HE(FER) FEEBICLVE, BRIDVL
REFLTHYNEITEET.
EFEFEOUEREERFESTABL, &

BEIENREEDAHELTVIT. XBR,

EEAN, BREOERE, EE~NOZTTRRL
FOEME, NMERBROMELD, SHERBRIZED
W EEFHEBLTHIELBEL Twoab X
WOREVH T EEEILOWT, EEFOTE
BaBfAwnwliwnwtBosTwnEd,

Y, DIFECBITAEMEBREICH HEG
EANDERE, SHBENIFTEDL HITHEL TWL
LFRBENTVEDONENI LI LRI ERETD
FEMPSCBREERITETTCL LI 2.

BT BE, BENMEOHRIBOFALVDA
TWwWES. BILTWBARILENEL, BFHED
AE 13% &) NERBRUAIOT— 52551,
FNICEHEBEAOD 2200 AN T 2ITHE, 72
WWE L TETWDE L) TF. F25
(013 ENEHED Y — 7 BEIZIZ 3,300 F A,
ENEEHEIR FALLVIZEZDTIE:
whtwbhTwId. #HICBEUAEDEE
BiE, SSRULLOBEBEVEZ D a0
LBt —HWOF—FTTH, BXE
HEREAHELTETWE S, HICEHFET
(R BHEFEN) OBRKEELEDT— ¥ Tid,

1997 €3 T0 10 EB/T, VWhOLEEDES

WhADBE, REOFHEN 10 FEHBICEZ o
TVBEVIF—BH0ET. TTHE, &
AR 13% LD SRUEATIISEES
LiBbNIT. —F, AOUBMHFRTL
72— Tk, 0TI, — &, BRICZ
HEEYER6EOVEI LRI F—I2H
NET. BHRAEFRIEEREZL, BEERHEE
DECFRTTH(FEH LK), TNTH6E
HEECELZENTEET. BHO4EIRT
PODEGENIEE o TnADH. 9\ BKRT,
BHESRELEESHEVE I 54, BB,
LEMEOMHEGA 2 ALY, B2/KTEE59
EWSH Tz ET. 642, BRRANE
WEBRRE TR, B4 2KEELb oA
ELT, BABLTRHVWIRZVWEBWET,

HE BREOSHES, MELVIMELTTR

%L, BEELV) FoOEmA, FEICKEE:
MBIL2-TEET. BEEFEE(EFE)DE
ERETF—50kBE, HEBEED 3%, 307
FAD 65U E, ABREEZED64%, 93 HAD
B5BULETHEEN)Z LT, EELXLEL
THEADBTES ELUEDANEDDEEDE,
FEEWELL ZoTETWVET.

FDLEI I ETEREDERNENHN S
PRELZBEICZ>TVBEDTTY, SHED
FEWRR, HrViESEoFMTFEEVIZL
WKELZ LT, MEgE, wrsTLLE )P,

SEEORZRRE LUSEOEM

NH EEZEREOIEIPSBLLETSE,
VWEIGEEUETL o TLTEHELT 0P,
ZARBHETY), 0ZLE*EHELE
HBTE0OD. HrVIBEEHEL VDN
SR EDOE®BER 12/ =7 v MITHED
he, BREOEHRIIOVWTHHLEDL-TK
HEDTREVIrEBWET.

SHOEEE 2 KAD S L, 9J8200{EM
P5BUEOAFoTET. INnE 1A
Y- DEEETHLL, SELLOREE
BEICBLTIZSIFS5I0MEEV) Z itk
. 65 ERMOF LT 157 2,700 H,
BEULEDOFIEHSHE 2D T, 65
roFik, HesFEEERD, 5EERTOH4
iz hET.

EEE, 2%, 1#S-hv08%, 18
L) DEBEBOIDIHMET LI ENEVD
TY, BRELEETHEIRR, IPF
T¥. SHET274, ARTIZO58MELENE

. EBEBRERAR, skE bz, ZRERIBN
HTT(E1). BRINn*HEBELT, aHE
¥y =4y M, REREL LAY, BCR
BELEZLLAY, SEBMICEALTY, BRE
W L T EEHIZEALAZND LTWAE DT
T. T BROBGHEEREIHLEETT.
4%, SRHEHNCEY, BCERExXRE BT
AEMICHNTT. 2006 10 25, FIX

166 Geriatric Medicine Vol. 45 No.2 2007-2



1%/
FEEH
415

1 A%y RSEE
121

| ) SRR
1.3

1452470
187k RPE ZBEE
BEE 1168 1.11%
098

IR=EY~0k33
1.24&

(M) BEESBE [EAERSREER]

K1 ZAESEBOEM—3IEROER

520 5 LA E R g (85 & 13 13 380 75 FILL
B, —goyrs)—< ERLLHIIC3E
B2 FLAL, 2008 E2 LI, 70 &L

LoOFRER2EEBICRBZFETT. THW

SRR TC—BBRLENLDOEIZTDIHTT. X
BIIECAEES FITAZ LIZL T, 2%
FTFTRWEEZTVAS L) TTH, TIE
LW Td. ARBRK»S, BFfTo4ES
SBHEOF| LWTEICE D, TREOE(LICET
LOMBENEEINTVIT. FlidEHE
TEPROBWVWHIZBE LT, 2002 £ 2E848
W hE L ThICE o THRDOESER KX
OEPLAOEN T LA, FEZERdD IR
ATLZ. 2%h, Sk@ELTWwaEE I
LT, HCEERY FIF T ITERR%EELL
nNabITiREVOTYT. BREVIFHI (L
EEL| TIERZVOTL L) P
THIBERELZOTTY, BROZFPHRERE LN
THEL:. EZLBHETRIIEEL,
DENZVOTT. 0ETHTFHIAREEN
ZwOT, EHERICITCLENZVOTIEZ
WTLE Y. ABEEWEEXTEAHEW
AWUAPGITNITESZELADEET AT
L), #0EXRTHIERIKRELLEVIT.
WHTRERELEERDINEF2VER)

SEER, EIEINTIVOYR, SHOTRE
ETT.

HE 1AL YOEEBIEHETIEIE
WEWH T LIFFEETTH, #1011 EHD
SR TEEOEEE2FoTWnwa0hwn) &
F-AoMEIc Y ETh. 101 BOXDE
HEZLELLZVOTHNE, TN bME
DR EV) BESHETIIINERIDT
FThEDd, FORBEIRLEITLE ) 2.
NH ERZINESE, PFOMBEFHYIT.
</ UNEEE® 5 HBULEH BV TS EUE
DAOTE - TWAELITTYT. LAL, EBIC
EEgEc s Lot ANICEBTAL, HWELIE
T, 14 )OEERTAB L, HLPIIH
ZETAbITT. HETYVEDOLKETTA
HE EAPCBBHICIBRRICEIRPT (R
hIT. BRHECEEEFEDATVHLV)
Tl BREOBRNEIEIIENIZLED
HEETHoT, ERRZEEITOhTHnEEY
FRFIIFYERVZZVOTIEHEZVIERY
FEH, WHAANTL LI D A
BER %5 T¥h. EHEIRT, AT
End kA nERTHY T T, LECTLL
EEhrErt, bo LEAKCHERINERET
iAW TL L. FRICE, FOBEAPL

Geriatric Medicine Vol. 45 No.2 2007-2 167




OHEAE D> TV, FORAOTL HhAHIK
SLENFEVOD, EVHITLEEZILRER

DTT. VEUEICRZBE, FHSKE LV

SOV ABREBTTNL, EEO IEBIZHER
T, SESZEFFELAEITLROTT. Fh

FPHELTOHIEZZEINFEVEWV) ZETHNE,

ALIISDELEEDTVLIDTIEZVIEWVD
smEsc e ) T, EERIZED) TIERVWER
WET. TThL, FOATELAL LIER
MrENLWE, BREOENICHDEN-T
W DTRZWY., FhzeERLTwET.

