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F1 FELFSENLOFIRHFERICHTHEEICONT
1 IS 2EDERE - KB RICH T HARER
1) MATORBICEET HRERHEBIE (P RAR—2—) IZET S in vitro SABR
YU EA 2 ILASEILOP)D 7T BEOHESYE~DBRORSICIHMASMA 42 H
Sy &Y 3000 iS5 E DR RARBRISRIM TUOEIEN S, TOMBIZONT
BRSNS ZHENBH oz, PRBERA~OEYHBTEE. MEREMICEIT L2
P R U e B 2 BB I > TRRINA LMD, B WG Tld, OP RUEOFEMER
B4 (0C) MENMIEITHEIZEEL . BEBhiE B R-T REIOBRFAERD T,
HEAEELTIE. TYRABRUERRIZTRBLTWSHMINS U AR—2—TH5
Mdr1a/MDR1(P-gp). Berp1/BCRP KB 1f MRP2 [ZDLVT, OP RU OC DREEN#IEREE
transcellular assay system ZELV= in vitro BT /IL TR L. TOFER.OP 1L, . ¥ 7R
EUErP-EEH (Mdria/MDRI; P-gp) DBIFHEETHY . RERAMNSERA~D
Wb (IH 10 BEETH- -, —F 0C IZHLTIE. TV RARUER Mdria/MDR1
(P-gp) . Berpl/BCRP B UF MRP2 MWLV h D FSRAR—E—LiRE EFHERSGM
: 1=
VWA DHILRX VI T RTS—E 1 (hWCENIZEDRERAF DB (T RATIVAIIKS )
IZB99 5 in vitro RER
OP #EHABREIN-$ERUKBRSYFDORpIZIX OP LEEFZ OC AREENT
WA RAHEHoEMNS ., BB WG (ZRATREEN-OC ARATORBIHZLLSEMT
BAMESIHERFTEHLO. £ . EFNRTOBEEREEHET 6. FYMIIER
UBE) BEUEMEEUFIZEBIT51£ILASE LR BB R T O HmZERO I,
SEAARELTIE. 7 B () RU 42 B (BB Sy () AEOKNE U S9
B DOAEIESE LR HHEEERFMS in vitro TEREILT-. TOHEE. HHE S MK S9 &
DNOFIEIENTZTFS5—EF ML 0.2 pmol/min/mg protein SIEFIT{EMTz, Tz
BRSSO B4 FEEEEMIX 0.6 pmol/min/mg protein T#H 2Tz, E M S9 &4
CIZBLT A ILESE LD DEER BN O MK S BLECH THRC ERFF S @IS
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M 1/300 BETH-oT=, ,

*f- EBmMEREELTYIAVEF UM RANLREF DI I ATS—E (rHCE1 R U rHCE2)
ZHL-REBNEHEIN. OP (X HCEl [ZXUMAKSBShHZ LRI, BH.
HCE1 (X LA HEET DD, TOEIXFREYAGY 7L (Xie et al 2002) o

3)SubTH TR, MEHER UM PREDRIE

ErBR®O OP RU OC BEEZFHI BT, BERE WG IRERASYIE BV, ik
HEBCSHREUINE O OP U OC REAFEDEEEZRDI-.

SRS EELTIE. REASYMNI OP10 R U 100mg/kg(D)—_R—RBE, VUBIEELT
131 BU 131mg/ke)E BEBIRNIBEL , 135 5. 15,30 3. 1. 2. 6 B U 8 BSRA(K b5 =
200D M. CSF R URAED R—FRHERIL . LC-MS/MSEICEYREZRIELT -,
1. OP B 5 RBRTILIEIME O MEFIZ dichlorvos #FML., OP IS OC ~ADHFZERR
L=, '

Sk OP100mg/ke Z&PARNIR 5 LT-LEDRAED 2—b/ MO AUC HIEH 19%
THY. 0C100me/ ke ZERAR G L= L2 DRIARED R—M/ MDD AUC LLIX 1.3%TH
>1=a .

CORBIILIORBEEHICTENEBDRSEERDEASHOBRIIRETHLD
T#HD. 5E . Ose et al (2008)E 79 AU OP Z5HARAR S L-HORKDP SR EMIED
10% LT TCHHELTLNS,

AeMiBAREHEREORE

BEFRAEA4E. BEA4%8)(C0PZHERARD 2 124 5AR150me)%E
BEL-E%E OP, OC OM¥EH Cmax IXFN T 120ng/mL, 500ng/mL 32E THf=D
23l HEHEPREIThELOEPREDH 2%&L 35%THoT,

2 BRICETAYANZAUNOREIEMICHT5FEOFEORILICET B RER
1) iR EAICREE T AR EEEDNA T T - FutA
OP X% 0C AR MIEROBALHDRAEKIERT HILI2LY. BETHLLH
EHIN AR HEEEEEL. EBR WG (XIPRERICEET 5REHKREOP RU
0C EDINAT AT TFutADERERDI=
SRER S EELTIE. K322 NMDA ZBLE DFE. THEES FZEL 1505 —
BEybAOBRIRMEE in vitro TEHE)HUREO#EEEM ITBRRCICTEMLIZ. £
DIER 5 EDOT LA EESEIR (NMDA, AMPA, Kinate, mGlu2, mGlu5) . BZD 28k
(central B periphera)ZH# ST £ THE—YMIDVT OP, OC &4 304 M *TOE
EElz BT 50% 8 E OIREEMEZHEM A, 0 BEE. Na FyrL, Ca Fyri
JLIZBULTIL. OP I2KYEFNT N 34%, 38%. 1% DFESIIRINRHohTz, LHL.
3uM TIEFID 3 2EEAEADESIHIZOLTLVTHhE 20% LT TH>F, OC T
AR SZROINEIA 30 u M T 27%iRHbNT=A, 3uM TlX 20% LT TH o',
VIEHIAINR - LTYS—E (B a—O BBEE TS —E) ~D OP, OC EIRED
&7 ‘
0C [FAVINIVH/AS2=F—BEAETILITIYENERETH/(153=F
—EFHRERTHHENS. T JASI T —EOEREIHRAGERBICBHELTWS

.2



AL RRRIN TSNS, EREWG X, OP RU OC DA NARTIFIE/ 15
S —HICHT HRIREDHERE RO,

HERAEELTIE. PC12 MBARUSYMNEBOESBEEN /1534 —~ELY
[ZH LB E / (SS= 4 —EE B, FOEEICHT S 0P RU OC DIEEFEFRAZ
10mM £ TORE TRItL, ‘

FOFSR.OP RU 0C £HIT ImM OREETSYHERE PC12 IR U5y MK B/
ASI=A—BHURIZH L/ ASI=F —E I T 2R EEEERHEMN o

Ff-. BMRBELTYIALEF U rER/A53=8 —EEBLRIRESBROBRY
$pEEN =M. OP. OC LBEM/AF3I=H—EDNTh DY TE2AF (Neul-4ITHLT
HL1mM L EOEBERBICEAZFTHEEEE RSUENM 2T,

3 $ESYMEFALV-ENSEREBER
1) Yo BEA T ILASE L BERICRT SN -IERBROBR(8E)

IBHESYRSHRTIE. 7. 14, 21 B 42 BESvHZ OP % 500, 700, 10060 mg/kg(!)
CEERER) EEEORS5L. 7 BESYHIBLT, EYICRELEEHIA 700 R
U 1000me/kg BTRHONT=, £1-. HETH, 15T 7 BEES VOIS OP REMNEL
WE{EERUT- (1000mg/ke BER OB SHORBSYFEOMEF AUC tEA 7 BT
9.1, 14 BT 100 [ZHL. flrh AUC tEIZ 7 B&RT 1540, 14 BEST 649 7%2E) .

2) B OER

SEEBINHEAB TR U BIERES LT 394, 657, 788, 920, 1117,
1314me/ke DS T OP +HEEXKDHEL. EYITHELLETA7HBS VLT
657me/ke (BEER AR O 250 {£) LLETRHOLNTLHH, AT VYR TIE 1314me/kg T
£ SR HHIE A HT-, 7 B 394me/kg B THMNF X RTAORRERYTISAMERIC
48 i 1 FIEEHLNIZFETIE. Ziﬁ%mﬂﬁwé‘ca)it#%l:a*sl,\‘cliﬁisi;u:ﬁibti“{tﬁ
BRohd, BIOMRTHLI EN L, BENGZLDLIN TS,

2hEAERIZ$51+5 OP I/ MEFh AUC LI 7 BEFSYMT 031, BARASYRT
022 CHY. IBRERIZHHAFELLD 243(7 BES) . 93(14 BER) . 1.4(BB) LELLELA
EHSht-, cO-0h. EEAITHERBT —2OBREALToLER. BTEFHRICE
5 PREEHEOHERLICF—2I2LY 500 FORYMSHF-CEMRRN SN T,

4 FHAEERSICLLEBEHR

OP OEBEEMARETHEMET LHEEL-BE. TOERBFLLTIE, —BIIZE
OP.OC HMIEESTPIRARERAOBITICLYEBERERETIENBESADD
L E-IBHESYFRBRERTIE, ERICHESYMIBNT OP DN~DBRED
1517  ERAREINTUEA, DEFHWTOFTHBERE+ATAANIE F 8
D5 ORIRNRSEEDEEDREFRICL>TIRBBHMOBNBEELZNET
B B TERINSE RSN S LMD, BEE WG TREBIREERSOEBRICLD
Y TOTBHEHEDEEERD =,

FIESRESLT. OP. 0C 02 u o/ENH). 2 /BN ED =2 —LERVINERNICERE
BEL. ZOROEYMIRET AT LRVEELENMBROFRICOVTERRET
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Bletiz, Mg, LK. Bk (BETAER) | 85K (KR8 R UM (KA Z
$RHEIL. OP KU OC DRKEAEREREL . FEFIZEDOER S5 (OP 200mg/kg) B¥%:%17T.
HeE LT,

ZOHEER. ChoORBRIZBVLT, TBICHT 2R ERohLh otz LOLEAS,
BERNES T, B5SEIGAVERIZBLTHEBREL OP XIZ0CEENEDHLA
=100, HBEEMELSFLLRE( 55 OP DA HOE—MENENGED
RARE R ASHIBAL Tz, 8. LTSRS EXHRE. KUBVRBERLNELRESR
HHNBLNAEORSEAVLT. TEHFHEATHAT,

FRABTIL. HSvRZ OP(500, 763, 1000mg/ke: 7 — kM H) 0B EL. rwin &
T EATREMERS 1. 2.4, 6 RU 8 BRIRICEEL, A TERELREL .
IEA~DREIZONTIE. 763me/kg BER T 1000mg/kg iz oL ThE, NEHEE. Rz
EHLEFRELREL .

FABOER. OP BOBSHOPEARRBLEICREIIRLNT . J<hT ALK
B i (B A 05°COET) ABLN-O&ATHY . EEHEENOAELIE 1000me/kg KL E
THDIEEZLNTZ, 763mg/kg B U 1000mg/kg B OHF S IZL DM OP U OC RED
8B, TR Eh 2300ng/e. 640ng/g THY. OP BT OC Mt/ MmEE AUC ELIZ. Eh
Fh 012 BT 001 ThHot=, ‘

5 BEBWGICHITA2HRERITER

1) OP MEeEh#g%BIEIC P-gp ARG LTLAIEICOWTIE, SEIEBESH Tz invitro [
EBEAE LA in vivo SLERD ALIEAVE SRS (Morimoto et al 2007, Ose et al 2008) [Z%f
£xh THEY. FThSIEEWMIFETSEOTIREN, 23 in viveo SBERTIE P-gp /Y I7F
HRTHRIENCINAEELLTHEARTIRLY 5—10 BHO LANHLIENRE
IhTWD, BERITYIRICP-gp HEFIZERSLIGEELRAKTHLEMESN TS,
g5 . AL DERT P-gp AREHDIVITIMFIEAZELTERNREEDO LR L 10 5
LT THAIEHESNIN, ChoDFER T, HEBHHERREBMEOROA ST
ICBITARELELHBTELMST-, LAOL., KITHRAF=LSIZ, BB B LY T 2D
H(Z 500 EQBENH - EAUTENT, WG TIREMNTF—4EZRBT HLLBIT.2D
BEIZEYTF—AORELFHARG2ERDh O EM L RBRBEEAEIEI
BFEIhAZEEFHRIC, T—FDBEICRIELT .

