM & DM EED sham B ClE, EiaFORBELIIIEE AL ER
W HNehoTe (Fig.1:9), 2T, BEERFEEOTNORIE, BLA RNV A, TR F—
A EET DB FICER L2 & 2 A, non-DM BEICEE~T DM BECREI L84 5 =
NS N2~ 72 (Fig. 1-10, Table 1), LA EOFER L 0 . DM BEO IR T, 1/ FE
B GBEFORBEEB N RE | FICRIECEE A b U RIZEET 285 T E#E 2 71
MBFEIHIND Z ENPLNITR ST,

(A) Inflammatory (C) Oxidative Stress
Time after reperfusion Time after reperfusion
sham 1h 3h 12h sham 1h 3h 12h
non-DM  |i- ;‘ A i- . non-DM [i | s | i |
DM “ g i DM ’i ’i :“ i
(B) Apoptosis
Time after reperfusion
sham 1lh 3h 12h
non-DM 1 . , P 1
om |~ [

Fig. 1-10 Gene expression in penumbral cortex after cerebral ischemia by DNA microarray.
Expression levels of Inflammatory (A), apoptosis (B) and oxidative stress (C) gene expressions in
the non-DM and DM rat penumbral cortexes after MCAO/Re were determined by Scatter plot.
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Table 1 Gene expression in penumbral cortex after cerebral ischemia in non-DM and DM rats.

Time after reperfusion / sham

non-DM DM

Genbank ID Gene name Symbol sham 1Re 3Re 12Re sham 1Re 3Re 12Re
Oxidative stress
NM_138826 metallothionein 1a Mtla 1.00 1.87 1.73 3.14 0.86 195 4.03 5.69
NM_012580 heme oxygenase (decycling) 1 Hmox1 100 258 188 476 | 093 273 300 7.63
NM_021836 jun B proto-oncogene Junb 1.00 3.38 1.02 1.72 128 361 422 2.56
NM_019170 carbonyl reductase 1 Cbrl 1.00 1.10 2.13 121 1.00 1.10 213 121
NM_001137564 metallothionein 2A | similar to RIKEN cDNA 2300002M23 Mt2A - - - - 100 125 166 200
NM_183403 glutathione peroxidase 2 Gpx2 - - - - 1.00 1.10 1.69 299
Apoptosis
NM_212504NM_031971|NM_212546 heat shock 70kD protein 1B (mapped) | heat shock 70kD protein 1A | heat shock protein 1-like Hspalb 1.00 3.57 1.95 2.06 190 34.83 3289 43.62
NM_021835 Jun Jun 100 217 139 157 | 100 232 259 244
NM_031970 heat shock protein 1 Hspbl 1.00 6.31 221 1194 1.01 10.15 7.09 2140
NM_133306 oxidized low density lipoprotein (lectin-like) receptor 1 Olrl 1.00 435 141 273 | 1.02 463 1097 473
NM_012922 caspase 3, apoptosis related cysteine protease Casp3 - - - - 1.00 099 178 203
NM_012603 myelocytomatosis oncogene Myc - - - - 1.00 1.44 1.70 229
NM_012966 heat shock protein 1 (chaperonin 10) Hspel - - - - 1.00 148 159 205
NM_001011901 heat shock 105kDa/110kDa protein 1 Hsphl - - - - 100 179 213 260
Inflammatory
NM_133519 interleukin 11 1111 100 092 092 221 | 084 096 108 195
NM_031055 matrix metallopeptidase 9 Mmp9 100 152 283 388 | 126 165 176 509
NM_053963 matrix metallopeptidase 12 Mmp12 100 104 090 219 | 084 1.00 494 416
NM_053819 TIMP metallopeptidase inhibitor 1 Timpl 1.00 426 284 3203 | 141 488 2413 4525
NM_031530 chemokine (C-C motif) ligand 2 Ccl2 100 814 363 5795 [ 089 9.86 30.83 52.79
NM_001007612 chemokine (C-C motif) ligand 7 Ccl7 100 107 105 410 ( 088 121 173 3.5
NM_053858 chemokine (C-C motif) ligand 4 Ccl4 100 456 136 233 [ 113 655 1225 837
NM_181086 tumor necrosis factor receptor superfamily, member 12a Tnfrsfl2a 100 121 112 209 | 1.00 117 169 251
NM_001017478|NM_001105800  chemokine (C-X-C motif) ligand 16 | zinc finger, MYND domain containing 15 Cxcl16[Zmynd15 1.00 1.50 1.83 5.19 1.05 1.40 3.23 10.17
NM_013025 chemokine (C-C motif) ligand 3 Ccl3 100 414 178 371 | 112 659 1192 1141
NM_053727 nuclear factor, interleukin 3 regulated Nfil3 1.00 2.19 1.23 2.57 1.22 288 493 4.46
NM_022194 interleukin 1 receptor antagonist lirn 1.00 112 082 438 1.05 112 2.14 5.19
NM_012589 interleukin 6 116 100 121 132 503 [ 129 145 290 9.01
NM_012967 intercellular adhesion molecule 1 Icaml 1.00 1.74 1.61 2.63 1.06 1.72 3.03 371
NM_001013045 chemokine (C-C motif) ligand 24 Ccl24 100 128 201 140 [ 100 128 201 140
NM_022194 interleukin 1 receptor antagonist 1irn 1.00 112 082 438 1.05 112 214 519
NM_145789 interleukin 13 receptor, alpha 1 1113ral - - - - 1.00 100 149 251
NM_022218 chemokine-like receptor 1 Cmklirl - - - - 1.00 1.38 1.63 237
NM_133380 interleukin 4 receptor, alpha 1ldra - - - - 100 137 176 228
NM_017019 interleukin 1 alpha 1l1a - - - - 100 159 143 237
NM_031512 interleukin 1 beta 111b - - - - 1.00 1.46 1.04 3.37
NM_013091 tumor necrosis factor receptor superfamily, member 1a Tnfrsfla - - - - 100 131 189 243
NM_053953 interleukin 1 receptor, type I 111r2 - - - - 100 141 153 218
NM_080889 interleukin 2 receptor, gamma 112rg - - - - 1.00 113 157 229
NM_139089 chemokine (C-X-C motif) ligand 10 Cxcl10 1.00 107 205 097 - - - -
Other
NM_019905 annexin A2 Anxa2 1.00 121 115 323 | 091 099 173 489
NM_138882 phospholipase A1 member A Plala 1.00 1.40 157 213 0.94 1.21 2.42 4.82
NM_024400 ADAM metallopeptidase with thrombospondin type 1 motif, 1 Adamtsl 100 267 137 393 | 121 304 515 7.89
NM_017232 prostaglandin-endoperoxide synthase 2 Ptgs2 1.00 3.16 1.95 3.77 113 349 5.88 437
NM_021583 prostaglandin E synthase Ptges 100 221 190 323 | 092 211 6.13 6.86
NM_013151 plasminogen activator, tissue Plat 1.00 2.29 1.45 1.90 1.25 2.82 3.29 2.50
NM_001004095 $100 calcium binding protein Al1 (calizzarin) S100a11 1.00 100 111 204 | 078 112 139 276
NM_133307 protein kinase C, delta Prked 100 221 190 323 [ 250 269 319 550
NM_001100674 mitogen activated protein kinase kinase 3 Map2k3 - - - - 1.00 131 1.82 222
AB042272 ADAM metallopeptidase with thrombospondin type 1 motif, 4 Adamts4 - - - - 1.00 128 150 274
NM_001048044 CDC42 effector protein (Rho GTPase binding) 3 Cdc42ep3 - - - - 100 159 283 197
NM_001105879 Cdc42 GTPase-activating protein Cdgap - - - - 1.00 118 177 3.02
NM_053587 $100 calcium binding protein A9 S100a9 - - - - 100 124 194 221
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(A) IL-1B (D) COX-2
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Fig. 1-11  Gene expression of inflammatory cytokines and enzymes in penumbral cortex after
cerebral ischemia.

Expression levels of IL-1f (A), TNF-a (B), IL-6 (C), COX-2 (D) and MMP-9 (E) mRNA in the
non-DM and DM rat penumbral cortex after MCAO/Re were determined by real-time PCR analysis.
The open column shows the non-DM group and the closed column shows the DM group. Data were
normalized to B-actin and were expressed as mean + S.D. relative to the sham-operated non-DM (n =

4-6 per time point); *P < 0.05 vs. corresponding values for the non-DM.
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Fig. 1-12 Blood-brain barrier permeability by Evans blue stain.

Representative coronal brain sections of DM and non-DM rats stained by Evans blue at 1, 3 and
24 hr after MCAO/Re. Scale bar =5 mm.

DNA ~A 7 a7 LA fRHT ORGSR, ML/ E I K D RIERE RS DF BN, DM
BECHIN T 2 @m0 iz Z L5, real time RT-PCR 5% W T & DIZFEHIZR R BLO
HEB 2T L7, DM 7 v N OMEE ~F > 7 Z Tlk, sham BEIZ BV T4 T2 TNF-a, IL-1B
DFRBINZNENHK 2.0, 5.6 FIC LR LTHY, AT, B/FEERLE RS b
DOFEBNIEZIC EF Lz, —J7. TNF-a. IL-1BD FHICALET S IL-6, COX-2, MMP-9 &
B L FRE TR AL W i s O S BUZ B CREFAOIZ L5 L7, £72. DM TiX non-DM
7w MZHRT, ZNOBETORBEANENG LR L, LEDOZ &G, FERFIES
v NORETIL, sham BEIZB W TIT TICRIESUL AT STV D Al EEMED IR < R ST

(Fig. 1-11),

fdiE, gD & EBEIR ~ O E OB BN MIEAKEIM (BBB) 1Z X - THEEIZRTHL
TWAIEERTH D, —BERMEMICIBSWT, M TILIL-6 72 EDY A R I A o OFEENTE
L. BGHERE TlE MMP-9 DTEPE(L 24T BBB 2IFET 5 Z &3 mbnThY ., Zhid
U TGRS~ A R A s A L, BEEZEIE L 2 nfE S Tnsd, MMP-9
LT ORI 73BT (Fig. 1-11) 2>5. DM @ sham B CTHEIZHEI L 7= MMP-9 23,
REIMALEIC LV & B2 EF425 2 L TBBB OEENFERIN TS & THIL, Evans blue
Yetayha Tl 2 fi#fr L7=, MCAO EAZIZEHE Tk L D Evans blue ##:5- L.
TETCRA RN > 7V 2 R L7z FE R, non-DM 38 KOV DM BEIZHR W CE M ALE 72 L

(sham) TiE. BBB ORFFEILERD B - 72, non-DM BETIE. HEML/FAERER 1 BB &
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O3 BRI ICB WV THIBITED bR 228, 24 FE%ICB W TOHEEA R S, —
J7. DM TIIE ML/ARERT 1 RFEIRE 22 B I~ D@ 2558 0 B v, B2~ 5 0 BBB MEFED 7%
INTNDHZ EZRLTWE (Fig. 1-12), Ll EDOFERN . DM Tid non-DM FHIZ R THE
MR E S BN ST L, ZORE Y — 03, RIEVERIHIK - O R/ & —
VEFARILTWD Z ENHA LN ST,

%34 AED/NE

ARETIE, AMVT MY MU UaEg L BRBERISRE T v NI\ T, i M/FRHEDR % 0
ENIEFEIRIFRERE L LR CHHFICBL T H 2 &0 D, ZOE(LA D =X L Efjifrd5 2 &
ZHRE LT,

MEH > TN RWTERERN S BERISRE TIERE RN SME A S L AREEIZH D | &
BT, MEARIZ IV TRl 2 OHIRRLEESR OIEMER T &l b IEE & O MM S | {EIRD A
72 DA B LA L RREBTH D Z L AR L TV,

o L FRPEE NS X B MBS 1L, FEREIRIFRBIC L R CRERIFBIC I\ T il 7 & s
FEIZ L DEENEO IV, PR 24 FEFLIEIZE OB D IeDITEFETE R oTe, £ 2
T, MEFED A T = X L EFERIIT T 27212, DNA ~A 7 a7 LA iEE W THE
51 DIBLE MRENCIRAT LT, T O/RER, BM/MARERIC K > TRIESCBIEA RV A, 7
RN = ARG T 2 BEFORIANPKRHER L L BIC B L, S OITHERFETIT
B IBIE T OB EN AN 1 REM % ORI DB ER/ LT\,

MRV IR, RN DK S IR A REE & 3 2 MR BV e & iR MBI P D T - BRHE LS K
LIMEFMEREIC SN D, BERICBWL TS T LS I KBTSk 2V, £,
JEE L/ FREERE NS L 2 AR ZE D BRI ITTRIEIC K 2 B K& <, IMEZEIZHE D 7 » MINEIE
BT NVOIREBHIATIL, T A bud A bOREROFE (EIR) O%RICZ DRI N EM
1A N HERE 2~ © BfEAL BBB 2MHE S 2 M8 JRMEFIEOIRE~EBITT 5 L ZE X BN TN D

(26) . =2 C. IMEAMBIF OEEEEA Evans blue Yefa ik %z FVWTHiFf L 7=, Evans blue i,
Mz _7EEREG L TR L, BRI CIIMmRNBIN 2 il L 72 A3 R I/ P
Jiif% 12 Evans blue Wik & ¢ 532 & . FEHERIFERE T » b CIXMREDR 24 REZ ISR 1~
DIFRFED HALTZDITHF LT, HERIFRE TIIFEDT 1 R o BRI G Ro iz,

UL EDOFER DG | BEIRIFRETIX, PRI SERANEEA N LA EF L, IR CIIpt
FE(LEER OVEVEIR T & & BITRBRLIFE M2 b0 EBE 2 6D, £/, L0/
EA B L RIRBEIZ K o THA R RIERCAER SN TR Y . T2 /AR Z R e L
TP 72 RIESSSOMBSE DN EIE 0 5 BICHFE SN EZBND, Db DBEIA K
IS5 & A L 70 0 AR BEFT OREFE SR S, FEIRIFRE CIIMiEE 2 S Ik s 5
LD EBZ LT,

16



H2E MREER O 7 I URER T O AR

S MAMERE R O IMHEIE TlE, k& BRSO /87 B ORI X - TRl lafri#E R i
FEAEHIEE LTV 5D,

RFPUT T —DA N VRH L RTE TS heat shock protein 70 (hsp70)ik, i ifiif
ORI R L, WX 7B OBEP2 E % F oAb 2Rl U TINREITERT 5,
F 72, hsp27 [27) R°aB-crystallin (28] &, 7 A b ¥4 ~MIZFV T, hemeoxygenase-1 (HO-1)

(29) FT7 ARV A MIMATIZ7a 2707, 6T —HOMBHIIZHSEL L, MR
BIEAT 2 EndfEINTWS, —F, MIFEIZIBVTIEL, Bax < caspase 72 & DT R
k— 3 ZABFHEIKF-, XBP <° CHOP 7¢ & O/Mafk A b U AR5 4 Ol CHRELL TFIT
Ihd,

Mol #RAIIC 7Y THIfMO T A hath A b 7w )7 AUV ITF et A R
R EBEEOMIEN OIS NS E THY . TNENOMIIZFA DBIE X NI E
DRI ND - OIIMEED A 1 = X LMl %2 WNEZ LT\ 5,

B 1ETIZ.DNA ~ A 7 a7 LA k& VTR C OB 72 & s 1 O BT 1 6 |
MM R R L VIR L A N L AR L7 RIEBEER 7 ORISR BAGE L TWDH 2
&L S BHIT, BERIFRBIRE CILE MR O R0 b B BB AE 2 KT L, KR
IR A BT D Z LN LM o7z, £ 2 TARE T, B MEMEER O KIE
FOSZAE B L, TEZ OO N Y H—& LTHER &7 T2 high mobility group box 1

(HMGB1) ZHat5E & L CIHHEIRPHE L HEIRINAED T » b TE OZ ) A LRt L7z,

% LET M EANREE O I 5 HMGBL OB 5

HMGBL1 |3, DNA DIZIARGE DOMERHZ BE 2 5E 2 K723 DNA f G MEdEe XA b & oo
B E LUTHRIN, S ISR AEE, SIEICEE T2 2 & HRIE STV 228 (30],
1999 FATIRIMAE DBSEMEA T 4 =—H — & L CEEE ~— I —OIERIEMHE & LTZD
BRMENRZ7 0 —XT v 7 &N (31, 07 2/ BEESIE, FEETEmWREEZR L, 215
HOT 2 BEEROF T T oHEHE e FTOT N 2 BENEBR L TWDIOHRTH D (32],
HMGB1 i, @ % T X COMIEOENICFEL TWDAD, EE L Lz kS~ n 77—
(31, 33). ARAL7-BRHAL (34) CWNEGMIE (35) 7e L. & W FHESE L7 Ml Tl
WD BIRICHIIE Y L 2 CRllast ~fct =% (36)  (Fig. 2-1) . s h~ihE L
7= HMGBL1 %, #kx 7ol BICAFEET DBk o R 7 B2 K (receptor for advanced
glycation end products : RAGE) & %\ i toll-like receptor-2 (TLR2) <> TLR4 72 X DS 4¥ K &
DOHEAAEM %S LT NFkB ZIEMHE(L L, RIESUSST AN h— 2235842 (32, 36) (Fig.
2-2) . ¥ UADT Y THERHWZERD G, BIL 72 HMGBL1 73 TNF-a., iNOS, COX-2
72 EOPRIERERN T AR S5 2 LD (37), HMGB1 HHICRIEVER AR E/E A
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WD Z EBR LN oTz, DFED | MIESMNIEEREL 72 HMGBL 738l a 2 A
bz, BUETIE, BulfE, SWEREE. SME. e, JLREYEME NEEEVEMGRE, i/
FEVR 72 EORMERIETS T Tl BRI Y U~ FROomARME(L 7 & OB PERIE, ENEREE
DOEFERCIR, iafs 70 & & £ X E 2R AED key mediator & &z B b X 91272~ 72(38-40],

I ETIZ, MEMEORIEREIC HMGB1 NELS BE 35 Z E N STV A0,
DM (Z31F % HMGBL1-2 AR DA AAEH] & MR E AL D A 7 = X LDV THRETIZZR W,
AWFFETIZ, DM 7 MMIZ 350 T — MM % o Ml fu & A b~ HMGB1 OB 5125
WCHRRRT L7,

B4 X278 HMGBL 13X, 7 & OEFERICHAMI S S, £ S EFER
ELTHERT A Z Ennh, ZOBGERHRMR CREGET 5 4127 » b I B8 i i
Hko PCL2 MR AR IR (NGF) Z RN L RIS LB S T W=,
Z DA HMGBL 230 L | 24 FREfE % OHIFL AL 2 MTT assay £12 & 0 3Rl L 727521
HMGB1 DI fefF L TEFERMET L= (Fig. 2-3),

Lipopolysaccharide (LPS)
Interferon-y (IFN-y)
IL-1B

TNF-a

Activated cells ‘

@ HMGBL1
\Vesicle import

acetylation
v HMGB1

Secretion\

HMGB1 Inflammation
Necrotic cells
q
HMGB1
/ \ HMGB1

Injury

\

Fig. 2-1 Pathways of HMGBL1 secretion.
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Lipopolysaccharide (LPS)

Activated cells
Interferon-y (IFN-y)

Necrotic cells

IL-1B
Ischemia

(injury)

HMGBL1 : High mobility group box 1

RAGE : Receptor for advanced glycation end products

TLR : Toll-like receptor

Fig. 2-2 HMGBLI signal transduction pathways.
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Fig. 2-3 The cell death induced by HMGB1 in PC12 cells.