#E —FHT, EERBRAELTo2EEGE
5k T, MERMBREED 2000 £ 06
e h, BECTENBELEROESHE, EiE
EEDI T oTWL L) ZEIZBET 5
EESBEVTWIETY, T2 RE D

h, MAEIFELZ LW ZEHEARBI > TW
BEXHKBERLET.

AERBEOFBEEORIR, H5WVIIHES,
o7 BEEEOEERELEDT, 200K
FIOFEIHFERLTEITTIVONE) L
WL AMELH N ET. £DBH OREIC
SVTHOIERERAELEN, BAVTELT
ERWET,

NERROFIAIAR - HERS LU
SEOER

Xk HNEEBRELIL BSREOEANEREOD

BEAE VI FTROFLLETNTETVIT.

EFRROMEI S TEAREROBEILIC
SVTHEA BB Eadih SR, & bICHED
RENES ELTE) $T. ERRROBHE
BETHT, AROEMRBRICE D ALHAT
HEIEATETE D IT. MEIBBEOH
MCEBHO L HAMBEL LTRRE Vo 2B
SHiznh L. L b AERRE, BIX
8, BECEENE, AEBALLVoBA
FEOAINTHET.

EENEA - VRENETRZ, 2B
—EE LTEBSHAMEL LTRATR S
Ll EAEEORKELDLE, B

S LEwvnF L.

FEFEELAI TV LRT T HL LBV
7. .
Ly LEEEZFREEZL, QOL 2 EZX2E
BOHNFS, PLTDEFLLDOOHY T Y.
LAY, AERIROMDL EITIZBWT, BE
ELTBYAXETAERVTWETTH, 4t
SERRSEA MBI AL IC BB, BEOR
BLESH LTS LHITr s iir o T
FIFZELEEPbDo2L, Mg
RREIEREEIIBVL TR T NIC HwI E
FVWBAELRSEHLLBEVWET. £LTWw
I NERBROBSIIB o —EXIIEDA
SELTWAEDTT. '

NERRIHEWABRLHTAIAE LRI
DINE 7= DTS, MREH T HETFTY
TRA. TTDLH, &) LTHERRRELLD
EERFRICEHOARBENFBUEATETL
TnIYd. FHOEEBRTEETHILERD,
EEEOBEIELIY, FHERBEZERTH S
L, Ry FEERROLTIE, FLTHMERRIC
BT Lo EERKBRERERISEDLNTS
DET. BREOHIES 7 V) AT, EE
HoTONE, NEH->TOERTT. Zhy
LOEEEEIL, EMOTITEEOLDIET
THEE 2 S NT, HIBNESCHHEEIH -
T %, BEEEIFTELZDITTY. LIAWF,
FHEREZIILAEBRUTTRIEA.

SR 17 (2005) 4 B 58 3 FiEk O Fl AR
(E1)EHBE, TRTOFIEEHN O % 8B
2TwWEYT. 2% 0, ZFMF2VOTY. T
bordbbd, SENEEEERKOERX S
EAT, 50%UELOBEI, mEkPoHBTIw
LWV TWANDTT.

NEDOIHROERTLOEBTT(K2).
NEEEREEERTTY, ENEL, 50K
MIELALTT. ERTEICATVLE, BE
WEAEEIEITWADTY. HEHEKRT,
B —FEEREIC 2o TVET. IZ%%< %
SENIDbITLOTT. FNRT—FEVEAR
BREGER)ICBEFI LI DITTIRSL, &
MITEEMICDFEFICRELENH N 5.
BREIEREL)OEEZIEL VI REREREE

168 Geriatric Medicine Vol. 45 No.2 2007-2



£1 HBROBENCALTEE, EMEH, FAE

2E10R18E

‘ o o %
IrEE B RS _

EH17E 383,326 376,328 98.2

Fk18 & 363,747 357,891 98.4
EEE ARIEIEEY

ERITE 297,769 269,352 90.5

FR18E 282,513 256,809 90.9
NEEEREEREY '

FER17E 129,942 120,448 92.7

Tk 18 & 138,942 129,111 92.9

FNERERERERICEUS [EE] RNTEBEEERKE TS 5.

NERBREROBEICICHBEEE#5 L,

IBEHEDIEIEBR T3,

(&R EESEEHEMERBINEY — E L -EEFAE] (P17 H)

BIzLTwBELITTTRL,
TWwhZiThideh FEA.

INnhbOBREIL, NERFLERRGTLE
WA, - EARBIIBVTIAEE
EErwrii—HbtTarin)T s, bh
bREZEAFRS L, REHEOXRESHEL b
5—F, REsRITEVWITERA. BRI
o THEVBTH»NOTIE R, SHEEE,
BEHEEY BB TATWE, FOFOEEY
— VX, fEF—Y¥2EEITED. FNESL
BEEE LTEIRT LT DD, ZhArsn
HEELZ > TWLDTIFEBRBWET.
TREBREEERFE L NERRVLEILZZ0
P.oEwnyZriczhET. BEERRIIEDR
1, MERBRIERERNT, 2EFBIIKRERE
wWAtH ) . BERR, AERR—ERICT
ABIEDVTNEARINLEIETLEY. I
NEEROBRY — 2 IIBWT, BENER
FORIIEEY— Y ADRA2TWIETH, EE
i, LELREREVLELRNMEIMENNIFIET
XL hoTnBDTYT. TN ER
BROEEOH N A ERET I LILBNT, Ef
EI1TH, ERVEEDTEVDHDIL, LEERZE
BERMTESL, 2\ T ey 744
BEORT, FELTV2RZITRIEWITRWVE
BwET,

INIEZhTREL

EfEfIENE

HE EEFEXEORNEHRAMY T T L
41, BHBERRIIL Y BBABLIUTIZADD
LOBENREOHEBHER I LL T
TL&I. 72345 O0OERGESETE
EPoune)F— a3 MRk TER
THIEERFICEDTEEVH LT, &
HHRBRE CHEEDEREOZTERIINNEY T -
a3 VITEDTERLALIEIINFNLVEEHREIL
ErEHltnH Ay E—IFERVWTEYT. L
Tedfo T, BEERRKROHBEEEHFEER
T, S, EEN T CRaERET
FORITEET, L)L), SENEER
EEROYED 1 o0fihdr e BVEd. L
»L, RIE-LTEZSER, &5V EHEENED,
HIBRTH iR DD, #HBEREONE+F20»
FHBETY. HROEFERER, EEEE -
EEHZDLOTL LD,

KE INhLRoTWVWIHIEWVHERERNLESLS
EBWET. LAY, EERRIIEERNICRS
RERTCREONTAL) BRTEATVET.
ERIZUANAYY F— 3 OB REEICBNT,
MEERBIZBITLINE) T2 ards, i
R0 &AL OER S NIED LT T, #igY)
NEY) T = 3 YEFIEFETE TS LTV

Geriatric Medicine Vol. 45 No.2 2007-2 169




EFEEENBENC A5 E, MEEABUBERTE [ENES5 ] #323%, TEZARREITE [ENEL]

M72% ERB B

AEEAEHIER
=E3

NEHENEERLTE [ENES ) 1'54.0% B2, EFENOSHERATVS.