F1. P-gp LI DS RAR—A—IZEBLTH. Mrpd /I TFT IR RZE T, 0CD
 MAREA -6 ERRE LR THEDHE (Ose et al 2009) 1EEINTHY . Mrpd DEMRE
ETSEBEFERIZIBEAT 18%ULFERET HEDHE (Krishynamurthy et al
2008)£% %,
cheNHEIENIT., FSURB—2—N RBIZL DA Z HOEBME OP T5—10
fZIEE. oCc CTLRBELUREEALND,

2) BESYRIHBLNTIE. OP B 0C ORADBITIEPAENIEATShI, FifzIZTh
NE=HESYFREBRIZBLTHESYMIEITS OP ORA~DBITIEHARTVID 20—30
£ 0C OIBITIL2—5ETHo-A. M RELLETHL, OP TIXMBPRRELT.
0OC Tl Mm#BhEED 1/10 LI F THhot-. Ose et al (2008)E,FHROHEEIToTNS. =
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it $ESHWTIEMmD OP R 0C EENEMMICELIE, BIU—RICHEDY
TIIMEKEBAEANRREETHICEEFBLEVERTH 12, BIEHIZ, Ose et al
(2008)IZ 5K T P-gp REBHE %6 RETIX 42 BERD 20% LT THAH L, Fiz.
Swh OP M BEMNMEBWCENEEREL TV,

3) BMAICEHFZHINEFVILIRATFS—FIZE&EF 4 ELORBIEELEESVH E
R IZIE AT, ET-. Morimoto et al (2007)4 & U Ose et al (2008)I& P-gp FEEH|R S
45 P-gp JYHFIRTH AT OP OINMBENSEREESFE> TN HIKIRTE 0C DR
EELEECENLEVERSELTULAA, ChblIATO OP OFEREAELIEIC
£BHEEONS,

4) NAVTFAY Tyt ATl AT FvRrINER(Ca.Na)2—F YR 0 REH
(non-selective) IZFLT OP A% 30 u M j2 £ T 30-40%DIMHBRERL TSI EM D,
Ft- HEBEOHESYEI T T2 TRBARENESHO TELESh T CEh D,
B LY RECONAT1UT - Tyt A TIRERBICEROHLHEEFTESFL
hapELhELEE 2T -, LALEAS, HHESYIRBRICEVLTELhRPREN
SiEEESNIERNRAOEKERBOBRRREICHLT 30uM K+575BFET
HY. ChiltOEEETRBREZTIER IV ERbhTZ, /- REKAERERIC
HEIND OP LU OC ORHEETIRE/NRIVEREK, FILAZUBIEAF.BID %
BHEEESH ZLOPREDZEEHCAFFrRILRADEAZFLZVEEDNT,

5) ChibiEEHdE, 0C OMAREIL, HESYFCIHEDRED 1/10 LTTHY. b
S5 RR—F—RBAH DB ETEHL. OCOMNEED LFIIRK6ERETHHIILD
5. BEEEHEEICHD 13-18 FITFT B 2me/ke EEIZ SO M HIRE (OC () Cmax
12 112 MEBE)Z ]I, MM S ESYRERBICREBERELTL. WAR
EOLERIIZ{CLMBDEENDGOWIEE., Thbh5.06uM BELTEEShD,
ALz, ChICEESTERESOABOBRELSNH-fELTH, ERT 10806 4 MIR
ELETEh. SEEASSIMGIRENOHT. EYSREAICEEERALTEEERITT
ATEEME IR EVNEEZOND, ‘

OP (R P = B (X M Ak RE P ) Sk R B S0 5 B TIX MR b B ISR AT &A%
2, BB EBEEIZH 5 13-18 F O OP M 3Fh B (OP O Cmax |3 0.233 4 MIZE)
ZEZL. MEMEMORHEBRLEHESVFERFICHRRESADFEDREISGENT S
SRELTEH. FOLITRATHMNS VAR —I—ORBICEHEBERFITNESZ
SN0, CHOBZEIZLS 10 EEED LR ARRICEEELTH, OP DINNIRE
FHNEN 233 uMBEETCOLREEHTLIENBHREEZALND, —F . MR
FIASEEBAL T BB IS DLTIE. EREMO KRN S OP OiK-miEhosALiE, f
SBhEED /10RELEZATRINEEDLS, COBE TR, FSUAR—2—ORAIC
FERHGREOMAEBEDN LRL. RBEZTIZLAH10E0MTHRE LFHRFICE
2t LLTH. BNHEREEL 14uM BEETOLREHHTIZEMELEEZLNS, N
FThOREICKDHEHEICELTH, SRFESIHREN LA T, EYZTEHICEER
EBLTEEFRIZITREEEBLEEZONDS,

6) AVINIVHFILIWAD/AII=HA—HEIZHLT 0C OHEMREEL FFHED /A
I3 —CIZHLTIEErD 4 BOH T2 T2 EHEELIHERSELETASh T,
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—% Li et al (200DIE/152=4—+ 2 (NEUDDT T AIZEVWSRITIEEREEIE
F3 32T ARILASENIZEAMFE RN DAY LT EHEREL TS, LHL.
COBDKBEIZ1750M THY ., BEShEHESYFOKPORENSH#ESh SERER
FASEORMBEE (3 02uM) &LEEL, - BEKABO2ES#RERAICERSLE
RO EEEBEBELF OC 10ng/mL, OP Ing/mLIEEBL., +HITEL &L F -,

NEUZ (2B EICOHFRRLTLDEDHEEHY (Monti et al 1999), FHEILLIEILIZK
4 NEU?2 OEIARIREORERICEASL T EEEZIZL, LML, FAXEICX
niE BEELNEREHONEDEREX 10uM ISEGLSESNTEY. TOLERRAT
ERZERTHERICOLTE. SR . BETAZHELBRbh . £ . BRE
(50mg/ke L E)D OP £R/33v D2 ZFRETFI AR LHICERRBEL-LE. BRET
BZBIERCL-EDHE(Suzuki & Masuda 2008)FHHY . PIEMRIEREELI-BHE
(CBVNT. REO/ASE=H—EESEAEOMI OV TELESROBIHFRELE DN,

CDEIGTEMND, /455:3‘—&‘::?#761?%l:@btli%l%ﬁ%ﬁaﬁﬂﬁémﬁ
FRELEFZLND,

7) FEERFAORREETIEHESVFRBICE T HERYSARESN I LITEE WG
LLTIIBH TRIETH 1, BUEBEIFIChETORERHATICKELREEERIE
doims DEARENTOIEENERET L0, B WG (THZARITHILE
FEBRUET—IOBLETLEAMASRYT . EEROMNEFHERY IORAOEMT
LirhREBTOM—)L. SHEANEE. 7O T —2FERELLLIH X RDOTE
B8 | OHBIIERL-EETET2LOREELN D=,

f£71- WG Tlt. FRBOTIORa—IZRShMHRICER A Hof &AM, i
ZE (N TF =3 F—E2EROEECAH, BELGH o, OO REANGHR
BEFE—HIHEHETONN) F—ar RS h, TOT -4 BNEH SN, TO#
Blzkhid. fiRBTOMBECIIMHERT 15REBETHY. 100%&LTEHESH
-3 R(ZBEMH =MD, TOEREMEEICRHRBTIEEZRDI,

F1-.GLP RELLTEEIN-IERBOFFERYITOVTIE., EEAMSHBREE
EZOEEFRESIEN, FOBEAEKCOVTGLP DEZAITR>TWVELRANHSL
hizf-8H EBEFKRHT=,

8) BETHICONTHER

788me/kg U LD HABREBRSLE-MNEBEHMCEN T, BHE. R, &8 kE80
i, BEORE. BERLUVEKBEOEDL. BREHORLAEHON -, BFEE
F-DOEOSHEEOBOLNEBYDIFEAENR . FORRTLEZIENS, TR H
FEAREEIZESE T AR THAHLEEZ T . LH L, PR CHRFRROMERICEYRE
AP OMEBEEETH D, B WG TIRChSERERTLOREIIODNTERET D
-8 EROBRENERAEET . YL T—2E RO, Gonlghof, 2L,
CHBOFEROET IFNThEEBEERBEGEEAISELELT 2me/ke)® 250 {ELLED
=EHETRHLNLOTHY, BETORETHORCICHEI THLITREEE
AT,

9) BAREHRBRICETLIER
MABERBROBRTE I, SYrOTRITRESHLEZIREH NG o, KA



HEREEORASTICH—MRAS LR, TARRBOERBEEALIZKEL
B Chof . YEBMTOELNANSFICET AT 4085 TH>=-Ehb. Ch
U EOEREFEEEZ . |
10) KRETICHTLIER

OP £TYRICHERERIEST 5L 0me/ke UL TARBKENICKREBETIELHLD
$R5 (Ono et al 2008) A5, — A T. BRRB CEAENBOON-DKOP ESLL
BE 6974 AT 1 A BELLEM-I-EE 4187 ATIE 1 ALBBITHEELGENGLES
nTLD, THORBERERIRS 30mg/ke THON-EBIETRHTHTHSH, AEK
BEUAHEIEND. MDEREOEEIITHTHLA, KRICEHIRBREF~DER
EEN RN, - AEERL-YTRET AL FITLOREKARISENESS
TRELTWNAIEND, BIEHEMEREE TRTAELEILOND,

11) BMRBRICLOIMBER - BETHE~OREIONT
OP MY RIZHT BR/{Z SRR PPHT OUrVEV T TEIERICHL. R

ERIZVEELT-E DR (Suzuki & Masuda 2008) 0, ¥ AF L. HAORYE—)LEZO
SOV HRIERT PV ELTTRERE OP D 50me/ke B TEmESE ML
s 262 2008) LIRS . SYMT OP RN 5# . T4/—ILREICLIERRNH
S RERAEREL . KB HIE FLAL D3RS (Izumi et al 2007) %, OP &I 4/ — LD FEIFF
B ETe RO THIPHA RS- EOBE (Izumi et al 2008) 1 EDFE R, XRRIEEIZD
WTHBHENZ . LAL. WFhEFFRICEIERERTEIANIE, ChoBRRE
OP DIEFRE O BEEE AT CHIZE., T BREENBLILLG. EFTOHE
WEEER - BEAHEOBEBEHIIO VW T—EOHEELIDHMRETHITET+HT
HY, BIEFWMEFRETRIAEEEIOND,

Hf WG TIULEDESIGHALGAENATRHAZT>LER. VB ELEIENL
DOHEEBERA~OERIZEL. EEFHVLEARLGELORRBREEEMIIZFTS
ESHERIT. RBSICTBLTHELATULELNNERIML -,

F£2 A ELISELOBESRICHTHEEIIONT
1 BRBRCAHTLIEEFHEIZET S in vitro FER
ChETERIN-BRERORBI BT, Y YXEREIL AU ITHMMERTIIE
SEEESHM T OZHETAPD, DEEEENARHONIAL, FNLSHIILOP, 0C &I
LRERA~AOBSEESMESEIRHLATIVEL, B WG T OP, 0C DR
RIHTEREBITOVNTIY TR ETSEMNT. ULTO 2 RBOREERDT,
1) B EYNLEGESEMOSIERIINT SR
SERIEAR L L TELEVMELIEHZ AL, OP 3,10,30, 1004 M, OC 10,30, 1004M
DEREIZBITARKIE LAY EEVmax)., & EHIREREI(APD,. APDg . APDy, |
APD,, .o SEENBHIE(APA), #1HIEE(I(RMP)E FIZEERE 1Hz TRIEL =, BatExBRIC
(X Sotalol(30 u M)Z L =,
. EOFER.OP EBRERED 1004 M ISHL T, EBELIFFRE (APDy. APDy. APDy)
RU Vmax 2R ERDEET-, —F. 0C TIXEERE®D 1004M £TEBHERICHL



TEZEBHEMT=,
2) HEK-293 fB8IZF VL1 hERG Fr R ERISH T HERICE T S5

SHER(- [ HEK-203 #ERE% FL\. OP, OC &4, 10, 30, 100 4 M O 3 BEITH TS hERG

F—LBEOE—4E2REL:, RB/ALAERBFERL-80mV. HAE/ILA
~ +20mV(500msec), B4HE/ VL Z-50mV(500msec)&L . 15 MEI-&E 40 FI¥ETo1=.

BBt BRI (L E-4031 100nM % fAL =, ‘

FOUEE, OP [£ 304 M BT 1004 M TIREKIFANZ hERG EIRZEHIHIL . HIHIRL
FHEN 169% KU 375% THofc, —7. OC TIXRBHRED 1004 M FT. hERG B
B /35— BRI L TREEROHEA T,

2 H#E WG DRERIER o

L EOREBEERAS OP X 304M L EDERET Na, Ca RU K FrRILELTHE
HET22Fv P UEEEAEEL. ChoOBREEZRELEER. REBLLTOEDHE
BTREZEFOEBIBEESN-LOEEbN, LALEAS, COERMNRLAREIX
EFOES M E R REO 100 &L L THY ., BRI +aBRShTL 500 LHlEL -,

FOMh. CEABEMICERELEI YT LS IR#IHBRRBER OB,
EILEROCHE SR ERELI-PKIaL—Lav BB JURRBROZELS SV
SRR &I AT R/ S— LA —HMIDNTAHEERH LA, ChbRIEN &
HIZBWLTH. A EIIE DN ERIEICHEU KEILBRFR~DEEREFTHLE
R AERIELNGM T,

%3 BEREREICNTHER WG ORBELD
TR 1946 B 16 BOREFERERIZEVTITOMEERBRAFICHT HHREERT

DOEBEWC ORBIILUTDOELEYTHD,

1) FELAENLRUZOZERBHYORADETIZOVTE, ShETICRHESN:
YRR LYBAS M= E RS, £ . ENOFIRFS—EORERKROE
FTONTHENEEELI AL —V IV OBERMLEREEN RN TVLEEEZAGN
5.

2) ABHRAVINIFEIEMPOETNEILTLLHILTELY . BREBMERL:
REROEBITEBATESTIRAENIELHY, BRFR TIEERLTLVEL,

3) FEILASEILHREIE-RKEEOBRRTKFrrUICEESEE RTINS
SWTIE. ERSMEUHETYCETRERSSUHERRICEVLTRIFROMR R
A TS E, FKEIZDO LTI, ChET2ZRERTREHONTLSA. LWThi
FEECBENAENBREINFLBYOKROHLNTEY, -, KEICOWTIX. 72
FHRUU A RO BECTEEARAZR T HIITERWOBRENHHLE
E. ChETRLONI-T—ANLHTEENTH D,

4) ALINTUHOAMEICHARKBEPMECETRRBHONSIEIZTONTE. BBl
MAMEETYATRIATLA(KRED 2003), LML 2ZTNLEBSEDATNLI
FRERE B T2 IMEERURDO OP B OC RERMEPEREZLLMNICT
Bl 5545 (Straumanis et al 2002) MIER SN TILVEAY, A NI EETCHERMAD
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BRENAFFELLEHmESATULEL,

5) ChETORLERERIZHITSH 0P XU OC DHEABRRIITTHRHEMERITED
SNTLVEL, BEHICASN-RBIHEEBRENEREEADINEINE. BLA
BTEN-LOTHAIEND, REABRERLSSITHEHCET  BERMNERITILTWVDL
DEBHNLA, FEIZRIFTHZECETIRREREND, REKBELOFHEITOW
TIFSIEIERFAEFITILENH D,

6) BMEMONTLEE—SyR(K/3Z, NMDA S8k, RHRBH BT NASVEBESER.
BZD SHEFEED) T AESHEVThH5EL. OP H5BOBPRENMEZHL
R R RITH L TEEL RIET LEXEDALILY,

7) FELASELEFHRBMAT ST AC—ERESTROLNAIESNDEM 15324
— NEU2 OERFEF M T AEEEMIC DL TIE, NEU2 DEFTOH T EHRICIRES
nAEQBELHY . REKETIIERESEETBLOBRKITZYLEL,
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TH2IE6H16ERLHERES
LARMHEH2

Ek21%¥ 68168

U EILE 2 ELOBRENREROLOOT—X 0550 —7F
(ﬁﬁwa)tﬁﬁé%ﬁﬁﬁ@ﬁ%tour_

JUBAELY S ELOBEMRAERFEOLODT—F0 75 0—7F (LT TERE
WG] &S, 1E. FRE19FES5R 14 8. AE6B4B8, BF 11 A 218, RAE 12
R16B. BIB258. FR20F6A17H. AE7B 10BRUERK 21 F6 B3 BIZ
SHEFHEL. UOBLIEILE2IENL (227)L) ZFORLHEITONT., BRENLGR
EMNSRERE 1T o 1,