PC12 cell (110 cells/well) were incubated with rHMGB1 (recombinant HMGB1) for 24 h and
the cell survival were determined by MTT assay. The open column shows the non-DM group and the
closed column shows the DM group. Data are means = S.D. (n = 6). *P < 0.01 for statistical

significance compared to the control.
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Control

TNF-a

rHMGB

Fig. 2-4  Immunohistochemical staining of HMGBL in PC12 cells.
PC12 cells were treated with H,O,, TNF-a and rHMGB1, and then HMGB1 was stained with
anti-HMGBL antibody (red) and DAPI (blue). Arrowhead indicates, HMGB1 in cytoplasm.

eV T, HOp TNF-a., rHMGB ALEIZ K 5N HMGBL O JRfEME & fu e fajklic K
fEHT L7z, ZOfEHE, LA N Ly ¥ —d Hy0, TNF-0d %W FAEME HMGBL #sio3
R TOMEIZ L - T, A HMGBL (3N ) b AIIE ~B1 T3 L OSMIas~ii 45 2
ERHERTE, 2R E TORITHRIZBWTHE SN TWD Z & &2 FHiER T 7= (Fig. 2-4),

WIZ, ARk 2 F N C e L/ PR 2 DRI 72 i i~ 77 T D HMGBL B An D
RHBEEMN Lz, TOfEE. non-DM & DM M THERZEIIRD b, £7-. R/
HEVRALE % OB 3B b eo 72 (Fig. 2-5), ZDZ &b, BERFRER K OWE i/ FE
PRALE L, HMGBL EAG TIZx 3 2 HUITHE L 2\ 2 L VR ST,
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Z 2T, MIRNOA A RERAEIC L VRET A 2 LIC L, ARt Lok 91T, IRk
FEFEEOMIE DR STV D Z &b, M ZF5E T 2 72 DI~ 7 Lo
KRB A2 FAVT, HMGBL &% (DAPI) Jtaicfinz ¢, ==—nr ¥ (NeuN), 7 & hr
A4 & (GFAP) H25 I/ u 27 U7 (lbal) O~—h—Hilkx e —ERGEZ{To 7,
Z OfES non-DM #E TIE HMGBL LA L 72 X T OO NIZFE 8 B v 28 (Fig. 2-6) |
i L/ FREERE 6 722 B 12 RFE RIS T TR DRI E ~MR 2 ICBAT LT, ZaUZxf LT, DM
BETIX, 37 CIT sham LEREIZ BV T HMGB1 O —ER2SAIIEE AT L TV D 2 & D3RR
e & OISR M AR AN ) D s i <7 (Fig. 2-7)

L
%% [_Inon-Dm
- O
20 Il ov
< E
Z&
Y »
€3
<40 10 |~
0 c
Se ﬂ
I
0 N.D.| N.D.

sham 1 3 6 12 24 48 72

Time after reperfusion (h)

Fig. 2-5 Expression of HMGBL gene following cerebral/ischemia in penumbra cortexes.
The quantity of HMGB1 mRNA (Hmgb1l) in total RNA from ischemic penumbral cortexes was
determined by real-time RT-PCR. The open column shows the non-DM group and the closed column

shows the DM group. Data are means + S.D. (n = 4-6 per time point).
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(A) non-DM (sham)

HMGB1 HMGB1

(B) DM (sham)

HMGB1 HMGB1

Fig. 2-6  Immunohistochemical localization of HMGBL in cortex.
Localization of HMGBL1 in the sham-operated non-DM (A) and DM (B) rat cortical neurons was

determined by immunostaining and confocal imaging. Scale bar =20 um.
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HMGB1 / NeuN Time after Reperfusion
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‘ ®
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HMGBL1 / DAPI

Fig. 2-7 Translocation of HMGBL in cortical penumbras of non-DM or DM rats.

Nuclear localization of HMGB1 shows expression in neurons from normal rat brain and DM rat
brain after MCAO/Re. Arrowheads, HMGB1 in cytoplasm. Insets are higher magnification

micrographs of the cells indicated by arrowheads. Scale bar = 20 um.
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non-DM DM

MCAO/Re MCAO/Re
1h
HMGB1
DAPI
Merge

Fig. 2-8 Localization of HMGBL1 in widespread cortex after cerebral ischemia in non-DM and DM
rats.

HMGB1 immunostaining shows a distinct border corresponding to the cortical periinfarct region
1h after MCAO/Re in the DM rat. The dashed line demarcates the border between the core (right
side) and penumbra (left side). HMGB1 immunoreactivity disappeared in the core of the ischemic
lesion after MCAO/Re in the DM rat. Scale bar = 50 um.
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FEWT, R E ORI DWW TR L7, non-DM £ ClE, sham 8 X OV M/ FHERT
1 BBV T HMGBL (IR 7ICRE L7243, DM £ sham (23 T§ CiZ HMGBL1
DHE ~BAT L TR 0 M/ FREDE 1 REEIA I MAE NI HMGBL IR ® Hvie o7z,
VL bz &nd | DM BECIEE M A LEZ O HMGBL 23 B8 S st~ s n s b
D EEZ b (Fig. 2-8),

% 2T, Mifas o~ S 4v7 HMGBL 0258 4 & HITBEI T 5 212, IiMFEEsER (CSF) &
M+ > HMGBL % Western blot {512 K-> CRIE L7-, ZOf5H, CSF TiE, non-DM &
DM [fi#£D sham & 12 HMGBL1 [ZiZ & A et S 72 x> 72 DIk LT, non-DM #£ Tk
2 AL P RSN L7, — 5. DM BECIk, FFRERE 1 RERIE 22023900 L, non-DM
BEL HE_THY 3.4 %, 12 FEfi#E TH 1.4 (5 EAF7E L 7= (Fig. 2-9), & 512, Mo HMGBL1
HIE, non-DM BETHR &2 IZHEIN L 7= DIZxk LC, DM B C IR /AR 1 Refd oo B2 204
ZHmL, —H 6 BT L, 20k BRI 2 DR = ER L., ZOM. W
{2 non-DM L EDOfFEEZ R L TEY |, T ORB/ Y — 0%, IMEFEOE GV EFBEL T
7= (Fig. 2-10),

non-DM DM

MCAO/Re MCAO/Re

sham 1 12 sham 1 12
— | e

e °r

(5]

-%g__EU 4 |:| non-DM

E% Il ov

—

[na ] -

oOs ?

§ c

T

sham 1 12

Time after reperfusion (h)

Fig. 2-9 Temporal change in cerebrospinal fluid HMGBL levels after cerebral ischemia.
HMGBL levels in CSF sample after MCAO/Re non-DM and DM were determined by Western
blot (A). Expression of HMGB1 were quantified by densitometry analysis and expressed as bar

charts (B). The open column shows the non-DM group and the closed column shows the DM group.
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WAZ RSN i & 7= HMGBL & & o 7 Vi & OBIFRIZ S W CTREMT L 7=, Receptor
for advanced glycation end products (RAGE) %, MicB W CT=a—u > ZUT7EBIONK
M7 CICRBT 2 0E a7 ) VA= R—=T 7 2 Y —DO—FThHD (41-44), RAGE DV
7> RiZiEZ, HMGB1 ®1Z%7> advanced glycation end products (AGE) . B-amyloids 35 J< UF S100
BNy G EREx IRE R HESNTWS [45) , FTH, UM RELTO HMGBL
1T, 7 v MR X 5 [P HMGBL & W =i A E5 ) & RAGE & 0Btk
WY T RELTHYALNZESNTE AGE LV 8 7 EEWZ ERHALNIR->TND

(46), & DIT, MM ECoO HMGBL & RAGE & ORI EAEH D%, MilaN~D v 7 F Uk
X MAPKs OV VLA LT NFkB 7 R a1k T s 2 i~ rn 77—
(47) | 4FPER (48] THE I TWVD,
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Fig. 2-10 Change in plasma HMGBL levels after cerebral ischemia.

HMGBL levels in the plasma sample after MCAO/Re non-diabetic and diabetic were determined
by Western blot (A). The expression of HMGB1 was quantified by densitometry analysis and
expressed as bar charts (B). The open column shows the non-DM group and the closed column
shows the DM group.

26



(A) RAGE mRNA

(B)

sham 1h 3h 6 h
non-DM

DM

(C)

(D)

RAGE mRNA relative to
non-DM sham cortex
|_\

o
T
>(.

201

*
F—

15 []non-DM

LY,

(6)]
1

| =
sham 1 3 6 12 24 48 72
Time after Reperfusion

Time after reperfusion (h)

&)

non-DM DM

sham 3h 12h sham 3h 12h

RAGE ::| = — s

B-aCtin —> < ——— ———

non-DM DM
sham 3h 12h sham 3h 12h
TLR4 =3| — |

B-actin — < ——— — ———

Fig. 2-11 HMGB1-receptor expression in penumbral cortex after cerebral ischemia.

Expression levels of RAGE (A) mRNA in the non-DM and DM rat penumbral cortexes after
MCAO/Re were determined by real-time PCR analysis. Data are means £ S.D. (n = 4-6 per time
point). The expression of RAGE in rat brain was determined by immunostaining (B) and Western

blot (C). The expression of TLR4 in rat brain was determined by Western blot (D). Scale bar = 100

um. Data are means + S.D. (n = 3-5). *P < 0.05 for statistical significance compared to the non-DM

sham. **P < 0.01 for statistical significance compared to the non-DM sham.
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Fig. 2-12 Protein expression of inflammatory signal in penumbral cortexes after cerebral ischemia.
Expression levels of ERK1/2 (A), p38 (B), Akt (C) NF-xB (D) and COX-2 (E) protein in the
non-DM and DM rat penumbral cortexes after MCAO/Re were determined by Western blot.
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Fig. 2-13 HMGB1 secretion and signal transduction pathways.

HMGBL can be released into the extracellular space actively from macrophages and monocytes or
passively from necrotic cells. Extracellular HMGBL1 interacts with different receptors such as RAGE
or TLR2/4 and promotes inflammatory responses leading to MAPK and nuclear factor-xB activation.
Diabetic state induces pro-inflammatory cytokines in the brain, conceivably via hyperglycemia
and/or oxidative stress, accelerating intracellular translocation and the release of HMGB1 from
neuronal cells after ischemic injury. Increase in extracellular HMGB1 may further induce the
inflammatory response and cellular necrosis in the ischemic penumbra, leading to aggravation of

ischemic injury in diabetic state.
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% Z T.RAGE O¥BlE % mRNA L~ &Rk 36 LT Western blot YEIZ L D # X0
L~V THRNT LTz, £ OfE%R., RAGE mRNA (X, non-DM Tidfikz lZHIhn L, 24 B4
W\ BEN EA L2 00, ZORITAMITIE T Lz, ZHizxt L, DM #Hizin
CREIMATH 3 REECHR 5 5 ABICHIM L7223, ZOHESCOHIE T LTz, Z o 37 B
JUZEWTIE, non-DM CIIFHHENE 12 KefEl% £ TR M L7z olzxt L <, DM 7 v
TIE sham BB WTT TIZREAN ERH L TRV . BN 12 BE% £ CREEICEIT
mo 7= (Fig. 2-11 A-C),

LZAT, HMGBL Ob 9 —FHOZEEREZZ Hivd TLR X, BARGERISIZH W TE
BB e Bl 3 — lEl,azj"”aéﬁMWT IV =& LT, BHITHE, VA VA, HER
CHE 2 DIFFISAEY OS2 Rk L T VT A ZniET 5, AN A~D Y 7 F U 5E
. RAGE & [AIERIZ MAPKs OIEMEALZ A L 72 NF-xB 12 X 5 RIERRIE OFEPEIZBI 5 L T
L ENHE SN TS, I, HMGBL 23, MEMZIZ TLRA Z L T=a—r s 7 A
FeHA T MMP-9 O3BLE FH X2 2 & 3#id &4, HMGBL-TLR ¥ 7 /LR & %%
JESGMZIRLS BE L TWA Z ENIH BN/ 72 (49) . & Z T, TLR4 D% Hl % Western blot
FEIZLVNT L= L 2 A, non-DM BEIZ W CHEAERT 12 R £ Crissic Lo
NI TeDIZx LT, DM BETIEFREN 3 Frfiizic— ‘rﬁmaﬁu\%ﬁfﬁmv\ &bBM 12 E%E
%I Lz (Fig. 2-11 D), VA b Z Es | BERFREICE W CRIME OHIfR A~
HMGB1 DO AN & S BARDIEINAS | Tl 2 ORI 7 +Ma R OIEMEAKIZE 5 LT
WhHEEZ BT,

%%Ew( RPN D > 7 F AR ER F DIEMALIRBEIZ SV THEHT L 72, non-DM #2381 T

VRERTF T IO ERKLY2 L p38 DY Rk, & HIT NF-kB OENBATH RN 12 K
F'Eﬁ?&ifzba“ﬁ [ZEEIN L7, ZHUSkE LT, DM BETIXREDE 3 FEfE% T ERKL2 OV Ui
{ERBHE TH Y | 12 K% Th il SNz, £/, p38 U ki LU NF-kB OBANBAT
1. sham BRI W TT CTICRRO B, BIMAEICE > TE LML, £72, Akt © U
R kL. DM @ sham ﬁ‘(“i‘éﬂﬂb“@\é,ﬁ%ﬁ% (X, RS AN 3 %I — 2 &
2ol YT FIARED FHICAET % COX-2 DFHLIL, DM BRI CO A HHER 3 FHE
%25 12 BERI#R IS 20T CEEE IS L= (Fig. 2-12),

VL EDORERZRAT D & FERERE CTILIEHERINRE & I~ T ROS DPEAREN LA LTk
0. REM/FERERC £ D HMGBL OB S R B2 L L, MR M i S -2 &
® HMGB1 7% RAGE X° TLR2/4 D345k &L O BEAEM 24t L TN S 7 T VR ER 2T
PR L&, RIERS JOMIEA EET 2 2 Enng i (Fig. 2-13),
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28 M ENREE OB KIET A A s

FLED DNA A 7 0T LA EZ AW TR 28 s+ ORBURNT 6 | SIEREER
T ORBLE M D2 EF U, MR SIS W TRIEDORE 53 m < BE S
Too Fio, AFEHE L HTIE, RIERKOAT 4 =—2—L LTERATOENY V378
HMGB1 O JREDFRHTHE R 6 | IEFERIFREREICEL N THERIFRE Tl MR R #1725
HMGB1 OMIfEN A AL L, FIRORIEMEY 7 F NV ETEHE T 2 & B 2 b,

T E TIZ HMGBL 1E, TNF-aX° IL-1B72 E DA kB A U HI4IZ L > T activated cells 7>
SRS, RIEKIEE S HIEET 2 Z WG STl ., BlmMEMEEICBIT 2
WOV A NI A ORBZFHEMICIRET 2 ZEDNHEETHLI EEZDND,

Z 2T, RIS O E LT 7T O IL-1BDFEER A R H I ARAT L 74 B, ek
PRIFIAE CIERE MALE 24 RERILICHIINSFE® DTz, —J ., BEIRIFHRED sham BECIE, FEbE
PRIFAED sham BEIZ AT 35 A BEICHM L TR Y . FHHER 3 FEM%IIXIERE R RELC
T, K925 02 AR b v (Fig. 2-14) . TNF-alZ DWW Tl FEHERIFIED
sham BEICEE~, R MLALE 24 BERE2 10K 5 A5 OIS bz, —F5. HERIFHED sham
BECIL, FEBEIRIBRAED sham BEICHEATHRI 14 5800 L TR0 . R 3 WEREI ISR IR
JRRBIZ LT K 11 5 R0 72 N 2338 B AL, £ D UV I 24 FEfE# B ke L T
7= (Fig. 2-15)

F 7 KIEMERSHIN 1 T&H 5 COX-2 X2 INOS DFEBLUZ DV T & FRIFAICA#HT L 72, COX-2
X, RIESE D L) FIRICALE T A RIE~—H— & LT, NF«B 72 EDRER 2L -
TIHHE SN TS, sham B (non-DM; 0.08 + 0.02, DM; 0.13 + 0.08) . P 3 M

(non-DM; 0.12 + 0.01, DM; 0.50 + 0.04) 35 & Of 24 B[] (non-DM; 0.27 + 0.03, DM; 0.36 + 0.05)
DWTHUTIENT G, PERFEREICI VT COX-2 @%éfﬁrbiﬁﬁ% K L7 (Fig. 2-16), [A
ERIZ, INOS I3 IEREIR eI K OWE IR HERE T MCAO/Re ALE 1 L U #RIRFAY 72 38 Bl B 52358
DBV, sham BE, FRENTE 3 REff], 24 BRI O3 _TIZB W T, FEAE I LD INOS &b
JRIFRET »~ T o7 (Fig. 2-17),

RAEEBNL~D ML ERIZE . intercellular adhesion molecule-1 (ICAM-1) 7 & DR SE 4y

RS TS, MENEMIE THILT 5ICAM-UE, RIERFORIELEY A F A
VHRIZ X o CRIEICEM L, BIERO MENEIEA~OWEEICRE T 5, TOME, &K
JE ST CIE A MERDMAEIA~ORERFE SN D Z LD, I TOICAM-1 & A il
BRI~ — 7 — OMPOFEBLIZ DWW THENT L 72, FEREIRIFRESS X OWEIRIF B IZ 3\ T
HE I/ FFFETE AL A AR R A IZ ICAM-1 DR BLE O BN GRS DLz, F7z. FERERIFAERE & Lt
i LC. BRI AEREDsham (non-DM:; 0.02 + 0.03, DM; 0.12 +0.02) 35 J OV 2405

(non-DM; 0.29 + 0.07, DM; 0.94 + 0.24) THEZIZHHNEE A L (Fig. 2-18), 7=, MPO
DFEELH IR 2 (THIN L, BEIRIFREIC 30\ CIL AR EDR 245 1% C . FEBEIRIPITE & Ll L TMPO
IEMEOB R F8 O Hive (Fig. 2-19),

LLEORERD D | FERFAED M E TIE. FEREIRIFABIC L TR WD & RIE SR A3 55
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ST UVARREBICH 0 . FBIM/FFREGTIC & D ALE & & - 20T & U TRIER 2R RAEBTE A -
RPN T 77 TROLNIZ, DFED, ZO—EDORIEN, MEEEROILRICTE T 5
bDOEEZ DI, FIERIS ORI R I HE T H D aREMEN R < TRk S Tz,
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Fig. 2-14 Expression of IL-1f in the penumbral cortex after MCAO/Re in non-DM and DM rat
brains.

Representative photographs of IL-1p immunostaining (red fluorescence) and nuclei by TO-PRO-3
(blue fluorescence) in the cortex coronal sections of the non-DM and DM rats (A). Quantitative
analysis of IL-1p fluorescence intensity in the cortex (B). Scale bar = 100 um. Data are means + S.D.
(n=4). **P < 0.01 for statistical significance compared to the non-DM + H,0O group.
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Fig. 2-15 Expression of TNF-a in the penumbral cortex after MCAO/Re in non-DM and DM rat
brains.

Representative photographs of TNF-a immunostaining (red fluorescence) and nuclei by TO-PRO-3
(blue fluorescence) in the cortex coronal sections of the non-DM and DM rats (A). Quantitative
analysis of TNF-a fluorescence intensity in the cortex (B). Scale bar = 100 um. Data are means +
S.D. (n =4). **P < 0.01 for statistical significance compared to the non-DM + H,O group.
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Fig. 2-16 Expression of COX-2 in the penumbral cortex after MCAO/Re in non-DM and DM rat
brains.

Representative photographs of COX-2 immunostaining (red fluorescence) and nuclei by TO-PRO-3
(blue fluorescence) in the cortex coronal sections of the non-DM and DM rats (A). Quantitative
analysis of COX-2 fluorescence intensity in the cortex (B). Scale bar = 100 um. Data are means +
S.D. (n =4). **p < 0.01 for statistical significance compared to the non-DM + H,O group. *P < 0.05

for statistical significance compared to the non-DM + H,O group.

34



(A) sham

3Re

24Re

iNOS TO-PRO-3 Merge

iNOS TO-PRO-3 Merge iNOS TO-PRO-3 Merge

(B) 0.5
0.4
0.3

0.2

INOS/TO-PRO-3

0.1

*%*
O non-DM + H,O
**
B DM + H,0
**
A 10
sham 3Re 24Re

Fig. 2-17 Expression of iNOS in the penumbral cortex after MCAO/Re in non-DM and DM rat

brains.

Representative photographs of iNOS immunostaining (red fluorescence) and nuclei by TO-PRO-3

(blue fluorescence) in the cortex coronal sections of non-DM and DM rats (A). Quantitative analysis

of iNOS fluorescence intensity in the cortex (B). Scale bar = 100 um. Data are means £+ S.D. (n = 4).

**P < 0.01 for statistical significance compared to the non-DM + H,O group.
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Fig. 2-18 Expression of ICAM-1 in the penumbral cortex after MCAQO/Re in hon-DM and DM rat
brains.

Representative photographs of ICAM-1 immunostaining (red fluorescence) and RECA-1

(green fluorescence) in the cortex coronal sections of non-DM and DM rats (A). Quantitative
analysis of ICAM-1 fluorescence intensity in the cortex (B). Scale bar = 250 um. Data are means +
S.D. (n =4). *P < 0.05 for statistical significance compared to the non-DM + H,O group.
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Fig. 2-19 Expression of MPO in the penumbral cortex after MCAO/Re in non-DM and DM rat
brains.

Representative photographs of leukocytic infiltrate by MPO staining in the cortex coronal sections of
non-DM and DM rats (A). Quantitative analysis of MPO fluorescence intensity in the cortex (B).
Scale bar = 100 um. Data are means * S.D. (n = 4). **P < 0.01 for statistical significance compared
to the non-DM + H,0 group.