(SE£10B1818BHE)
BNEs 10t FHENMEE

EE B

229 Nio 3.35

27.7 0.8 3.49

28.9 0.5 3.53

311 0.3 3.63

33.1 0.1 3.72

32.3 0.1 3.74

2.98

3.10
3.12
3.17
3.20
3.17

g D) THENEEMUTOHR

4.01 (CEHETEL-

402 SNBEREREH

Fi9 XENTBENEE

18 mamET BaEI~5500

4.24 EFEROLE

4.27

() [ % M GEEHTSEES [N Y —C R p6EY - WHARERZ | (PR 17 )
2 BENEBENCH-ERER (HERIE) OFRES

ZEHEA.

BN CoEERFEKREELLIZER, T
FTHFS7-0OTT. LrL, L S5EHDOMIC
BED 1S5 EUEDOAD, BUREICR>TK
B EIEEEVR L, FOANLIIEERKEY
WS THET ZRIEEEZIT Tk
iy 2T,

20078 BF T, WhOLNEHRE, E
BHRENSHEAOTRZVWIEDERIIITL, E
FEIHIBICSITMEESE L D &, FHER
BCEER TSI LE LR BARE
FNHIEATT &, BEERKSSVHIRE LT
ERE, SmE, ME0 3. 2RICHEL
AR E L CERE, T TSR DS
HWig e LTHEER, WAWAERZETUFEHN I
T, REZHRLTVWET. FTE—IC, ER
CBhwEWIERIZIRAALI WSRO T
+. EEOSTME LT, BLi2EEHEEX
BREFRNDLOTTA, ENLOHEIFEFEIL

SR CHEA A TEEVTT. ERNTTH,

BRI EEEREYTo TV AHEMENERIIY
O [k, ZERITADSIZEAETT L]
EWHEFETLL.
SiMaeEz i, EER)ROOFHE
REDIIELTVD, FEICEEVHL LR
WEY. ThIFBCEREAE V) DTIRZL,
EHEOYELMETHEEICREBELTVWALD
5TCY. BEUBATALWVIEHEIELY
DOTTH, BENEIT20E, 30ELITLHD
THNE, PN 205, J0EPTTL2LY
VINGI T4 v LT, RLTWLIRELELE
BwEy.
HE AEEENFE)EZTITTBEONLEZD
EEEZAITE, PRVEENIHIBREOR
wWHVwE, BLWVWEWIREN 1D, T,
REFPBHEICHZ ORI THLZ L, MR
T, #HRc B RSB ERYH 5, FHRIEE
AF—a bbbl BRI
FABEATEEN2VWE, BEL) T v
HwewIHEEMRS Y, F0LI) RBIBOERRE

170 Geriatric Medicine Vol. 45 No.2 2007-2



HBVINEREIIC, BT LICH L EERT
LA TDEEDPLZYREVOTIERV AR E
TEWT 4,

XA TEEEMNE) ¥ TH5E8101, iR
BT —EREEEF—EANEI Ry A
th. Lid, EEEEIELDEMCHHESE
ATF—vay, IBAEIELVI-L L, »
AVBLLDOFFEEL2TREWIT2nEn
SE|AAH N ET. Y RAEFMIEED
T, VRATFLETETERILTERZVOT
T. @2, HENVENoTVDRRVDOTT.
BRI - 2o THOHEE -, #2 %
all or nothing TEZBE TV EEIIHAE L
Bwixd.,

HIE JIR%ER, FERFROLBEVIER

SCHE U BEELE BT 57010, EREFRY,

XX TREAFT—LRPEAT YV a v~
DEREFFET LI LN, 1DOFETIEEW
PEVITEREBLOLEHTEH TS,
FIIHHRICH, TLFRAEBCS, 22 VER
B2 AN we, SBRCFBIRE LWL L
BODTEH, #20RNIEEDLHIIIBELT
L &9 .

N RELFoEKRTYT. EEVWIEL
NTWARRE, #MEFEECTLE L, HY
DHBEISLEBLIT. #HEELEIER
LTTH, FITMOMEEIRARE W, i
HM2ASAOWFROBEERKOZVEMNER
(10224 FR) 26, BRBROL2VHE]IE
(1427 R) T 12 EDEENH L. &biZ, B
EEHIADFERSEVVEREVIBEELD
BELREV. MBI, 1 ALY ERRSBE
—FEVQIO FA)DTT Y, FERKRIZLE
BV, 203 FAOEMED L BTwFET,
FIVIRTIE, AF14HNfFa<=ray
(AT aV)DBRBIEGFHEEICEL, 27149
WAFE 78— MIERL L 2L v ) Eady
APBERE L. 727, —FBORv i, &
HEVZELTHANFBENZETT. #5753
&, TEHLREBBTESE T Rz En
FZ ki, BITHRETCIIREKBELI»Z W
DTT.

REFEDIUEG» O A THEREREVO, NE
RRIERRRE E-> THERN DT, 22
I CEHAHNERRCTABE LA T, hLl
EI3BEETH T EsWwE w5 FHIBFHE 2
ETT. NERRIZIEOETCEER DS
bOTThL, XHEELESEMEVES VAL
Wi htBiE, BHL) (LR 2 EX
THERBDIVA. T IIREHE&TTRA.
XE #HEBHEAE, BRBEOLDE VS
ZETRELMNEBSITIONTWADIITY. 4
ERRLE, NERRECERENEELoTY
HICbhhboT, FEIHSEBHEAZFOE
FRRoTWELITTYT. HOEMEBMENT
WBEDITTTNE, FELRLITEFEEDOET
WELTDE—T75F 4%y bELT, —BHEHE
FERICIEVORBFEELRZOTT.