FFRAE., BEABLRUVEEGTE)., ZEARAEZFOREARETFOEMRAEDNERS
(MEZITESER) T2V TOBKRWGIZTET2RBERFOBERIE, kokBYUT
Hb,

(BRERWGIZEITHRERADER]

BEWGIZEWT, N{ 2L T oFICESKHEEERORERRICE T SHAETH
Kl (HARSEH . EHBEX) (UT I/EHP] &W0W5,) OHFE. T12oT70xy
FHERRBBORENTHOBHRINEICHT IR AERRE . BIHEE) (W
F IEERIE] &0VD,) OBEBCITFER 2153 B 31 BETIZHESA-EEL
78, ZREEORIEARSESOEMAETOHKEZFIIONT, HERFET o1z,

FERMMESIZH1TS 200612007 »—X U OREOBF R URBEHITRESIZHITS
2006/2007 Hvi5 2008/2009 —X U ETCORBEOHEMIZTHINT., BEBITE#IES >
FILIUHFBRICHEVWRIET 2EENRHI I EMNBEONMIREIN, HH, MED
HEDHBEDBFTICENLTIE, EL 19 F 3 ADReRHKBLATE ThLUBTE
EITEHORIRELBICHEELEIZ A<, 2007/2008 BT 2008/2009 >—X v Tk
BEETEBERBELE 10 ROEFEAERIZITINLERBELTW RN Evs . IRA
DEHEEIZHIHLT, BETEIXA 7T o FEKRICHEVWRERT 2588 HDC
EN, KYBRFELLG T,

EBICZ. REITIBAS U INIUFIZHESISREFTHON A EZEHEME IMIC
DT, BRMREORAEOBICBNTE., HIEELERTE (FRIDOH
Rof-UT SAREMA HIEETEE) #8-L 10 RKOBFIZPREL THFTT
HE. FITINRAELIEBRABEBORBICHINEFEEEL LA, FERMBAEICEEA
JRS (FvXH) & 154 S22 E0O8ENFTEII-. £, BFAEOEY
HICEH L TEFRUHHEFAFAOEMRMCELIERAHY . T2 DIRE.
SHICALLETELREORRERFIA L LEAMBEORBINEROAX T, 2
STNERELGTHOERBRICHELERZETICLIRETHL LS h
= '

w1, R 19 £ 3 ALBEOFHALRSXE (10 RICHT 5FEFEREEX
RUBRETYHICHT LIEBEFOIESRE) I2LY., Thllit, 23 7L 0EHERK
EIZHEWT 10 KDL - RUBYICLIECEDEELERNFE A TN
|SEMBE. BREMRICOVWTII—EDOMENEHOLND—F. ThETIIELA
FRERRISBLT 10 ROFHNEGREHNREEET L5/ ENLTRBABLNAT
WHEWVIRBETIELGLED, BEOREHNEFHFZET S LB HLEmLE,
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HiIC. BEWGOHR TR, 4 v 2L I9A4 L AEFZRBEALLEC THERT
HNREATEHELNHLIZENBELMNIE T EN DY, TEFECERELHEYT
SEDIEHMRIIMVNETHY. BEORSAEEZHRGEITAZTHLILELTERD—
BEH=., SEL. FZITLVEORA VY ILIVHFOAJAELBEFTHORED
HREEED., slEkKZE. HBEEIHERIREICED. BRFGICH L THIERIZES
Ty, BREDREXRITOVTHEE - SUICHELNGCERHIETHD,

T, MECZF T IILHERLEDEEITEVLTH, 10 O1 I T o H5E
BFEDS5L, SHE. BERELI LA VI VHEFELEL)AITIOENEBEIZRL.
FEZTNEREIIRETLICEEFHITILOTELEVWRETHLIZ ENEBRILD
&o. BIFEBIHRATEELESIEDERETHDHE. HIA VINT UFHEIC
BT, URD - RARxT49 b EEBBLT, FOLSLHERBTCEIZNENFRS
NERENMIDONTHE, BREEFERICEVTEMMAGIBAIASMESE @ LI-L
CEEDERMABH T,

Fl-. FXTINOBAEEAREOERMBRFRIZCONTIE, BERER (LWhhdK
FIDEREE) FOR/RAMOAT, TATEETHHRMIFShTWEVWEEZ S
ni-, T

SHEEL. REGTY. EAREOF/EREESORREUERMESEE
(200972010 >—X U OHE) OHEERZFIZHOWTI740—P v TIRELEZ LD
5,




BE1 ERHEECoLT

1 AL IVFRRRREROEEATHORRINEICET 5% 2oUL\C
(1) HEH
OMRE

Fk 19 FERUVER 20 FEEEFBHERR (4 0L I o FHREBEEREOD
EETHOMMINECET IHME] (UT TASEMEELRE] L05.)
OXHEHERE (HRMLRE)

MEEE (B BLEREMERERERE 5 —8)

OBM®
AV INT O REREBRICRITT A2RETEOERIZET 2RERE
OHNZE
@ 2006/2007 —RA v (ERR18FoA~FEFK 1987 H) OHEEZAE
EERE
- WRRERE . T ATOEREE
-ERENER: A UITNIFHRERLEZMEIN. D EEOERELTE 2 1)

#RLI-85
(E1) MUBY, BiREVETRYL, I L2dlEaic B8N g L TEEDH 5178
@ 2007/2008 »—X (TR 19E 8 B~F/K 20 £ 3 B) RU 20082009 &—X
v (FE20F 11 A~Fak21 £3 A) ORIAIERAE
- WEMER : TN TOEERERS '
ATV OFHREBEZH SR, o EEORELTEH x 1)

- e
#rLI-BHE
(FE1) UMY, SEVHTARY. #likL2diuitEfhcBEAR STHEEDHS1TE
|
- WRESR . A U TILIUHE S EEERE :
CEHRERR: AVITNLNIUHREBREZH SN, HhD. BEORELTH 2

#RLI-EBF
(F2) MPREBCLTEREAEL IR Y, TOTBHAESERICEEIRITFT I LR EL
Lhiboo, EEIIRGNLWTE

[(2) BEILERE BE) |

€2006/2007 > —XDEERBEOHRERE (HBE)) '

C EEOERFEDTITENL 164 PIERE I h., 2006/2007 O—XVEIDEL DR E 27 RER
H L., B7THRIZoWTHHRATHOM .

O EEOEELITE 137 IOFEERIE. 10 FEFRiG 58 M (42 %). 10 B 76 7l (55
%). 20 ELE3H (2%) (FH 1011 &) THol=. . HHIE. Bt 101 4
(74 %), ZiE36H (26%) THY. BEAZEMA-T,

Hl# (%) % (%)
10 ERib | 58 (42) Bk | 101 (74)
10 @At 76 (55) 4 36 (26)
20 LLE 3 {2) & | 137
=111 137




O . EEOEELTE 378056, 2T 7IRAOEFEL. HY 82 8l (60
%), |L s21M0 (38%). FEA3fH (2%) TH-oil-,
RHRIZ. A PUILVERBAOERIE. BY 56 (4%). #EL 1105 (80%).
226 (16%). LY ERAOEREIL. BY o8 (7%).
FEH23H (17%) THoT-.

I
L 105 (76 %),

HlE (%) : FlE (%) HiE (%)
SIIMBREABY | 82 (60) | |YMNAMBREEY 5(4) ||t EBRFY 9 (7)
SI7WBRFBEEL | 52 (38) | |[YAPMEREBEEL | 110(80) | |Uuv¥ (ERREEL | 105 (76)
I~B4 3 (2) B 22(16) | | 7~BR 23 (17)
=X 137 FE 137 &5t 137

O EBEFHIEREOBRICOVTIER. EEORELTH 137 oS5 5. IEETH
FTEELTOTRAICEI 1 30 il 22 %), TEEGTEIXEYIASEDTEC
[CEZ o7z 71H (52%). T - TDH 36/ (26 %) TH-of=, 2T 7ILOR
AOEETHDE. 23 7)ILRAEYEH 82 FITRIED 20 fl (24 %), LEAN 42
Bl (52%). TBH- ZDf207 (24%). 2 2 7I)IVERBE LE 52 HITATE 10 4]

(199%). #&EHM 260 (50%). FEB - TDOMh 16l 31%) THY. 2I TR
RAOFETEI AT, :

S32MEREYE (%) [5370BRELE (%) |A<BH & (%) |
ERMLEBL (O RAR ok 20 (24) 10 (19) 0| 30 (22)
ERAHLBYALENTECIEI O | 42 (52) 26 (50) 3| 71 (52)
T - €Ot 20 (24) 16 (31) 0 36 (26)
=it 82 52 3 137
O FHROLEY. 0 ERTORELTHE 10 BRETORELTHE DR,

Tk 193 B20 HOEH o0 AR THELER>R AN =,

() VU LEDXREFOBRECBOWTEEREMNE LTF I 7 AR B LEL A P2 NA L TRAL M

HBRELOBTED (ER19E3IA 208 f171)

[FEE R O ErEH]
10 R | 10 B it iE S
FR19538 2086 39 51 90
FR19EIR210ME 17 18 35 0.690
i 56 69 125

O BHEE. 3 ILORFTREEERD L& BhA A1,
HABAERISHD L= & [XE R D o f,
O EEOREHITHONBERAOEYHL - RUKY (72 ) OHMBELT
b, LEOBRITHLHEM o,
COBEORREBHEL LTFOESYTHD.
XFEE. BATHETHTOII=OT. /"1 FANELTOBTEEAH S,
83 TLOAEERERIZEAN SHNOT. BRELTHOREEORMEL
. I TLRAOEEINOLLBRITELL,

10 M TOHOEE

@)




€2007/2008 & —X L R TUF 2008/2009 — AV DEERELUVEEREOHE (HBEH))
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BlZ DT HFMIThihi=,
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10K | 49 (64) | 112 (63) 2 55 (71) | 118 (66)
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&t 77 179
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O &=, EEQORELTE 77 51 (2007/2008 2— X ) B 179 51 (2008/2009 & — X
D35, FII7NREAOEEE. ThTh. HY 24 F1(G1 %) BV 76 B (42 %) .
£ L SO (659) B UF 815 (46 %) . ABI3 41 (4 %) BT 22 I (12 %) TH 7=,
CRERRIS, YA RLUILBRAOERIE,. BY 0Bl (0% RV 0HI0%). FEL 62 Hl
(81%) R 134 (75%), TREA 15 (19%) BT 45H (25%). Y LY EROHE
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b7 2007/2008 |2008/2009
IRAHY 24 (31) | 176 (42)
BRAE L 50 (65) | 81 (46)
B3 3 (4) 22 (12)
=1 77 179
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Npoy 2007/2008 [2008/2009
EREY 11 (14) | 43 (24)
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a&t 77 179
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Yuibbl  |2007/2008 |{2008/2009
RRAHY 0 (0) 0 (0)
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&t 77 179
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THhF73/712(2007/2008 [2008/2009
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ARFAEEL 34 (44) 77 (43)
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&t 77 179

O EETHEEROBRICOLTE., EEORELTH 77 H1(2007/2008 &»—X V)
BU 179 1 (2008/2009 »—ZX ) D55, ThEh, (RETHEIEELTLTEA
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RETHURYDOEDTHECIEC . | 43 (56) 53 (65) 15 [111 (62)
<8R 2 (3) 3 (4) 2 7 (4)
FMth 10 (13) 9 (11) 2 | 21 2)
&5 76 81 22 179

O EHEQORZIL{TE 77 M (2007/2008 2 —X ) B U 179 i (2008/2009 &—X ) D
S (EEEE) 220 THEH., Thfh, ZREVET ISHARVSEH. BUX -
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{2007/2008 > —X DB EFRE)
) 2008/2009 —RAUOBREREOHERIL, BERYFLHS

O

BlizoWToHidiiThhnt:,

O

BREOREZTHME 32 flEESh. BRTBHOLOLE 12 FHZEEBRAL. 520

BEOERLITE 20 MOEEIL. 10 mRE 432 5 (83 %), 10 mit 74 4 (14

%). B 14 ] 3 %) (E¥ 66 ) THof=, T, HHIE. B 307 5 (59
%). 2100 (40%), FEA3IH (1%) THY. BERAE,M-T-,
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O Ff. BEORELAFH20FOSE, 2I7ILRAOCEEZX,. HY 2116 (4
%), #L 2745 (529%), TBA3SH (7%) TH-T=,
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O EETHLIEEOERFRICIOVWTIE. BEOERELGTH 520 iS55, TRETH
FEELTWTHRAICEZ>1z] 12246 24%), TREETEBIEYNMLSEHTES
[SEZ 21 2704 (52 %), T Ofth - FBH 128 il (25 %) THo1=. FET LD
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B (51 %) . ZFDfth ~ 7B 64 Al (30 %), 2 X JIILRFI%E LE 274 HITRIEM 73
Bl (27 %), HBEA 148 Bl (54 %), FDOM- FBAS3H (19%) THY., #37
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A3IVEREYE (90) |43 IMRRELE (%) |FER it (%)
ERAHIERL TV TRALR ok 41 (19) 73 (27) 8 122 (24)
BEADURVALENTECKR AL | 106 (51) 148 (54) 16 270 (52)
[ F D - B 64 (30) 53 (19) 11 128 (25)
=h 211 274 35 520




(2007/2008 &—X 2 BT 2008/2009 L — XV DEERABTOETE L D)

O 2007/2008 [£. 2006/2007 >—XUITtb~R, REBRBFEICL DS v ITILIHE
REBERESHMNDE, o1z (2006/2007 —X (AR, BEOERBRINIZAHAB E.0
— 4. S—IRDEENEN oT=.). Tz, 20082000 —ZX ik, 2007/2008 L
— ANz, BEFHEAEICLDZM VD ILI OFBERBEREMESE,A -1,

O EEORETEHIE. 20072008 —X 2R 2008/2000 &—X &2, FHy R
B, BHEICE . #8EZ 2 BULAOERRLAEN -1,

O EEOEREFHIZEITHEFRAOEIEX, 20072008 —X 2 BT 2008/2009
=AU BNT., FNFh, 23 7ILORAIK3 %RV 42%, YL UHOFER
(314 %EU24%, FTELCFPI/ 2z 00BRBIE B %BERU36%E 1=,

O HEIRE OBEFEIL. 20072008 —X R 20082000 —X iz, BYMNS
BOTECIZEI 10N EM 1=,

QO 20062007 L — X & 2007/2008 —X o EHARSE, EFRAOEISITENA
Boht=A., HAOEREETHOLNBIOIS CTIX. BEBVITZRLSAE,NAS T,

2007/2008 —X & 20082009 U —RX U EHANE-BELREETHH -,

(BE . ERRIERSTHRREOEELE)
¥ REFEOSEIE. FHRELSROREDRFAENCOHTRER

(2006/2007 —X L OFEHETE DL (EEORETH))
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FIRH (%) {2007 &£ 3 B [2007/2008 ¥-3" v | REEDL |95 BEHRR
' 20 BLLET  |2008/2009 Y- Y TR LR
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A" UK UK 2008/2009 |10 — 14 &% |1.995648  |1.163287 |3.423584
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- vEDLE 15— 198 | 0 NA. NA.

