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W= AEI A E A Tix MeDi OBESFEHHD
3 MeDi 227 hih m WO EHIR BRI
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B ZEITRITH R TWB, AR KT
— B &IK 350 7T ADBFFATEAZ LS
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HEIZL TUNB, Y 2 — ADBAITITHRL
LT WRLAEBH A A AL
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5. BRA., BAV R MBI T 5T A

E2DI N BREL L CTHERIB & m A A i
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BESBOKL6~23FmV (Ott A et al:
Neurology; 62:920, 2004; Leibson CL, et al:
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BT, BA LAY EEADE D BHEMNTE B &
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DIFEITI2% TH -7,

T EENEREDD TN 1-2%I2BE7
WIS, HE AT R0 20%23ET D,
Lb, X D= RNF —IZT RUBEDH THD,
#->T,AD OAHAERRICRB LA ALK
FUELLHA DEZbDHD, BT, A AU ARG
MU thiazolidinediones (27 U&> ) I
&% AD BEOBMERESENRPIMEIN
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BEFBHNEMREMNE (BEFRAREMEER)
o EPTTRS E

RAVE DAL TY - 105 - MEOWILICBIT HHI%
( HIg-E#F- 7o-001 )

SHEEE NES BT RAENENE - THERE T Y —

MAZE BN 1 9 0 A ESNSBROBENTH SN2 RAVE DR EHIN DEZIH
RRREMLT DI 2 HMIC, BREMEOTFICHITLER R TOMERE BT,
TORNTHHEMFAENES L D50 BB IOT TITHRERBL THH5BIZD N
THE L7z, BRED DS 2. FPR& 3. BERMBERE MCD SRHRZWCEL TR
FEE7R AR REA 7 ) —Z D JHEORFIC DWW THE L. 12. BBAEAY v 7 DEFIC
DWTIHNTEEBRFICB T LRMENEVE - HEL > 5 —DRENTDOWTHEL

7‘—,-
O

A. W9 EHM
BEKLI 90 FANESNSBOABENTHIX
N5 RHVE DR AN DERNH 72 x5 2 F T
THIEEHMET B,
B. WgE Ak
BEENEOSTFICB T 2B A TOREA
EHVT. FORMNTHEPFFEENEEL S5
SBBLOT TITHEZRB L THWDHEIZ
DNTHE L7z,
C. WIoThs R
1. BEZMEREREEZ MDD EH2Z2HbX
OF B

BEeE TR IZ2OBMBEEE R E Telephone
Interview for Cognitive Status (TICS) @ H A&ZE&
(TICS-I)ZBRFE LTz, &L, BFEF D7 LN
A<—¥BE (AD) 494 (B 19 4, &M 30
£) (S 4ERE75.216.8 &%, mean®=SD) . BL
D& s (CTL) 864 (B 15 4., &tk
71 4) (CEY4ERS T4.317.2 5%) DEF135 4 Th

B, EYIEE T AD11.0+3.0( mean+SD)4E .

CTL11.4 =2.2 # T#h >7-, Mini-Mental State
Examination (MMSE)Z ffifT L T 2 AR I

TICS-] 1T/ 272, TICS-JIZ11E B M50, 4
1 5 =T D, TICS-T & MMSE OB BT
T & o 7= (Pearson O #H B8 £& £ : r=0.858,
p<0.001). MMSE 371w hA TJ{E% 26 m &F
5D ERRET 91.8%. FrHEEX 953%TH O,
TICS-J 1 Zh v b4 7E% 33 med 3L, R
98.0% . FFEE X 90.7% CTH-o7-, MMSE D
ROC (receiver operating characteristic) Hi#IZ3
\J % area under the curve 14 97.2% , TICS-J Tl
98.7% TdH o7z, TICS-J OIZFT R
WETI0 LN BETH R22LATH D,
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BEAR B EHAREY S (REREREMAER)
SHEREREGE
(EEHREE - B ER)