N#H FREIVIHEELZ2OTYT. TT26, &
REPIERIZAS TV, RTHoTWVRD,
FHIVIFBVEDITTYT. bhbhoxREIC

Geriatric Medicine Vol. 45 No.2 2007- 2 171




LNIEHRBIIVTERCOVEY THA. Z1F

m#&w#f,:5W5Ck%?oTLi5&

BLBITKERZZ L h T+,

BR A74 23 v Eaige, EENIAO
BES, ZMICENBRCESICHZINL
&maztuﬁﬁw&mﬁf.ﬁﬁ®ﬁ§ﬂ@
BREULTZ22ELT, 25123, £2
WE AT A NfFETI— ET DN —FR
%%#t%wi?.%@*f,%%ﬁ%tw@
BREBELTOY—EX2BELTVBE, 5
ETIHEVEBR VT T,

XF HEBERLVI D, EXE7ETcidn

G ULA2ETRBEBETIIETT. 030,

ERE LTIT) S EMUERDOTT.

bhbht?ﬂ@,%:ﬂl%@ﬁ?ﬁ%&

Ay MU VAT MUY B EHUEIC RS L
ERIT. ZOLEII, NESFTIREL W
WHTLEDHS TR LENS ) T4,
Fig BELVIZEPLVVET L, BER

BROBRBREBENEALAMBENY L, £213
%ﬂb@ﬁﬁf?.%Lf.ﬁ%ﬁ@@ﬁ@ﬁ
%Lﬁorw<tw5l5&:&ﬁ$&%ﬁé
NEDHTY. 8L, WIRBERENER
V)T EIHLT, HFLWERHES(ESS
EVIIBEDD N TTH, BHEEERROE
ﬁﬂ%ﬁi&w&%%%%ﬁ,z%%<§+ﬁ
AE&hT%iT.it,@E%&ﬁ@@ﬁ@
BRAEFTTIC20~30 FAVE L vwbAT
WET. EOANLLIRERROKEIZL S £
ITET, EREBRIBELEEL TV
tﬁ%ﬁéhi?.bhbhttfﬁ@&%%
@ﬁ%ttt&%,%@jvvF%Eﬁ?of
WREVR) TS, KBIChL LBV,
TIVIERT, BEERIHEN T I Trn
LI BREAERILTEREDLEVD 28 2 54F
TEIEDLETTH, E5TLLS .

EERSFRHIEOBRE

NH EREREGEIT 1961 £icTxE L
%ﬁ,ﬁid%h&&%#fﬁ&#ot@t
h—?%{ivk%ﬁot&wﬁbwﬁi.%
Dby, ARBFEIEESSIONDG, 3
%w@ﬁ%%ﬂﬁé%*—bLT(ht@f,
REDEOTHE, 2 idEHHSEICEE-
T:htbﬁf?.t:éﬁ,ﬁxﬁwi%i
TWAHRIEIR, ERERBEIEL LR+ 2
P, eV T,
EIRERRBIEL, L %o70 [HELT
VBl EwvoT, E3kokt [BE] £ vy
DTLEID. B, ACEERN 2% 3
BleVvioTwaER, ERSRREIES R
TYLEZOTL LI ». bIEOL—T5 4
v M, —EOEFRBREL B2
EV) BEEERNECHLLBVET. — 0
@ﬁﬁ,wiEAEALﬁOT%TW%.§§
HRIBILZ o TETWBDOTT. —f, FoR%
BITELIPEREREEREEL VS O,
ZIV—FBbNTVL L BT,

2008 FEHIEE 2 BB HEEEMNE T

172 Geriatric Medicine Vol. 45 No.2 2007-2



2OoNMBERBLTVHERVEY. 1284,

BREOEELBENLCAZBVEVITE
ERATYT. 22081, RYSHEI REHETE
SHBENB LV I LTT.

WE AEEBEL 4,000 AF B2, ZNICH
EREERERHIEMIEE L L, RETE,200
M/B (EE)icizhId. AELEETLA
M, €£M12FA0ABICEZYET. TXRET
24 FETYT. BRHEHTOFHIAL 2035
HtdoT, »hYogBIZ2H ¥, 2005
EDOFRBIHIE*T 2006 £ 8 AL EHEBMER
OENIE 520 FEZ D F L. v VEFHIED
2006 1 Bob%li), BEHEOAEY
FAXAEZTETI L. BRENLIEFTE
HETEXLONEVIHESHY TT. BEOT
— 2 ThHhLHERYEREOEHL, PPEHOER
EARESEIE ORI OWVT, BHEOMNE
EHELEDOTHHIPLAENIZZ 2THIEW
T WweEZAILELDOTEENTLEI D
%2005 EDBAINIETH 65 BUEOAMESE LD

BEER, ERBOZEEZRUSFM) LELSA

7. EEBRESIC 05 EORENRBREND DI 06
EQANL. MANMELFHLTHERF R LD

CEFERAHME, EONEbDr— A5, Bk

i, BEE L HIE S N A A M EREE T
621 HALLE & %o TV izds, 06EBANLIZ05E

OUNAA 520 FAMES T LTS, R

CHEHEOSAE 484 FAL LSS 380 FRLL

R o7, EHEOREICLIDHE, I LAYE

NEBTRARBAOHBEL LTHOALIBEHER
HOOFAYLTH20FALEE.

XA SEONEEEMOBEILLTY, ZITANR
KEI O, BEMRILZITLALEED
ICEZTWRVnDOTY.

HE BEZEERFE, 2FMH0IH 24
FHEBREE LTH-oTh, MEPLEFTE
ABTLED. LoL, NERREHRICIAPA
SEA R EE, EFLOPATITLALHEVR
ZLTLEIDITTYT. BRHBECEEREKFE

MhHh, FREHLTHRLVE W) ZETT,

INR—BDOIZAD—EN OFERENFEEIIK
XAREERRoTVREWVITET, FhiiE
e TVEVWERENREETHL LW
SHEDLHDDLITTT. TOAELERERL

HIEHSHTIE, 2o TWVARWVWOTYT. FHET
B, B0y —ATHBEEZEZ2VE, &
HEHETLIANENE, d50EIEEROK
B oigs, RECRKEVBELTLES
EVHIRIRICBAEREVRIETAILIIRD
ErHLBWET,
NERBEHIEIR, %, RREBEETHS
ZH—EZANZToN, HES L WHRIEL & KFF
T L72As, RIBEOHET, - EXOFAHE
ROtz b E&HT, FAZEMARKTRLMN
DIzDTERNTL : ) 2. MERRFIEDOW
STVMAEFAREEA L LTRATWIEE
WOTL LD

NERRFIEOEZ

Ex HAMICE, BYXEFRAZEREVE
T. 77 EADLSHF—FREGEHERLZO

Geriatric Medicine Vol. 45 No.2 2007-2 173




TEH, BEOBEASIEALZARZI > TETY

3. FRBLEEIETHIRTY, s

ETHECFAE, BROFZEIHRL T
IT. HERERE, EEIOBEHEREMICIRY,

FEBIIRoTwAE LN TED TTH,

EBII—HRENE,SBELHRT O T, &
KEFELLROLAB I WTWREWH I ET, &
DALRRIIIFEFEIIKRENWTT. L7, ENED
A=BIZE 2 TRWAWA LG —YANERT
XA FEFIIREVERBVIT.

b5 1201, FHEWIZEZAY, LIET
EBTELONPEN)ZLTT.
SETEIEE YD, WHVALZERTHRENIC

RhLrVE, FECRATAERVETY. 7,

InhsEABOHAIEHILL, FEZEERLT
DEFERHEBVET. £HVOBHEE, #
BTH—EA5ZITH L0 =—XD, D
WD EBWEYT. TT26, NERROE
ferAEiE L wEBVWES. LrL, NERK

NEFELD,

HEZOLOWERBRAEOBRFLELLII
AL|IHETELONE ) . FOHEOHRA
KOWTORERKREVWERVTY. BEEL
OPBEHBEOD, TOBMBIELALERLR
HhuFweid 2w L, £ERE, BREEORE
%, AbALE—T7F 4%y PELTRTARE
By BwEY. bk, LIV AERRE
EEREREODALSHET, WIFTEBYI
HRBROPICHMEELFHINEY TV 3
Vb, Ty FTEWHIZLTTEDLD
NEI MLV ETT. BEREEEMHNELY
ST, FIOBAFINTELHOP, £H0
3L NBRIVEII LD ERVET.