% 3E ARFEO/NE
AREE T, MM/ PR O RN T > 7T 3 OV i H 0 355 o0 #ehi0 l fi 20> &
HMGB1 23l M it S 4L, RIESOSSOMINE L FHFEST 5 Z LN L E o T,
BEPRIFAE T » MMIZ IR\ C, B/ FFETE % O 1 O SBITHASE N AE T D Z b,
37 m— 2 AR LD S D HMGBL OfRIRF) 72 R & i i M 5 & o> B % 5
L7, BNICHET 2 HMGBL 13, RIEO WSS TEK S D TNF-a, IL-18%X° LPS 72
EORRIZ L > T, §EM L Lz~ un 7 7y —VURBEERD LREENIC, HD VTR B —
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AR O Z R S VD, BEENAIALHIZ W CTiZ, HMGBL @ 7 & F /1K [50]° U
L5111 L0, BEN~OBENHIE SLD —5 T, Wiy v Y — K2 X > THifash~
DI D, 7o, HMGBL 137 A b — ZAfifan o Xt ST, 7 rm—T Ao 72
M7 S EEET 5 Z L 3 RE ST D [62] , AR, HMGBL (3, SEfifilE® (53] %D
SO oD L/ PR [54] % OFHREORIA T + =— & — & LT, [RRFZHE ML
EEO—RERZINTND [49]

AREEIZEB T DHFEORERD B INE M ALE % O HMGBL 815 1 O R BFHE IR b,
FERE PRI RE & BEIRFTRE DML CTAITRO B Loz, L L, SfSRR B 72 T 00 5 |
HHERIAE T » b D sham BEIZE 1T 2 B Clx, BAYIC T2 HMGBL (A HIIED = 2 —
HAZERWT, BN HMGBL 23 ML/ARER & (Il E ~1T L7z, Thid. Qui b oWE

[49] D X Hiz, BMIEMEEOHICB T, =2 —8a U #llE2d HMGBL fitfs o 357
AR TH D Z L 2R LT e, —J, BEIRFET v MZEWT HMGBL OfifaE ~0
BATHF T sham BETEED DAL, M2 ML/ FEVE O Bl 1 RERI B2 (I ZB L AP OEs O3~ T O H
fa 7> 5 HMGBL 23 fEfaSMZ it S dvvz,

ZHVETIZ, HMGBL 23 MAMERRE S OTE M A 7 ¢ =— & — & LC, MZERE O Mg+
CEW LUV TIEET D 2 E RSN TW5 [56], £ 2 T, s ikt S 7= HMGB1
DFERE L LT CSF & M L~ L ORRIRFR 22 LI DWW TRENT L7c & 2 A, FEREIRIpTE &
BEPRIFHE S » b 0D sham BEIC 381 % CSF D HMGB1 BIZFE 13380 H e hvo 7243 BERI
RET v bCi, AR 1 WREEIE D DRSS I L7c loxt LT, FEMEIRIFRE T » b CIdi
FEWE 12 BRI £ e N L7z, £72, MmiEF o HMGB1 BOH#ER L, CSF o/ 4 —
v ERELLL T,

IO OREFE, RN AR I HERIEIE T » N ORGSR O HMGBL 23%0° 5
HIIEZ AT . BB~ &, HMGBL 28 RIE RGO F-HUT A D I 70 & 42 8
IZBWT Y7L B initiator & L CH5-7 5 mREME 2 /RIB L T,

ZHETIZ, HMGBL B CTORIEFHFHBIEM TS5 < . IL-1 B0 LPS 72 EMd R 1 & o A7
TTHELIEREIND Z EBMEIN TS [66, 57], £/, F 7 u—rAfand o
HMGB1 it DAtz . TNF-a, IL-1B% 41 L 7= HMGBU JiftH & i i P b s 55 S b oD B B 7 R 6
ThdEEXLNDZEND, BIFRETREORIEMDT A NI A L EORBUZ OV THET
L7z, ZOfER, HERISHET » b sham BEICI1T 5 IL-1p & TNF-o s FDFEHIL, FHbE
JRIGHET » b LT, ZNFIR 5.6 1%, 20 [E0FER EHMRD ST-, £7-. matrix
metalloproteinases-9  (MMP-9) Bfx - DFEBLIX, PEIRIFAET » b D sham #ETH 2.6 5 L5
L7=DIZkE LT IR I/ FFE B % D FEFE PRI HE & FERITRBRE DI RS & — U NZFETRO B
IR o 7o, MMP-9 OFFE T, IEZEOEER & LT, MRKREMAOMGHEICH S35 &
DHENG [58,59], AEDAERIL, FERIFEIZIKVT TNF-aX° IL-13DFEHLH HMGB1 O
WEHE A 45 & 2 HMGB1 28 H & TNF-o° IL-1 BOFEAE 2 BT 5 & & 2 DL, RIEK
i A R S 5 BAEBRNAE U TN D ATREME DS R ST,
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WEHE L 72 HMGBL 1%, =& TH 5 RAGE X° TLR L OMHAEMIZL Y, MlaN> 7
RIERZIEMAL S8, KBTI ER T NFkB OIEM 2795 [60], M iM/ARER%
OREEBEICBIT DZREOFEIT, VA FELTO HMGBL 2SHIlaN > 7 VAR ER
IEMECIC X D RIESOG Z RIS 2 ECEEE /05, BRGEWZ LIZ, RAGE / v 7 7 7 b~
7 A % AT A0 A YA RAGE #%5:10 X - T /PR % O ZEBARE S b 45 = &
NG SEBY [61]. RAGE OFREBMIMNAE MAEMEE OB ICEEL TWD EEZ LN
Do % Z T, RAGE OFEL& 2 fiftr L7-RE R, FEREIRIWRE TIXFRED 12 FFff#% £ TiRx 12
R LD LT, HERIEIES v F Tld sham BEICBWTT TICREN LH L TR, &
FEVE 12 WiRI#4 & CLE U CIFEE Lo, MBI O RAGE O3 HLIZ, [KBRSEIHCEINT D5
‘B [A¥ HIF-1 (Hypoxia inducible factor-1) (= k- T &t [62, 63]., £7-. TNF 7 RAGE
@ inducer (FFER 1) & LTHERTLIZEbMON TS, —JF, miRERETIE, Ik
2y R TEAMRERNLEAIND ROS 73 RAGE ORBLAHEMEIEHZ L [64], =L
T, FERIFHEE T VB O TlE RAGE ORELNH K L, HiRLWE D512 X - THEL
PIRTFT 22 L [656] 206, BRLA b L AOBABREEMEICFET 26D LIBETE D,
Alal, BIMALERTORERF 7 » M2V T, ROSX° TNF O ERABfEERINTRY, b
75 RAGE DOFBUINC 2 %2 5 2 | M ML/FREVRIC £ 2 & b 722 RAGE DI BLHEIN AN i
MEEOEICFG LTS B2 b5, £72, HMGBL i%, MEM%ZICT A ket A b
THBLT 5 TLRA %41 LT MMP-9 O¥ Bl % A S+ BBB Z il X2 2 & TR+ &
#29 % [58, 66], HMGB1 |2 k& % MMP-9 O¥EINIEL, TNF-aDFEL & TMN L T s b
EHESNTEY [66], HMGBI-TLR ¥ 7 /LS & SAE MO ORI K& < BE L TW
% [67] .

KREDOWFEFRERD G, IEFERIFHE T »~ N O PN 12 FE% £ Tl TLR4 OFRBULE)L
D BRI T2 DK LT, BERASRE CIXFHEN 3 M ICRBOY—7 A b, 12
R ICIIEAD LTz, 202 Enh, HEIRIFREIC ST 2 /Mlast HMGBL fittids KO
RO, EDHOMBAND > 7 F NMMEEZE TLE ST D ATREMENE 2 bl

FEREIRIFRE ClX, RE~TF 2 77 OMIlEN ERKL/2 & p38 @ U U R{bEs L O NF-xB D%
PNRSAT A3 FREE 12 MRS £ TR 2 \THEIN L 7= 0126 LT, BEFRIR HE TIE I HEDT 3 BRI o
RN H ERKL2 DU RO Hiviz, FERINET v D p38 U U lkfkds LU NF-«B
DOEENBATIL, sham BB W TT TIZRO LA, BMAAEICL > TE LML TEY,
HMGB1-= 25 & M BAE % ORMIAN S 7 F AR EME DN TLHE L T\ D Z LR ST,

ZHETIT, HMGBL ZAERY & Lo iRIRIR N EERICHEE S h Tl | e gL
JVEZ X o T ORI FRETRRE D HMGBL FEELMMf S v, F - IMEBPERMBEE 250 T
HMGBL/TLR4/NF-kB & DIEMAL 230 L CHdiR#E 2 R4 2 & A ST\ 568, 691,
Flo, AVNEET T 7 ALy OFIRNEGIZ LD | TNF-aORBL A M35 2 & TRl
M2 HMGBL OFHLIHI S, =2 R hX v a v 7 B85 WS EIT 5 MfileE 2 8§
5z R &N [70] , AT, HTHMGBL Hiik o 512 X - T, M IMALEH > BBB
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DR IER DWW B HNZ 72> TV [71, 72] . HMGBL #4589 & L7 IaWIEDfE
SESEH STV D,

IR, & O MAENEAI A W2 iFE 6 mibElc L - TEFE S 7z ROS 7% HMGBL
& RAGE ORELZIINIE 5 Z LGS/ [64, 73], T E TICHEE OIX. PEIRIHIE
7 v MCBWTERNERLA R L AOBRE X OBERE O T, £/, MR ot
FERIEPE DR TICAE S MR LR E S BOM K Z MR L TH Y, MAICBWTEREA N L&
WDITEL TWD Z EEZWLMNILTWD [8] , 16T, FERFEROBA ML AD L5
23, HMGB1/RAGE DOfRI{IZ K & < B % RIF T 2 & T, FE A LK pE = 2 B L <&
LHbDEZZ B,

LIk, BERISRE T, MMM E O BRI = 2 — o IS HMGBL A S,
FEx DOV A NIA VOFELE > TRIEMSEZERL L TEFRAIEEZ LTS Z &
DR ST, WG, Mfash HMGBL O8N, BEIRFAEIZIS T B R i b e 5 oD S b 3
LY ML Z TP T TR W TEERRIER S LMtz 5 &L 29
o LG LT,
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B, MR BT 2 A 2 in ki, IMFEIEFRER O ANER] (FEIE4.5REH] LAPN)
TOMT T 23 ) —F U IEHALRT (PA; TAT 75 —) 1T K5 MBIEIRIEREDH T
B0 FEIC ARV 2 SE5E C & TE AR BB 72 £ & 2NN FE RS D3-4%
EMRDTLRVONBIRTH D, ZD72D, FLWIBFIEDOM A BIE L THIENED ©
NTWAHHOO, R IMEMBI M OIFAEIC X 0 L Olgek & H~_TIRANORBAT )3 K 72
B ARRIEEREOBIRICITE > TRV, BELIOEBICITHO T 178D M FE 12 %f
THHKRRO S B, 2 E TR SN IKO T CHMMED MR S - Biai2% LIT,
EHICAWRATRENEZ R LI DIE 2R D23%BITEE e\ E OWENH D (74), TOHH &
LT, MdthRtiast O RIMFE A — R TlE e < . BHERRIE AR CRIEICED Z &b, 1
DORBINANERT 2HAN AL L CH, oW A r— REZFRIL TV I FABBESNLD
ZEND TR PELNRNZ ENREZLND, DE D H~DOBTIE % 73 therapeutic
window23 JAVVIKPRFESK DRI N L E N TV D,

LRIV TIEL, 7 OB FRETRALE 21T > 7o kA W CEEBFREL T 7 7 7
A IV ERRRAZIRNT LTz & 2 A JOE BEE IR - D38 Bl L/ FREFE 4 0 FL s & B 11
MU, RS, ZOMISITHRFIECHEE THD Z LR LN -T2, £ 2T, $IETIL,
RIEEDEK D72 TH T FMRZED EICALE T 5TNF-o lICHEE T2 Z &2 L,

T x 7 b (etanercept; ETN) X, FIEMETNF-al-& 7% —& L ClEBEDOTNF-o % fii
PR L CRIED N A r— REMlRrd 25 2 & ThY v~F1Ef. MAEERZRET 54
WtRIRICH 5, BE, U u~FHE L TOETNIE, A T10~25 mgA1H 1A, #i22
[, F721%, 256~50 mga 1 H1E, HWIZ1EEZ TG 2 2 & THREDRZ BT T,

AREE T, ETNZSER I/ FEHEFR A EEE S D TNF-o OFEA 2 fLE LT O RAE XS
ML, Z ORE R ISR 2 IHENR BB DD DENTONTHETT 5 Z L1
L7,

WL

EFEIRIFAE T » MZBIT D= 3t 7 b ORNIRHEVEH OfRGT

RPN S U T U D RIERR A AEH) & LIIRRIE ORI ER ST
%, TNFIX, ¥¥l~7 a7 7 —UMbEA S, MlaEEEICE <R & LTHE sz
» [75] . D%, 2L OMIaRE (V2 SER, NEHIRE, DARARRE, RERAGMAE, SRR
fi) MO HAMEND ZENHALNERY [76] | BIETIE, HhEkoFEEMR & LT
DERR D Z & BB OLMNITR>TWD [77] o b S 7= TNF X, 431 55 kDa @ TNF
receptor 1 (TNFR1) & 2\ M35y ¥ & 75 kDa @ TNFR2 & OfEA T, AW 2 B E+
%o TNFRL (X, TNF-o (2K 5 FHARZARE LT < OMIIZTIEFICHEBLL TEBY |

%1
Sl

A B
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IO OMAERORESR., NI VTV ERELTT AR b=V 2A0FEICE G325 &
(2 NF«kB <° AP-1 72 EOHRF R F &Mk L, RIEXFHEFE S ES [78] . —J7, TNFR2
£ TNF-a& TNF-B (lymphotoxin) O S AHAEH LT, MlaoAfFIBE5 3% [78]
RIESMNTIBWTILTNF & TNFRL O AAEIC LD BN RENWLEZEZONDH T b,
TNF-aD/EABLEITMIRN & 7 U B2 Jdl L C, MRS TE 5,
FeDAENT IV T20054 12 KGR S AL TNFRREFEOETNIE, BMERT Y 7~ FOTEHHE L L
THWHLNATEY ., 259FDTNFR2E b N gGDFCH Sy & inf-#iHi x THiA SE-5%4et
FURRMETNFL 7 2 —Th D, ZOREE L7 % —IZTNF-03 K OTNF-B L #EES LT
decoy receptor& L Ci< Z & T, U A ROTNFEMIERICHIT DTNFZ R L O A
ERZIR T EE T, TOEMEREZLET 2, /o, AEkL 7% —1E, RERDTNF-a
receptor & LT, TNF-o & OfEE I D5KI506%, AMiEMIZ100~1000f558< . & HIT L
W H5~8fF B WRHS A AT 5,

i L/ FRRED AL E % D 1 TNF-oE OHERS 2 JHIE L7258, non-DM B CIERR IR EYI TR &
ZHIIN L, THHEDE 24 BRI AR L 7 VA L7 C T2 BEf Tl K & e o 72, —J5, DM
BETIEL. BIMALERTSS non-DM 7 > h D) 40 (& 2 pg/mL BLERH S b oD, &
I/ PR ALE IZ L D TNF-aBE O R X 2 BEHET v FBAAF LTz 24 FEE £ THRO b ens
- 7= (Fig. 3-1),

PLEDOFEF L Y ;non-DM 7 » MW TIHME M/ FERALE % TNF-a@& 03 425 2 &
DM 7 v h i, Y DHYESMREEIN TS Z EnG, ETN Z#H W T INF-all X b
RIED T A — R & EWrd 5 2 & CTRMFRE IR 2 ARSEH O Mk R & et Lz,

FERT YA % Fig. 3-2 1Z7R L7z, non-DM 7 v MK 28R4 HET 5 212, 10 ik
® SD 7w MZ 2 FFfH] MCAO A& L 71, FHEEDT 24 IR IV > 7 v 28R L7z, ETN
OFHIE, #hE (300, 450 F7203 900 pg/kg) . B G (FEIRN & D VIFREREN) | 5
Ryl O LA ERT, EMER & 5 WITFRERER) O 3FEZ MG D& T T
A2 FTA L 7=,

non-DM HE Tl MM I HA~ T HBERZ I RIER B L L7z, ETN 58Tl i
IFRERIE %R L OB MES O L OFRERICEBW T HUWEITED b -T2, I/ FHE
it 24 WEFEIRTO ETN 450 35 KUY 900 wglkg #¢ 5-FF TRk A= IcdeE L7 (Fig. 3-3),
T, M LA TTC Yuta L, BEZEHARE 2 IE L 7R R, B /AR E & O ETN
PR ERETIR, MR EOWEITERD S h - 7208, HEIME % O 450 uglkg $¢ 5 THEICIE T
L7zb Do, 900 pg/kg TIFAEZEITRD bivienoio, —J7, BIM/FERER 24 FERAT T,
TRTORGHTHEREEDIRNBO b (Fig. 3-4),
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3
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S Lo [ non-DM
- H DM
©
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22| T
o

N.D. N.D.

sham 025 3 6 12 24 48 72
Time after reperfusion (h)

Fig. 3-1 TNF-a concentrations in plasma after cerebral ischemia.
The quantity of TNF-a. in plasma after ischemia was determined by ELISA. The open column
shows the non-DM group and the closed column is the DM group. Data are means = S.D. (n = 4-5

per time point). *P < 0.05 vs. corresponding values for non-DM. N.D. : not determined.

non-DM rat (10W, &) Method of etanercept administration
Before MCAO 24 hours Dose
l (i.p.) 300 ug/kg
450 wglkg
MCAO - 900 ug/kg
Immediately after MCAO
l, 2 hrs (iv.)

Reperfusion (Re)

’ Neurological score ‘
l Immediately after MCAO/Re

(i.v.)

’ Infarct volume, TUNEL stain, ‘

Fig. 3-2 The experimental design.
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50 = Saline Etanercept

O mcao [ mcao
Il MCAO/Re [ MCAO/Re

o W >
o o o
|

Neurological score

=
o

Vehicle 300 450 900 300 450 900

300 450 900

Before MCAO Immediately Immediately
24 hours after MCAO after MCAO/Re

Fig. 3-3 Effects of ETN on neurological deficits induced by cerebral ischemia in hon-DM rats.

Post-ischemic neurological deficits were evaluated at 2 h of MCAO and various ETN
administration points after reperfusion. The shaded column shows the MCAO-vehicle; the closed
column shows the MCAO/Re-vehicle; the open column shows the MCAO- ETN; the hatched
column is the MCAO/Re- ETN. Data are means £ S.D. (h = 3-6). *P < 0.01 vs. corresponding values
for the vehicle-MCAO/Re.
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sham Vehicle Etanercept (Before MCAO 24 hours)

300 pa/kg 450 pg/kg 900 pg/kg

~
2]
1

= B saline Etanercept (Immediately after MCAO)
. %Q [ Etanercept 300 pg/kg 450 pglkg 900 pg/kg
§€ sof *k
3z
BE *
£ 8 25} i
=

3

Vehicle 300 450 900 300 450 900 300 450 900 Etanercept (Immediately after MCAO/Re)

Before MCAO  Immediately  Immediately 300 pg/kg 450 pglkg 900 ug/kg
24 hours after MCAO after MCAO/Re ———

Fig. 3-4 Effects of ETN on infarction induced by cerebral ischemia in non-DM rat brains.

Representative coronal brain sections of the non-DM rats and ETN group stained by TTC at
various ETN administration points after reperfusion. The closed column shows the vehicle group and
the open column is the ETN group. Scale bar =5 mm. Data are means + S.D. (n = 3-6 per time

point). P < 0.05, 0.01 for statistical significance compared to the vehicle group.
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28 BERBEET v MIB T D= vt T N OMREER O

non-DM 7 » MZIWT ETN & 5IZ X DMRERN R PR O LN Z &b, IRIZDM 7
v Mk 5% R ERE L=, EBRT A % Fig. 3-5 1277 L7z, non-DM BEIZEB W T, &
M/FEFRE L OBRGRECB WD CHERNRD S22 Evh, DM BETIE Z o
XS 3, A 0 12 DM BED sham TJ Tl TNF-a® R BUIEMAFRD iz 2 &
O, BERFIEE %D ETN 240 Ik LG5+ 2 ERGHAZFRT 2 2 Lic L,

DM #£ClE, non-DM @ vehicle BEIZ L~ THRIER O EAL A BHZE TH > 72, non-DM #£ T
xﬁ%‘%ﬁ:m D & VI R MLIE% 36 L ORI/ FFRET 24 FERERTHL A8 512 3 T dE IR o

R LN oTo, LvL, AIEHIZ 450 pglkg THRAEHRE LIZRETIE. BRI/ %

Eﬂﬁéﬁlﬂﬁ: WD BV, 900 nglkg B GHEICB W THE CTH 72 (Fig. 3-6), MEMLE# I X
OV ML/ 24 WRFRIRTHL R BRI W TREZE R O 1T bR > 7223, ETN 450
ug/kg O A GEEZ BV TIE, FZEROBUMER A R S, 900 pglkg 5 IZBWTHE
BRUGENH L o7 (Fig. 3-7), & IS, REIM/FHENRALE 24 REEI 4 IZHE M L 7= ik %
TUNEL Y& L, 77K b—3 A (Z%I4 % ETN OO0 % 574l L 7245 %, Figs. 3-4 & 3-7 D TTC
Yua iR LIFITAHB U CHIfSE A A BICHIfI T2 Z L 3§ bz, UL, TTC Ll
BWTHEN R S1L72 non-DM @ ETN 450 pg/kg HE LB LRI GRECTIL, 7R h—3 2D
PHNIER O bR o o, ETo, FZEROUGEH 237880 54172 DM D ETN 450 pglkg D
WHRERETIZ, 7R = 20MENIIEETH -7 (Fig. 3-8),

Method of etanercept administration

DM rat (5W, o)

The repeated administration Dose
< twice per week for five weeks 450 pg/kg
SWI S (ip) 900 pglkg
v ) Before MCAO 24 hours
MCAO (i.p.)