704K BOEEICHT HEGHEOHRRERR
—  RAERB O -

SHEBIIEE R BT
RALRZFRZBEELRUIZER  SolE BT R R

7304 R BRTF R (amyloid B, AB) 1d, BAEDORRERTH ST IYNA XK (Alzheimer’s
disease, AD) D EE/RRHE PN TH 5% ABE (senile plaque, SP) D FEREK I TH D, T D
AB S AD ODFRFEIC TEARBRENZR L TWAIENHENTWS, —F, EAERIZHKOMTZE
WTBD, IESEREBICAYDTHEHEEZOLNTVWS, AUFICELE, BEHESBEIL in vitro
T AB1-40 BLUN ABL-42 DREENMH THEEDIC, WELEZ ABEAKZHESIEL Z &M
ENTWVS, KFETRPBEHIIONVWTZDOORNEZEZRH L. O &EDIE MIT EZ2HWT, HEM
KizBT 5 AR OHifEEICH TARBHOZEBII OV THRHFNLE, BRUDIKHEHDOK - ¥ ) —
oo Ay =)V HIBERSHROEEREBNT AN DVWTHNEER, =¥/ —IVHllLERZ U
HysZ kD, MIMOEERNEZRICHEML 2. £z, 10uM O AB1-42 IFMIOEFERZHS T
2N, 10ug/ml LY J — )V S % 24 R RTLEEERIC 10uM @ ABL-42 MMA % &, AB1-42 M7= 1%
MELHBHEND ZENHREINZ. DO EDIL, enzyme-linked immunosorbent assay  (ELISA)
ZHWT, EERET c-Fos * CREB * c-Rel * p65 * ATF2 & DNA O SEMHIC DWW TR L2, $IBRH
OHIHERIL, HEHM O c-Fos * CREB * c-Rel * p65 & DNA O#AEMHICEEZ S kho7z,
NITE LT, ABL-42 1B MIMIC ATF2 & DNA O EIEEZE L < BTz, 95 o i S B I
JOEFERE ETBEEDHIT, ABL-42 OMIRFEICH L THEEREAR L. T OMRMAEIERIC ATF2
OMEHNEE L TNWB I ENRBINE.

Key Words ZIVINAR—WK, BAFE, 7304 RR—=FF N7, MIT, BEHET

PEREOUDEEENREELT, TIO9
RBXRTF R (amyloid B; AB) D512 DEANK
DOE, VBY T EEREBRES & T B

MR :
7 IVYINA X —9 (Alzheimer’s disease ; AD)

BRAEDCEN U LE EDTHBD, #IEHNLIKE
WIEBITHREL, BRICGETT2HEEHRKE
THbd, HAZE LD, WAFT, Yy&FILa
U2 A7 5 —FHEZE (acetylcholinesterase
inhibitor, AchEl) T ®» 5 i R x X))
(donepezil) MTIININA T —IFDIEEEEL
THE—RBAIZINTWS, LML, INETHER
RERINVEEDTH, TILIYNTI—IHOM
RRHEZN LT ERETE HIRAN IR
WEFARDDR> T, ZILYNT T —FF

BRI, 725 N BRI O B
HENBETEND, TOHFT AB DILE, FITE
ANROEEED XK T THD ABL-42 D
WEMN, AD FEORDEMICEL 2L TH
HIEMNS, D AB. KiZ AB1-42 DI % HI
fld5a M7 Ioqf Rkl ARk D AD @
FEWRBEELTHEINTWS, £, &
£ L2 ABABEEHBOTY R - A
(apoptosis) ZFHEFHE T HDIEIHAHDO I ETH D,
AB VX in vitro THREEMIRICHEEZE TS &N



HENTNAHPH, MEMEICHT 2 AB DM
EHHITELIEYNHNIL, WND AB ILEIT
B MR OB %)L EDORENR TE 20
HANIZ W, BEHIEIMA R, FITERT7PTT
BIA<HEHNTHD, FHOBFIITHHLENT
NBH, TENLS DN OEGFEITRAEITHEREN
HDEMKDODBTHESIN TS, bivhbnid
INFETEHFENEHRNEK, 5/ —IBLR
A& J =)V THI U7z %5 WY in vitro T AB1-40
& AR1-42 DFEZAFITHEEHIT, BEL
7= AB BERERESITRIENTESL I &
MHERINEL, AR TREREL L bR
I AN Y SH-SYSY ZHWT, AB1-42 Of
JoEME IR T 5B EPNBEH OB REN R T
WRTHEEDIL, FREFRFEOBEEITD
WTHBRFEITO 2.