#E AERROBEERL, $EORETT
oz LIS LI REICEDbY T L.

FyhnE, RERATENEREII RS,
AVIREFEBEREBELTCLE LEVIA
3, FOFHRAETSICRALER D> o
HHBEIIZN, LWHMETTII2Y) vk
mMEFTNTEIT. HNFELAD, £EFBEER
LA, FHEOHEDERPBRAICEBLTIAT
ShEEZHIVTyAOERRSH N FTEA. £
72, WRIVFVANFESELTH, WA
BATYT. FHLERZP AR, BETEHE
VI T B bW I IEVIWTT A

XA #5TTh. 88, XB), 2T, BB
EWVWHTETEFIEFHEALILEV)Z LI, B
CEEEWVH LT, #23F/-BCEHEEL,
PBABAT A AW IS4 VHERZEBR
LET.

#E FTREHICVIE, FBHEWwH I LI
BetBel, ERIIRRICRoltw) L
THRLTBEL, THE Vo EPENEY
BENEHNIVEV) TV ARHT ) 20
FEIOTTH, FOLHIXE D TTh.

FHEZEER

MH EHETH, AEFHICL > TERRST
HEASBENE V) YT Y AR
ROHH LA

174 Geriatric Medicine Vol. 45 No.2 2007-2



EE - NEERAZ 77Ty PELTABLD
Tix%< T, BEF - - MEBREZ 17 vbhEL
THhBE, FEMENDLIH V) ZEHD
PoTEF LA Fih, HREMEICEE LTH%R
2EDI-OTTE, Vot ARE - NEILE
BZREICRBE, BE - NEOFRMEIZETL
BnZEbbhrhFlLi IHLAEEFT-S
F, BLREZLIIHWBHOFTERIZT, T0&
BRAIITTBONADTYT. BEF—5bBWv
i, SEOEFREEYET, 2kAOBELF
DL EDR, NEIZOWTDH, 20254EI1223k
AEPT EVIDTT. HEEFDVWIIEAL,
FEEICTS 7 RRREFBVTVAERVET.

B EHFENFITETVL L) ZRETTA

i #0k)IlEEE5 2T, TRTARE R
FoTnId. ThAFVEFEERDOPFTC—EFRL
WEFEE->TWET.
BB FHEwIIELEEZXDE, BREED
FHALRTIAFED [Lancet] DFICIX, EHBAL
TIiELWF— 7ok TTh. )
104/, BEEFPNMATHIEICLELST,
ADLAMEL, 1 AS-hOEFEBLENR
IhidEZoTnIT. XL, EERER
BTl LR BRWTT. —BFICT
Mol-Did, NERROEARL, THholtwn
AT ETH.
M —BEMICiET2oTH, FREAMNICEE
ILTHLEMNDEITADITTY.
BTl #5Tt. HEOEHFEGHFES, B
EHPEIBICHEL DL, BROXETRER,
HEDTERILA R LREITR L, FhAEE
HZT 7D AL 30~40E L HVDOESHFE
HT, WHOWAIRRREEMILZS ~9F, KEE
B72EwWhwe~7E£TH—-TT. Tidb, #F
SAEUNITLR, BEFGOVEFL LV T
T, QOLX GDP L 25NDTY. TTH
LEERIZIOWTIE, BEETLH70T )
EVIHRIRTYT. BEEZOHEIL—EDHERE
LETHe, EEENFRAIEVIEENZIL

i, FHAYTERVOTEZzALRNIT.

ERLBHTIREZED, $TCADONDEZ
DI VIRIRT, BEMIZE ETNITORRA

EohWwid R LA-I -0y " BOEER
HEELETNVETEON, BE»6 AONE
AEARNY, BEPERICED L) 2ERRPE
ML TBREEFEATLIIATD, TA)A
BEOLDEEFMILTW DR, £010h %
JHEEZEDI HICBEZTL P

M#E 7AUHE, I—OyNELwHIT LiZ
FLT, BEEHAIVETVTRERELTCY
¥4, TUTAR, TAVIADIHIITTIW
DEREZERZCVERA. Tnhb, Hilw
&, I—ayEEE bEH. DFEIEFA
VOHERBFHELZSECLAOTTH, (i
SRRFEOTEEICHET I —EE~EE - N
BREEFD L~ (FEEAN 2FKBR)] 0
E—BICFTLDOTLAN, [FAVRANPLS
bAL#ZEW] WS EZATYT. ZRTIEdL
BREIZE ) DEBEEABoLeETA, 7
z—=FVIIAO0AAN, Fr<—213500A
AL2PwERA, BERIEIDLFLEVSTY,

100 EBIZT/26600 FADVET. ADHRE
P oHTHEEREHLHTY, PIHI—0
yNRBEIREBELWERELET, £FITHIITYT
B, BICHERERRELET. tn0nIETOD,
AXERIIRERE, BETLHL2VD2HTY.

hizRrhEZERLTwERZVwOE, BFT
BAOI E3@TAEVIERMICERLTVE
T. BPBRELTVWEOE, BE0HEHIEE
FOEBEEY U E—VDIHIAT4 AN -
=¥y - THIYIEVIETTIA<Y
— s TRFHIHBTE 2LV T ETY.
EEBEVELVITET, EERBICESOEFSE -
PEAE, BEIA) v M BB, 7, BEE
DOHTCHEEIBENBTET LALL, BED
TWEREIHLTE, EBHERCZWIAL
LT, botABEs ANV EER
wET.

FEE FIEMICE, BIZEERTHe, LR
B LICBWT, FLBECIAEME - B
EhFEi Y, FHEVIBETORIBERENI
BWT, BERIEBSEI L TWwAbITTYA.
LAL, SHEOTERSISIT, BHED
NEFHRERTFHIIENORIEILETD

Geriatric Medicine Vol. 45 No.2 2007- 2 : 175




U,miif@&%bt?&tﬁtl%&?&
ﬁﬁ%?%#&i#twﬁ:tﬁ,%ﬁﬁbﬂ
TWBDEHD FnHELALET. wThi
Lé,Mﬁ%EﬁﬁoLvatEﬁﬂﬁbéw
dﬁ%ﬁ@ﬁﬁ,:iwot797ﬁtw5:
L AR BOTIRAVI L) TRER, R
0] LWIERFLBVET.