Immediately after MCAO
2 hrs (lV)

v
Reperfusion (Re)
’ Neurological score ‘

l 24 hrs

’ Infarct volume, TUNEL stain, ‘

Fig. 3-5 The experimental design.
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Saline Etanercept
MCAO  [] McAO

50— 5.0~ Il MCAO/Re [] MCAO/Re
40— l =] L l— 4.0
— (]
: s | ],
g3 M — 230
g 8
2 5
S 20 2.0
j-
3 3
=z b4
10 1.0~
0
Vehicle 450 900 450 900 450 900
Before MCAO Immediately Repeat

24 hours after MCAO

Fig. 3-6 Effects of ETN on neurological deficits induced by cerebral ischemia in DM rats.

Post-ischemic neurological deficits were evaluated at 2 h of MCAO and various ETN
administration points after reperfusion. The shaded column shows the MCAO-vehicle and the closed
column shows the MCAO/Re-vehicle and the open column shows the MCAO- ETN and the hatched
column is the MCAO/Re- ETN. Data are means £ S.D. (nh = 5-7). *P < 0.05 vs. corresponding values
for vehicle.

47



Etanercept (Before MCAO 24 hours)
___venicle 450 pg/kg 900 pg/kg

Etanercept (Immediately after MCAO)

450 ug/kg 900 pg/kg
M saline
[ Etanercept
3100 r »;100 r
L5 8 L& 8of
EE EE Etanercept (Repeat
325 60 25 60 pt (Repeat)
2 27 450 pgylkg 900 pg/kg
58 40 58 40
£E £=
2 20 £ 20
X X
0 0
Vehicle 450 900 450 900 450 900
Before MCAO Immediately Repeat

24 hours after MCAO

Fig. 3-7 Effects of ETN on infarction induced by cerebral ischemia in DM rat brains.
Representative coronal brain sections of DM rats and the ETN group stained by TTC at various

ETN administration points after reperfusion. The closed column shows the vehicle group and the

open column is the ETN group. Scale bar =5 mm. Data are means + S.D. (n = 3-6 per time point).

*P < 0.05 for statistical significance compared to the vehicle group.
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(A) non-DM Etanercept

sham (no/kg)

- - - J .Vehide D T
|.L| 1
. |

Vehicle 300 450 900 300 450 900 300 450 900

Before Immediately  Immediately

Before MCAO
24 hours

Vehicle

Immediately
after MCAO

Apoptosis Index (%)

Immediately
after MCAO/Re
MCAO  after MCAO after MCAO/Re
24 hours
(B) DM Etanercept
Vehicle (ng/kg)
W vehicle [] bM-Etanercept
Before MCAO 100, 100
24 hours
g 80 gao B
g Sl ¥
- e} -
Immediately E €0 £
after MCAO 2 ok Baol T
g g
& ok <20} ’ll
0 0

- - -

Fig. 3-8 Effects of ETN on neuronal apoptosis induced by cerebral ischemia in rat brains.

Representative photomicrograph showing TUNEL-positive cell in the penumbra cortex non-DM
(upper panel; A) and DM (lower panel; B), treated ETN before/after ischemia. The closed column
shows the vehicle group and the open column is the ETN group. Scale bar = 100 um. Data are means
+S.D. (n = 3-7 per time point). “"P < 0.05, 0.01 for statistical significance compared to the vehicle
group.

Vehicle 450 900 450 900 450 900
Before Immediately Repeat
MCAO  after MCAO
24 hours

%3 Hi AFED/NE

B 1ERBIOE 2 FEIZBWT, DM 7 v b TliEnon-DM 7 v K &t Tl ifi/ PR AL
AT & MAR AR COERDE A ¥ DOFHNEIML TWD Z & & BICHE MR E R 5
INORFOBIRTFHRIL X RV EEMPIEICHBE L CE LI EED Z &b, Rtk

i 2 A oD — RN AIE RS ATE LS B G- LTV A b D EHERI L 7=, & 2 TH 3 TITB VT,
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RIEBDEK A D727 T HAEMFEBL O _EFICALET S TNF-o (ZEH L, ETN 238 TNF-aD{EH]
P U CHIELUG 2 U, FER & U CIMBEE OMBIER &2 R 30 a2 et Lz,
non-DM BE T, MEIMALEIZ X - CHREMFGEIZHE > T TNF-a23 80 L7243, DM CIEFH
7> 5 non-DM EED 40 150 TNF-a BN fFE L7 b OO B L 5 KX 2 B8HITRD S
o Tn, KL TIET —ZIORE W, INF-aDZFETH D TNFRL OFHIL, i
B LV EiREE b ERT 5 2 LD B AL, INF-al K L O EAERIC X 2 Mkan s
7 I IAREDIRENRIES S & A LTV D 2 L AVRIE S Uiz, £ 2 T non-DM BEIZHE W T,
PV IC ETN Z RN G- L7256, W T ORGEITIBW T 6 IMEE O S E IR
D BRI, Lo L, B % O$ 5 T, 450 ug/kg PL b CUENRDd iz, —H,
i ML 24 WREEIRTLC 450 wglkg % MEIEN G L7856 Tk, BEZER OB b 27/ & 7R

k— 2B DR HZRD BTz, FANC L D PIRIGEOBAE D, FHEREZOK 52 X
o CHE MR AMRE E 2338 S iU, SISl 7 KO ICERAMER @2 L BEETE 508,
ARIOFRERTIE, BREREOKRG TITEI RN ST B MLE R G-RHZ O dE )
RBSDHZ PR EINT, —FF, BMAERNIHREG T2 2 & T, MESEDBE TR T
DTN, ZOREFETEFOHRFREZBNE L bO T, PHOREMFHTD
ETHT MR AR R T 2D Th o7z,

AP BN THER T 27291203, MiRIMBIM O F iM% B L 7217 1Ud 72 5720,
7 v MZBWT, ETN O~OBITRIZONWTET — X 2R HAbE TRV, 1 &
TR LIz X 9 ISR M/ HETRIC X - CREFBFAOIC MR MBE I OflfE 2 & 729 Z L6, @1
{E&# D ETN ABAEIEICER T 5 fEetEnH 5, L L, RM/FEH#EREZD ETN 5T
TN RE R E 2o T BEHIZ OV T, BMIZ L 0 IMBEESESCOICHER SIS Z &, F7.
0L/ FERE T 4% D P BRI VR 5 TNF-a0 23, RIESCHIIASEIZ R & R EI 270 U 5 1EH
\Z TNFR2 %41 L TRl A PR3 5 ka2 o 2 &, SISO A M A v 3 EHEC B
H U CRMMAEMESE ZFRET 5 2 R ENFREEZZ LMD, —J. DM TiE, non-DM 7
v b CHENR DD DN T NOLRME FIZE W THIMEEROSLEILRD e o
2o L22L., DM BIEERZR DD D ETN e K58 900 pglkg D7t 10 [RIZ 72 5 KA 512
Lo TOHMIRES RIS T,

LLEDZ Lt ETN IZBIMVERMEEE 25 L CIMERER R 2 A9 5 alREMED VR S vz
L DD, ZDONFEORBUNIR G IFEICKREAKGFT D 2 EBWA LN o7z, K2, DM
TIE, B M/ AL E LARTIC A G DM 0 IR LGS K > TORNREFIE LTz, AIEHA
O MPERMPEEFIZ BT 2 GBI OV IS HROETH D & & b, SEEHRDO A D
ZALCZONTHERDIRFAVBMETH D,
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WAT BURILAEE AT SR - RS & FEIRIC K B MRS O RS

% 33 CTlL, non-DM & DM 7 v s OMEE M/FRETRALE IZ B W T, ARkl cb 5
PLU U~ FHD ETN IZ L AIEFI R 2R Uiz, TR, W7 v MEE & & M/fAER%
® ETN #5 CIIdE D RITRD SN2 v-> 72, Lo L, non-DM BECIRRE I 35 L ORI
WLIE RO B A B 5 TR #E I R 2 R L, DM BECIE, BEIRIFRIEE %25 D ETN KE# 5
TORNENRD BT, FEWIRREOBEE T, T REFAE AT O MM AL LRI 56 3%
ZEIFEEDH Y 272, Lol BERFEDMEZEDMGRIKFTH D & DEZIZENT, E
MM /FFEFALE LIRS RIEN TR LT D Z ENRER E 220 | R Mo P51z L > TR
ELHEET LI L0, NI X DEELBNT 5 THxIER E LT, I ORIERIS
RSS2 LT, BEEOHMENRETEL0TIE RN EEXTL, I T, 48T
FFEAOMFE L LTHERICERT 2 /&8 « BRMAEICE D | EZEORE fEEN E 9
DERETHZ LI LT,

Jpi i ZE M EHATEIR DBRIE 21T, MRSCERE & IORERIE D o3& 1 | FRICHRE L,
AR OO AR & IS PN R MR O O [ |2 R S A X TR RIE CTh 5, R oRmEIC
BOTERLA bV ATEEREEZEL, ZOHEITaEEERICB O TR bEER LD
ELT, INETIHEARERNBEBEINTE L, TOX %P T, - OH 7V H L EHu
ELTEBEA ML AZIHI L, 7 VN DOREELZ TR T WIEIRERE LN cE 24
TRUBERICBWTHREZRL WD, £, =4 TR UT, MfiERETHV LR
HEtPAICE DM AR T EELZ b, WMEAOHHRETHL EEZX LN TND,
S BT, 2009 FFIZHRE S AL BARMAEFIER T A R 74 2B NWT, =X TR VLEIT S
L— KB ({TH L2128 D) ITALESM T Hiv, BRbA b L AHISIMEEIC BRI Th
HZEPRINTND (80), T TIZ, H 1 EIZBWTT v hoflRis L O/ % O
B DL A b L 2 EEREMOFE RS B/ FRET %I LWOERE A b L R IRREIZIE D
ZE. F7-. non-DMIZHRT DM T v FOEIRE L~ L Db A F L AR EL . S 512, i
OB FAIBICB W T HEEICBEA RV ARETH L Z LB LN > TN D,

T, AEOH LHTIE, FiULEREZ AT 580 - RS —EMHKS LT v
N O ML/ T % DI IRERN R 2 it L7z, Pl ki 2 A3 5 &8 & L TARIAWZ MAK
X, BEBEREKAE AT A LR LI KBEOIR G BRI U, IR BRI R H
T e, BUkit, MEEER L 0T, INE CICHEREM. mEK TEM, M
B EFAMHENER 72 ENERE STV DRERM TH D, KERTIZ, 7 AL E R (AA;
EX IV C) EPERMRDORTT 4 7 ar ba—vb Lz, 28Tk, AA DIEH
AN =R L EFHIFHTIEIMAK DIER A B = X DOV TR Lz, 48R L OS5 Hi T,
TN FENEEN D A T = X WEHT & HMGB1 OZEENC W THENT L. 55 6 SiClI &
LEEBOGFHABFEICHONT, iR L7z MAK & =& TR OfFRZEICOWTHRET L=,
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BLHT AL - RANERST OPURRILAE & e b b T =R O Rt

FERT YA % Fig. 4-1 12~ L7-, 5#lED SD 7 » M2 STZ (50 mglkg) % REHENIZEL
[l 5. L, 5 HEfE L ClpEE 300 mg/dL BL EDZ » & FERPEE (DM) 7 v & LT,
£7-. STZ RAE T v F A IEHERIEEE (non-DM) T v FE LTHEA L, ZHOMmEET v
~oo 8 E S 2 M AA (100 mg/kglday) & 2 WIS Z E R IRES RS Y (MAK; 1
glkglday) ZREO#%E L7, #\W T, 108ED T v M 2 BiE o MCAO AL&E L7-#%., FE
Uit 24 W Z LT o VAL TR ZHIE LT, Fe, BRMERTYT 72 ke
—L T B0, MEERO T X TR (10 mglkg/day) % HRIEE L7-&EdH H0NE 3 A
e 5 U 7= B2 ERL U CREm L 72,

non-DM BEIZR W T, BIMER O X T R U EGRETIE, HHE 24 FEf%ICR W TS
PR R A R L, £72. 3 AR OB 5B W T HRZEROBRITRD STz,
I HIZ, RIM/FRERER ORGERECIW T, B TORIZERD 24, 72 FFHETHER S L7223,
vehicle # & LR CTBEE RUGEIR TH -7, 76> T, non-DM 7 v MIBWT, =X TR
NEEMLER ., FEREOWTNOBRAICENTOIME#EDREZ T 2 L b, AEAINE
MAYERBEE OIS L L THITH D Z L PR TE 72, —J7,. DM BRIZIRBWTIE, R ILE
BORGHET, 24 K% OMIERNBAENZ R LIZb DD, 72 FEEZIIT_T 7 12
MRS 2 RIS B BN AE U, WEDRITRD SN ote, £io, R/ RERE %S
BECIE, 24, 2% O L O b WEERTRD N2 o7, U EOFRLIY, =&F
AT non-DMEEIZxE L CHZ CTH D3 . DM BRI R 2 /R S 20 8B 2 b vz (Fig. 4-2)

SDrat (4W, o)

STZ (50 mg/kg, i.p.)
1 week or

v citrate buffer (i.p.)
Oxidative stress (d-ROMs test) D
Antioxidant (BAP test)
Lipid ng"%ide (TBARS) 5 weeks MAK (1 g/kg/day)p.o.
/?g(t)lgflcﬁ/,e Geg%me aetvity . l 2 weeks [ AA (100 mg/kg/day)p.o.

H,O
MCAO
l, 2 hrs

Reperfusion (Re)

’ Neurological score ‘

v

Infarct volume, TUNEL stain,
Immunostain, Western blot

Fig. 4-1 The experimental design.
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Edaravone (10 mg/kg/day, i.v.)

A Immediately Immediately
Vehicle after MCAO/Re after MCAO

24 Re
nOH-DM Immediately Immediately
after MCAO/Re after MCAO

72 Re
. Immediately Immediately
Vehicle after MCAO/Re after MCAO

24 Re ¥

. Immediately Immediately
DM Vehicle after MCAO/Re after MCAO

72 Re N.D.

Fig. 4-2 Effects of edaravone on infarction induced by cerebral ischemia in rats.

Representative data of TTC staining from the rats of the non-DM group, treated edaravone
non-DM or DM group with MCAO with reperfusion (MCAO/Re). Rats were injected intravenously
with saline or edaravone immediately after MCAO or MCAO/Re and sacrificed 1 and 3 days later.

Scale bar =5 mm. N.D.; not determined.

Table 2 Scavenging effect of the free radical.

(A) Superoxide anion radical scavenger (B) DPPH radical scavenger

Sample ICs, (mg/mL.) Sample EC, (mg/mL)
MAK 1.059 MAK 0.327
Edaravone 1.246 Edaravone 0.007
Ascorbic acid (AA) 0.039 Ascorbic acid (AA) 0.004
Vitamin E 47.616 Vitamin E 0.114
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F T, AA & MAK OHIERE 1%, A— =2 % RT7 =4 U EREB L U'DPPH 7 &
ANABEREE UCHE - R L7z (Table 1), AA X, =& TR LHARTA—/R—FF
R7 =4 U EREDH 40 (588 < . £1-. BERANTHT P HILThs DPPH 7 ¥ H Lokt
LTHI L8 RN E RO LT, —F,. MAK @ DPPH 7 ¥ 1 W{HERRIL, AA L HEX
THDLHEDDA—IR—=FF L KT =F U HERII= XY TR ERETHHTZ, &I TRIZ
AA 1B XN MAK @ 2 8 [BRE 1 4% 514 O /2 ML/ FE R 69 D IR A S Tt Lf_o

AKFEH- L7z non-DM BED R M/ FEHETTALE Z » b Tl IMOBSEET X OB IR

(27.8+4.2) FRBDH LT3, AA (100 mg/kg) HE5-FE CIFFEIER (16.5+7.7) BHE T
Uiz, F72. MAK (Lgkg) #EHREIZENTH, AA OFELL EICHZER (125+49) O
B BHERTETZ, — 5. DM 7 v F OKRELEHCI T HHZEHE (65.6% + 7.5) TliX, non-DM
7w FOKEGRE (27.8% +4.2) &, FURSRRE BRI LS LWVHZEROIER (]
241%) DR S, ZHITK LT, AABREGRETIEL, KEB L OHIRO—EH /2O 48
FER (23.0% £ 9.9) 2FRD B, £7o, MAK EGRHECB N T HIZIZFRROSGED R (18.2%
+104) RO O, ZTNHORERENG | MREKO =X F AR 1%, non-DM 7 > k DJE
Mm% L OHERERGEOEGTEDNTHLHDD, DMIZBWTAHMETRE SN o7

(Fig. 4-2), ZHUZKkI LT, AAR° MAK % 2 lfij#5- L 727 v M2\ T, non-DM B LT
DM Ol 7 » N OIKEE 2 B 1B T 5 Z & (Fig. 4-3),

Z 2T, AA & MAK O fijfRF yﬁ%%w ALD—h%xHONCT 5720, Zhb T v b
DR LA b L A & b RTE I DWW CT#r L7z, DM 7 v  (252.8 +£32.9 U.CARR)
DO LA b L AR (d-ROMstest) IZ. non-DM #f (131.0+ 7.0 U.CARR) [ZIHb~_THI 2 54
BICEFLTWe, ZHuzxt LT, DM 7 v F® AA OfE O GHTIE, non-DM FED L

ICETHEA FLAEMETFLTEY (137.3+£32.1U.CARR)., [AIERIZ MAK TiT AA IZ
BEDH% R %2R L7 (109.3+15.1U.CARR), & 512, non-DM BFIZEHWTE, RAERE &
_RTMAK HEICE W AEICIEK T L (843+26U.CARR), ZNbHDZ b, AERANIC
BWT MAK 2858 ) 7efiliefb fedh & UCTHBRES © 2 L avRm@ sz, —J7. Hilefk/) (BAP
test) 1. /KFHAET non-DM B (1875.4 +156.1) (ZLb-< DM #f (1475.7 £67.1) THI 1.3 &%
AREIKTFTLTCW:, ZOZE0D DM BETIEREA N L AR KT 5 — T, Hifg(bie
PETLTWDZERHALNCR ST, ZAUTK LT, DM EEIZ AA 285 L7-#E (14547
+101.9) TiE, L KRERBIMITA N o7, LarL, MAK 58 (1649.0 +
101.2) TIZ, #%hﬁ@fﬁ%?%@@a‘é@ﬁﬂ W v (Fig. 4-4),

Nz C.DM BED BFRAR T OB E LR & &I, 20 U723 COMEZIZ BT non-DM
REL LB 13005 2.0 fEREERE J%Dubﬂ\f:o ZHUTxE LT, DM IZ AA 5 L2 B
TIE, BE. BSRARHIS . B X OMES THEICEELIEE & &2ME T L2, non-DM F[H]
DT, AA S HEOKIZE W THEZRIBRILFE S 2R FARD b, —T7,
MAK #E5HEZRB N TS AAFEL [FARRORE R AR L, & 51T DM BEO/MRIZIB W T H R A
mNFRH bz, (Fig. 4-5),
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Fig. 4-3 Effects of antioxidant on infarction induced by cerebral ischemia in rats.

Representative data of TTC staining from the rats of the non-DM with sham operation group,
distilled water administered (H,O) or AA or MAK supplemented non-DM or DM group with MCAO
with reperfusion (MCAO/Re). AA (100 mg/kg body weight) or MAK (1 g/kg body weight) or water
was administrated once daily for 2 weeks by p.o. Scale bar = 5 mm. The data are presented as mean
+S.D. (n = 6-10). °P < 0.05 vs. non-DM + H,0 + MCAO/Re, °P < 0.01 vs. DM + H,0 +
MCAO/Re.
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Fig. 4-4 Effects of antioxidant on oxidative stress induced by DM rats.

Effects of AA or MAK supplementation on total oxidative stress (A) and antioxidative capacity
(B) in plasma of the non-DM and the DM rats determined by d-ROMs test and BAP test,
respectively. Data are mean + S.D. of 6 - 7 rats per group. * °P < 0.05, 0.01 for statistical
significance compared to the distilled water (H,O)-administered non-DM group. *p < 0.05 compared

to the H,O-administered DM group.
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Fig. 4-5 Effects of antioxidant on lipid peroxide induced by DM rats.