O BHOHETHS 10 SROEFEOERETH. HL50TEVYHL - RUKBYIZE
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DPE

BHIESREE L. TR 17 SEEESBRERE 1 2N UFIZHESH )
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EEICTC TEEREAFEEZ] #00L, TORELZEIC [EHARAEE JL
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R (BEREE, ERET VWA, BTV A, BEITE - BERNEH) OoFE, AY0B48. BEHORE
HEE~ZOHEAXBE, BRESORE A b, 370, VLW, FERFI /7y, 27
v FEEREAER, HEE, tothoXR) &

Q@ Tt
IROEERERERVQEHATICLELY ., BRETEH - EEESEHCOINT
X, U TOSDOHHETHE,
A FBHICOUN-Y, HMAICEEEZE5A VYT ISR HIBREY
1TE
B : 4R 48 BREORIL
CH: SHI&-TEHES - BEKLGEE
DE#: PBURA-BiE-BD5-HFHT 55 - BEREF-ERIG
EfE: @HTH0OIARTLES
. H%mlﬁﬁéh#ﬁﬁﬁlout CRO (EERMAEERZITHE) I
FHL, T—2RA—XEER, £/, FEENIZ L5855 ERk,

[ (2) ESHhI-EE @BE) |
RESN-EAMEZRAETOHEROBEER. UTOEEYTHS,

O WWMAOBEIE 697 ik (EEMARERRY 664, BEREAAETEIRY 690, BH
B 656), IRESN-EMSIE 10745 ATH-= (EMBAAEE 10316, BER
ERREE 10,103, @AHY 9,674), EEMAAEZEORENAH 7= 10,316 ADS
B, REMIC 9,666 AEBITHRE Lz (RS : BRESEEHN 18 BLLE 21,
ZZHICEETE  c RESHHER 351, EETH - RESHOERE) & TRET
B - REEH A-E] OmAHNRKRIE278),

O BETH - -EESHORIFEEL. T2EBTH - REEH) 12 %, REFH
-BREEH AI 04 %, TEETH - BESHBE] 11 %TH-of=, [RETE -2
EEH AL (X TBHIIOLEA Y., HAICEREES ALY THAHEELAHIRSE

- BTE) THY. RLERLERRTY - RESHTH D,

(RO EETE - RESHRERIEE)

BETE - REEERTFHEEN N (%) '
43568 REED SR LT £508- 2559 b1
W :
B | 65675106 (13) 26 /5,096 (0.5) 620 / 5,070 (12)
% 470/ 4,560 (10) 9 /4,552 (0.2) 453 / 4,543 (10)
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F2) MR 9666 ADSH. BRETE - EEEBOFRIC THY ) LEZELLHN AEOHEN
REFETH-=F18N) . BRETH - BEBSB A ZHBRLAEF G5 A) 2141,

-12 -



(FfELeEs ; % - 8

51 TELa3ELRESY | TERS IEMBELL [P E®  [RBA
(N=7,438) | (N=2,228) TEV3ELEESY | Fens3EnREsL
5 n{%) |3,924(53) 1,182 (53) 0.806 0 0
F i FH1ERRE |75 = 3.9 8.4 + 4.0 <0.0001 1 1
bREGE |7 (0-17) 9(0-17) <€0.0001
<108 [n(%) |5,117(69) |1,284(58)
= 105 |n(%) [2320031) 943 (42) <0.0001

F) EREROS L. [FHHJERFE) |EBISOOTIL Sudent O t RTE, (HRE (FHE) ) &K

(T2 TIiE Wilcoxon DIERIFIEE. A7ITV—ERIZDWTITHA 2 EBE.

(ks ; REGR - RESDRBEE)

ks ' TeLsIEVRESY | TN ENEELL (P i
2RETH - BEEED N=7,438 *) |N=2 228 =*
H* n(%) | 840(11) 286 (13) 0.046
b, AR SERRERIEBLECLAEREE n (%) | 777(93) — —
| RETE - REESEA N=7,527 %% |N=2,121 =
HU=" n(%)| 28(0.4) 7(0.3) 0.777
35, 1A SEVRERIERLECEABELE | n (%0) 25(89) - -
RETH - EEE®EB-E N=7394 % |N=2219 **
Hy=" n(%) | 796(11) 277(12) 0.024
36, TELA IEVRERIERLECLNERAE [n (%) | 742(93) — —

"h4a 2 BEBE, '

E1) ITHY & 1535 AENFTENLRERICRIBLECEABEBELRE OFF, LA E
ELBELEETEH - EXEHRBORMNEEFRIATHEOE,

F2) BHER 0666 A (AEILZIELREHY 7545 A, FEALFIEBRELZL 2121 A)
D535, REFTY -  EERENMHRFRICAHEILLIEALERELLE 107 A TREAL) &
},'C;ILS!U?}}—:T:T:&J. FELZIENREHY 7438 A, A2 I ENRELL 2,228 A&
2T,

E3) g 0666 ADSE, BEAE  ERSHOFEIC THY ) ERZFLEMN AEOZEN
RBETH2FUZ N)EREN 9648 N - 55, A EILEZIELBEHY 7529 A, T
2IENRELL 2119 A), B, EBTH - BEESH BE #RBELLEE TERETH - B
EEBAGLI ELTHMYEK Tz, &5Iz, BETE - REEE A FREICAELE2IENL
FIRELI-E2AZ TIREGL] ELTHRYKRSEH. A RILEIELRESHY 7527 AL
FEILFZZENBRELGL 2121 AEfoT-, :

E4) BRI ADSE, BETE - EESHOREIZ (HY) LEZBLEN AEDHEN
RIBETH--FU8 N, BETE - BESEH A ZHBELEEGS MERA 0613 A 3
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8- RESY BE RARITA L 2ICLEFRELLE 105 A%E THREGZL] ELTRYIE
oS, FEILZIENLREDHY 7394 A, L2 IENRELL 2219 ALhiot-,
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(SRS A AT AT F R, 1IN FORKE)

3) BETD - REERRBRICAELZIENLETRELELE,

O

ik TV SEREERY |FeAASEMBEGL [P {E® | A<BH
(N=7,438) | (N=2,228) TEVAREVEERY | TELaSEVRERL

L3y-2004 VNI 150 53
sH75%BERY

o) El n(%) (4,466 (61)  [1,410(65)

1[H n(%) | 580(8) 157(7)

2 [g] n (%) (2,242 (31) 608 (28) |0.011

REZESy Mogd Y 3 1
Pl O T

AR n(%) |4,017(54.0) | 973(43.7)

BH n (%) (3,293 (44.5) 1,223 (54.9)

A BYEE n (%) 24(03) 7(0.3)

RIS REE [ (%) 67(0.9) 18(0.8) [<0.0001

Tha 2 REE,

CRETELL®: ; SAmERD)

it T3 IEVRERY [HENsSELERLL (P E"
‘ (N=7,438) |({N=2228)

T2 (BY) n (%) 3(0.04) 18(0.8) [<0.0001
FELE2ZIENL (HY) n(%) |7,438(100) | 107(48)*® | —
HFrIEL (HY) n(%) | 26(0.3) 846 (38.0) [<0.0001
FE b7/ 7x22 (HBY) |n(%) |3,959(532) |1,114(50.0) [0.008
JEATRAM HEFLRERE (HBY) |n(%) | 267(3.6) 105(4.7) |0.016
nEE (bY) n(%) [1,265(17.0) | 463(20.8) |<0.0001
O (HY) n (%) [3,952(53.1) |1,469(65.9) [<0.0001

‘h4 2 REBE,

heE% 2= % & & L 1z conditional logistic model IZ &k 2f@HrDER. L2 S EILRR

ZF () multivariate odds ratio (OR) [&. TR E 178 - RESEY) T3 LT 0.62 (95 % (I
: 051-076), TRETE - EE S8 Al ITHL T 125 (037-423), TEETE - £
HEEIB-EJ 2 LT 060 (049-074) THo1=. BHD ORIL. 10 EFXBIZEE
T 5& 060 (0.47-076), 091 (017-495), 059 (0.46-0.75), 10 MLLLIZBRET S
& 0.89 (0.53-1.49). 1.54 (0.09-26.2), 082 (0.48-141) &tiot- (FFREBE),
FTOih, B, BEETE - ERSHORE. BEHRBPORERKRER. LENEERT
B REEHIHILSO0RDOLFLEEL, o _
O FEILAZSENLNRELEETH RESBOMII. AELTOBEXZHSHITIE
ELREMNof, FENLAIELREOORIZ. REEEL TRETH - BESH A
(AL 1 FBAHN. BEICEELEM >, BEL, ThoOFRRIE, BEHIC TH
ILE IEIIERAERETE - EEEHOMICEAENSLIN CELEEKRTEZLDT
e AN

O
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(BEE - ZEEMHE]
((SREAH - REEH CHT5 A8 IELRE (BY)) OF v H LU 95 %IEARM)

28558 B5585Y | Unconditional (OR (95%CT) ,P i) | Conditional (OR (95%CI) P 1)
n/~ N (%) |Univariate Multivariate | Univariate Multivarnate
Tendse NEREE | .
L 286/2,228(13) 1 1 1 1
Huy 840/7,438 (11) |{0.86(0.75-0.99) | 0.69(0.59-0.81) |0.82(0.68-0.98) |0.62 (0.51-0.76)
0.047 <0.0001 0.030 <0.0001

(TRETE - E#EEJAJ =35 IAEAE S EALRE (HY)] OF Jx‘tta‘actv 95 %{SHEE )

28878 B8EHHY | Unconditional (OR (95%CI) P f&) | Conditional (OR (95%CI) P fi8)
n N (%) |Univariate |Multivanate |Univanate |Multivariate
T3t MAREE
7L 7/2,121(0.3) 1 1 1 1
HY 28/7,527(0.4) |1.13(0.49-2.59) | 1.14(0.47-2.81) [1.32(0.47-3.66) |1.25(0.374.23)
0777 0.771 0.599 0.719

(TERETEH - EEEEDBLEl =HT 3

405 2 ENBRE (HY)) OF v X B LU 95 %IEHEXRM)

| 2EEMY - RREDHY

Unconditional (OR (95%CI) ,P {H)

Conditional (OR (95%CI) P {#)

<0.0001

n. N (%) |Univariate |Multivardate {Univariate |Multivariate
T3t NAREE
7L 277/2,219(12) 1 1 1 1
HY 796/7,394 (11) |0.85(0.73-0.98) | 0.67{(0.57-0.79) |0.79(0.66-0.96) |0.60(0.49-0.74)
0.024 0015 <0.0001

(10 mRAIZRE L=

0. FEETYH - BEEEDICHTHA v XS LU 95 %E8EEM (unconditional) )

$E3AH 2358 ER5H RREBA BeH- BEZH BL

Univarnate |Multivariate | Univariate |Multivariate |Univariate | Multivaniate
FeLA3E" Mg 0.74 0.65 0.87 0.95 0.73 0.64
(BY) (0.63-0.88) | (0.55-0.78) | (0.32-2.34) | (0.32-2.85) | (0.62-0.87) | (0.54-0.77)

(10 EEBIRELI-IBED., BRETH - RESHICHT 5T v ARE LUV 95 wIZBEXH (conditional) )

2REAR RAEH

B30 2559 A

4809 2854 bt

Univariate {Multivariate | Univariate |Multivariate { Univariate | Multivanate
FHLAsE WEE 0.71 0.60 1.15 0.91 0.70 0.59
(BY) (0.58-0.89) | (0.47-0.76) | (0.32-4.08) | (0.17-4.95) |(0.56-0.87) | {0.46-0.75)

(MORLLEIZRELE-BESD. FEEFH EEEBITHTIAYXES LU 95 %IEEEM (unconditional) )

2RRAY R2EEY RENH-REEH A SR8 EREH BE
, Univanate |Multivariate | Univariate |Multivariate |Univariate |Multivariate
FEVRIE MEE | 097 0.80 1.80 1.41 0.91 0.75
(BY) (0.72-1.31) | (0.58-1.10) | (0.39-8.34) | (0.30-6.78) | (0.67-1.23) | (0.54-1.03)

-1

5 -




(10 BELEICIRE L= BE0. SREFH - DESHCHT 54 v XI5 K95 EEEM (conditional) )

$ERMH 2338 RR0H 2330 4 RE48-BEEE bE

Univariate |Multivariate |Univariate |Multivariate | Univariate |Multivariate
HEASIE MRE 0.97 0.89 0.91 1.54 0.95 0.82
BY) (0.62-1.52) | (0.53-1.49) [(0.15-5.68) | (0.09-26.2) | (0.59-1.51) | (0.48-1.41)

O FHEEICHEWTIE, BROBRETHRIETEULEIR/NS TR (selection bias), &
& GER) I2&L 3% (confounding by indication). BFMEIMEEHROFTEE L EH,
BROZLHULEEMICAETLEEFRIFLTVLS BALGKREESLLOICIFR