HHLIC

FHiE Bk T, BTFSEE, EERE
Y LT, EESENE, &5V EABRRHE
HEL I, SHVIRAEFLROE
%5&Llwﬁ§®ﬂﬁAﬁT%6®fﬁ&w
#t#,%ﬁwazkmﬁLf:ﬁﬁﬁrgw
Eas I
gy REMER, SOHNEZFO L) RERET,
92T 4 OEAEICRDE L) BIULHTES
Tuww&wtﬁofwiﬁ.%huﬁigﬁ
zyiEEE cAEN (RER). HIZ=EHOR
ﬁ&%ﬁ%%%%vk@%ﬁf?ﬁ,%@ﬁﬁ
%ﬁ%@wh@%%ﬁﬁ@%:v¢0xbf
Edhf(%@ﬁ%ﬁﬂf(%@f?ﬁ,i%
{yy—ﬁfﬁyuﬁé$u#ﬁuﬁw@f7.
Eﬁﬁfﬁm%?iﬁkVy—DAt%uz
@%@Lf,loutoﬁaoﬁﬁ,ﬁﬁﬁ%
#wE L F LA, FNn%Ed o TLTHEN. K
EHT§EW.KﬁﬁfdlD%®&$¥%ﬁ,
1%1%@%%%L,%E@$ﬁ%a&ﬁeﬁ
E#&%—EX%EML@@t%,ﬁﬁtwo
tA@S%@lﬁ;5%<§MLf<niLt
B L BB ET, BEFEE,OFES
&%d,%ﬁ%ﬁﬁiof,ﬁﬁtﬁbkﬁﬁ
@%,@%@*T?%%lﬁ&ﬁ%%%ﬁbf
oty s, BREOEROEBLTE
LEOTRZWTLE YD, TAVABRDL)
ReTh, EZEEOTTY, BEEITULH -
@%%&%@%i#%é%ﬁbéwt,ﬁﬁﬁ
E%tottét,5$f%®i5&%b&ﬁ
&6@#,—%®£$%%ﬁﬁflw®#,b‘
#%,ét%ﬁ%&thét,%®¢T%&

176

ﬁf%ﬂﬁ@ji;:&—&ayéﬁb%l5
&E%T,%Eﬂ%ﬁ?ofwﬁtﬁndww
&wL,%mii&%ﬁ%Em%?E%ﬁ,%
éAu%Ewa<ﬁ%ﬁ%t&tEorwi
7.
#iE Eﬁﬂ%&i,&éwﬁﬁ%ﬁﬁﬂﬁ&
%twactn@Lfn,%ﬁ,@%E,E%
%u:awatcbuuéibE%QLT<ﬂ
&wtwiﬁm&mfﬁﬁ,iw&:tmﬁﬁ
%t@%ﬁ%%ﬁif&étwot:tﬁ,E
%%@%t?&%ﬂk%wt%wi?.fﬁ%
iu:awot%%%®EE$ﬁ§tw5:a
K@Lf,@%%@ﬁ%#%aiwﬁﬁﬁﬁk
ErBEZTLI)D
x& ﬁ%ﬁ&#ﬁkéhttwi:t@,%
ﬁ%uﬁmféﬁ%ﬁwtﬂwiﬁ.@@h%
Ltw5¢nﬁwbgﬁw&%%,gtm%u
BAEEOLEHEV) LONBFTELLE
wi:tf?.tﬁt,ﬁﬂ%ﬁtwiwuﬁ
ﬂkf,%:#k%(%hfwé@f,ﬁ%
xHAEBRLZTNEZD EEA.
%510,Eﬁﬁﬁﬁwﬁﬂﬁ,ﬂﬁ#7t
WwHIZETLLEIDD, b b NERRE IR
T, %F77——%<‘:°’)irﬁbf:6lw0)z’;=.
wi&,ﬁﬁﬁmbffotﬁ€%§Wfét
%Eu,%ﬁ%uﬁ%ttr##ta%w,ﬁ
K%%%Eﬁ@%%td,%ﬁﬁ%@éﬁﬁ%,
WHrVnAHELRLD% b — & VTR ZTIUEVIT 2
WEWIESE, EIAFNT v TEXRLT
w<#,§mbfw<#tw5®$,%ﬁﬁi
%,E%%tLr:h#B%ﬁKEETL;%
35 1oiF, BRYOBATY. IhiIHL
CEFALLTTELI LI, HEREROL
5&%T,Utbfﬁ%ofwaobvéﬁé
&Eﬁ%%ht#ﬁ?&'@%%ﬁfﬁ?, F—LTT
'tLT@wéwé&ﬁ%f@4V7x—AF:
v bE, A, ®iEe TR, F-
A#?@@ﬁ@iﬁ:yhyﬁz%ﬁfw<:
t&8,7:17w4ﬂ,ééwuﬁﬁﬁﬁﬁ
@i%%ﬂ@;ﬁ&%@,twﬁﬁ#aggA
rLTHhhbBEV) ZEN, SHEEAHER
WwET.

Geriatric Medicine Vol. 45 No.2 2007-2



SHEOHMETES

BLERE 506 42.4
ERMENIELRE 75.6 62.6

SREORERE(H) 33.4 36.7
(%) 14.1 15.2

HEBETE B 13.4 124

453 27.2 62 269
21.8 136 28 157

132 104 187 184

& V.G. Rodwin et al : WORLD CITIES PROJECT New York, Paris and Tokyo
Health and Social Prespectives with Special Attention to Older Persons, 2001 Jan.
Lrs (2R 12 £ERHE), BEFBE [FR13 FERETHAE]

B [F513 EADEEHE

EEMICA3E, BRSS! 3SHEOERBEATLOBORALSS L dv i
zu. L LERMICE, ERSBOEREERAHBLTIVERVATL.

#EE 2Tt h. EICEE, £E100AA
BELRDBEVIBRTTY, Ihdrb 105
%, 20 E1RITIE, 200 BNES DANFTL 225
BAEAZDEVIZET, BERVEE)TAH
DhE VS I EH, EEFFHICOERICKRE
hEEERY ET A

W OESFIEREZ, EROTEEEI
PPAEEBY EIHIFBEL T LW IRA
MEWT > TVBEBRIDTTY, £775
AR I EEEEMNICEY T TU—FTH
20h. IV LB FBHEOTIRE
Wik B oTdhs, JHifl%kE, #0140 v
PATL LI D
MA EiEFrElL Ly, EERIEA Y

Ty RROLTI NIy FROPEN)IEE,

EfE s A S, REMZOPRERZOP LW
32 rCY. HMIIBERHLLBoTWAEDTY
25 UBRABRHO LI ICEZTVET. FlX
PRI ERAEENBo Leocd i, b
HoTHEELOT, #OBBEILIEY [HRE]
FHrBuwId. Fars, BEBMOEETT.
WINERELEROBHE. BEXAR, O
EIILTEET, EDXILTHREEER
Bh. FOIY wF ik xC, BHBOEER

iR L WEDNTT. ERWTHHOEE{LOM
EAL Wb ITH, BHROBRENIT)
MRAEELI LBVET. ThIIHOME,
V— KFOMEE, A7 7DREFEOMERZET
4. A dEBREORMETEE SRR 23
RT275%, &AM, —a—3—rTid44
%, s8I 46%, B FXIES0%EDTY
SREORLFRLEERATTE, ER2BEE
62% b BHNDTETH, =a—3—271%23%,
78I 42%, Ov FUi331%. 251265 &L
FopER BUEAEE 23 X T 39% & DX
LTS 6%(F2). FHELLETLVOE,
EREIIR o THEPELEBEVE V) D,
L TRAERCHZVOTERZWERIDT
55, BAANG [HESBRS] &) AFE
BZWOTT.
ERSit, F—Y v R—LADERLV
BB H ) TTH, B HE BEELER
ANTD, TR 23XITADL000 AZ7zh 18
Ny Fo4. —a—3—s73&33, nN)EL
23(%£3). 2% 0, IHHOBHREIEIAB
— AT, BRIZEATVWETH, - IF
— LI br ALEBEINTYS. ZhIIHLT
HE 23 RIIBEETEATYEIARILREDL