Effect of AA and MAK supplementation on the level of lipid peroxidation in the brain of the
non-DM and the DM rats determined by TBARS assay. Data are mean = S.D. of 6 - 7 rats per group.
P < 0.01 for statistical significance compared to the distilled water (H,0)-administered non-DM

group. "P < 0.01 compared to the H,O-administered DM group.
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Fig. 4-6 Effects of ascorbic acid on antioxidative enzyme activity decreased by DM rats.

Effect of AA supplementation on the activities of SOD (A), CAT (B), and GPx (C) in the non-DM
and the DM rat brain. Data are mean + S.D. of 6 - 7 rats per group. °P < 0.01 for statistical
significance compared to the distilled water (H,0)-administered non-DM group. °P < 0.01 compared

to the H,O-administered DM group.
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Fig. 4-7 Effects of MAK on antioxidative enzyme activity decreased by DM rats.

Effect of MAK supplementation on the activities of SOD (A), CAT (B), and GPx (C) in the
non-DM and the DM rat brain. Data are mean + S.D. of 6 - 7 rats per group. P < 0.01 for statistical
significance compared to the distilled water (H,0)-administered non-DM group. °P < 0.01 compared
to the H,O-administered DM group.
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5|2, MFRE O SOD, CAT B LU GPx DiEMEIE, DM EEDIZIE T X TOMENALIZE
WTHEIE T Lz, 26 0fEFR1Z, DM Ok CIx. Pl bR OTFEHEIK FIck > T
PURBILRE DS IS L . :ﬂ’%of%mxvaﬁ%k?é:k%%@bfwkoL@L\
DM BEIZ AA 85 LT3 E . BERIEMEOIK T3 5220 ST Y . non-DM #E L O 7#IE
mwgn@#otOMKf MAK #5HECB N TH AA BE L IZIZFRIROFE R Z R L, DM
BRI BT DRIEMEOIR T A BEEITMHI L7z, S 612, MAKBETIE, non-DM FRFIZH U\ T
HRE LT 2T —EOiENS B S7- (Figs. 4-6 & 4-7),

UbEDZ ENnB AA B L MAK L, BERFEDEH R IV TR T4 2 il b BERTE
PEZ IR RIGEE L~ LIC F TR, IS TéLMMHEFE%ﬁﬁ N1 1 s RS R/ N
BINIIR o7z, FERFRE COPERLEERIE M OMER L, B MRS I BV CR RN EA
SNDHBIEA NV ADREICLHETHEEZHND, £ T, %ZEH“CW;TAA@HM%%%%
=R b%, FIHITIE MAK OMRGERA T = X L Zfitd 52 LT L,

EOH EIMIEMEEEIC BT AT AN U L AREER A = X A

AA L, IBEMEEZRETHEX I THY , BRSNTZ AA XN T U AR—F—%4
L CHRRICER SN D, BT, BB, KAbIER, M7z & ORI @R CIRFF S 41, AEPREE
REART-7, o, ML AA XL DL ORBILWENFIET 208, TOHFTH AA
TN EEA ST ROS 2 WH RLCHHE - HE T 5[81), £72. 7 v MR~ U AR EldD-
TN a—A5 AA ZERNTEERTHZ ENAETHY, 7 v FTIE 1 HIZ 150 mg/kg
(body weight) # i CA L T\ 5, —J, & MM FOEEHIX, AA ZEKNTEKTE 72
WEORBFFEICLVERT LI EBUATHD,

AIEI O Fig. 4-3 T/RLU7Z X 912, AA BEEE MAMEMEE 2% LT non-DM 3 XUV DM @
WRE CIMERERN IR 2R L2 2 0D AREI TIE AA IS K D IMERE A ) = X 1 & R
Brilie, TOFEFR, DM ORERF 77 Tk, FREFZEVT non-DM BEIZ R TA—3
— % READK L8 EAREICHEM L=k L, AA 512X > Tnon-DM L~ &
T U7z, F72, EI/ARETRLEIZ X0 KIS 2 A —/N—FF o REAITEEE THN
L. ¥Rl ICBWTRBBIMIZE LWL OO, ZOERIE AA BHIZ X > Tl ang-
(Fig. 4—8)0 /klz\’(‘\ TR b= RTxT D AA OZY RGN L 72 #5 %, non-DM B2 L~
AA 1512 10 % 30% cleaved caspase-3 D FEEL M BA L=, F7=, DM Tid non-DM FEIZLE
AT ML/ AT ALE TH) 1.8 (538 BIA L5 L7z dicxt LT, AA #5349 30%38 Bl 2 i L
7= (Fig. 4-9) , MM PEMMEEE OFEFRICI T, RIEKCNBEE2EE 2 R-T 2 0nb, B
T A N AA L ORBUZOWNTHEIT L7z, DM TiX, PRk 5 TNF-oS IL-1B D%
BIATUELTERY , AARGNZN ORI A ARSI Lz, /o, BI/FRERLEIC LY
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S OITRED B Uil A M A % AAFBGEPBEFEITIN TN 72 (Figs. 4-10 & 4-11)
non-DM ¥ R I/ FREFT AL TE Cldk, B ILEKRE ~ — 7 — D MPO {&MEAS sham (2~ TH) 6.8
5 ER Lol LT, AA G TIEIERERFREL ~WICE TR N L7z, LirL. DMEET
L AAEGIZ LY MPOTEEDIR T IR bz o7 (Fig. 4-12),
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Fig. 4-8 Effects of AA supplementation on production of O, after MCAOQO/Re in the brain of
non-DM and DM rats.

(A) Representative photographs of superoxide production detected by DHE staining in coronal
sections of the cortex from the non-DM and DM rats. (B) Quantitative analysis of DHE fluorescence
intensity in the cortex. Scale bar = 50 um. The data are presented as mean £ S.D. (n = 3-4). * **P <
0.05, 0.01 compared with the non-DM control group. * *P < 0.05, 0.01 compared with the DM

control group.
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Fig. 4-9 Effects of AA supplementation on cleaved caspase-3 after MCAO/Re in the brain of
non-DM and DM rats.

(A) Representative photographs of cleaved caspase-3 staining in the cortex coronal sections of
non-DM and DM rats. (B) Quantitative analysis of cleaved caspase-3 positive cells (fluorescence
intensity in the cortex). Scale bar = 100 um. The data are presented as mean = S.D. (n = 3-4). * **P

< 0.05, 0.01 compared with the non-DM control group. P < 0.01 compared with the DM control
group.
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Fig. 4-10 Effects of AA supplementation on expression of IL-1f in the penumbral cortex after
MCAO/Re in the brain of non-DM and DM rats.

(A) Representative photographs of IL-1p immunostaining (red fluorescence) and staining of nuclei
by TO-PRO-3 (blue fluorescence) in the cortex coronal sections of non-DM and DM rats. (B)
Quantitative analysis of IL-1p fluorescence intensity in the cortex. Scale bar = 100 um. The data are
presented as mean + S.D. (n = 4). **P < 0.01 compared with the non-DM control group. “P < 0.05

compared with the DM control group.
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Fig. 4-11 Effects of AA supplementation on expression of TNF-a in the penumbral cortex after
MCAO/Re in the brain of non-DM and DM rats.

(A) Representative photographs of TNF-a. immunostaining (red fluorescence) and staining of nuclei
by TOPRO-3 (blue fluorescence) in the cortex coronal sections of hon-DM and DM rats. (B)
Quantitative analysis of TNF-a fluorescence intensity in the cortex. Scale bar = 100 um. The data
are presented as mean + S.D. (n = 3-4). **P < 0.01 compared with the non-DM control group. “P <

0.05 compared with the DM control group.
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Fig. 4-12 Effects of AA supplementation on MPO expression after MCAO/Re in the brain of
non-DM and DM rats.

(A) Representative photographs of leukocytic infiltrate by MPO staining in the cortex coronal
sections of non-DM and DM rats. (B) Quantitative analysis of myeloperoxidase fluorescence
intensity in the cortex. Scale bar = 100 um. The data are presented as mean £ S.D. (n = 4). *P < 0.05
compared with the non-DM control group.
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Fig. 4-13 Effects of AA supplementation on SVCT2 and GLUT1 mRNA expression in the
ischemic penumbral cortex of non-DM and DM rats.

Expression levels of SVCT2 mRNA (SIc23a2) (A) and GLUT1 mRNA (Slc2al) (B) were assessed
using real-time PCR analysis of the penumbral cortex of non-DM and DM rats after MCAO/Re. The
data are presented as mean + S.D. (n = 3-6). " "'P < 0.05, 0.01 compared with the respective
sham-operated controls. * **P < 0.05, 0.01.
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Fig. 4-14 Effects of AA supplementation on levels of total AA (AA+DHA) in the plasma and
cortex of non-DM and DM rats.
Total AA (AA+DHA) levels in the plasma (A) and cortex (B) were measured in non-DM and DM

* Kk

rats after MCAO/Re. The data are presented as mean = SD (h = 3-6). © P <0.05, 0.01.
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AA X, 2FED T U AR—Z —%4r L CIEAMBIM 28t L. B~ BAT A3 S
TW5b, %112, SVCT2 (sodium-coupled ascorbic acid transporter 2) (%, Ri&#ERL L N= =
— ARBLL, B AA 2T 5, SVCT2 1E, MM/ FRERTALE 12 X - TRELN
ML, AA DE~DOBATZAREET 5 Z L 3sskE Sh [82), AABIXIZTEICZSVCT2I2L 5
DEEZEZLNTWD, #5212, GLUTL (glucose transporter 1) (%, MiEMBEIM R L =2 —
BUACRE L, L a—ZA0EEIET TRBE AA DT E Re 7 23 /L U (DHA)
OEREIZ HBIE LT\, GLUTL X, [KEEERFIZHEE S 285K+ HIF (hypoxia
inducible factor) (2 X > T, HWEAHHEND (83), ZDL DT, Wi b T AR—F—I%,
FEIM & BHECEE L TWD Z ENMBNTND S DODFERIFIE CORBIZ OV TOFEMIT
52 TldZev, & 2T, SVCT2 (Slc23a2) X ONGLUTL (Slc2al) Difs I8 Hi % fig bt
L7z, ZDfEF, SVCT2 (SIc23a2) 1% non-DM 35 L OXDM Dt & ¢ AA 5 IR 53
PR CORBUCEITFRD Doz, —F, BIMFERERLEIZ X > T, non-DM & Tl
AA B 51ZB8 59 SVCT2 (SIc23a2) DFEBLA LA L7- DIzt LT, DM FETIEFEBLUEM
FROLNT. AAREEEHCIB W TORIEENEEM L7z, GLUTL (Slc2al) OFEHLIL, FHEF
@ non-DM (Zkt~T DM THIFME TH - 7275, AA R GAZ L > THREE & 2 (5 BH L
7oo Fio. EIM/FEERALES TIZ, non-DM B L O'DM EEE $12 GLUTL (Slc2al) JEHLAS
BHEIZ B L7 AA BRBIZ X D BIT 0 bivZeir o7z (Fig. 4-13),

M AT T, Rk O 7 A 2L B L FE<° GSH (glutathione) 2357892 & O (84,
85), 2 b= RV FREHEA LI X 5iEE 2 ROS 205l & fh#+ 25 1T AA OffifeI X EE
Th D, FATHIEICIBN T, FERIFIC K D@k TIX, -7 /v a — A DHEAHEFEICLY
MIEMNBIF 0> GLUTL ZEEL il S 2 & il (86) 1%, ARIOMEEIZIIT DR A X
FT560ThHo7z, 72, Seno DOt MEFHIRN AL EZ AW -HiEIic L 5 &, TNF-a
R IL-1B7A% SVCT2 Z#ifil L. AA Ok ICHEL KIFT 2 b (87). HIM/FRERE DR
JRIFHREIZ I\ T SVCT2 ORBU D IZIIRIEDEENEL G L Tnbs b EE 2 bz,
RO T IS KOV NI 1T 5 AA B EZRIE L7k R, mEd <13 DM #£0 sham
B L OE M/ AR ALE % O AA B3 L, AA B 5 RECIEREIRIFRE L ~LICE Tl#E L C
Wz, —J7, Bk TIL, non-DM @ AA B HRETIL, sham IZBW T AA BN EH L7, £
7=\ R I/ FE R ALE L K > T non-DM & DM OiET AA EME R L7k LT, AA
ERETIE sham BEOIRREE T AA BN L 7= (Fig. 4-14),

LLEDORERG | FERIFRE TIE, R IML/FRRER %2 SVCT2 OFBUIEMATRO b7, b
AR LVRIZE DM O AA B Z BN TV D ATEEME L & I, A AA OFEIZREET 5
GLUTL ORI EF N LBUMEAMAICH D Z LD, 25 2 S MEEELOFER & /e
STNDEBZ LNz, ZHIZX LT, DM 7 v b~® AA B:512 X - T, non-DM it &[]
LAYUZE TR IV AR—F —OFRENPLEL THNDH I END, AA DIR~OBITEN R E
ST ABEMEDSRIR STz, fE- T, AA DIE~DBAT OIS X - TMO RE M/ HHERIC & 5
W 22 ROS OPEA 24l L. a@E LIS RE AL O 72 & 2VEE RIS IMEEIC TS LT D
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Fig. 4-15 Effects of MAK on infarction induced by cerebral ischemia in rats.

Representative data of TTC staining from the rats of the non-DM group, treated edaravone or
MAK non-DM or DM group with MCAO with reperfusion (MCAO/Re). MAK (1 g/kg body weight)
was administrated once daily for 2 weeks by p.o. Rats were administrated with MAK before
MCAOI/Re and sacrificed 1 and 3 days later. Scale bar =5 mm. N.D.; not determined.
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BEV R AN 55 C U, R H D ERAL IS AR U B aE ol dE & & 41 48 BRI DARRIC iR ~
AT T T IR E NN D EBIEME RIS S STV D, 2 E T MAKIIZ L 5%
RN R OBREHE, B/ 24 FEE% CTH D Z Lo n . Alal 72 R O RIZ2N T
HLIBMLU TR 2 Z Sic L, =¥ TR ORE L lgRa Lz, £ OMEE, non-DM o=
H TR CEERECIL, EBiME &S X OUE i/ FRERE IR E U 24 FEE% 0856 & |
1 B 18] 72 REEIM: £ CRIEH L LT-REIC B W T MR OB E R dGENTRD b iviz, —F,
non-DM @ MAK - 5-RE Tl mE M/ FEHE 24 W CHEZ ZndeEmn b, 72 BRI
W 24 BEEIPE & bl U CRZE BT THE N L 72 & @ @ vehicle B & Hb_Csid Lz, Zh
(2% LC DM Ti&, non-DM BETRO BN L 9 R X TR OFRITEL B INT,
MCAO B4 O 5 TIX AN 24 R ICHB W TE T OMGIBH A H o 72 DD 72 FffH
“TIHELLENBD DN o7, —F, DM © MAK 58T, M/ mHER 24 Hef
BICBWTHBHERGEN AL SN2, R 72 R IS W TIIRZER OILR D580 6
iz, R, vehicle BECIXFHEN 72 I £ TT v MBVEFE LR 2 72DIZX L, MAK
P 5B CIIAEZER OJIEERD Do T2 b DO DOFK) 70% (6 VL 4 J8) OERNS AT L7

(Fig. 4-15),
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Fig. 4-16 Effects of MAK on neuronal apoptosis induced by cerebral ischemia in rats.

Representative photographs of apoptotic cells detected by TUNEL staining in the cortex coronal
sections of non-DM and DM rats (A). Quantitative analysis of TUNEL-positive cells index in the
cortex (B). Scale bar = 100 pm. The data are presented as mean + S.D. (n = 4). ""'P < 0.05, 0.01 for
statistical significance compared to the distilled water (H,O)-administered non-DM group. *P < 0.01
compared to the H,O-administered DM group.
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T MAER RS OEALITITRE A B LRI RIEIC K Db RESHEE LTS, =
IETORERID DM BEOIRIZEB W THRIEN T TIZERL SN TV D AJREMES R ST
HZENDL, ZNORIEOHIE G MIEMHICEETCHL EEZOND, £ T, B/
FEMRALEIC L VBB ENTMO T R b — 22545 MAK O %, TUNEL %efaikic &
D, E7o. RIEBER 7 OFRE A ARG AEE AW TG Lic, ZO/E. RE~TS
> 77 @ TUNEL BRI, non-DM Bf & kil LC DM B CIIF#EN 3 REf D H A BICHY
M7z, ZAuzx LT, non-DM 3 LT DM ® MAK #5-8ETld, BRI A = I
L7= (Fig.4-16),
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Fig. 4-17 Effects of MAK on expression of inflammatory cytokines in the penumbral cortex after
cerebral ischemia in non-DM and DM rats.

Quantitative analysis of IL-13 (A) and TNF-a. (B) fluorescence intensity in the cortex. The data
are presented as mean = S.D. (n = 4). ""'P < 0.05, 0.01 for statistical significance compared to the
distilled water (H,O)-administered non-DM group. ***P < 0.05, 0.01 compared to the
H,0-administered DM group.
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Fig. 4-18 Effects of MAK on expression of inflammatory factors in the penumbral cortex after
cerebral ischemia in non-DM and DM rats.

Quantitative analysis of COX-2 (A) and iNOS (B) fluorescence intensity in the cortex. The data
are presented as mean + S.D. (n = 4). ""'P < 0.05, 0.01 for statistical significance compared to the
distilled water (H,O)-administered non-DM group. ***P < 0.05, 0.01 compared to the
H,0O-administered DM group.

e T, R/ FREVEAL E % O SAE RN BT 5 IL-1B38 L O TNF-afE A 1255 MAK
DR PSRRI XVl L7 (Fig. 4-17), T OFER, Efn OB LML T,
DM E£®D sham T3 TIZ IL-1B1E4) 3.6 {5, TNF-ol LK 1.4 fi5 L 88U, F#EN 3 FEMI CHE
(2K L7= (IL-1B : non-DM ; 0.03 £ 0.01, DM ; 0.75 + 0.20, TNF-o. : non-DM ; 0.04 £ 0.02, DM ;
049+0.11), ZAUTH LT, MAK #ERETIE, IL-183 L O TNF-aD3E HL AN FEE R 3 IFH

(IL-1B :DM ; 0.27 £ 0.07, TNF-a. : DM ; 0.09 £ 0.06) 75 A E 4| S iz, Wiz, RIEMEY
A FIA N K- THEEND COX-2 35 LWVINOS DFEBLA FIERIZFHE L7 (Fig. 4-18),
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(A) ICAM-1 sham 3Re 24Re
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Fig. 4-19 Effects of MAK on expression of ICAM-1 in the penumbral cortex after cerebral
ischemia in non-DM and DM rats.

Representative photographs of ICAM-1 immunostaining (red fluorescence) and RECA-1 (green
fluorescence) in the cortex coronal sections of non-DM and DM rats (A). Quantitative analysis of
ICAM-1 fluorescence intensity in the cortex (B). Scale bar = 250 um. The data are presented as
mean = S.D. (n = 4). "'P < 0.01 for statistical significance compared to the distilled water
(H20)-administered non-DM group. **P < 0.01 compared to the H,O-administered DM group.
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Control
MAK

(B)

[ER
o

[%2)

>

Y]

3

3Re 24Re

©
|

[ non-DM + H,0
[ non-DM + MAK
Ml DM +H,0

DM + MAK

fluorescence intensity

Fig. 4-20 Effects of MAK on production of MPO after cerebral ischemia in non-DM and DM rat
brains.