CRITE - BEEE Al FRBULAE-BBEEME L. EAGEHELERTET
Hd., TLTHROFEEREN L. BRENSEITIARMEAB I RETH S,

[(3) BEWGOHER - 5|
EANEFREOHRIZIODLWVTOHBEWGOER - EE(X, LITOLEBEYTH
%,

O BEFEEZA v INI O TEERIHEVRETIBENHLIIEFHLMNITEN
f=o ESIT. BRI TSV INTIOWITHESBREAHOURYEZETHENES
IZ2OWTIE, HICEELRELITE (BRI OAN YT ITHEMNHLIEREY
TE$E) ZECLE 10 ROBFITEELTHRINT D&, 23 7ULRABELERA
EOMICHNLEEEEZEIT LV, ERAFICHEAYVRS (FvXH) (& 154 &
12D EDFENREShIz, £, BHAZOZLEITEA L TEZRUHFHESEN
ThOEMRMSRLESBRMAHY. T—20INE., GHICEDLISEIELRAE
ORAERFALLEAMEZHEOBHBEROAT, I I EEETHORR
BREFRCHELERELE T CLERETHS LI I,

O A#3I7)LREAE. F37LERBRAELLIZ. 10 EBEOEEHCEBTEAA#L
ATLBIEMND, AVINIVFHREBLBIEEINDR - REEEIZX. EED
REFHORBEOEBIANHAZEITONT, S|=KZEIERENANETLEZON
T= -
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2 ERERSEICDOLT]
1 Lvhh ZEESEERHRBEIZOLT
(1) BME
O ZII7NBARICEERLTHSZHEELLIMERESNOER. BBSHFEERS
[CHULTWLWAEORH L LE0EMNH -2 L2 HBFTER. HBEWGIE, HED
EICHL. 2 I INDRERICETIBE~DEEERATIEEZENE LY
VEBAELIZELORERABRFENREE L-ERICEAT 2R ERFTRERS
Bl (UTF TBREEERE] LU0V 5. OREEZERLEZ.
O HEEEBREEIRBROTHAUFE. LTOEEYTHDS.
-RBBRTYIY . RERSICKIERH-EEREAAIHT I O F——HE
-XRE: W0BLUEBEBOBERARF
- FEERE . 3 MEER (@A)
- SERERIEL - 314
- TEFMIEE . EMMGEERFEBREOME. AREE. HEIEMAKBEOERM
HEEY. PAEE. ERMAAZOEEEMN. SERMHR. HE
TheE, MEARERRSICEAE L= %

[(2) BESIIHE B |
LEERWGHE R RBREERBOBERIZIODVTHREEZZ . FORBEOMEL,
UTOEBEYTHD,

O EREBORELTHEEETLEEZ LN DFEEIEDLLEBRIZOWNT, 437
MZEBELREBH LT, thOER/S A—4 (ARBE, HMEEEY. 55
REE, FAEERSM. SHEERERERY. MEERLIER, BRERFSICEAEL-T) (2O THE
EMEFLIEEH LRGN T2,

O Z2EFICHVTIKELOREAFRIIEO ONT, EHEOEERE (E74ER)
LR BB ITEVTHRELEILAITHEABED AN T2,

O MERBEERBOEBICBEVT. A INCLIEZBESHAETELIEDOLAT, £1-.
HEEOOER (BF 1258 BT, HFIT2EIR2Oohihot,

OC HEFZORFBEEL. 310 15H 25T, WFhEBETH-T-,

C #HEBEFL1HAIIBVLT. F 2 ILESHMDICHESE LY REEBORIANG Y.
AIIONEORRBEFRITTEERHY LFHESh-H., MWELORERR., EFA4E
RIZELIREEEAONDITH. FRMOHEBICHASHBEILEIED ShiE,o1,

O EMEBENASA—FL, AFETITHELNATWIERBERABFORGE LRE
THof-. -

[ (3) BEWGOER - 55
HEEREEHROBRICODVTOHEERWGOER - BRI, LUTOLBYTH

5,

O LERWGE. RELCE,N SHFEREEAROERIIOVTIRESX S+, TEF
MIEE Th HERBEESRIY. MERECEELETE, DEIRBORELRLS%E
B LR, 2370200 T, BMREEEZRIIBWVI S, BEEHITA4ER
BROHONGENT &, DEFIRBICBLTERLGTEAROSRGINI LI EHH
Aant-,
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2 LWhIEELEERERICOLNT
(1) BmE
O HEEERWGIE., MEAZIIHL, FI7IILORERICEFIEE[OLER~DE
EFRILE— 12 FEOLOBHICIYBRHTAZEXZBNE LT MBERABT%Z3
ZLELEERODEBRICEHT 2HERFRERERSAE] (UT IEZROERHER] &
W5.) OEBEEERLE.
O WELEREROTHA UEIX. UTOLEEYTHD,
BEBETYIY: RERSICLLIEBR_EERBEABGY ORF——HER
-tEE . 20ELIE 60 #ﬁi?ﬁ@ﬁélﬁﬁkk%?
- TEEEA . 1 ER (B
- EfEGIR 124
- FEMIBE © Fridericia IZ & HMIE QTc (QTcF), Bazett Ik HHHIE QTc
(QTeB) {LLE. RILF— 12 FELEBEHTHRESL-EBEOX
FyFLay bk YEMm)
- Bl pERMIER - KM@EIR%M @ﬁﬁ%ﬂQTﬁﬁ(ﬁEﬁL)@&t
$»9 BELBAHTHESAEBROR Ty T3y b
lﬁﬁm DEFHE. OESHSEGE (ME: RLa— 12
ﬁﬁm%#f%h%lﬁﬁ» =3

[(2) BESIERERE (BE) |
é%ﬁwem:ﬁﬁug@ﬁﬁm?%L DNWTHEZZT =, TORREOBEL.
UFTOEBYTHD.

O QTcF RV QIB IZTHEITHELE. FEMHERIX, 2I7NEEKETSERE
SR CR#%TH-1=, RRER. PR HlH. ORS FEfE. QT [ifm GHELZL) ITHL
T, S 7ABEICEVERLMEE AP EETIRO NG o= CRERSEOR
BT 1HOHBRET. AR 11 HEOLDERZEBTELEM -2 &5, KRER
#B< 11 HEOEREFMENREM E Li-.).

O HEBHRAIc, ODEMERERVEK LB E 2 0EEPNIEIIEE I LGN
272,

O BAEEZORBMEEE. 2P 76 12487, ELELEREBEEEST L8
IERAENT—EVF CEERC SN -BFOREERIZEEL-2OTHY.
WFhLBETH T, |

O EMFENTA—2E. ChETIIBOATNIERRREABFORE & R
THoT=,

[(3) BEWGROER - B '
ERODERHRBROBRIZODVTOAEERWGDER « Z8IZ. LITOEBYTH
5, | |
O LEFEWGIE, BETZNRBIERRBOBRICOVWTHREELZ(H, TET
BB T#HS QTcF RU QTB IZBITAFILELREAFTFMLI-ER. FI 7LD
WT., TOERSICIYLDEREMBEELSEEETROLONGE VI EXERI N,
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E3 RELTH. PARZOIERBEE0ENFEIIO L]
(1) BE
@27l
O AI7IIRARCEELRTHSFERHALLBEREMICONT., TOER. #
ﬂ%msﬁmhitﬁwbrmétmb&é Lhh, TOEMAREEEME
thEﬁﬁﬁﬁﬁﬁ%¢2@ﬁﬁﬁ%t%ﬁbt#%#;Eﬁﬁﬁﬁw@ﬁc
BELEER. EELTHCBIITE0RE. BIRESOBRERE - REROHE
%LomemﬂE%"‘$v LEREWG IRESEIIFLIERL,
Fl-. 2 I7IBRABROBAFEEZELHRTEMI2VLT. FOFBTHREEH
e LT, DER. BBRZEOHER. MVEEFOHEE - REBROFEZFIZONT
EBMREZITICELICTOVTEH, ﬁtrhTLtc
OULUFRULUARLILE
O ¥FIENKY (WLoY) RUBBRTIAD Y (VA MLILE) (2D
WTHREELAHFORERABRESATVS S ENS. LEEDHERRWG DR
TEBEZ. BEEEELsS. SRECEFITHL. AFEOBNAEEHER L.
®45 I 7IIEERERAR
O é57»%®ﬁ4>7w1>ﬁ¢4wz§ﬁﬁﬁéntuﬁu4>7»1>ﬁ
BE (LT M2 JNEEERAMI VS, ITEWTHEELGITEIZRELE
AN, EEREE,ILEEFBEICEERSSA-C #b\unbmrﬂlj
WCEEFBEILRKROEBMAETEEIT o1,

| (2) BESIT-BR (BE) |
LEEEWGIE, 2370, YL UHRUL LA MULSRAROREGITEIFIE
#l, 22 I2NEHEERHOERELTHEFNLEICSZ S 7ILERABROFETERIZEDS
ENABEORRICONWTHEFR(T-, TOEROBEIL, LITOLEEY,

7 ERRARR
@237
O 5 (FR 13 &2 A) AoFK 2143 A 31 BETIC, EREZORTICT
BEIEBRENENIS 1625 ERMNHEETHh, TDOS56EE - RUBYXIEIHh S
T2 5 L5 TEEGTTEH 13, ﬁBFﬂfﬁotoit;ri EAiTEY
LIS DB mpiR k(. 428 ERTH 1=,
O ébL@m%rmmoﬁﬁtrmm'ME%f%oto_wjzf%ﬁﬁj
WS HEBICE Y ERSENSBIENZE(ICHRESAERL 14 EHTHo <,
@)L
O 7MW (FR 125 128) MHFM 21 F£3 A31 BETIZ, BFRORFEIC
HEOSRELEMSHRESL -GS - RUBYIEZASIIOAEND LG TR
SITE ) OBIERIX. 167 ERITH- -, T TEEBLTEH) LSO
BERIEZ. 14ERTH-T=.
QO ARLILE o
O TABASUINI U HYAILARERLIE|] OBE ﬁM($muﬂ£nﬁ)mb$
21 E3 A3 AETIC, EBZOREICESSHUENEIDRESN-ERTE -
RUBYRIFIASIZOENS LS54A TEELITE) ORMERAK. 10 EHITH
21z, T, [RELGTE)) LA OFAMRERIE. 4 ERTH- =,
®45 I 2 INEEGEHM
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O FMI19F3A2BALTEM2E3 A3 HETIC, EEEEMSBESI L
BE -RUBUYUREIHLICIDENRD LWL TEELTE] b2 N
EFERAADA LTIV FEEIX, 24ERTHo -,

4 BELCTHORERSKRESH
(7) RERH (£ 158)
@23
O 2006/2007 —X o DOFEEBM 49 % (170 EH) TRELE L. RUT 2005/2006
—XOEBA 23 % (78 FEF) . 2008/2009 — X OFIBA S % (27 FEMH]) .
2007/2008 <r— xjm%ﬁﬁﬁ % (25 fEH) THot=,
L Y
O 2008/2000 =X DFEIHA 59 % (9T EM) TEREZ <. RUT 2007/2008 3
—ZX OB 35% (S8FEM). 20062007 S —XOFRBEN 6% (10FER) TH
>71=,
@A FLILE |
O ABALINIVFIALILABREFEOHERMAH - 1998/1999 L —Z o h
5 2007/2008 ¥ — X ET, I — X“/G)&éiﬁf-.mrusrﬁl'cabé
@7 = 7 I)EFEFERAE
O 20062007 > — X DFEIVHA 92 % (22 FH) EHHT-,

(1) BARAESE (FRRUMR) (Z2RUEISE)
@27 ,
QO 20 BEBDPR - RELFEEFH 86 % (299/349 FEHD) FHH. 56 10 EHIL 46
% (161/349 fEH) THofz. TOMDER (20 ~ 90 FL) ITDLTIX 1 ~ 2
% (4~ 8/349 fEfl) THoT1-,
O Fi=.HRIZDNTIX. B4 72 % (251/348 FEHI) & & 8. il 28 % (97/348
EF) THoT-.
@)L
O 20=BEXBDINE - REFEHEN 08 % (162/165 EH) £HSD. 56 10 BIRIE 70
% (115/165 fEf) TH-T=,
O Fh.HEAHIZDOWLTIE, BHEEA 73 % (119/162 SEM) ZH . I 27 % (43/162
EF) THol-.
@A RLILE
O 20BEBONE - RAEEFMN 70 % (710 FH]) #5H. 355 10 B4elL 50 %
(5/10 fFEf) TH ot :
O FEf-. HEACOVTIE. BHEA70% (/10 EF) 586, &fEld 30 % (3/10
fEH) TH-oHT-,
® % = 7 JILEEFERH
O 20 BERED/NR - FEREHH 06 % (23/24 HEJ) Fhd., 535 10 HmfLI& 88
% (21/24 FEffl) TH -1,
O Fi=. #HIZOWLTIE., BtEA 79% (1924 EEH) EHD., ZHL 21 % (524
Bl tHhH-ot.

(M) A VIILIUHFREASORA., EFEE5H L DOBME (X4 ~%688)
N EE
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O AVINIVTFREMSEBZTIRRBRECORABIE. F1HFBRUE2HFA
T73% (207282 fEfH)) Z 56, £ 1 HFHDFERMN40% (114/282 fiEfF) THERD
Zhhot-,

O EVOBERSEMSREETORBMIL. 1 BRELLE 6 BREEXFEH 51 % (77/152 &
fFl) 4. 24 BEERBT 90 % (137152 #4l) TH-ot, £, HATOHEE
b REE TORRMIE. 1 B L 6 BERIREN 67 % (109/162 fEH) # 58, 12
BRRIREHY 906 % (155/162 FEF) TH - =,

L Y

O AVINIUYRENMNREGTHHRAETCORAII. F1HRARUE2RA
T 81 % (119/147 fEA) #&5&6. F 1 IWBEOFEBEI 27 % (40/147 fEH) TH-
1=

O BYOBRENLREBETORMIE. 1 BRELLE 6 BRIEREN 43 % (47/110
7)) 4. 24 BREFFEH 93 % (102/110 EH) TH-o71=. £, EROEE
Mo REE TORMIE. 1 FHLLE 6 BFRIEREH 65 % (68/105 FEH) EhH. 12
R DY 98 % (103/105 FEMHI) 'cﬁmfzo

@i A MLILE

O AVINIUFREMNMNSESE *“ﬁ%ﬁif@ﬁﬂ@ ZE1HRAMISESKAH
FTOERAT 3 %~38% (1 ~38EH) THY. TOMOKRBEEM o7,

O BHOEBRSHILHFIRFTTORMIZ. 1 BREILIE 6 BEIERBMN 25 % (2/8 FEH)
THY. 48 BRI LA 38 % (3/8 fEH) THotz. T, HRTDERENSHEE
FTORMI. 1 BREILLE 6 BrRIREH 63 % (5/8 FEH) & H&. 12 BREIEREH 75
% (6/8 iEHI) TH 1=,

@37 I 7ILEFEFERAF

O AVILIVHFRENLREGADRAECOBAL. E1HERVE 2HE

T 62 % (1321 fEH) A&, 55 1 FHOREH 29 % (6221 EH) ThHhotz,

(L) R GAE) FEOBRk (R7~ $1 4 S8y

@7 '

O BMEDRIERESCRESTNAREL-ER (BEHY) A, ThFhe
% (1337212 EWD 59% (112/191 fEH]) #&H&HT=.