Geriatric Medicine Vol. 45 No.2 2007-2 177



TR NN —BAEE) 301
(— 4275 EF)
(FERE)

—ERERB(AT1,000%) 97

(65wl AT 1,000 3t)
(T E R ) 5.2
(NEENMR IR -10.7
(rEE A EUNEER) 13.7

26.5

15.0

247 224 301 215 85 65 55
235 212 201 241 184
183.7 192.9 164.4 225.3 107.1

87 74 85 89 86 37

17.7 46.6 267 33.0 22.8 158

50 97 31
34 .88 8.9
9.3 281 136

&%) : V.G. Rodwin et al : WORLD CITIES PROJECT New York, Paris and Tokyo ;
Health and Social Prespectives with Special Attention to Older Peesons, 2001 Jan.
EEEmE [T 13 EEMERNE - RREBS), A (NEY - Xk - EEMR

=)
EEIONEN Y K, BERTEIE
THBEBEVENHS.

Kixd 575,
AEED L) BRHFTT B,
SILTERE - NEBEOBRRA: 774 VALT
Wi, FRG, ARYICEHE 23 RRICEE,
2 BEEHNSTELON. TEHELLDL,
LhRESRLOM. KB, HRICIEHY
Eitaz T AMEE LTI, Ri3)|HEHRO
EE LSRRI LRI OTT. BOVELITH
QuEewiEe keI, ONELER,
R oQESLBRIBEEH 20> EBH 2

HirniREDE

F— TR ADOFTIMIZ R,

Y, BT TCRERNOAE 5T ERINCH

Oh. ZHLEF—<EWwIELALERLLR
WERESTLEVET. TThH, RN
THEEICAKBETIILEVALBVET.
#E ARBRVAVAIRBIIEUBEL, &
DAty TENE LI

WiFEFET S, HBEET ALV BEAD
SEL R REICLFIESREY, §BOF—7
— KB Es) EBbRET.

FHIWH LT, AHODEHXSIIRLIZEE
HTBRYHNNPEITENTLL.

178 Geriatric Medicine Vol. 45 No.2 2007-2



ATHEROSCLEROSIS

Atherosclerosis 191 (2007) 281-289

www_elsevier.com/locate/atherosclerosis

Potent free radical scavenger, edaravone, suppresses oxidative
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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 mmoV/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/kgi.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 4 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 treatment.

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

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

1. Imtroduction and atherosclerosis [7] are accelerated by superoxide anion

(O2°7).

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]

* Corresponding author. Tel.: +81 3 5800 8832; fax: +81 3 5800 8831.
E-mail address: akishita-tky @umin.ac.jp (M. Akishita).
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Experimental studies have shown the protective effects
of antioxidants on atherosclerosis and endothelial injury.
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 O3°*~ 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 experiments 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 peroxynitritt (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 (H203)-
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 Wistarrats 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. Hy05-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 Hz0O, 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 Hy0, 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. H0, diluted with saline
for 5 min and recovered. At 24 h after HyO; 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 24 h with culture medium
containing edaravone or vehicle. After washing twice with
Hank’s balanced salt solution, the cells were exposed to
H,0; (0.2 mmoV/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
CO3 inhalation. Descending aortas were rapidly removed and
placed into chilled modified Krebs/HEPES buffer. C57BL/6
mice fed a standard diet were also used as the con-
trol. To determine superoxide production in situ, frozen
cross-sections of the aorta were stained with 10 pmol/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 c 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
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Fa) in the culture supernatants and mouse plasma were
measured using a commercially available EIA kit (Cay-
man Chemical). Culture supernatants were directly applied
to EIA, while plasma was applied to EIA after solid
phase extraction purification according to the manufacturer’s
Instructions.

2.5. Western blotting

Western blotting was performed as previously described
[30], to detect the expression of VCAM-1 and 4-HNE in
cultured ECs and mouse aortas. Descending aortas were pre-
pared as described in ROS measurements. The antibodies
used in this study were anti-4-HNE monoclonal antibody
(JaICA, Shizuoka, Japan), anti-VCAM-1 polyclonal anti-
body (Santa Cruz Biotechnology) and anti-3-nitrotyrosine
monoclonal antibody (Upstate). Densitometric analysis was
performed using an image scanner and the NIH software.

2.6. Data analysis

All values are express as mean 3 S.E.M. Data were ana-
lyzed using one-factor ANOVA. If a statistically significant
effect was found, Newman—Keuls’ test was performed to iso-
late the difference between the groups. Differences with a
value of P <0.05 were considered statistically significant.

3. Results

3.1. Effects of edaravone on HyO3-induced EC
apoptosis and ROS

As shown in Fig. 1A, edaravone dose-dependently inhib-
ited EC apoptosis in culture, which was induced 24 h after
H;05 treatment. Edaravone was then employedin arat model
of HyO2-induced EC apoptosis. Consistent with the in vitro
experiment, edaravone of 10 mg/kg/day decreased EC apop-
tosis of the rat carotid artery by approximately 40% (Fig. 1B).

We next examined whether edaravone decreased ROS
production in the process of HyOz-induced EC apoptosis.
For this purpose, DHE fluorescent, a marker of intracellu-
lar production of superoxide anions, release of 8-isoprostane
into the culture supernatants and accumulation of 4-HNE,
a pivotal end-product of lipid peroxidation [31], were mea-
sured using cultured ECs. We also examined the expression
of VCAM-1 as a marker of endothelial injury or activation
[32]. Edaravone decreased DHE fluorescent, 8-isoprostane
formation and VCAM-1 expression at 3 h after H,O, treat-
ment in a dose-dependent manner (Fig. 2A—C). As shown
in Fig. 2D, multiple bands showing 4-HNE-Michael protein
adducts [33,34] were accumulated after HyO, treatment in
a time-dependent manner. Consequently, the effect of edar-
avone on 4-HNE expression was examined at 3h after H,O,
treatment (4.5 h after HyO5 was initially added). Edaravone
decreased 4-HNE expression in a dose dependent manner.
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Fig. 1. Effects of edaravone (Ed) on H,05-induced EC apoptosis in culture
(A) and in a rat model (B). (A) Ed or its vehicle was added to the culture
medium 24 h before Ho O, treatment until assay. EC apoptosis was evaluated
24 h after H,O; treatment (0.2 mmol/L) by means of DNA fragmentation.
Values are expressed as mean 3 S.EM. (n=3). " <0.05 vs. H,O; (+)+Ed
(=). (B)Ed orits vehicle was intraperitoneally injected once a day for 3 days
before H,0; treatment. At 24 h after H, O, treatment, apoptotic ECs were
counted per high power field and the ratio of the apoptotic cell number to
the intact cells was calculated using en face specimens of the carotid artery
stained with Hoechst 33342. Values are expressed as mean + SEM. (n= n.
*P <0.05 vs. vehicle.