Representative photographs of leukocytic infiltrate by MPO staining in the cortex coronal sections
of non-DM and DM rats (A). Quantitative analysis of MPO fluorescence intensity in the cortex (B).
Scale bar = 100 um. The data are presented as mean + S.D. (n = 4). * ""P < 0.05, 0.01 for statistical
significance compared to the distilled water (H,O)-administered non-DM group. **P < 0.01

compared to the H,O-administered DM group.
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COX-2 iZ, sham (non-DM ; 0.08 +0.02, DM ; 0.13 +0.08) . i 3 W§f (non-DM ; 0.12 +
0.01, DM ; 0.50 + 0.04) 35 & 0% 24 ] (non-DM ; 0.27 +0.03, DM ; 0.36 + 0.05) DWW A2
WThH, DMEETEORBENBEITH R Lz, 2 LT, MAK&ERETIL, COX-2 D

(24l S 47z (sham: DM ; 0.05 +0.01, 3Re: DM ; 0.08 + 0.02, 24Re: DM ; 0.11 +
iINOS (Z-2V T non-DM 36 L UF DM ¥ CHREIM/FFEGRIZ K 2 fRRFA 72 FE B3

HENHRIZ

0.01), XHlZ, -

PO HAL, PN 24 FEEIZI UV Tid non-DM  (0.22 £0.05) & bkl LT DM (0.36 £0.12)
Zxt LT, MAK $:5.#f (non-DM; 0.10 +0.03, DM; 0.16 + 0.05) T

THBIZH AL, i
1%, Z ORBELDA BT S iz, e T IMENZIZEB W THFEE S 415 ICAM-1 1%, non-DM
5 £ OV DM B CRE M/ FFER AR BOICHE NN L7, $£7=. non-DM & tb#EZ LT, DM @ sham
#£ (non-DM ; 0.02 + 0.03, DM ; 0.12 + 0.02) I3 S ONF9#EE 24 5[] (non-DM ; 0.29 + 0.07, DM ;
0.94 +£0.24) TEHFIZHEBNHAK LIZDIZx LT, DM ® MAK £ (0.32+£0.11) TIEZ D%
HAAFICHH SNz, LorL, non-DM ® MAK BEZ B W TRELCZLIZERD bgd-

FOACEMIEA FLRACE D7 a7 U T ORI

2 VHE—F 22N T

IFHER L, DM IZEBW T 3 BB L O

7= (Fig. 4-19)
2. RE I/ FRERALE
BEtT o7, 7V =N TEHEbEND I e~ L F 2 —E (MPO)
XY MPO JEME
I LT, MAK B ERETIE, R /PR RE R

P U7=, FORER. M/ AR
24 FFfE#% T, non-DM & bhEE L THER L7=, Z4uiZ
Lo THEEINDIRIERGE

AL X 0 HEK L7= MPO TEMEDS 24 RfEI#2 1A Bl S 7= (Fig. 4-20)
VL EDFER S MAK @ 2 RERE O %503, BRI/ AR ,
L. AfRSEE M5 2 & CTINREN R 2 R 2 E B bNT,
= (in vitro)

LR R A T X D HMGBL @ i BN EFH o
Eeo—RKIZ, fiZAN HMGB1 © &

HH*

%4 i
H2E E1EICBWLT, DM v kOB ik piE
EEDRRELSEELTWA Z EARIBI LT, %@*Aéf?é: L. AR ThHIITHRsH
DEEWNIZFAET 5 HMGB1 7% DM BE CHIFRE 12 < 388 H v, BRI st
S5 Z & TR R U TRIE - M2 FE T 5252550 THD, &2

Z P ATFAE
S JE IR LT %

AT, AT B MAK X, IS )T LT R h—3 R 721 Tre < EESEIT KR LT H #Hl
Eh R & HMGBL Ol i N 25 8) &

DWTHETT A Z Lz LTz,
L. feWCHERI ek

B
2 1t

e
TERZ/RTAEEMEA RSN TWD Z & 005 MAK DM R
DOEEZHASNCT D720, 5 4 FiClE, RERET R MO PCL2 MRZIZRT LT, Akx Z2ifl]
Wz X 5 HMGBL 0% #6252 5 MAK @ Z LT LT
97, PC12 MifEIZ 1 ug/mL 3 X TV 100 pug/mL & MAK % Fij4l %
A R LA E LT 250 uM H,0, T 6 FFRIALE L 7= 1% O AN OTEMERE FFE O £ kB 2 0E L
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T2 ZOFEE. MAK OPE KA L CHIM OISR SRR R 2 L= (Fig. 4-21), A=
% LEIZBWT, MAK 28 DM 7 > kOO 2 sl L, Wi bEEE4 K TS
:kﬂe\MAKﬁﬁ@ﬁMﬁ@SE%%W%#ék%z%ﬂko
N T, BIMEMEERFORIERA T 4 =—&— & L TO HMGBL1 OMIfaNZEENIZ 5 2 5
MAK D823 L7, B (LA R L 20D H,0, LU TIE, FIFAEZIN D & HIfE
® HMGB1 OFRATIZHNZ THIRSA~DHUH AT BT DI LT, MAK Z R E L 724l
JECIE 1 pg/mL DKL 2RV T HMGBL O 3 il < vz (Fig. 4-22), F£ 72, TNF-a
<° recombinant HMGB1 (rHMGB1) THLE L 7=HIfEiZ\ T b [RAERIC HMGBL ORAT - ik
DHER T X 7223, T OMFEIWER X E IR E O MAK FINC X - TIRD b iz (Figs. 4-22- 4-24)
I DOFERIT, BRI A b L AZIC K DRIEDOBIAIC MAK 2SI RICER T2 — 5T, &
MEEZ R ERIEO T B ANOETZOM L, Z Ol Tt &7z TNF-a° HMGB1
Wk LTI R R S 7N 2 & 2RI LTz,

200

150

a1
o
1
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|_\
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o

Control H,0O, 1 100
MAK (ug/mL)

Fig. 4-21 Effects of MAK on production of DCF-DA after H,O, treatment in PC12 cell.

PC12 cells (1x10° cells/well) were preincubated with MAK at the indicated doses for 1 h and then
treated with H,O, for 6 h. Product of ROS were determined by DCFH-DA stain. The open column
shows the control group and the closed column shows the H,O, group and the hatched column
shows the MAK group. Data are means = S.D. (n = 3-4). *P < 0.01 for statistically significant
compared to the H,O, group.

73
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Control
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MAK >

Fig. 4-22 Effects of MAK on translocation of HMGBL1 after H,O, treatment in PC12 cell.

PC12 cells were preincubated with MAK at the indicated doses for 1 h and then treated with H,O,
for 6 h. HMGB1 localization was determined by double fluorescent staining with anti-HMGB1
antibody (red) and DAPI (blue). Arrowheads, HMGBL in cytoplasm.
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Fig. 4-23 Effects of MAK on translocation of HMGB1 after TNF-a. treatment in PC12 cell.
PC12 cells were preincubated with MAK at the indicated doses for 1 h and then treated with

TNF-o for 16 h. HMGBL localization was determined by double fluorescent staining with

anti-HMGBL antibody (red) and DAPI (blue). Arrowheads, HMGBL in cytoplasm.
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Fig. 4-24 Effects of MAK on translocation of HMGB1 after tHMGB. treatment in PC12 cell.
PC12 cells were preincubated with MAK at the indicated doses for 1 h and then treated with

rHMGB1 for 24 h. HMGBL localization was determined by double fluorescent staining with

anti-HMGBL antibody (red) and DAPI (blue). Arrowheads, HMGBL in cytoplasm.



R

HHHI T|EHESRIREERES A X 2 % O HMGB1 O i #ii 7EH o #5 (in vivo)

RO HEAR AN 2 FTV T2 B0 . MAK SRS DRAE A b L A LZIEIS L CRITIN D
ROS £k 24192 & & &2 HMGBL fH 2RI THIfI 9725 Z L S BT o 7o, —
%7 TNF-aX° tHMGB1 334 Tk, HMGB1 O #5340 Z88) & i I £ D MAK 12 & > T
W L7z, 2T, AETIEDM 7 v b OIS I RO R EELIC b5 % 70— %
WCHEHL, ZOREOF| &L LTEXLND HMGBL 2~ —h —& LT OFHE) & &
T5Z & T MAK DIMERGERNR & OB 2 faatd 5 Z LT L7,

(A)

(B)

4 Isham 24Re

[J non-DM + H,0
[E non-DM + MAK
Bl oM+ H,0

DM + MAK

Fluorescence of DHE relative to
sham-operated non-DM
N
|

o

Fig. 4-25 Effects of MAK on production of superoxide after cerebral ischemia in non-DM and DM
rat brains.

Rats were administered with MAK (1 g/kg body weight, once daily for 2 weeks by p.o.) before
MCAOI/Re and sacrificed 24 h later. Representative photographs of superoxide production detected
by DHE staining in the cortex coronal sections of the non-DM and DM rats (A). Quantitative
analysis of DHE fluorescence intensity in the cortex (B). Scale bar = 100 um. The data are presented
as mean + S.D. (n = 4). *P < 0.01 for statistical significance compared to the distilled water
(H,0)-administered non-DM group. °P < 0.01 compared to the H,0-administered DM group.
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(A) HMGB1 / DAPI (B) HMGBL / NeuN

Time after reperfusion Time after reperfusion
3Re 24Re sham 3Re 24Re

Fig. 4-26 Effects of MAK against translocation of HMGBL1 after cerebral ischemia in non-DM and
DM rat brains.

Rats were administered with MAK (1 g/kg body weight, once daily for 2 weeks by p.o.) before
MCAOI/Re and sacrificed 3 h or 24 h later. Nuclear localization of HMGB-1 expression in neurons
from non-DM rat brain and DM rat brain after MCAO/Re. Arrowheads, HMGBL1 in cytoplasm.

Insets are higher magnification micrographs of the cells indicated by arrowheads.

£, I/ FERE % ORI TO 2 — =A% 3 FEEAICK LT, MAK 2852 % %%
% DHE Y0 L0 gt L7z, T OfER, sham @ DM BETlX, T TICA—/R—FF K
DK 2 A RIS L T2y, MAK #5102 K > T non-DM #f & [ L~/LZ £ TS L
Too —J7. REIL/FHERT 24 BRI TlX, non-DM & DM BEDMRE &L HICA——FF T R
DOPFELEDNTEEIZHEM U728 MAK #5101 L » Tt L & non-DM BED sham & FREEIZE
T L7z (Fig. 4-25),
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DM Ok T, BIERZRIEA R L AREETHD , B 1 FE H 1 ETRLEL I
TBARS fED AN ;@fﬁgwtl LTWbbDEEZ b, £/, DM Tl i/ it
RLEIZ X > TAR—=/8—F %2 ROFEAN S SIS L7223, MAK #6512 & » TEDOEAN
BEHEE P S 72 2 & 0D MAK IZEMERY 22 8 (b A b L A D F 70 b TR/ FFETRIC X DR
bR ML AZBRRET 2 &B 2 b,

JE L/ FFHE L% O HMGB1 OFIIENZENC KIET MAK OER %2, MEE T 7 F O
WO R 2 W7o S s e el X0 T L7, 2 OFER. non-DM BECTik, M i/ fF b L
24 2 I BV TRERAIIE O HMGBL 23 N7 HHIWE ~ATT 5 2 & DR HALTE A, 2
HEDO MAK %57 v MZBWTIX, ZOBRITEE A RSN -T2, —J7. DM EE
CULME ML/ FREVEALE TN D HMGB1 ORI E AT Hiv, PR 3 REEZIZI3F Y &
DBAT L= DIk LT, MAK % 5-8£TlX HMGB1 OAIIESM i D 772 & HIIE ~DRAT
b BEEICNH S A7 (Figs. 4-26 & 4-27), ZVE TOEEBRMN S | R M/FERERZICIT, B 7
PIERE N F DOPEAENTTET 5 Z EBHLMNITR > TS, 22T, £ DRFORE%
"% NF-xB OB 24 L= & Z 5. non-DM BETIHEIMIC X 0 #&E 72 NF-xB OEE84T
DD HNT=DI LT, DM BT, sham T TIZ NF-kB OEEWNBITOVEIZR Si, R
BIZE D EHIZZOBITMEE S TZ, —F . MAK EGIZ XV ENBITH A RIS S
7= (Fig. 4-28),

VI EOFER D MAK & ML/ O ROS FEEAZIHI L CRIEAT 4 =—H—D
HMGB1 (T X 5 Mifa NIEHIsE T 27— R &3l U CRIEBDE R+ DO FRHR S 7 F VR iE
FROIGHALZIHI 5 2 & CBEEOHBE AP LB 2 b D,

sham 3Re 24Re
non-DM DM non-DM DM non-DM DM

HMHMHMHMH MHM
HMGBL1 -~ W -,

Fig. 4-27 Effects of MAK against release of HMGBL1 after cerebral ischemia in non-DM and DM
rat brains.

Rats were administered with MAK (1 g/kg body weight, once daily for 2 weeks by p.o.) before
MCAOI/Re and sacrificed 1 day later. HMGBL1 levels in cerebrospinal fluid sample after MCAO/Re
non-diabetic and diabetic determined by Western blot analysis. H, H,O; M, MAK.
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Fig. 4-28 Effects of MAK against NF-xB activation after cerebral ischemia in non-DM and DM rat

brains.
Representative Western blot of NF-xB in cytoplasm and nucleus extracts from the non-DM and

DM rat cortex. H, H,O; M, MAK.

968 |EESRERIER Y L =X TR OO HRNR
REEE 2 fi T, RIM/MAVER 24 3 X OV 72 BER#% ORZEHIZ 1) 5 non-DM 35 L. 1O DM
BT X TR MAK ZIZVHEIM T ORMEEN T OV TEMIE L 7=, & DOfER,
non-DM BETIL, =X TR U PIRFIZEORKICAEZN TH D Z & 2T —F7C, DM BETIEIZ
ENEEDRO Lotz 2R LT, DM 7 v M2 MAK % 2 #R# 05 Uiz
BETIX, /BT 24 WE[E 4 O R R CIIEIE R ORI 338D H L7223, MAK £5.% Hil
L7c 72 K[l TldS o7 M ECE TR EEICM - 72, £ 2 T, MAK % 2 B[H#
A5 L7z7 v MOBIM/FER% =& 7 R A% FEii LT, MAK & =X R 12 X 5 0F

FZh 3% non-DM & DM 7 » b TRgt L7z,
KIRT YA % Fig. 429 |TR L7z, ZHETHOL D12 non-DM B L UDM & ER L, 8
Wi H D 2 MAK (1 glkg/day) ZfR$5 L7z, £0%, 2 KO MCAO 170>,
PRUEDR 24 WAl L O° 72 BFRIR ICAMMRR 2 i HH L7c, —J7. DRAIEEIE. MCAO EfR £7213
FEREZN DX TR (10 mglkg/day) % SRS L. 24 Befds L O 72 BER4% 123

fliL 7=,
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STZ (50 mg/kg, i.p.) Reperfusion
or (Re)
citrate buffer (i.p.)

J MCAO
1 week 5 weeks | 24Re 48Re 72Re
SD rat | | | % —— + | Kill
1 + +
(4w, o) 2 weeks T : 1 : I
T Edaravone (10 mg/kg/day)
MAK (1 g/kg/day, p.o.) 1 - 3 time administrations

Fig. 4-29 The experimental design.

Edaravone (10 mg/kg/day, i.v.)

non‘DM Vehicle MAK Immediately Immediately
after MCAO/Re after MCAO

24 Re

MAK (1 g/kg/day, 2W, p.o.)
+ Edaravone (10 mg/kg/day, i.v.)

. Immediately Immediately Immediately
Vehicle after MCAO/Re after MCAO after MCAO/Re

Edaravone (10 mg/kg/day, i.v.)

D M . Immediately Immediately
Vehicle MAK after MCAO/Re after MCAO

MAK (1 g/kg/day, 2W, p.o.)
+ Edaravone (10 mg/kg/day, i.v.)

. Immediately Immediately Immediately
Vehicle MAK after MCAO/Re after MCAO after MCAO/Re

Fig. 4-30 Combined effects of MAK and edaravone administration against cerebral

ischemia/reperfusion injury in non-DM and DM rats.
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non-DM @ MAK 35 X VT & 7 AR o O B P 5-HE Tl M IM/FFREDE 24 IRef) 14 CRAZE 7ol
FEHROGEN RO, 72 FFEHZICRBW T 24 BRI & ol U CREZER I T L 72 b 0
@ vehicle Ff & bR THRZER O RS IIH STV, 512 2 lHO MAK #5112 T
MCAO/Re EAZIZ= X 7R 85 UT-OFABECIX, B 72 FEICB W CH AR
EAERD LIRS TZ, —F7. DM O MCAO Hk DT Z R G5RHETIE, FHER 24 I
FZIZB W TETOMBBIRMRH 72 b DD, 72 FEE# TIEa WERRD b o7,
F£7-. MCAO/Re [EZDTH 7R 5 TIIHRPRBO o7, MAK 58 TIE,
J ML/ FREDE 24 BRI ICHB W T HBE RUGER A bbb OO, R 72 FiEZIZB W T
IHEEMNER L, L, =X TR & O HRECIIHERER 72 B Ic W\ T b %
HoELWIED AR b7z (Fig. 4-30),

BT AREONE

ARFETIR, MEEOBRREEZ B & L7ofdh « BT & 2 IMRE RN RIZ OV TR L
72. B LHEITIE, MAK S AA 2 —EHBREO#ELG L7 DM 7 v MZBW T, B{EA F L&
DT 5 & & BICMEEOBHE RUENRNTRINT, 6D & LD, MAK X AA
OEHEEIL DM 7 v MENOEEEA N L AZBIE L, B rERES S 2 R R %
AT HDEEZ LI, FRZ, BIPHOMHEBE CIZAA BERE LR T2 226,
h=y R TREER LI L 5i0E 72 ROS 2 bilfkZRi#T 2 LT, AA OGS LE e b
DEEZLNT,

F2HTIXAA D 2D b T v AR—Z —ORBURZ A Lz, TOFEE., DM Ti
AA k2B 5 SVCT2 & GLUTL ORHENME T LTEY ., AAFLEIZLY Zhb F T
AR—=F —DRBNYEE STV AA DIF~OBATEN EE D 2 & TRML/MRERRIC X 25 72
ROS FEAENH ST &B 2 bz,

% 3 HiTlE. MAK OMRFEMFETICOW TG L7z, FATIFE 6 MAK HHIZI3FERIC
2L ODPBILRSNEENTEY, ZOF T Y U ABRE AN=U VBRSO PIERLIER 2
HDHZERHLNIRSTNWD, TTITTY U HEEN, 2 BBERF~ 7 A % AW - KER %
I (H/D) AVEICBW CTMRED R Z R T Z ERAL SN TE Y, AlRlo 1 BRI
7 v MZBT DMREDRIC T Y VHBOFERZZ DD, S HIT, /AR
ICERT DRSS T, BT 7 1280 T TNF-a, IL-1B, COX-2 DFEHLAHE AN
T5HLELEHIT MPO JEMED EFT 528, MAK OEBEREIZL > T b ORBECEENE
Ll Ens ZEDBHONER> TS, AT, PERWIERE TR LARTD & SE K
JEEE SN TEHY . 2 BEO MAK #0552 K> COFFERIFBL~LICE TR T4 2
LD D MAK OFLRIENER 23 MMM F 25T~ 2 IR R DO — R L 7e o TV D Z &R
iR HERR ST,
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IHIZ, BAFEE SHTIX, RIEAT 4 =—F— & LTD HMGB1 DOffifaNZE) % 15
& LT, MMM EIZRT 25 MAK OFER A 1 = XL Z it Lic, 858 IaZ vz in
vitro SEBRD 5, MAK 23 BER LK RERIC L0 ikt S5 HMGBL 2K F #5628, &5
V2 R 2 D 72300 B MAK XA — S —F % REEAZIEIT 5 & & 612 HMGBL @
AR T ST, £ < ORIERERF DO FBUET D DB K+ NF-xB OIEHE(L 2 #0ifil3
D ENHLMNNC o Tz, LLEORERI D MAK IR MMM (25 U M R4
L. COIERBEFFD, BEERICBREIPEL S D ROS OFEAMG, Z i< HMGBL O
R A i AR I & > TRAEMERIE R 7 O3 BLNHI & Milast 2 Bh < & & 2 b,

ZAVETIZ non-DM 7 v MZ X ABIM/FHERZEO=X Z R eh HHWE 2 #HEO
MAK #5- OB T 24 i), d6 O 72 REfEZ OMFEE N E N D Z E B BN - T
Wd, ZHUCH LT, DM 7 v MIBW T, Zh b BT K 2 MkEEE O BB R 3 id T
Rz &b, FHeHITIE, 2O MAK R A#EE5%D T » k% T MCAO/Re [E£IC
TH TR E G T L0 OMRENRAHE Lo, TORR, OHHTIE. AR 72 REH
OFFFERNPZE LD Lz 2 Eonh . FEAIEM IR LRI ROWEH T T, HiEkkie
EETHEMEHONUOEIT D Z LI - T, IMEEZETX 5 a[REMENRE S
7=o BiH. Al - Ay OB EI TR IMMEMEEO U 2 7 KBICA I TH D LRI
2, EEGEOFRZHEICAT) 2L T, ZNOFMTOMRICEDIREFRBEN I EOND
LoEEZ LN,

83
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o5
St
o

AHFFE T, BEIRIF IS —BPERRR I & OF 5 U 72 BRI 42 U 2 IR IE O B B Y 2 B 5 28
THIEEEMET DL LT, ZDOWEH - PHICHES TE HHREERLOFME L T DH M
PEREETHZ L2 HME L, B 13T, —mMENE MO A ~ L R IREEZ FEM
T % &GS IR O AR FREEICOWT DNA = A 7 0 7 LA fEHTIC X 5 8RR 7 T
735 DM — @ PEMEE 2 OF 76 U 72 B4 U 2 M ZE 0 R - 2 HEE L7, 55 2 35 Tl
R AL =2 31 D AINASEICIER L, BRo k7 n— Y ZARBEOB| 4 L LTEZLNT
W5 HMGBL ZZR 5y 1 & L, JRIEMICE T 2 BN ERFIc oW TREf L7, & 2
AT, MILE BT 5 A 2 Ia WAL INEEZEFE % O 4.5 FFHLIN TO t-PA IZ L 51
RISIRIRIED T B0, BRIRIHKI 2SIk 0| t-PA BB T2 ZERE D 3-4% &
D TLROONBIRTH D, £ 2T, $I3ETIIINE TOEMIEMEET(LD A =
KX INZEE SO MEIEDIRIR & U CRIEICER L, FiREA %2 B L7-BEFOIERITH D
ETNIC LD RAHE Lic, SHIT, HAETIE, WHEEICLLEEOENLDOY X7
WA HEE LT, REBERICH 5 C & e f oMl & = of A4+ 5 &4t
IZRAhE =X TR OFAZRIZ OV TIRET L=,