O MEMDOEEF Eﬂ@%ﬁirmﬂﬂ?ﬁﬁli 3 BFREIRAEA 70 % (43/61 FEM)
e,

Fih, —RYZRICEEGTEAEEL-ERHS 75 % (169225 fEMH) . BER
TECEAT 2BBDOREOLWLEMAN 76 % (1517198 GEM) . KIoxt T D REA
EULDVEERIAY 08 96 (122/125 fEHD) THh-o 1=,

O HERNESE - BEBETEOBEEXIREELSHSEMEI. ThELO%

(17/192 FEF) . 1% (2/153 IEH) TH-T=,

oLUY :
O MERPXIEEERICEELTHSARKELLED (EEHY) M. Fhth 34
% (40/116 FEM)) . 43 % (50/116 FEF) THo1-.
O MENPSOEELITEORBETORBRMIE. 2 BREIEXREA 60 % (9/15 f£HI)
FhHHl-, ‘ :

Fl, —RYZRICEELTHIABRIELEMH 70 % (85/122 fEH) . BERRIT
BT SRBOREDO L LERA 80 % (94/117 FEHI) . HiZ “I@“éﬁﬁt\ﬁ&t\
FEBIAY 06 % (43/45 fEH) THh-o1-,
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O ERFEISE - BIREFBETEOBREERRXIIFEENHIEMNX. Fhfh 11
% (12/110 FEH) . 3 % (3/88 fFER) T&Ho7T=,
O A PLILE -
O MESDXIEEERZICEELTEHNARBLLERN (BEEHY) A, ThTh 33
% (2/6 FEHD. 25% (1/4ER) TH-o1-,
O MENSOEELGTEORRETORRMIE. FRIOLMoIZLOM | EROH
T, 3EBHLUE 4BRARETH 1=,
T, —IRYRICERELGTEHSEELI-EF 67 % (23 &£F). BELITE
BT REEBEORRBOLWVERMN 75 % GUER) THY. BEBOHD 2 EMT
RTARICHT BREHNLEVNERTH > 1=
O MEIRFERE - BREMETEOBREEXIRERELSH DEME. VWTFhid 33
% (173 M) TH- 1=,
@4 = 7 I)VEIEMEAHF -
O FEPXNIEBBERICRELTHARBLULEN (EEbHY) A, FAFh 58
% (11/19 FEMD) . 100 % (2/2 fEf)) THot=,
O MEIOREBELTBORBFE TOBRIL. 3 BRIEXSEI 57 % (4/7 EH) %
H& -,

Fi. " RYRICEEZTEARIE LIZEMA 100 % (15/15 FH) . BELT
BIZETAREORBOLELERND 57 % (1221 &£H) THY. EBOBHD 15
FEBI T RTHAXITHT 2RIGHGEWENTH > 1=, _

O ERFEIESE - MIEFETEORETEXEIREELH IEHIE. FhLFh 25
% (416 fEF . 14% (214 EH) TH-oT=,

() REBLOBRE (K1 5RUK168H1B)
@2AZITI |
O EBEFEHORBLITEORIEN 65 % (132203 EH) . RHBEEOSIEA 32
% (64/203 fEH)) TH -1,
T, RECTBOER (FEIAT o B LLA) ORI, 38 E&H%39 % (42/109
fER]) TRBE<. RNTI0EEHN 36 % (39/109 FEH), 40 EE A 13 % (14/109
EH) Thot=.
@)L Y
O RBEEEORELITHORRN 78 % (67/86 FEH) . BABEREDOFEEA 14
% (12/86 fEfH) ThH 1=,
Fi. EELGTEOERN (FKIRAT6 FFRILIN) OEERIE. 39 ESH136 % (28/78
EF) TRLVEL. RVTIBEESMN 5% QU8 EHD. 37ELA17 % (13/78
EF) Th-ot-. .
O A MLLE
O RBEBEBRORELTDHORKL 25 % (/4 EH) . MREBIEHFOREEH 50 %
(24 EEH) THoT=, ,
£, RELGTHOEN (HEBEAT 6 BREIUA) OFRIL. {H8OH 5 4 EHT
RTNITEENL0ESOEMNTH =,
®45 I JINEEFEERMA
O RABHEHORELITEOREEAN 8 % (17/19 FEH) . RHBERORIEH 11
% (219 ER) THoT1=, ,
Fi-. EEGTEBOER (FE]AT 6 FFRILIA) OFERIE. 39 ESH 53 % (10/19
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fEB) TEHREEL, XT3 EEHLN21% (VI19iEH) Thot-.

(h) BELGITBREREEZOH#MEERS (X1 728)
@27
O TEELGTH) ORRECHY I TLEHERES LI-FHA35 % (123/353 EH)
Hofe CO5H, BERSRICRELTHEZSORAARERERBLHH
M 25 % (31/123 fEHN) H5—F. FEABREREZRERLEI>FHN 75 %
(92/123 fEAI) &Ho7-, MRS R(CHRABSBERFRRLL-ERIZO>OTIE,
B 68 96 (21731 fEMF) . ZHEA 32 % (10131 EF) THY . BELITEHEN
ERICBET 2R AL EIZERKETH 1=,
QLY _
O [TERELTH ORBRRICY LUOFERGERSES LI-FHH 46 % (77/167 SEH)
Hofz. TOOL, BERERICEELTHESCHEARERERE L =6
HY 38 % (29/77 EfA)) H A —F . FAEMBER EF R L 1AM > 7-FBHH 62 % (48/77
HER) Hofe. MERSRICHEABBERERRLLBHAICOVTIE, HHEM 76
% (22/29 fEMI) . A 24 % (7/29 fEF) ThHY. BELTEEMSKIZET
BRI EFERETHI-.
@ UAMLILE
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Effect of a neuraminidase inhibitor (oseltamivir) on mouse - Jump—down be-
havior via stimulation of dopamme receptors

Minoru Suzuxt' and Yutaka Masupa®

v Department of Neuropsychlatry ? Psychosomatic Division, Aklta University School of Medicine, Alqta 010-8543, Japan
(Received 7Ju1y 2008; and. accepted 31 July 2008) :

- ABSTRACT
Oseltamivir (Tamiﬂu

Roche Laboratories, Inc.) is a neuraminidase inhibitor that can cause jump-

down behaviors in children. There is a mouse slip-down model, in which the dopamine D2 recep-
tor activity is increased by serum s1aloglycohp1ds and the mouse jump-down behavior appears in-
- response to the dopamine D2 receptor agomst PPHT. The present study examined: the effect of -
~ oseltamivir on_jump-down behavior in mice. Oseltamwlr sialylates a serum glycolipid and this
modified glycolipid induces jump-down behavior via the stimulation of dopamme D2 receptors.
" This mechanism may be involved i n the abnormal behav1or of chlldren takmg oseltamivir.

Oseltamivir (Tamiflu®, Roche Laboratories, Inc.) is
an antiviral drug used to treat influenza. It can re-
. duce the duration and. severity of the illness if ad-

- ministered within 48 hours after the onset of

~ symptoms (4, 13, 19). Recently, fatal accidents due
. to abnormal behaviors such as jumping from high
places after takmg oseltamivir have been reported in
juvenile patients in-Japan (7, 18, 20). These abnor-
mal behaviors usually occur after the initial admin-
istration of oseltamivir (8). In March 2007, the
Japanése Ministry of Health; Labour and Welfare

announced a ban on the use of oseltamivir in pa-
tients from 10-19 years of age (12). However, little

" is known about either the contribution. of this drug
to these behaviors or the mechanism involved.
Sialic acids exist mostly in the terminal positions

of biomolecules (such as glycoproteins, glycolipids

and gangliosides) and cell membranes and are in-
volved in a wide variety of physiological processes,
-including immune functions (24, 26). Neuraminidas-
" es are called sialidases because they hydrolyze the

terminal sialic acid linkage in these biomolecules

-and variations in human sialidase activity have been

" Address correspondence to: Minoru Suzuki M.D., De-

pattment of Neuropsychiatry, Akita University School
of Medicine, 1-1-1 Hondo, Akita 010-8543, Japan

Tel; +81-18-834-1111, Fax: +81-18-884-6445

E-mail: suzukimi@kyusei.orjp .

1mphcated in serious dlseases and symptoms mclud-

_mg neuropsychlatnc problems (1 2, 25). Ogeltami-

vir is a representative neuraminidase inhibitor.
Slip-down’ behavior in mice is induced by a com-
paratively low-dose of the dopamine D2 receptor

, agomst PPHT (17), and that the representative do-
pamine D2 receptor .agonists morphme and quin- . .

pirole induce jump-down behavior in mice (6, 10).

In addition, we noticed that mouse jump-down be-
havior appeared by increased doses of PPHT during:
previous -experiment. An' increase in dopamine D2
receptor . activity is closely associated with si-
alylation of a_serum glycolipid (15): Oseltamivir

- might influence’ the dopamine. D2 receptor activity
through sialoglycolipids and oseltamivir miglht be .

connected to the manifestation of the jump-down
behavior. An animal model is useful for understand-
ing these behavioral phenomena Therefore, the

" jump-down behavior in mice could be a model for

the jump-down behavmr in human children takmg
oseltamivir.
.The present study mvestxgated the effect of osel-

* tamivir on jump-down behavior in mice, a serum

glycolipid associated with this behavior and changes
in glycosylation of .this glycohpld in response to 0s-
eltamivir.
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' MATERIALS AND METHODS

Animals. Eight-week-old male ddY mice that
weighed 25-30 g were purchased from Japan SLC
(Shizuoka Japan). A group of 5 mice were housed
in a plastic cage (338 x 140:x 225 mm) with free ac-
cess to food (ED-7; Clea Japan Tokyo, Japan) and
water. The animal room was kept at 21-25°C with

50-60% humidity and was illuminated from 7:00 -
to 19 : 00. All experiments were carried out accord- -

ing to the guidelines of the Ethics Committee for
- Animal Experiments of the Aklta Umvers1ty School
of Medicine.

Dosage of'PPHT 'i_nducing mouse Jjump-down

A , behavior. The dopamine. D2 receptor agonist 2-

) (N-phenylethyl-N-propyl) amino-5-hydroxytetralin
*hydrochlorlde (PPHT, Funakoshi, Tokyo, Japan) was
dissolved in water. The observation of mouse jump-
down behavior is the same as procedure of obser-
vation of mouse slip-down behavior which we .
~ previously reported (17). This method was estab-
lished for the detection of neuronal D2 dopamine
receptor actxvxty In brief, a raised platform measur-
‘ing 10°cm in diameter and 20 cm- lugh was prepared.
- One group of five mice in a cage was intraperitone-
ally injected with: 200, 150, 100, or 50 pg/kg of
PPHT, or 100 plL. of physiological saline (PS) as a
control. Twenty minutes after the injection, the mice
. ‘were placed individually on the platform for 5 min
“and thereafter. both slip:down .behavior and jump-
‘down behavior were mvestlgated

‘Effect of oseltamivir on Jjump-down behavior. From

" . results of the above experiment, 50 ug/kg of PPHT

was determined to be a suboptimal dose of mouse
Jump-down behavior. Other naive mice groups were
prepared. Two trials separated by a 20-min interval
" were observed to confirm that all .of the mice re-

" . mained on ‘the platform for 5 min without jumping-

down and slipping-down before the administration
. of drugs. Then the mice were injécted intraperitone-
ally with oseltamivir solution or with PS as a con-’
trol (5 mice each). Oseltamivir was dissolved in
water and 25 mg/kg, 50 mg/kg, or 100 mg/kg was
" injected intraperitoneally in mice (5 mice each).
Two hours after injection with oseltamivir solution
or with PS, each mouse was placed individually on
the platform and jump-down behavior was examined-
for 5 min. These mice were also injected intraperito-
neally with PPHT -at the suboptimal dose of 50 pg/
'kg. Twenty minutes after injection with PPHT of -
'50 pg/kg, jump-down behavior was again examined

M. Suzuki etal

‘ for 5 min.

Isolation. of the glycolipid Jraction from sera. .The
effect of oseltamivir was thought to be related to se- -
rum glycolipid. Oseltamivir solution (100 mg/kg)
was injected intraperitoneally. in 5 groups of mice
and PS (100 L) was injected into another 5 groups.
Sera were collected 2 h after this treatment. Glyco- °
lipids were separated from the sera by the methanol--
chloroform method, as reported previously .(16). In -
brief, 1 mL of sera was added to 2.5 mL methanol
and 1.25 mL chloroform. The fluid was agitated for
2 min and left at room temperature (RT) for 10 min.

‘Then another 1.25.mL chloroform was added and . ..
_the mixture was agitated for 30 s. After addition of
'1.25 mL water and- agitation for another 30s, the -

mixture was- centnfuged at 150 x g for 5 min at RT,

thus resulting in an upper methanol-water layer con- .
“taining proteins and a-lower chloroform layer con-.

taining lipids and glycolipids. The lower layer was:
collected and evaporated and the lipids and glyco-
lipids were redissolved in-2 mL water. The solution
was applied to an ion-exchange DE-52 column -
(Whatman International, Maidstone, UK) saturated
with 10 mM NaHCO,, pH 8.3 and eluted with 50,
100, 150, 200, 250 and 300 mM NaClL in stages

The eluted fractlons were refined to less than 3kDa .

with the use of an ultrafiltration. membrane (Centri- -
con; Amicon, Tokyo, Japan). Two hundred microli- .
ters of each fraction was mjected mh'aperltoneally' -
into the naive group of 5 mice and then the mice -
were additionally injected with 50 pg/kg PPHT
20 min after the fraction injection. The effect on
neural D2 receptor activity was mvestlgated by the
jump-down method.