HEE

1. B O HE W & ERR

SIS 10g 12K+ Y /= IV R AS J—))
Z100ml ©DOANT, BRTDZEITED, K
W (water extract:W) + ¥ J — L H A
(ethanol extract:E) & A% / — )L HiH A K
(methanol extract:M) & 57= BRI S,
100mg/ml D PBEIT7/2 5 £ 5 I dimethylsulfoxide
(DMSO) THML=%RIT, 20CTHRET 5.

2. Ml % BEaE

10%FBS (fetal bovine serum) % &3 DMEM
(Dulbeco's Modifed Eagle Medium) % ffi 5 T,
5% 8ibRFE (5%C0) D 37CA > FaX—
& — Tt b OMKEEEME SH-SYSY MM %
#ZL, BT[RBT 5,

3. SH-SYSY Ml D A FR % JE

EETVWHIHMBEOIFNIRUT ERET
)
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazoliu
m bromide (MTT) 2R W T, Mg E£ER%H
EL 7,

96 INFEEY A 7 117 L — MIZ 1000 & O k2
ZE T 200ul DHIfREK ZREE, 37C  5%C0O,
A2FaR—F—NT24HHBEL, X T+
Jarhko—) (DMSO Zffio /=, C &&Ki) -
E10 (RKBEZ 10ug/ml &725 LD ITHE) -
E100 ( 100ug/ml) + M10 ( 10ug/ml) - M100

(100ug/ml) + W10 (10ug/ml) * W100 (100ug/ml)
EMA D, 48K > FaX—FLT, Uz
JVIZ MTT A by 7% 20ul T2 (REBE
0.5mg/ml) A, & 5IT 4 FEfREEL, 88U
WICEMEA Y T8 — )% 100ul $OMA,
<4707 —hKhY—%—"7T 570nm THIET
=

AB1-42 Ol 7 M 59 2 s e R R
M ZEFHANDERICBWTIE, E10- E100 * M10 -
M100 - W10 - W100 & A7z 24 KEI$R 1T, Bef&
BE 10uM O AB1-42 &N A, HIT 24 KEf 1 >
FarR—=bLT, UEORBRXEZFETHILOE
FREZUEL .

AHRERINTSHE

AR (%) = ((a-b) / (c-b)) x100

a: MEOWPEM, b: 757 QHEEM, ¢
FHF 4 7 A ba—)LOBElE#

4. NF-xB &PIERTITH T D PF5E

NS A7 %27 % —F > b (TransFactor
Profiling Kit Inflammation I, BD Biosciences
Clontech, Palo Alto, CA, USA) ZFH B L T
ELISA THRG KT & DNA OREEEEZHE L
7z

60mm DT 4 v > 2 ®HIT 1X10° fE/ml Dl
JISREKZE 3ml § O®E, 1 >FarR—F—T
24 BB U C E10 - M10 - W10 21X 5. &
D% 24 WA > FaXR—bL T, BRIEE
10uM D AB1-42 Z A, X HT 473> hO—
JV + E10 * M10 * W10 * AB1-42 *+ AB1-42-+E10 -
AB1-42+M10 * AB1-42+W10 D & D ITH &V
T, BT 24 RHBEL 2,

NS ATy O —Fy boTaba—)
Wit T, Bl AE<EE#ME L 2.4C T 1,200
Xg, 57ELERIC, EEZEEBIRL, XKEHO PBS
EMAZ,4CT300Xg, 5@ LL, MilLEED,
ED-MIBO 5 EEEOMBBBENY 77—
ZMZ, KET15721>FaX—rT 5, 4C
T 300Xg, 5ABLULERIC, WED 2 EEE
DO RRINY 7y — &I, 27 B OEH
BWTSEERy T LT, HilEEZREITH
Pl 7z, 4CT 8,000Xg, 20 730U 71T,
MEZED, KWEBHBNy 77 —%&MZA, 4C
T607HA >F 2 X— 19 5.4C, 16,000 X g,
5 @O ULEEIC, EEZEBEIIL, Lowry £ T



o REERLT, —80CTHRAELX.