AN HSE | LT O#EEHLNCT 22 N TET,

1. DNA ~A 27 a7 LA iEZ AW BIR FREBLOMMER R RITRE RN O . R I/ FERIC &
0 RIECEALA b LA 7R M= ARG 2 BI5 FORBINRERHHERE & & b
ER U7, 61T, FERFE CIXIEFEIRINIE T v MR T I HBE T OFRB LA
PR LR O BN OEEEIC L L TRV, 2D OZEEHERIFREIZ I\ T likkE
ERWMEIEL -RLR->TNDH I ENRENT,

2. BEIRIEETIL, FEHREEDOIERNEEEA b LA EF U, B CrIpuie i OiE TR
TEEBITHEEIRE NN LT, £2. TNDDOMEA b L RRREIZ X > TT TITR
JiE SN S TI Y B 72 2 M M/ FRE D 2 il & L Caliel 72 S E RS <o S 203 5
R0 5 HICHFE SN B2 b5, T b ORBEIRRISN 5] &4 & 720 i iEAKEEM
DRFEDFHFE S AL, PERWE CIIMIEEFEZ S IS b0 EEZ BT,

3. MERINAE TIE., BRI/ RS O RN D ABICHIENE LD b, X7 a— A
FAR S 5 WFEES 5 HMGBL N RO RIEN N FIEZ T H EE 2 Hiviz, 62, &Ik
RIEC, ZAUTHE I B A N L A DM IRFEE O /2 A HHEICES 5. L T\ D Z L 2VR
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BEns, BiH, Mgt HMGBL oL, EiitEEEDO B[ ER & 20 RS T
FIZBWTHIIAEZFHET 5 6O EHELE ST,

o BTN, M PERREE 0 U CTIRESNR A2 AT 5 alREtE s R S b DD Z DR
DFEBITIRGTIETRE A S, BV OMR#EIE L L TOBRRITITNT LS A%
TlEeneE2 b,

. HERTREORMHARE T, BRLA b L ADTLHES X D HIBMLEERTEE DK FITREV, iR
{LIRE OEF 2 EREARD DI, SHICRIENFHE SN T, 2 OIRRETO MM I/
FERALE X, MPEE A LB, —F. AA° MAK O 2 JERR HB513,
BH OBRLA b L ARLMO PR LEERIEIE O T 244 5 & 3R LiE E R IE
ZIEREIRIRRE L~ WIS E e U, [RERZ2BEAIT#2 O MR A 8880809~ 2 2 & S H v 72

277,

. AA R MAKIZ K2 RPN 2% 2 PR R, FREFRFCERIC EA S D ROS

OIHENZHE < HMGBL Ofiash i DK Tz X - T, RIEMEESE K+ o R BN & i
WHESZ LIk DD THL LR INT,

. MAK Ok Ze 5 & — i VERMIE M A AER D= & T R > D53, FEIRIFRERE O if

PEAR PR T A BREE SRS S T, BDD ., SRR S O MR BT, R i i e 5 7 e 95
% LIRS, FEANS K D I6HR & M D AREVE 2 7RIk LTz,

Vb, AWE TITEMMEANIES A 5 = X L ZFEMICHET 2 Z LN TE 72, KR, BER

JRE T TR L 2 fF 58 L 72 BR D IMPEE 239009 2 A 71 = X L2250\ T, HMGB1 0% 5%
PAOMMIT DI LN TS, S6IT, BRRNIRIEA b L AR 2T 5 R0 - BT DS,

W O U 2 7 BRI 54 5 nTetE e B U, iR & o 25, & @ QOL A ki
MO THNTH D &I 2T — 2 3kt 7o,
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e

AIFFRICEE L, EED LUVMIFET —~ & 52 TWe72< & 3RS TR QNS ZHifE %
0 & L7c SRR POIER ARBEFRRE A B BidRIciRER 5
HBERLET,

AWFZEITER L, #hh TR D THREW N ZHIEZ B D £ L7z IR KPR P A5

BB IER SRR [l SR BiRICIRRE R 2#E 2R LET,

ARWFZEIER L, #4p ZHREW N T E 250 £ L7 R R G A IeR AR D51
SRR AR i BhENCTRIEE R D HE R R L ET,

AR L DOHEEZ N2 E £ LI RFPRFEEIE AR mib el I - &
o WPERTFRZPGHEIER RETRE B ERICEHOFEE R LET,

AR ZHED HIZHT 0 . THHWTTIZE £ LI R ER R TR TUREY
WHIEE RA e B P ONTIRTE R AR R AP IEER X L TSR
HEROIMEBEARLET, £, AFRIZBNT, ZHAWEEEE LR MR Bk,
mAS EET B i EN EE &L B BRI ZoREEY TUESEILP L T
£,

KERBATICER LT, MR FPIAMERE R TR ERPEFIEE OB O T 1O
TEREO FICAIIE AT T E LI Z L 2L £7,
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1B BEPRIPTRE I oD i i 1 AR

1. FEBREWY

Sprague-Dawley &M 7 ~ - (4 8, Sankyo Labo Service) % 5L 23 + 2°C. 1z /% 55 + 10%,
FREE Y 7 v 12 B[] (B 7:00~19:00) DOBREE R, EAE (CE-2; Japan SLC) 35 L UVK
ZHHBIZEBRSEEE Lz, L EBOTHEIE®R, 7 M50 mgkg TA ML Ry b
> (STZ; Wako) ZJEIENES- L. 1 R O mFEHE A 300 mg/dL LA LDk Z S 512 4 3
MfE L, #ERIERE (DM) v b & L TEBRIZHWZ, STZ (X, 50 mM 7 = U FeiEEiK
(pH 4.5) (ZHEFRB L CHEM L7z, £72, 7 = UEBREEIROA &L L, FRICEFEE Lz
HOAZIEFMAE (hon-DM) T v h& L7z (8], T XToOEMFERIT. HBEFO EREY
DEIE R OREFICET LM (2165 & L bic, RUSEEIROBMERE BRI X255
A RN IS W ERAGREG T IR B FERBUE | (21> THEM LT,

2. ERNER LA b L AR L OHIER(L ) OHE

10 ##5 SD 7 v h OREFIRD SERER L7= 10 pL D 1% d-ROMs 7 & k=~  (Wismerll)
Y@ OFEEER I 2 TR L, 20uL 227 a€5 > NN-VZFART T 2= Y
TIV) Nz, EMEEE - 7Y —F7 UhVHEV IR (FREE.; Free Radical Elective
Evaluator) (2 Ciiifit Re LA %y RREZRELE UCHIE L, BbA L RABAL 1
CARR U. %, 0.08 mg/dL Ouafg{b/KF IS+ 5 & Lz (88), HulRf{b H#lEL, BAP 7
A Ry b (Wismerll) Z W TIT o 72, —Ali#k A A L 3A3EIC 248K % 50 uL il Z TR L,
MAEZ 10 u L Iz T AMEKICE T SN AEM%Z FREEIZCTHIE LT,

3. MR MR LR E & R ORI

Bk OB LIEE & ’iX. FA ey — R (TBA) iz AW CHIE L=, 238/
ORABGH-E TR, 7 OMERH L, RE, MEEHES. ME, BXOWE0 4 5
P L, ZNENOFBES > 7Sk LT 10% (wiv) (27225 k57 ns 7 —EiE
FlzGte 1.15% HALD V) U LERENZ, REDTA V=Tl a7 7 —EiE
ANL LpugmL ~FR2AEZF A, Lugimk 24 X7F 10mM 7 v{b7 = =/L A F /L AL
A=/ (PMSF; Wako), 1uL/mL 77 aF =2 (Bayer Medical) # M\ 7=, ¥+ v 7 fZ&
BREI202 mL D 10% (whv) FHEARES R — FEBELT02 mL D 81% 7 v U/LEiEET kY
7 2 (SDS). 1.5mL  20% MeEeREMERR (pH 3.5), 0.05mL 0 0.8% 7 F /Lt K% kL
T UEERETAR . 1.5 mL @ 0.8% 1,3-3 =T /L-2-F AL Y — L (Sigma Aldrich) . 0.7 mL
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DR ZNECE L, 2R L%, 5°C T 60 2 MEHE L7, il T 95°C T 60 5[t
Fh L7ot%, WK T 10 0o cm A L CEIRICKE Lz, Hiil T, 1.0mL Ok LN 1-
7% ) — 1 (Nacalai tesque) & VU 2> (Wako) DIEEY (15:1 (viv)) Z250mL NIz T
+43IEFn L., 3,000 rpm, IR OSMFE T T 10 syl L, AE (BE) oWROtE (532 nm)
ZRE LT, BB 1g H7-0 offfafasEa (umollg tissue) 13, (A-Ag) / 156000 x 5.8 / 10° x 107
13x10° DFEXNHEM LIz, ZNZENOMERD % o7 B &% Lowry BEI2 L 0 JHIliE L
7= (8,891,

4, JHAFEFOA——FF T RORLZ—F (SOD) 1EHIEOHIE
fidHAR T o> SOD i M:1X, SOD Assay Kit-WST (Dojindo) % AW CHIE L7z, S MMENALD
MERICK L CTAEREDOA Y7 0 —AEEKR (250 MM 27 72—, 10 mM |k U R HEEREE R
(pH7.4) ,1mM =F L > U7 I UEE, EDTA) ZMx, REVHAF—TH#LT-,
%, 78,000Xg, 4°C. 60 Zrfdiz L. EIEAZRIERE & L THWE, HIERED SOD
TEME A2 B B2 BB L, unit/mg protein T# L7 (8],

5. Rk OB 25— (CAT) JEMEDORIE

JibdAHE o> CAT IEMEIL, WER{bAKFE (H,0.) DD HREI L7z, 10% (wWiv) O ikfHH%k
BREVF—F60puL & 1.94mL @ 50mM U »ERFERERE (pH 7.0) [ZIRFI L. 1.0 mL @ 59 mM
WL KFE TN LTz, T DOEEDD 4 B OWIEEE (240 nm) DZE{b A 10 B HlE L,
D 1 53 OFEM &2 VTl BB 2 3R &, unit/mg protein THH L7= (8, 90],

6. MMHHEEIN D 7L 2 FF L F 2 —F (GPX) TEMEDHIE

JdfERE T O GP IEMEIL, =aF > T I K7 T =0 U X7 LATF KU VR (NADPH) Ozt
MOEH L7, 10% (wiv) Of#EREAE % — F 100 L % 1.44 mL @ 50 mM Y > iz
% (pH7.0), 0.1mL ® 1mMEDTA. 0.1mL® 1mM 7 {tF kY &4, 0.05mL @ 1 U/mL
TNHEF A BTESR.0ImLO 1 mM 7L F7 2 0.1 mL® 0.2 mM NADPH (ZiEFI L |
0.01 mL @ 0.25 mM H,0, Z I L7z, ZDE#ZID 4 3 OWNEE (340 nm) DZE{k% 10
o E LTl Afd 2 3k ® . nM NADPH oxidized/min/mg protein T# L 7= (20],

7. HORIMEDRPA ZE/FETT (MCAO/Re) E7 /L DER

7 v h&s m & (Takeda Pharmaceutical) CHiEE GELA : 5%, #EFF : 1.5%) L. HIEAAL
\CWEER ., SHEsZ EPUIE L, AREEINRD S NHEBIIR I E 2 8 H L, REEIR & 413
TR, S OICHSEBIIRO R N AR S Lic, Jeima A< L7z 4-0 BT A m koD 38
1 & A TR & WEHENAR 2 3% T RIMEhARE i £ CHEA L, M ZPHZE L7z, Ul
BRI ZREG LT, E—T 4 7Ny RERINRT I &> T, 7 v FORIRE 37°C I
fRiIE L7-, MCAO ALEn D 120 73, 7 v hafE o X URErL, e T2do< b &
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glE k., MKz FEER (Re) S¥7-, To%k, YRHA/#A L., BB I O0UKAHHBICE
BMTELBRECHTE Lic, £7-, FELFIMLE (sham-operation) FEIZi%, EFEIBROA %
1To7= (8, 91), F7o, TR —TEIATOINTWD Z L 2R3 5 7= ki i &% Doppler
flowmetry (Unique Medical) % AW CHllE L=,

8. ARRUEIRA =T OWE
MCAO L&D 5 120 4335 X OFHRERAARRIFAIIZ . LA D 6 BePE DR AL E I FED 1
JEdR A 2 a7k L= (92),
: FEEF D72V IREE
DAL DR T e EA R 62k 08
: RRREEIRFIC B 80 72 [RIEAEE) 2 FL & 4 2 B R
: B 72 [IESEEN A FL D B R E
D BFEBZRATEINHDR T, OB TR R N5 & EEE
T

g b~ WO N -, O

9. MFEZERAAREOHE

Ty Neoa X B FCHEAE L, Ml LRk E AT L 2B T LA v~ R Y v s
2 & T, 2 mm EOMEI R ZER UTc, BEZERATE 2RI 272012 2% 2, 3,5- MV 7
=7 hZ7V VAT A4 K (TTC; Sigma) % &1 PBS (pH7.4) Tl % 37°C,
155 A v a2— Rk LTz, TTCYE L= % 4% RS-V AT 07 e R (Wako) Cig
BEEEL, 7YXV A TR a2y Lz, AEEy & MEZEE S L, B
fi##r >~ 7 K (Scion Image 1.62) % M\ \NCTH-G) Ol Fs I OVRAR oD 1 i o> 8 ZE i A 2 7 HH
L. FHOMHERFEEUAE 2mm 2 0 CTEREZ R Lz, F9RFOFRBEE G5 L, %
BARRE (%) = (e PERIRRE— (BRI — R ZEIRRE) ) 1 22 BR1K75 X 100 D b FEZE
BARFEZ R U7z, BVRIE (%) = (A PERIRTE — 22 BRINER) 1 22 ERIRTE X 100 DA 5
i DR 2 7 Am L 72 (92],

10. DNA microarray (= & % & {n+J& ELARAT
o I/ PR i P R R LB B L T M R~ 7 F fEIk D Y > 7 vy RNeasy Mini Kit
(QIAGEN) % HW . Total RNA Z#HHi L 7=, Total RNA % H\ T, Trans Genic Inc. (2T
Affymetrix Rat Gene 1.0 ST Array |Z & 2T &2 Z5t L7, 7 — & OfiFHTI, Gene Viewer version
2.0 iz,

11, RIEBSEE R D FEH
I L /PR IRE ST A R L BRI L 7o B BT~ T~ 77 D F > 7L % RNA later |2 — W 4°C 12T

1Z1E L, -80°C THR{F L7, Total RNA Oflitti%. RNeasy Mini Kit (QIAGEN) % v 7=,
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F7-. PrimeScript™ RT reagent Kit (Takara Bio) (=X ¥ . Total RNA (0.5 pg) Z#H L L
T . 5xPrime Script™ buffer 2 pL. PrimeScript™ RT Enzyme Mix 1 0.5 uL. Oligo dT primer 0.5 pL.
Random 6 mers 0.5 uL M {F7E F T, Mastercycler (eppendorf; 37°C C 15 43[#], 85°C T 5 f0R,
4°C {RFF) TGRS, -80°C THRAF L 7=, Real-time PCR 1%, 5uL ® 10 ng cDNA, 0.8
uL @ 10 pmol Target gene specific primers (Takara Bio) . 10 uL @ SYBR Premix EX Taq (Takara
Bio) . 4.2 uL @ dH,0 OAF(E FC. iCycler thermal cycler (Bio-Rad; #J#iZ5ME 95°C ¢ 30 B
[ 1 cycle, PCR [t~ 95°C C 5 #0#], 60°C T 34 #)[H 50 cycle, @hfi#iiirotT) <ir-7=, %
7o, RO T CR-7 7 F o 2 NEERE L L THWE, KB FDO 77 A ~—|% Table 1
R,

12. Evans blue JH ORI E

Ty haea X o TEEE GEA 5%, fERF : 1.5%) L CIEHUIBH#, MCAO WLEE %I
S T SHERARD & A B AR K THESL L 7= 4% Evans blue ¥ % 2.5 mL/kg Ty oNT T
B U7z, W%, MEFRIICIMY 7 2R U, 2 mm BEOMBRE R 2 FR L7z, FEZEMI
FEKTHDLLAMA T A AIZ3mML D NN-TPAFIRNVLT I Rz, REYTA =Tk
L7z, 55°C T 18 Iff] A o F = X— [ L7, 20,000Xg, 20 Frflila L, RiE 2 HlER
BhE L TR 620 nm O SEE CTRIE L= (93], MEM L YV HEH L, Evans blue Leakage

(ug) & LTRLTZ,

13, HEFHLER

T 2%, FHE + RS LCESA L, MEMPRAEER, ool B BTE.
Tukey-Kramer 750D % 8B HHGIZ &0 fifghT LTz, MERIER 2 =2 7128 LTI, Kruskal-Wallis test
(2 X BENTH . Mann-Whitney U test 247572, REIZBIT 2 A EKEEILS% E LT,

%28 MEER D 7 I ARER - OVF T

1. Bz

Z v bR BEE 18 (e R ok C b 5 PC12 M (Health Science Research Resources Bank)
% 100 mm dish (BD) (Z#EFE L. 10% FEM@{t~ ~ifiF (HS; Tissue Culture Biologicals) . 5%
Bk~ >y (FBS; Cell Culture Bioscience)., 24 mM fREE/K#E T ~ U w7 A (Wako) .
Antibiotic-Antimycotic (100 unit/mL penicillin, 100 ug/mL streptomycin, 0.25 ug/mL amphotericin
B; GIBCO) % ¥/ L 7= RPMI1640 £33 (GIBCO) T, 37°C, 5% CO, N TH:# L7,
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2. PCl12 @iz 1) % B 7R

PC12 #fifa% 96 well plate (BD) |Z 1 10° cells #&7f L . 4 H #1154 (0.1% HS, 0.05%
FBS) ~C 50 ng/mL (ZFf%L U 7=tk FIX 1 (NGF; Nerve growth factor) % 3 HREUSII L, f#
TR 2 iR L C AR iaA 12 21k & 7=, Recombinant HMGB1 (rHMGBL; 0.05, 1, 5,
10 pug) ZUshn L C 24 FEfEIER 8 L7214 BE A BRU )N C 5 mg/mL CTRRIEL L 72 MTT 33K % 100 pL
MMz 37°C TARFHA »F a— b LT, BIEEZRWIZZIC, A F L ZLERF 2 K (DMSO;
Wako) % 100 pL iz, 10 3R L <BFn Lz, <~ v F T~ 7 L— kb 7o Z— (Wallac 1420
ARVOsx; PerkinElmer) % Fu Tt G & 650/540 nm OWGCEE 2 HIE LTz, £7-. MEALERE
AT 100%E L TR LT,

3. PCI12 MfEIZIIT By yetn

PC12 #fi}a % poly-L-Lysine coated 4 chamber slide (IWAKI) |2 5x10% cells #5fE L, 4 A4
IR yEEE H (0.1% HS, 0.05% FBS) T 50 ng/mL (235 L7~ NGF % 3 HEFIN L, #hfeseii
Z AR L C AR RSHIRAR 1 20k S 72, 50 uM @ H,0, % 8 K], 20 ng/mL @ TNF-o.%
16 FffEl &> 5 WML 5 pg/mL @ rtHMGB1 % 24 RFE %, PBS THeif L, 4% /X7 RV LTV
T b RCT50MEE LR (94-96) , 7o v % 7A| (71 v 7 =—2Z; DS Pharma Biomedical)
T1RFEAEE L, — KPR HMGBL (1:400; Abcam) % 1 BEEI/E &7, iV T, IkPL
{4 Cy3 donkey anti-rabbit IgG {4 (1 : 100; Chemicon) % =8 iR T 20 4> fi#E ] & H7-, TO-PRO®-3
iodide (1:5000; invitrogen) T 15 3f¥ta L, 80% 7' V& VU o CTE A%, LES L —PEE
RUBAMSE FV1000-D (OLYMPUS) % AW CEIg L=,

4. FERERRIZIST 2 HMGBL O#fiaJs{ENESR K OV RAGE D FHL

LTy MkE4% AR X AF Lt —2F Y7L (CMC; Leica) HfsELHR
F 2 L, sUBHERESEE  (UT-2000, FINETEC) ZMWT, WifE7 oy 7 /BRI, 7
TAFAH v b (CM3050S; Leica) Z FAWVCTHAEE T (Bum J&) Z{ERIL, AT74 K7 F
A (SUPERFROST MICRO SLIDE GLASS; Matsunami Glass) (2~ D> b4, 3% KR/ LTV
F b R TA55MIEE Uiz, Weits, 7 a v X 7F| (7 v 7 —=— % DS Pharma Biomedical)
CRFFAJLER L | — R T HHMGBLHL{A (1:500; Abcam) . RAGE#L{A (1:200; Santa Cruz) |
NeuN $Hif& (1:500; Chemicon) . Ibal $HifA (1:500; abcom) & %\ MEGFAP #Hifk (1:300, BD)
Z4°CT—MER S87-, fiV T, HMGB1H 5 W EZRAGEIZ 1L — R Hii&Cy3 donkey anti-rabbit
I9G HifAZEH &+, NeuN HifK, Ibal HUiASH 5V IZGFAP HU{AIZIZFITC donkey anti-mouse
1gG Hifk % ==iR T2 R1E & H7-, TO-PRO®-3 iodide (1:5000; Invitrogen) T154y 4 L.
80% 7' V&Y v CHE AL, HEAL—PEEBEMSET FV1000-D (OLYMPUS) % HWTH
gL (97) .