Detectioh of the sugar chain structures of effective - - .‘
glycolipids. To detect the sugar chain. structures of -
~ the glycolipids, a 50% ethanol lectin-enzyme-linked

immunosorbent assay (lectin-ELISA) was performed,
as reported previously (16). In brief, 50 pL of the
lipid fraction eluted with 250.mM NaCl in the se-
rum of 5 mice treated with 100.mg/kg oseltamivir -
or 5 mice treated with PS-was mixed with 50 pL

ethanol and poured into one well of a 96-well plate - -

(Sumitomo Bakelite, Tokyo, Japan). After 2 h, the
well was washed three times with a washing
solution (PS containing 0.005% Tween 20; Sei-
kagaku Co., Tokyo, Japan). After a 30-min block

" with 5% bovme serum albumin’ (Slgma-Aldnch

St. Louis, MO), the well was washed again three
times with the same washing solution. Five different
biotinylated ‘lectins that recognize specific sugar
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chain structures (ABA, Galp, ;GalNAc;"
‘GalNAca, ;GalNAc; SSA, Siala, ¢Gal;

DBA,
AAL,

Fuca, ,Gal; MAM, Siala, ,Gal) were prepared at .

2 pg/mL in PS and 100 pL of the mixture was add-
ed to the well. After 1h incubation at RT, the well
“was washed three times with the washing solution.
One hundred microliters of peroxxdase-conjugated

avidin (Seikagaku Co.) prepared at 0.1 pg/mL in PS -

" was then added to the well. After 15-min incubation

at RT, the well was washed four times with PS. De-

velopment of the color reaction was performed with

a developing kit (Sumitomo Bakelite) and absor- '

bance was measured at 455 nm and 650 nm.

Confirmation of the- glycolipid effect. The glycolipid
fraction eluted with 250 mM NaCl from the sera of

mice treated with PS or the sera of mice treated
with: 100 mg/kg oseltamivir was. applied to a Macck-
_ia amurensis agglutinin (MAM) affinity column

~ {Seikagaku Co.). MAM is the. specxﬁc lectin for

Siala, ;Gal and this affinity column was used to re- -

_fine the glycolipid that has Siala, ;Gal in the sugar
- chain terminal. Fractions eluted with 6 M urea were
“desalted over a CD-50 desalting column (Pharmacia,

Uppsala, Sweden) and freeze-dried.. Glycolipids

were redissolved in water to a concentration of
- 10 pg/mL. A concentration of 25, 50, or 100 pg/kg
“of glycollpld solution was mjected mtrapentoneally
. into mice (5-each) and the effect on. jump-down be-
- havior was investigated after treatment with the sub-

o optimal dose of PPHT.

Statistical analysis. The Kruskal-Wallis rank test
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was used to determine significant differences among
groups. The Mann-Whitney U test was used for fur-
ther analysis. P <0.01 was considered to be statisti-
cally significant.

RESULTS

Suboptimal dose of the dopamine D2 receptor ago-
nist PPHT . , .

A concentration of 100 pg/kg of PPHT induced slip-
down behavior, but 50 pg/kg did not. On the other
hand, concentrations of 200 and 150 pg/kg induced
jump-down' behavior, but 100 and 50 pg/kg did not

(Table 1)

Effect of oseltamivir on jump-down behavior

To' determine Whether oseltamivir induces jump-
down behavior in mice, the behavior of the mice 2 h
were examined after the mjectlon of various concen-
trations of oseltamivir or PS and then at. 20 min af-
ter the injection of 50 pg/kg PPHT. Mice treated
with oseltamivir or PS showed no jump-down

‘behavior, but after being treated with D2 receptor- =

agonist, the mice treated with 50.or 100 mg/kg osel-’
tamivir showed jump-down behavior (Table 2). The
number of micé exhibiting Jump-down behavxor n-
creased dose-depcndently

Effects of serum glycolipid fractzons on jump-down

behavior '
To determine whether glycollpld fractxons from
100 mg/kg oseltamivii-treated mice induce jump-
down behavior, the mice were injected intraperitone-

* Table 1 Juinp—down or slip-down behavior induced by the'doparhine D2 receptor agonist PPHT

" Dose of PPHT (ug/kg) PS
: _ 200 150 100 50 (control)
Jump-down behavior o 5 5 T0. 0 0
Slip-down behavior 0 0 5 - 0 0

Values in this table indicate the numbcr of mice that showed jump-down or sllp-down behavior among the 5 treatcd :
mice. PPHT: 2(N- phenyicthyl-N—propyl) amino-5-hydroxytetralin hydrochlondc PS: physiologic saline.

Table2 Number of mice exhibiting jump-down behavior

Dose of oseltamivir solution (mg/kg) PS

100 50 25 (control)
2 h after oseltamivir injection 0 0 0 : 0
20 min after further D2 receptor agonist injection 5% 2* 0 0

Values in this table indicate the number of mice that showed jump-down behavior among the 5 treated mice. The
D2 receptor agonist was used at 50 pg/kg. In the lower dats, a statistically significant difference was found (k=3,
n=m=n;=5, n=15 H=12.5, P<0.009; Kruskal-Wallis rank test). *P <0.01 vs. control (Mann-Whitney U
test). PS: physiologic saline.
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- ally with serum glycolipid fractions eluted with
various concentrations of NaCl and evaluated their
behavior. The glycolipid ‘fraction from 100 mg/kg
oseltamivir-treated mice eluted with 250 mM NaCl

induced jump-down behavior (Table 3). None of the

other fractions from 100 mg/kg oseltamivir- or PS-

treated mice induced this behavior.

.Sugar chain reactivities of glycolzp;d eluted with

250 mM NaCl

To identify the sugar chain structures of the
_effective glycolipid eluted with 250 mM NaCl, the
- reactivity of five kinds of sugar chain structures

were investigated using by the 50% ethanol

lectin-ELISA method. The sugar chain structures

Galp,_,GalNAc, GalNAca, ;GalNAc, Siala, (Gal and.

Siala, ,Gal were found in the glycolipid fractions of
‘mice treated with 100.mg/kg oseltamivir or PS (Ta-

ble 4). No Fuco,;Gal reactivity was found. The
GalB,_,GalNACc, GalNAca,_,G‘alNAc and Siala, Gal

reactivity was similar in both-groups, but the
Siala, ;Gal reactivity was greater in the mice treated

- .with 100 mg/kg oseltamivir than in the mice treated
~ “with PS. ' :

M. Suzuki ef al.
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Conﬁrmatzon of the glycolrpzd effect
To confirm the glycolipid effect, three ooncentra—
tions of the glycolipid fraction or PS were each in-

- jected intraperitoneally into 5 mice and the effects -
“on jump-down behavior were investigated. After re-

finement with a. MAM column, the glycolipid from
mice treated with oseltamivir dose-dependently in-

‘duced jump-down behavior after treatment with

50 pg/kg PPHT. The glycolipid from mice treated
with PS did. not induce this behavior, even at the
dose of 100 pg/kg and after treatment with 50 pg/kg .

PPHT (Table 5).

DISCUSSION :

Oseltamivir is a sialic acld analogue that inhibits i in-
fluenza type A and type B neuraminidase, the viial

_-enzyme that allows the release of virus from infect-

‘ed eells. In addition, oseltamivir is an ester prodrug

activated by hepatic carboxylesterases. It i is thought

"that the sudden onset of reactions such as abnormal
" ‘behaviors and sudden death during sleep are caused
by the prodrug of oseltamivir, oseltamivir phos-

phate. On the other hand adverse reactions. such as
Table 3 Jump-down behavior-in fice treate& with.glycolipi.ds isolated frdm sera
‘Serum glycolipids from
Injected fraction . mice treated with PS* - mice treated with 100 mg/kg
: _oseltamivir
. Eluted w1th 50 mM NaCl [} 0
100 0 0!
150 0 0
- 200 0 "0
250 0 .5
_ 300 _ 0. 0
Values in this table indicate the number of mice that showed Jumb-down behavior among ‘the 5
injected mice. All mice were also treated with 50 pg/kg dopamine D2 receptor agonist PPHT
20 min after the fraction injection. PS: physnologlc saline. .
Table 4° Sugar chain reacttvitles of the serum glycollplds eluted with 250 mM NacCi
» Serum glycohpld from
mice tréated with PS - mis tr.eated thh }00 me/ke PS (negative control) .
- ' oseltamivir :
GalB, ;GalNAc ~ 0.126 0.127 0.036
- GalNAcq, ;GalNAc - '_0.116 0.118 - 0.050
Siala, (Gal 0.091 0.088 0.045
‘Siala, ,Gal 0.086° ©0.153 0.043
- Fuca,_,Gal - 0,037 0.035 0036 .

'Valucs indicate absorbance at dual wavelengths of 455 nm and 650 nm.
‘Serum glycolipid was obtairied from the S mice trcated w1th PS or the 5 mice treated with 100 mg/kg oseltamivir.

PS: physnologlc salme
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Table 5 Mice jumping-down after treatment with refined glycolipid

Glycolipid from

mice treated with 100 mg/kg

Glycolipid dose (ug/kg) mice treated with PS

x oseltamivir
100 . 0 5%
50 - 0 3
25 0 0

PS (control) 0

Values in this table indicate thé number of mice that showed jump-down behavior among 5
treated mice. All mice were treated with 50 ug/kg D2 receptor agonist. In the right column data,

- statistical differences were analyzed by the Kruskal-Wallis rank test (k=3, o, =n,=ny=5,

n=15, H=12.5, P <0.009).

*P <0.01 vs. control (Mann-Whitney U test). PS: physiologic saline.

pneumonia, sepsis, hyperglycemia and gastrointesti-
“nal bleding are thought to be delayed reactions in-
-duced by oseltamivir and the active metabolite of
. oseltamivir, oseltamivir carboxylate (OC), is thought
“ to be the cause of delayed reactions. (9). Recently,
OC has been described to have an inhibitory action
on human cytosolic sialidase. It was hypothesized
that this effect might be a mechanism by which os-
eltamivir induces -adverse neuropsychiatric reactions
(14).. Since OC inhibits the human cytosolic siali-
dase and it can also damage the cell functions in

- various human. tissues, this may explain the delayed -

reactions induced by oseltamivir. However, abnor-
imal behaviors occur after the initial administration

: _ of oseltamivir (8), therefore, it is supposed that the

.mechanism of such abnormal behavior might be d1f- .
ferent from the hypothesis (9). :
~ There were two. novel findings in . the present
study 1) oseltamivir induced jump-down behavior
in mice in association with stimulated neuronal D2'.
receptor activity and 2) this effect of oseltamivir

was associated with the Siala, ;Gal -form of -si- -

. alylatxon of serum glycolipid. Neither oseltamivir
~ nor its carboxylic acid metabolite, GS4071,
ence the re-uptake/release of three monoamines (do-
‘pamine, serotonin and norepinephrine) or GTP
binding in postsynapses (23). However, another in-
vestigation using rats indicates the possibility that
-oseltamivir has effects on the central nervous sys-

tém, especially when combined with other agents

(11). Serum glycolipid would be expected to be si-
-alylated following oseltamivir treatment; however,
the mechanism of sialylation with the Sialo,,Gal
form is not clear. Lipids can pass through the blood-
brain barrier and dopaminergic neurons possess gly-
coside receptors (21). Serum glycolipid regulates the
" dopaminergic neuron activity, while sialylation en-
" hances the effect of increased D2 receptor activity

influ-

by agomsts A previous study reported that oseltami-
vir enhances the effect of ganglioside on opioid re-
ceptors (5).

Hyperthermia excites the hypothalamus, which
decreases the plasma sialic acid level (3). Decreased
snalylatlon of serum glycolipids regulates dopami-

" nergic neuron activity relating to hyperthermia. With
‘regard to the jump-down behavior of children taking’

oseltamivir, oseltamivir may block glycolipid 'desi-

alylation and neuronal D2 receptor activity in.chil-

dren infected with influenza may be increased.

__Shp—down behavior in mice is caused by dopam1— »

nergic’ hyperactivity to escape from an uneasy situa-

tion. (15). Jump-down behavior in mice is-also - -

caused by dopaminergic hyperactivity and could
also indicate behavior to escape from an-uneasy sit-
uation. This is a basic adaptative behavior in ani- -

" mals and experierice refines the behavior. Some
children may not be able to handle this type of hy-

peractive D2 activity.
The results of the present study shed hght on the
mechanism underlying abnormal ‘behaviors of some-

- children n response to oseltamivir. Tt would be use-
ful to examine the oseltamivir-induced jump-down

behavior in influenza-infected mice. Human studies
such as a sugar-chain analysis of blood phospholip-
ids of patients who take oseltamivir are also needed.
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ABSTRACT:

Oseltamivir phosphate is an ethyl ester prodrug widely used in the
treatment and prevention of both Influenzavirus A and B infections.
The conversion of oseltamivir to its active metabolite oseltamivir
carboxylate is ‘dependeng on ester hydrolysis mediated by carboxy-
lesterase 1 (CES1). We recently identified two functional CES1
variants p.Gly143Glu and p-Asp260fs in a research subject who
displayed significant impairment in his ability to metabolize the
selective CES1 substrate, methylphenidate. In vitro functional
studies demonstrated that the presénce of either of the two mu-
tations can result in severe reductions in the catalytic efficiency of
CES1 toward methylphenidate, whichis requlred for hydrolysis and
pharmacologlcal deactivation. The aim of the present study was to
investigate. the function of these mutations on activating (hydro-
lyzing) oseltamivir to oseltamivir carboxylate using the cell lines

expressing wild type (WT) and each mutant CES1 In vitro mcuba-
_tion studies demonstrated that the S9 fractions prepared from the

cells transfected with WT CES1.and human liver tissues rapidly
convert oseltamivir to oseltamivir carboxyiate. However, tie cata-
tytic activity of the mutant hydrolases was dramatically hindered.
The V., value of p.Gly143Glu was approxtmatelv 25% of that of
wT enzyme, whereas the catalytic activity of p.Asp260fs was neg-

ligible. These results suggest that the therapeutlc efflcacy of os-

eltamtvor could be compromlsed in treated patients expressmg
either functional CES1 mutation. Furthermore, the potenhal for
increased adverse effects or toxicity as a result of exposure to
high concentratrons of the nonhydrolyzed prodrug should be

- considered. . . i

.Oseltamivir phosphate (Tamiflu; Roche, Nutley, NJ) is widely used
in the treatment and prophylaxis of both Influenzavirus A and B

infections. In addition, oseltamivir may be effective in preventing or -

treating avian influenza or socalled “bird flu.” Oseltamivir is an ester
prodrug and, in general it is readily converted to its active form

oseltamivir -carboxylate mediated by hepatic carboxylesterase 1 )
(CES1) (Fig. 1) (Shi et al., 2006). The active metabolite exerts its

antiviral effects via the selective inhibition of neuraminidase.
Carboxylesterases are members- of the af hydrolase -fold family

and expressed in many tissues, especially in the liver, small intestine,

and lung (Satoh and .Hosokawa, 2006; Ross and Crow, 2007). The

_-major human carboxylesterases include CES1 (UniProtKB/Swiss-Prot

P23141) and carboxylesterasé¢ 2 (CES2) (UmProtKB/Sw1ss-Pr0t

000748). CES1 and CES2 are largely distinguished from one another

by their substrate specificity and tissue distribution (Imai et al., 2006;
Satoh and Hosokawa, 2006). CES1 more readily catalyzes substrates
with a relatively large acyl group and small alcohol group such as
methylphenidate, temocapril, and oseltamivir (Sun et al., 2004; Imai
et al., 2005; Shi et al., 2006). In contrast, CES2 preferentially hydro-
lyzes compounds bearing.a small acyl moiety and bulky alcohol
group, which includes agents such as cocaine and irinotecan. CES1
predominates in the human liver, whereas CES2 is the major carboxy-
lesterase expncssed in the intestine (Imai et al., 2006). Hepatic CES1

- is- the major ‘esterase govemning the metabolism of numerous and

Article, publuzhon date, and citation information can be found at
hittp//dmd aspenoumals org.
doi:10. 1124/dmd 108.024943.

structurally diverse therapeutic agents formulatcd as carboxyhc ac1d
esters, carbamates, thioesters, and-amide’ compounds mcludmg those

prodrugs. formulated as esters. In addmon a number of cndogenous -

substrates are recognized.