NF-kB p50 * p65 * c-Rel * ATF2 * c-Fos * CREB
& DNA OREAIEEZFNTz, 30ug DT 2 IND
BAEGOY 2 TIVE Sou/r )V DOMA, Eif
T 60 A o Fax—hLERIC, &RFICHE
BT B —KFEEMA, BIRT 60 -1 >Fa
N—h UL/, BT REIEZEMA, 2R T30
S FaxR—bL, ¥4 7S b —hFUJ—
& —Zff > T 655nm THIE L &,

5. WEtotr

SPSS TH#iatL T, p=0.05 2HEZEDH D &
WLz,

MER
1. YRS O MM G E A
KB MHBRENA & A, 5 /=)

OHEEICBNTHROEFERNELHBEML
(1D, £, EOBRBRITBNTD, 10 ug/ml
NEBEBETHD EHHI=NS.

¥ 7z, 2 TrRUZELDIC ABL-42 I,
SH-SY5Y MilBDEGFREZHIEIEDLDITHL
T, 10ug/ml DILH J — LRI AB1-42 D
MEgE2EL <MKIdT2 I ERERINZ,

2. NF-«xB &P E K FOEE

3-6 DRLZEDIT, AL AB1-42 &K
ENHEERMML D c-Fos * CREB -+ c-Rel * p65 &
DNA O#EAIEMHICHBICERE S AN, 28
LT, K7 ORLELDIT, ABL-42 [3HEHE
ML D ATF2 & DNA DFEBIEHEEE L < LTz,

MTT-medicine

-

1.6 -
14 F ]‘E
1.2 - 1 T
1 +
0.8 -
0.6 |-
04 -
02
0 J 1
C E10 E100

M10 M100 W10 w100

1 EHHMEAERICLS SH-SYSY fIDAEFRDEH)

C:xHF47arro—J

E10: 10ug/ml D LY / — VA B100 : 100pg/ml O L5 J — )L i H &
M10 ¢ 10ug/ml D * ¥ J — VA HEE  M100 : 100ug/mt D A ¥/ — )L Hll KB

W10 @ 10ug/ml O KB K
* p=0.05

W100 : 100ug/ml O 7K ¥ ¥



Abeta and medicine MTT
1.2
1+ — ¥
o3 | TR T
T 1

0.6 |
0.4
0.2
0 : PR I : ; ;

control AB AB+E10 AB+E100) AB+M10 AB+M100 AB+W10 AB+W100

B2 AB L MEEICHTHEGEMHBROZE
control : FH T 4 723 ha—JL AB: 10uM @ AB, 4,
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Abstract

Objective: Effects of potent free radical scavenger, edaravone, on oxidative stress-induced endothelial damage and early atherosclerosis were
investigated using animal models and cultured cells.