5. lfE s KO 5y O
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7 v MEORE T T T A, 10% (wiv) OFET YA XAREERE (20 mM HEPES
(PH 7.9), 1 mM #Efb~27 % 7 A, 05 mM EDTA, 1% /=7 > k P-40,1mM 7' U 2—)L
T—7 Y7 2 NUEEEE (EGTA) ,1mM Y54 kLA h—/L (DTT) , 0.5 mM PMSF, 4
ug/mL X7 AHFF A and 4 ug/iml B A RXTF ) EINZ L RET T A =Tk LTz, 4°C
T547[#11,000X g Tils L7z, L E BIEICoT . B Zihik e Lz, 512,
4°C C40%47#105,000 X g Tl L7 B &M Em 4y & U7z, F 72, PR % i H AR ik (20
mM HEPES (pH 7.9), 1.5 mM E{t~ 27 x> 7 4, 300 mM Hi{kF ~ YU 7 A, 0.2 mM EDTA,
20% 27U +twu—/, 1 mM EGTA, 1 mM DTT, 0.5 mM PMSF, 4 pg/mL <7 A X F A, 4
ug/mL v A X7 F ) THIEE L, 305 Mok L CHiE L7-#%. 4°CCT2047#15,000Xg Tix
O U7 By & Lz (98,99)

6. Western bloti= (2 K 2 fflifash & > N7 B ks T OSIRIN & 7 F )L O fighT

BRVKEN Y 7L, 40 png O, MBS X O E Sy o5 T i, 2%
SDS > 7 ViR (100 MM | U A HEFEFEEHE (pH 6.8), 4% SDS, 20% 7' U &1 —/1, 4%
2-ANH T v H ) —)L 01% T aET =) —)LT)—) ZEEMNZ TR L -, EBRUKE)
I%. Mini PROTEAN 3 Cell (Bio-Rad) % iV T, 10~12% SDS-RVU 7 7 VL7 I K& LI
E0ATo7, kEN%, ¥ NI4T0y T 4 o 74#E (Bio-Rad) % VT, 100 mA T15
HEfE, % > X7 E % PVDF A 7 L (Millipore) IZHRE-L7=, W\ T, AT L% 5% A
X AINVTEADPBS-THK (137 mM b U DA 810mM U UEEKE T R T A,
268mM ik ) T A 14TMM U UBRTKFEH Y UL, 01% R AFF L2 (20) Y
NEH T ) T L— MNER) TBb LAX L5 7 v v 0 7 Lz, —RPUKIE, 5%
A NIV TEH PBS-TIRIERCAIR L, | T LIRSS, A7 L% PBS-TIA
T 5 4y X5 [E, R THE%., “IRFUKIZ, 5% AF¥ L INV7 54 PBS-T IHE CTHANL .,
FIRTLIRMMS S, A7 L% PBS-T IR T 5 4y X5 [AIEF L=k, ECL & L<
IZ ECL plus detection reagents (Amersham Biosciences) % W T, X #~7 ¢ /LA (Amersham
Biosciences) (Z# % L <% Light-Capturell (ATTO) THf# L L7z, &% /7 EDOHUR
1 Table 2 (TR L 72,

7. MERERRIC 31T 2 RAEBSEK 7 D FEH,

REEA, LRRRICHRREI T 2 ER L 7 e v % v VT &4T o 72, LRPUER & L TIL-1B, TNF-a,
COX-2, iINOS&NueN, ICAM-1&RECA-1ZZNZENI%T v v X v 7 =— R TEH &,
A°CT—HpEfE L7z, kPl & LT, IL-1B. TNF-a, COX-2, iNOS. ICAM-1iZi%Cy3%i
k% . NeuN=FE 72/ZRECA-LIZIZFITCHAZPBSIC TAMR L, =5 CT2HEM/EM &€/, PBS
T50fE, 3[EPEHE L7214, TO-PRO-3% =i CTI5/MIMEH &8, #ifukE 2%t Lz, 80% 7
Ut CHRALE, HEAL—VEABMET (1X81, OLYMPUS) TH#ki L7, -,
IL-18. TNF-a, COX-2, iNOS, ICAM-1, MPOIZOWTIEf#E#H Y 7 b (FV10-ASW 1.7) %
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FAWVTTO-PRO-3% 72 W DCy3DHJEIRE DE| A BB E A2 H T, ICAM-1]ZRECA-1&7-
D DOCYy3DENARFEDEIG N HRBFEZR L-, &% /7 EOFUEIITable 312777,

8. HuatiLE

T 2%, FHE + R REEE LCERR L, MEMPRAEER, oo E BT,
Tukey-Kramer 502 B BT X0 ARHT L 72, AEEAEIR 2 =27 (28 LTI, Kruskal-Wallis test
\Z & T4 . Mann-Whitney U test 24T 72, BEICHIT 54 EKHEL 5% E LTz,

F3E A RAET b E AT AL E S R O i

1. FEEREY
B L ERICERBIY OIS L O STZ-FHRIERFET T VOEREZIT -7,

2. IMHEH R BEORE

4 TOVERERRINC 7 v R O FRERIRDNS 2V o P& AV Tk 900 pl ZERE L, ~/%
U > (1,000 EAZ/mL; Mochida Pharmaceutical) 100 pL & JEFn L. 3,000 rpm € 10 4y fiiz=O L
TR BE (IE) %-30°C TRRFELTZ, Mg 7 AzHnT, LEA TNF-a-7 >
NEES >~ b (Shibayagi) (& W WEEHEE 450 nm (B3R 620 nm) THE@MEIE L7z, £7-.
TEAE TNF-ouffe BE 123 DA YERTAR > O RARIR P O 2 R H LT,

3. =T MRS

T & 3Nt 7  (ETN; Takeda Pharmaceutical) 1%, 7E4f 7K (Otsuka Pharmaceutical) % H
WT 25 mgimL A FEEL L. X B AR K A IV G- 300, 450, 900 pglkg &7z % X
NI L7z, T v Marm 2 o ThRREE (GHA 5%, #EFF : 1.5%) L. B 1ET7. LFERIC
7 MOE M/ FEHETALE A i U7, BGREE, B 7 > MWW TR mALE 24 FEfH
AN ETN Z JEENE 57 D8, B MEZICHE MR 0 &5 28, B/ maEmeEZc
PE THIRICI G280 3 DOFRMZER T2, FERFET » MIBWTIL, &l LE 24
RFR AT NEEN IR G-, R LB ICEIRNE G-, STZ & EGE%) B 2 BT 5 TR IEREN
IR EGT 5 EHREGD 3 DOEMEEFT, HEREITHICR L 3 D&M L, Mk
(X, MBI/ FHEDE 24 W ICERER L7z,

4, PRRER ORI E
55 1% 8. &[RIERIC MCAO MLE )~ 120 4335 L OVFRHEDE 24 IR #4126 BERE ORI FEHELC

93



B TR Z 2 =2 T E LT,

5. FHZESLEOHE
F1E9 LFEERICTTC Yefatd, WBMHTIC I D EH L,

6. TR h— ADFHM

7T AF A% > kb (CM3050S; LEICA) ZfEH L T8 um EORREI T Z/ER L, 27 A
KHF Rz~ kL7, 100% A & 7 — L (Wako) 12T 2 2R iEEE L, U C.
10mMPBS (7.75mM U Ug/kFE S FU 7 A,1.90mM U g Kk3FET U T A 145 mM
kT P U L) T5AM, 3mSR, BB 3.88mM 7 =g =J VU T ATK
F#; Wako, 0.1 % Triton-100; Sigma) |2k T 2 pfliIE L7=, £ D%, TUNEL 4% v bk
(Apoptosis in situ Detection Kit, Wako) % FWTT AR b— ARG A R L, S5~
A ¥ — -+~~~ h% U (Sakura Finetek Japan) (2 & B%tbbiutaz1T-7-, Yot LI-YIH %
YT F o TE AL, KEFEAMEE (BX51IW1;, OLYMPUS) % VW CdE L7z, BEMRITIE,
CCD # A7 (DP-50; OLYMPUS) i L UVEIEA#HT 7 & (Lumina Vision; MITANI) % v
TR E AT 7 Z 8D TUNEL BthEiilatis 7~ >~ L7=, Apoptosis index (%) =
(TUNEL BhtERERaE 1 Afifladi) X100 & LT L7z [100) .

7. HEaHEE

T 2%, FHE + RS LCESA L, MEMPRAEER, ool B BTE.
Tukey-Kramer 750D % 8B HEGIZ &0 gkt LTz, fEIER X =2 7128 LTI, Kruskal-Wallis test
\Z X BT, Mann-Whitney U test 217572, MREIZIHITHH EKHEIL 5% E Lz,

HAE PURLEELZAT D&M « By & EHEEIT & 2 R i P b E B R Oy

1. EBREMW
11 CRBEICERBIY OIS L ONSTZ - FRIERFEET VOER AT 7,

2. B K OSEAISS. (HUMER)

8 MmO EH A L OBERIEET » Mo, Y 7 ZHWTMAK (1gkg) . BE# I
C (100 mg/kg; Wako) F7-(378% /K% 1 H 118, 2 HMEO#ES L7z, MAK X, BHFHAR
T¥ () ZknwTihEash IMAK] 26 H L7z, MAK X, REERIEEZ T2 LA
U7 K DIR A B I BERE U, IS A BRI 2 & il U, Bk, "85
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LT bDThb, Ty Mmoo THlE GEA 5%, #E:15%) L, 137 L[FE
RIS T > MM L/ FRRE WAL 2 i L7z,

T X ZHR (Wako) 1%, EBAME/AKTI0mMgkg & 722 X0 ICifi L, BInEHES X O
I/ FETRIE A 8 PRk L 0 5 L7z (96), & LC, MEIM/FHEDE 24 BERIR I 7 L
EBRELLIZ, F7o, 1H 1A 3 HEE#AREL Y =& 7% 10 mglkg #5- L, 72 Rl IC
Yo TN ERRLT,

3. R X OSEAIEE (DFHER)
A 2. L [FRRIC 8 s H 25 2 HE MAK (1 g/kg/day) % #% 045 L 7=1% . 2 il > MCAO
ZA1TV, MCAO B4 F 72 IX AR IE %D =X 7R (10 mg/kglday) #ERlRINFZ G- L, 24
IREf 36 LY 72 IR LA L 7=,

4, EEWNEEEA b L AR OB L ORIE
e 2, LREIBEICEME A N LR EHEE LA RIE LT

5. Mﬂ%¢®L%Mﬁ aREOME
15 3. RIS %MWWQE%MELtO

6. Hi‘z’:fﬂﬁ%«%@x —R—F X R ALEZ—BIEEORIE
4. L [FARRIC SOD M2 HIE L=,

7. WHHFRTT O Z T —BIEMEORIE
%15, L RARIC CAT &2 HIE LT,

8. JMHERIND VNV E FF L~V X —BIEMEORIE
1 6. L FARIC GP IEMEZHIE LT,

9. TR b—RADOFHM
H2E6 LREERICT AR h— 205 A LT,

10.  AMAEASRC I 1T B gt
B2 7. LIRERICRAERDE R 7 DB & 54 L 7,

11. R L OWERR D 7 2 2L v U ERE
%4azfrbtio\2kﬁﬁmﬁﬁbt7/H MCAO/Re ALi& % Jiti L, 24 H¢fE

AT T OIS 2 B L 72, M, 10% A X U U ERa S EiNx /=%, 10,000Xg T 15
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SyfEiE L LT B N7z i 2-20°C TRAFE LTz, Mg 7 a AT, 7T A VE VERE
X v N (SHIMA LABORATORIES) (Z X Y WOt 530 nm CHIE L7z, MfkIX, B~
FUT I ERAWT, MEEEED 14 58O 54%A X ) VREMAZ THRED A X LT-14,
10,000X g T 15 4y =0 L TE O 7z Bl %-20°C TIRIEL 7=, Mk o7 2a e @
[FEED S b & HWTHIE Lz,

12. DCFH-DAJEIZ X HER{LA b L A i O FFHAM

#5113, & [AEEIC PCL2 Ml 2 5538 L 7=, PC12 a4 96 well plate (BD) = 1X10° cells
R L, 4 0% iEEEH (0.1% HS, 0.05% FBS) € 50 ng/mL (ZFHL L7~ NGF % 3 H[H
INL ., AR 22 2 (iR U C AR aAR 12 /b S 872, MAK (0.01, 1, 100 ug/mL) %
WINL T 1REER#E L. 250 uM & 725 X 912 H0, & 6 BERIIRIN L 72, & D% B &2 FR & |
RifyEECRfI L7z 2, 7-Y7enve Ke7ut bt U717 — b (DCFH-DA;
Sigma) % 10 puM/well THZ T, 37°C T30 /rfEfEH S ¥ 7=, B ARV T PBS % 100 uL
Mz, 10 M EKEM L, v LF I3 7L —RFH o Z— (Wallac 1420 ARVOsX;
PerkinElmer) (2 CHOGHRE (BhELHE R 485 nm, d0EH K 535 nm) THIE L, #6HEN S
b A b LR &Rkl L7z, £7o, HEAEREA 100% & L TR L7, (101, 102)

13. HMGB1 O#flilaN 5341 OFHf (in vitro)

#1%13. & [AEEIC PC12 #la % poly-L-Lysine coated 4 chamber slide (IWAKI) 12 5% 10* cells
FEREL, 4 H&%ICRImEEs (0.1% HS, 0.05% FBS) € 50 ng/mL (ZF% L7~ NGF % 3 H[H
WL, PR Zetd 2 ik U C ARG AR I Z 0k S 72, MAK (0.01, 1, 100 pg/mL) %
WML C 1 EEEEZE L, 50 uM @ H,0, & 8 [, 20 ng/mL @ TNF-a.% 16 KifE & 5\ ML 5
ug/mL @ rHMGBL % 24 BEfEIUSIN%, PBS TR L., 4% /X7 A7 V7 & RT5 S HE
ELT- (94-96) , 7 uvx o JHl (7 r v 7 =—X; DS Pharma Biomedical) T 1 KFfij(Leg
L. — KPR HMGBL (1:400; Abcam) % 1 Wff/EA 7=, eV T, ZIRFLIR Cy3 donkey
anti-rabbit 1gG Hif& (1 : 100; Chemicon) % =KiEC 20 4yRIfEH &47-, TO-PRO®-3 iodide

(1:5000; invitrogen) T 15 /3%t L, 80% 7' UtV o T AL, HLHE S L — P EARIEHE
W& FV1000-D (OLYMPUS) % AV CTEIZL L 7=,

14. A—/_—F % REAITT 2l ORI

7 TAF ALy MW T8 pmBEORERII A Z2AFf%E, A7 A4 R F AT~ v b LT,
ZD#%., 10umol/L ¥/~ FrxF 2 4 (DHE; Sigma) Z{EH &8, 0 L2y — =
WT37°C, 3077 v F =~ — [ L, L0 b — P EABMEE (1X81; OLYMPUS) 1T THI%E
L7z (Ex: 488 nm, Em: 574-595 nm), DHE O YEifE% FV10-ASW Y 7 k& W CHfiE b
L. &M Zsham BECxHS 2 MxHETER L7z (103)
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15.  Western blot %12 X 5 HMGB1 5 X OV NF-xB O H

51 17, LRBRICHIE S L OES 2% L, 55 1 % 18, IZ9E > T Western blot 2175
72 HMGBL 1%, i 7% FHCTiTu, NF-xB OBNBEATIL, Tk, MifaE .,
By 2y DRI L7, &% v /37 B OHURI Table 3 12777,

16. ERTALER

T2, EE + BERERAE L LCERAR L, MEtTRAEEIL. ooEE O T,
Tukey-Kramer V£DZ B HEZIC L0 M Lo, BREICHIT 2 HEAKEITSN E LT,

Table 3. PCR primers

Gene Sequence

-14 Forward 5-GCTGTGGCAGCTACCTATGTCTTG-3'
Reverse 5-AGGTCGTCATCATCCCACGAG-3'

Tnf-« Forward 5-AACTCGAGTGACAAGCCCGTAG-3
Reverse 5-GTACCACCAGTTGGTTGTCTTTGA-3'

11-6 Forward 5-ATTGTATGAACAGCGATGATGCAC-3'
Reverse 5-CCAGGTAGAAACGGAACTCCAGA-3

Cox-2 Forward 5-GCGACTGTTCCAAACCAGCA-3'
Reverse 5-TGGGTCGAACTTGAGTTTGAAGTG-3'

Mmp-9 Forward 5-TCCAGTAGACAATCCTTGCAATGTG-3'
Reverse 5-CTCCGTGATTCGAGAACTTCCAATA-3

Hmgbl Forward 5-GGAAATTAAAGCAGGAGGTTCTTGTTGG-3'
Reverse 5-CTGCATCAGAGACAACTGAAGATGG-3'

Rage Forward 5-ACCCTTAGCTGGCACTTGGATG-3'
Reverse 5-GAGCTCTGACCGAAGCGTGA-3'

f-actin Forward 5'-GGAGATTACTGCCCTGGCTCCTA-3'
Reverse 5-GACTCATCGTACTCCTGCTTGCTG-3'
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Table 4. Antibody information.

primary Antibody Concentration

secondary Antibody

Concentration

Anti-HRP conjugated donkey anti-rabbit IgG Antibody

1:5,000 (GE Healthcare)

Anti-HRP conjugated donkey anti-goat 1gG Antibody

1:2,000 (Santa Cruz)

Anti-HRP conjugated donkey anti-rabbit IgG Antibody

1:5,000 (GE Healthcare)

HMGB1 1:1,000 (Abcam)
RAGE 1:200 (Santa Cruz)
TLR4 1:200 (Santa Cruz)
ERK1/2 1:2,000 (Cell Signaling)

Anti-HRP conjugated donkey anti-rabbit IgG Antibody

1:5,000 (GE Healthcare)

phospho-ERK1/2 1:500 (Cell Signaling)

Anti-HRP conjugated donkey anti-rabbit IgG Antibody

1:2,000 (GE Healthcare)

p38 MAPK 1:200 (Cell Signaling)

Anti-HRP conjugated donkey anti-rabbit IgG Antibody

1:3,000 (GE Healthcare)

phospho-p38 MAPK 1:200 (Cell Signaling)

Anti-HRP conjugated donkey anti-rabbit IgG Antibody

1:3,000 (GE Healthcare)

Akt 1:1,000 (Cell Signaling)

Anti-HRP conjugated donkey anti-rabbit 1gG Antibody

1:3,000 (GE Healthcare)

phospho-Akt 1:1,000 (Cell Signaling)

Anti-HRP conjugated donkey anti-rabbit 1gG Antibody

1:3,000 (GE Healthcare)

Anti-HRP conjugated donkey anti-rabbit 1gG Antibody

1:2,000 (GE Healthcare)

Anti-HRP conjugated donkey anti-rabbit 1gG Antibody

1:2,000 (GE Healthcare)

NF-xB 1:500 (Santa Cruz)
COX-2 1:500 (Cayman Chemical)
B-actin 1:10,000 (Sigma)

Anti-HRP conjugated donkey anti-mouse 1gG Antibody

1:10,000 (GE Healthcare)
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Table 5. Antibody information.

primary Antibody Concentration secondary Antibody Concentration
IL-1B 1:300 (Santa Cruz) Cy3 donkey anti-rabbit 1I9G Hii& 1:200 (Chemicon)
TNF-o 1:200 (Hycult biotech) Cy3 donkey anti-rabbit 1I9G Hiik 1:200 (Chemicon)
COX-2 1:200 (Cayman Chemical) Cy3 donkey anti-rabbit 1IgG Hiik 1:200 (Chemicon)
iNOS 1:200 (Santa Cruz) Cy3 donkey anti-rabbit 1I9G Hiik 1:200 (Chemicon)
NeuN 1:500 (MILLIPORE) FITC donkey anti-mouse IgG ik 1:200 (Zymed)

ICAM-1 1:200 (Santa Cruz) Cy3 donkey anti-rabbit 1IgG Hiik 1:200 (Chemicon)
RECA-1 1:200 (abcam) FITC donkey anti-mouse IgG Hi{A& 1:200 (Zymed)
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