3.2. Effects of edaravone on atherosclerotic lesions and
ROS in ApoE-KO mice

In the next set of experiments, we examined whether edar-
avone could suppress the atherosclerotic lesions in ApoE-KO
mice fed a high cholesterol diet for 4 weeks. As shown
in Fig. 3A and B, atheromatous lesions both in the aor-
tic sinus and the descending aorta were smaller in mice
treated with 10 mg/kg/day edaravone than in those with vehi-
cle. This dose of edaravone did not influence body weight,
blood pressure or plasma LDL and HDL cholesterol levels
(Table 1).

Then, we examined whether the anti-atherogenic effects
of edaravone were associated with the decrease in ROS
production. Peroxynitrite formation was assessed as 3-
nitrotyrosine accumulation in the aorta [28]. Both immuno-
histochemistry and Western blotting showed that edaravone
inhibited nitrotyrosine accumulation in the aorta of ApoE-
KO mice (Fig. 4A(a) and A(b)). Superoxide production
in situ was examined using DHE staining of the descend-
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Table 1
Body weight, blood pressure and plasma lipid levels in ApoE-KO mice
treated with edaravone or vehicle

Vehicle Edaravone
Body weight (g) 214 £ 05 210+ 05
Systolic blood pressure (mmHg) 106 £ 2 103+ 3
Total cholesterol (mg/dL) 1967 + 38 1872 £ 66 .
HDL cholesterol (mg/dL) 66 £ 6 82+9
LDL cholesterol (mg/dL) 602 + 24 602 + 12

The values are shown as mean + S.E. (n=14). There were no significant
differences in the values between the two groups.

DHE fluorescent

H,0,+Ed (0,1imol/L)

80

ing aorta. As shown in Fig. 4B, ethidium fluorescence,
which was amplified in ApoE-KO mice, was decreased by
edaravone treatment. A quantitative analysis by the super-
oxide dismutase-inhibitable cytochrome c reduction assay
revealed that O,°~ levels in aortic rings of ApoE-KO mice
were decreased by 43% in edaravone-treated ApoE-KO
mice compared to those in vehicle-treated mice (Fig. 4C).
Consistent with these results, plasma 8-isoprostane lev-
els and 4-HNE expression in the descending aorta, both
of which were elevated in ApoE-KO mice compared to

H,0,+Ed {i0pmoliL)

60 4

20 4

Fluorescence Intensity (arbitrary unit)
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Fig. 2. Effects of edaravone (Ed) on DHE fluorescent (A) and 8-isoprostane formation (B), VCAM-1 expression (C) and 4-HNE expression (D) in cultured
EC. Ed or its vehicle was added to the culture medium 24 h before H,O, treatment until assay. DHE fluorescent (n=6), 8-isoprostane concentration (n=3)
and VCAM-1 expression (n = 3) in the cell lysate were measured 3 h after H,O; treatment. Values are expressed as mean + S.E.M. Time dependent changes of
4-HINE expression after H;O, treatment was detected by Western blotting. Representative image showed that 4-HNE-Michael protein adducts were accumulated
after treatment (D(a)). The major 97 kDa band was measured 4.5 h after Hy O treatment in the presence or absence of edaravone (D(b)). Values are expressed

as mean + SEM. (n=3). "P<0.05, ™ P<0.01 vs. H,07 (+)+Ed (=).
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Fig. 3. Effects of edaravone on atherosclerotic lesion in ApoE-KO mice. ApoE—KO mice were fed a high-cholesterol diet for 4 weeks with the administration
of edaravone (10 mg/kg daily) or its vehicle by i.p. injection. (A) Oil red O-stained cross-sections of the aortic sinus (bar = 100 pm) and morphometric analysis
of the lesions are shown. (B) Oil red O-stained en face specimens of the descending aorta (bar=5 mm) and morphometric analysis of the lesions are shown.

Values are expressed as mean + S.EM. (n=14).
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those in wild-type C57BL/6 mice fed a normal chow, 4. Discussion

were decreased by edaravone treatment (Fig. 4D and E).

Finally, the increase in VCAM-1 expression in the aorta A number of studies have shown that ROS contribute to the
of ApoE-KO mice was attenuated by edaravone as well pathogenesis of endothelial dysfunction and atherosclerosis
(Fig. 4F). formation. In addition to Oy°~ that is predominantly pro-
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Fig. 4. Effects of edaravone (Ed) on ROS production (A-E) and VCAM-1 expression (F) in ApoE-KO mice. (A) Nitrotyrosine contents in the aorta was
examined by Western blot analysis (A(a), n=6) and immunohistochemistry (A(b)). Bar=50 p.m. (B) Fresh-frozen cross-sections of the aorta were stained
with DHE, and representative fluorescent micrographs are shown (bar = 100 wmy). (C) Superoxide anion in aortic rings was determined using SOD inhibitable-
cytochrome ¢ reduction assay (n=6). (D) 8-Isoprostane level in mouse plasma was measured with EIA (n=6). (E and F) Representative Western blotting for
4-HNE (97kDa band) and VCAM-1 expression in the aorta and densitometric analysis are shown (n=3). Values are expressed as mean = SEM. *P<0.05,
** P <0.01 vs. vehicle (Veh). C57/BL6 mice fed a normal chow serve as the control.
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Fig. 4. (Continued).

duced via NAD(P)H oxidase [35], *OH as well as LOO® [36]
and ONOO™ [37] play arole in atherogenesis. In particular,
*OH is extremely strong in terms of oxidative activity and cel-
lular damage [38]. Therefore, it might be essential to scavenge
the wide range of ROS for the prevention of atherosclerosis.
As a matter of fact, recent clinical trials have denied the pro-
tective effects of Vitamin E, which predominantly reacts with
LOO* [39], on cardiovascular events [18,19].

Edaravone, a potent free radical scavenger with unique
properties, works by donating an electron from edaravone
anion to free radicals [22]. Edaravorie quenches *OH and
inhibits both * OH-dependent and * OH-independent lipid per-
oxidation [22]. Edaravone shows inhibitory effects on both
water-soluble and lipid-soluble LOO-induced peroxidation
systems [22]. Edaravone also inhibits ONOO™ -induced tyro-
sine nitration [22]. These properties are different from those
of water-soluble Vitamin C and lipid-soluble Vitamin E.

In the present study, we demonstrated that edaravone
suppressed endothelial apoptosis and fatty streak forma-
tion. Reduced expression of VCAM-1, a marker of vascu-
lar injury and activation [32], were corroborated with these
results. In cultured ECs, protein expression of VCAM-1
was induced as early as 3h after HyO, treatment (actually
4.5h after addition of HyO,, Fig. 2C). This is reasonable
based on our time course experiments (data not shown),
and is consistent with the previous reports that VCAM-
1 protein has been induced 4-6h after cytokine stimula-
tion through an antioxidant-sensitive mechanism [40,41].
Although the experimental conditions were different between
the cell culture and animal studies, edaravone inhibited both
the rapid induction of VCAM-1 in cultured ECs and the
chronic .upregulation of VCAM-1 in the aorta of ApoE-
KO mice, further supporting the vasoprotective effects of
edaravone.