Methods and results: Endothelial apoptosis was induced by 5-min intra-arterial exposure of a rat carotid artery with 0.01 mmol/L. H,0,.
Edaravone treatment (10 mg/kg i.p.) for 3 days suppressed endothelial apoptosis, as evaluated by chromatin staining of en face specimens at
24 h, by approximately 40%. Similarly, edaravone dose-dependently inhibited H»O,-induce apoptosis of cultured endothelial cells in parallel
with the inhibition of 8-isoprostane formation, 4-hydroxy-2-nonenal (4-HNE) accumulation and VCAM-1 expression. Next, apolipoprotein-E
knockout mice were fed a high-cholesterol diet for 4 weeks with edaravone (10 mg/kg i.p.) or vehicle treatment. Edaravone treatment decreased
atherosclerotic lesions in the aortic sinus (0.18 £ 0.01 to 0.09 £ 0.01 mm?, P <0.001) and descending aorta (5.09 +0.86 to 1.75 £ 0.41 mm?,
P <0.05), as evaluated by oil red O staining without influence on plasma lipid concentrations or blood pressure. Dihydroethidium labeling
and cytochrome ¢ reduction assay showed that superoxide anions in the aorta were suppressed by edaravone. Also, plasma 8-isoprostane
concentrations and aortic nitrotyrosine, 4-HNE and VCAM-1 contents were decreased by edaravone tfreatment.

Conclusions: These results suggest that edaravone may be a useful therapentic tool for early atherosclerosis, pending the clinical efficacy.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Kevwords: Atherosclerosis; Reactive oxygen species; Free radical scavenger; Edaravone; 4-HNE; Apolipoprotein E knockout mouse

1. Introduction and atherosclerosis [7] are accelerated by superoxide anion
(02°7).
Experimental studies have shown the protective effects

of antioxidants on atherosclerosis and endothelial injury.

Accumulating evidence has shown that stress-induced
injury of vascular endothelial cells (ECs) is an initial event in

the development of atherosclerosis [1]. In particular, oxida-
tive stress has been implicated in endothelial injury caused
by oxidized LDL and smoking as well as hypertension, dia-
betes and ischemia-reperfusion [1-3]. This notion is sup-
ported by the findings that the production of reactive oxygen
species (ROS) is upregulated in vascular lesions [4,5], and
that lesion formations such as endothelial dysfunction [6]
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Dietary antioxidants were reported to preserve endothelial
function [8,9] and inhibit atherosclerosis [10] in cholesterol-
fed rabbits. In a well employed animal model of atherosclero-
sis, apolipoprotein E knockout (ApoE-KO) mouse fed a high
fat diet, it has been shown that there was a significant increase
in basal superoxide products [11,12], and that both O»°~ lev-
els and aortic lesion areas were attenuated by treatment with
Vitamin E [11] or superoxide dismutase [13]. By contrast,
it has been reported that elimination of NAD(P)H oxidase
[14] or disruption of its subunit p47phox [15] had no effect
on lesion size in ApoE-KO mice. Clinical experimentis have
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also shown that antioxidants such as Vitamins C and E can
ameliorate endothelial dysfunction in patients with hyper-
cholesterolemia or atherosclerosis [16,17], although recent
clinical trials have failed to prove the protective effects of
Vitamin E on cardiovascular events in patients with risk fac-
tors [18] and in healthy subjects [19].

Edaravone is a potent free radical scavenger that has
been clinically used to reduce the neuronal damage follow-
ing ischemic stroke [20]. Edaravone has promising prop-
erty to quench hydroxyl radical (*OH) and show inhibitory
effects on peroxynitrite (ONOO™) and both water-soluble
and lipid-soluble peroxyl radical (.LOO®) [21,22]. Accord-
ingly, this compound exerts a wide range of antioxidant
activity on ROS beyond the effects of water-soluble or
lipid-soluble antioxidant vitamins. Based on this idea, we
hypothesized that edaravone would inhibit the process of
atherosclerosis.

To test this hypothesis, we investigated the effects of
edaravone in two experimental models. First, we examined
whether edaravone could inhibit hydrogen peroxide (H,O5)-
induced EC apoptosis in a rat model [23] and cultured ECs.
Second, we examined whether edaravone could suppress the
atherosclerotic lesion formation in ApoE-KO mice.

2. Methods
2.1. Animals

Male Wistar rats aged 10-12 weeks (Japan Clea), and male
C57BL/6 mice and ApoE-KO mice on C57BL/6 background
aged 4-6 weeks (Jackson Laboratory) were used in this study.
All of the experimental protocols were approved by the Ani-
mal Research Committee of the Kyorin University School of
Medicine.

2.2. Hp0z-induced EC apoptosis in rats and in culture

EC apoptosis was induced by 5-min intra-arterial treat-
ment of a rat carotid artery with 0.01 mmol/L. H,0O» as
previously described [23]. Briefly, edaravone (3-methyl-1-
phenyl-2-pyrazolin-5-one; 3 or 10 mg/kg; donated by Mit-
subishi Pharma Corporation, Japan) or its vehicle was intra-
peritoneally injected daily for 3 days before HyO, treat-
ment. A catheter was placed in the common carotid artery
via the external carotid artery. The lumen was flushed with
saline, replaced with 0.01 mmol/L H,O; diluted with saline
for 5 min and recovered. At 24 h after H,O» treatment, EC
apoptosis was evaluated by chromatin staining of en face
specimens of the carotid artery using Hoechst 33342 dye.
Apoptotic cells were identified by their typical morpho-
logical appearance; chromatin condensation, nuclear frag-
mentation, or apoptotic bodies. The numbers of apoptotic
cells and intact cells were counted in 10 high-power fields
for each specimen by an observer blinded to the treatment
group.

Apoptosis of ECs isolated from a bovine carotid artery
was induced as previously described [24]. Briefly, subcon-
fluent ECs were pretreated for 24h with culture medium
containing edaravone or vehicle. After washing twice with
Hank’s balanced salt solution, the cells were exposed to
H>05 (0.2 mmol/L) diluted in Hank’s balanced salt solution
for 1.5h at 37°C to induce apoptosis. Then ECs were cul-
tured in culture medium containing edaravone or vehicle until
assay. Apoptosis was evaluated at 24 h after H, O, treatment
as histone-associated DNA fragments using a photometric
enzyme immunoassay (Cell Death Detection ELISA, Roche),
according to the manufacturer’s instructions.

2.3. Atherosclerosis in ApoE-KO mice

ApoE-KO mice received a high-cholesterol diet (1%
cholesterol, 10% fat in CE-2 standard diet; Japan Clea)
for 4 weeks. Simultaneously, edaravone (10 mg/kg) or its
vehicle was intra-peritoneally injected daily throughout the
experiments. Body weight and systolic blood pressure were
recorded every week in a conscious state by the tail cuff
method (BP-98A; Softron, Tokyo).

At 4 weeks of treatment, mice were sacrificed with an
overdose of diethyl ether and perfusion-fixed. Atherosclerotic
lesions in the aortic sinus were quantified according to the
method described previously [25]. We also measured the sur-
face area of atherosclerotic lesions in the whole descending
aorta including the abdominal aorta just proximal to the iliac
bifurcation. En face specimens of the descending aorta were
stained with oil red O, photographed and analyzed using the
NIH image software. Total cholesterol, high-density lipopro-
tein cholesterol and low-density lipoprotein cholesterol in
mice plasma were determined by a commercial laboratory
(SRL, Japan).

2.4. Measurement of ROS

Aortic samples for ROS measurements were prepared
separately from those for atherosclerosis evaluation. At 4
weeks of treatment, ApoE-KO mice were sacrificed with
CO; inhalation. Descending aortas were rapidly removed and
placed into chilled modified Krebs/HEPES buffer. CS7BL/6
mice fed a standard diet were also used as the con-
trol. To determine superoxide production in sifu, frozen
cross-sections of the aorta were stained with 10 wmol/L
dihydroethidium (DHE; Molecular Probes), followed by
fluorescent microscopy [26]. Also, superoxide produc-
tion in aortic rings was quantified using the superoxide
dismutase-inhibitable cytochrome ¢ reduction assay as pre-
viously described [27]. Immunohistochemical detection of
3-nitrotyrosine in the aorta was visualized by diaminobenzi-
dine as reported previously [28].

Intracellular production of superoxide anions was mea-
sured using DHE as described previously [29], and the inten-
sity values were calculated using the Metamorph software
[24]. Concentrations of 8-isoprostane (8-iso prostaglandin