In a recent study, we identified two CES1 mutations, p. Glyl43Glu :

and p.Asp260fs (Zhu et al., 2008), in a sub]ect who displayed pro-
found alteration of the pharmacokinetics of racemic (df)-methylpheni-

. date (Ritalin; Novartis Pharmaceuticals, Summit, NJ), a selective .

CES| substrate, during a single-dose pharmaookmeﬂc study (Patrick
et al., 2007). The minor allele frequency of p.Gly143Glu was esti-
mated to be 3.7, 4.3, 2.0, and 0% in white, black, Hispanic, and Asian

. .populations, respectively, by 4 genotyping study that contains a total i

of 925 subjects with varied racial and ‘ethnic backgrounds It was
concluded that the p.Asp260fs variant was extremely rare because
none -of the 925 screened subjects carried this mutation. The func-
tional consequences of both mutations were investigated using cell
lines stably expressing each individual mutant. The in vitro mcubauon
study demonstrated that the catalytic function of both pGlyl4SGlu

and p.Asp260fs is impaired to such a significant degree that CES1-

mediated methylphenidate hydrolysis was essentially nil using these

two CES1 mutants, whereas wild-type (WT) CES1 readily cleaved the - .

ester (Zhu et al., 2008).

Even though the two newly dlscovcred CESI mutations were deter-
mined to be dysfunctional enzymes in terms of hydrolyzing methylpheni-
date to its inactive metabolite ritalinic acid, the influence of these CES!
variants on prodrug activation has not been examined to date. Oseltamivir
(a drug in wide thempeuuc use) has recently been shown to bea sclecuve

ABBREVIATIONS: CES1, carboxylesterase 1; CES2, carboxylesterase 2; WT, wild type PNPA, p-mtrophenyl acetate; PNP, p-nitrophenol; HPLC,

high-performance liquid chromatography.
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. been described previousty (Zhu et-al.,

OSF’?"J’ | VL).KUU Ml: LADBOLIDMANL 11D UDL LI

OSELTAMIVIR ACTIVATION AND CARBOXYLESTERASE -1 VARIANTS

Oseltainivir Phosphate = - Oseltamivir Carboxylate

HyPO,
Fic. 1. CESl-mediated activation of oseltamivir phosphate.

substrate of CESI (Shi et al., 2006), making it an excellent candidatc;
" compound to assess the effect(s) of the identified CESI mutations on

prodrug activation. In addition, accumu]aung evidence has indicated that
oseltamivir carboxylate is not only related to its antiviral efficacy but also
In the present study, we investigated the mﬂuence of the two newly
identified CES1 variants on the metabolism (i.c., actwahon) of the

variants ‘of CEsl that result in dysfunctional enzyme activity could

Materlals and Methods

Materials. Oseltammr phosphate and its active metabolite oseltamlvu'
carboxylate were obtained from Toronto Research Chemicals ‘Inc. (North

. York, ON. Canada). p-nitrophenyl! acetate (PNPA) and p-nitrophenol (PNP)
were purchased from Slgma-Aldnch (St. Louis, MO).’All other chemicals and .
"reagents were of the highest analytical grade and were commercially avaifable.

Enzymatic Study. The establishment of Flp-In-293 cells (Invitrogen, Carls-

bad, CA) stably expressing WT and p. Gly143Glu and p.Asp260fs CES1 has

cuiltured in Dulbecco’s modified Eagle’s medium containing 10% fetal bovine.

-serum and 100 pg/ml hygromycin B. After reaching apprommately 95%
- confluence, cells were then washed ‘and harvested in reaction buffer (phos-
‘phate-buffered saline containirig 10 mM HEPES, pH 7 4). Afterward, cells
“were sonicated and then centrifuged at 9000g for 30 min at 4°C. The super-
natant (S9 fraction) was collected and stored at —70°C until use. The liver .

tissues were obtained from a healthy liver donor and determined to express

.- neither p.Gly143Glu nor the p. .Asp260fs mutation and served as a nativé CES1
‘ control The liver samples (~300 mg) were homogenized, and the S9 fraction -
was obtained after centrifugation at 9000g for 30 min at 4°C. The protein
concentrations were determined using 2 Pxerce BCA assay klt (Pierce, Rock-.

ford, IL).

The oseltamivir hydrolysls study was carried out in 1.5-ml tubes at a total
volume of 100 ul. Before incubations, oseltamivir phosphate: solutions were
freshly prepared in 50 pl of reaction buffer. The reaction was initiated by
mixing oseltamivir phosphate with 50 pd of S9 fractions. The final oseltamwlr

- phosphate concentrations ranged. from 10 to 5000 uM. Our preliminary study

indicated that the formation of oseltamivir carboxylate was lineat with a series
of $9 protein conéentrations (0.05-0.5 mg/ml) and incubation’ nmes (5-15

" min) that we tested.. In the present study, the enzymatic reactions were
" performed with the final S9 protein concentration standardized at 0.1 mg/ml

and an incubation period of 10 min at 37°C. After incubation, the reaction was
terrnmated by adding 500 ! of methanol containing 40 xM ritalinic acid as the
intemal standard. The mixture was centrifuged at 16,0002 for 5 min to
‘precipitate protein, and the supematants were then analyzed using an estab-
lished hlgh-performance liquid chromatography (HPLC) assay. Enzyme ki-

_netic data of oseltamivir hydrolysis were fit to the Michaelis-Menten equation,

‘and kinetic parameters K, and V,,, were: calculated using nonlinear regression

" analysis with GraphPad Prism software (GraphPad Software Inc., San Diego,

CA). In addition, PNPA, a widely used esterase substrate (includmg CESl),

the biotransformation of oseltamivir phosphate to the primary active form '
associated with potential toxicity. (http: //www fdagov/cdedfon/nda/ZOOO/

'21-246_Tamiflu_Pharmr.pdf). :
prodrug oseltamivir phosphate. The results suggcsted that genetic '

likewise play an important role in both therapeutic efficacy as well as
tolerability or toxicity dunng oscltamwnr therapy.

2008). The transfected cells were-

- is approximately 25% of that of WT CES1. The K,
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was included in the study as a positive control using a method described
prevnously (Zhu et al., 2008).
HPLC Analysis. An HPLC method was used to measure oseltamivir

- 'carboxylate formation as a consequence of oseltamivir phosphate hydrolysis.
The HPLC system consisted of an Agilent 1100 HPLC sysiem (Agilent .

Technologies, Santa Clara, CA) equipped with a diode-array detector with the
wavelength set at 220 nm. The mobile phase was a mixture of methanol and
20 mM KH,PO, (pH2.5). A gradient elution was applied for the separation
with the time program set as follows: from 0 to 4 min, methanol was 44%, and
increased to 50% from 4 to 14 min, then maintained at 50% until 16 min,
where methanol was returned to the initial condition {(44%). Ritalinic acid,
oseltamivir carboxylate, and oseltamivir were eluted at 5.1, 6.0, and 15.7 min,

respectively, with the flow rate set at | ml/min. In Fig. 2, a typical chromato-

gram is-represented of 100 M of oseltamivir hydrolyzed by WT CES1 S9

_ fractions after incubation. The intraday and interday relativé standard devia-

tions were determined to be less than 10%. The lower limit of quantification
of oseltamivir carboxylate was 0.25 uM.

Results

PNPA is a sensitive and established model substrate of CESI as
well as other human esterases. The PNPA hydrolysis assay demon-
strated that WT CES1 prepared from the cells transfected with WT
CESI gene rapidly hydrolyzed PNPA to PNP with a catalytic effi-
ciency comparable -with ﬂlat of normal human liver tissues (Fig. 3).
Corisistent with our previous observations, the enzymatic activity of
both p.Gly143Glu and p.Asp260fs toward PNPA was dramatically
reduced relative to WT enzyme (Zhu et al., 2008).

‘The oseltamivir phosphate. incubation study demonstrated that the
S9 preparations of both WT CES| -transfected cells and human liver
tissués efficiently convert oseltamivir to its active antiviral compo-
nent, oseltamivir carboxylate, suggesting that oseltamivir serves as an
excellent substrate of CES1 (Fig. 3). The V.., and K., values were

determined-to be 145 * S nmol/min/mg protein and 1.38 = 0.13 mM,

respectively, under our expérimental conditions (Fig. 4). The CESI
variants p.Gly143Glu and p. Asp260fs displayed poor catalytic activ-
ity toward oseltamivir hydrolysis (Figs. 3 and 4). The V,,, value of
p-Gly143Glu was found to be 37 * 1 nmol/min/mg protcm, which
value of
p.Gly143Glu was estimated to be 2.15 * 0.18 mM. In addition,
p.Asp260fs failed to produce any detéctable-hydrolysis of oseltamivir

" as measured by the formation of oseltamivir carboxylate (Fig. 3). The
‘human liver S9 fractions prepared from a healthy donor speciinen

produced similar catalytic activity toward both PNPA and oseltamivir
phosphate, which was.in excellent agrecment ‘with” that of our W

* CESl-transfected cells (Fig. 3).

Discussion

CES1 is the’ predommant hydrolase in the liver and plays an
important role in the biotransformation of. drugs and prodrugs that
contains ester bonds. CES1 genetic variants and their potential for
having therapeutic implications have been increasingly reported re-

“ cently. Our previous study identified two nonsynonymous coding

region variants, p.Gly143Glu and p.Asp260fs. In vitro functienal

studies have shown that the catalytic function mediating the typically .
efficient and rapid hydrolysis of methylphenidate was clearly dis- .

rupted in both the p.Gly143Glu variant and the p.Asp260fs mutation.

The potential for clinically significant outcomes in the presence of

these two mutations was investigated in the original subject found to
carry both CES1 variants. That subject displayed an extremely abnor-

mal pharmacokinetic profile after the adtmmstrauon of methylpheni-

date, displaying vastly higher overall blood concentrations of meth-
ylpheriidate and an unprecedented distortion in the disposition of the
respective isomers of the drug (Patrick et al., 2007; Zhu et al., 2008).
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" Fig. 2. Representative chromatograph of oseltamivir carboxylate. Oseltamxvxr carboxylate was analyzed by.the HPLC assay after incubation of osellamlvu' phospha(e (100

M) | and WT CES1 §9 fractions at 37°C for 10 min.
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In addmon the subject éxperienced s1gmﬁcantly higher cardiovascu-

lar vital signs relative to other 19 study subjects serving'as phar—
macodynamic correlate to the phan‘nacokmeuc observatlons (Zhu et

- al.,~2008).

Because the activation of many ester prodrugs depends to a great
degrec upon functional CES1 enzyme to produce the therapeutic

moiety; dysfunctional CES1 variants could hinder prodrug activation .

and lead to the alteration of therapeutic effects and a¢cumulation of
the parent prodrug with continued dosing. Such an outcome could lead

'to therapeutic failure and, depending on the compound administered,

unanticipated adverse effects or toxicities. As a prodrug, oseltamivir
does not exhibit activity toward the influenza virus unless it is con-
verted to its active metabolite oseltamivir carboxylate by CES1 (Fig.
1). In the present study, the catalytic activity of p.Gly143Glu and
p- Asp260fs toward oseltamivir hydrolysxs (i €., acuvauon) was inves-

- Oseltamivir carboxylate
' (nmol_elm-in!mg.prote_ln)
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FiG. 3. Hydrolysis of PNPA and oseltamivir by human liver mlcrosomal WT CES|, and its mutants p.Gly l4JGlu and p.Asp260fs The hydrolytic products of PNPA and
oseltanuvu were detcn'mned after incubating the substrates with the enzymcs at 37°C for 10 min. Data were expressed as the mean * SD. (n = 4)

tigated usmg transfected cell lines stably expressing WT and individ-
ual mutant CES1 enzyme. The data indicated that the enzymatic
activity of p.Glyl43Glu is substantially decreased with a V, value
approximately one fourth that of WT CESI1, whereas p.Asp260fs
failed to show any measurable hydrolytic activity toward oseltamivir.
Acknowledging the limitations of in vitro methodologies, this funda-
mental alteration in-the catalytic activity of CESI strongly suggests
that the activation of oseltamivir would be compromised in patients
who express such CES! variants. In addition to these two mutations,
several other natural nonconservative CESI variants were recently
determined to also have functional sxgmﬁcancc (Shi et al.,, 2006; Tang
et al., 2006). Furthermore, beyond: the coding area mutations, a
number of functional variants have been reported in thg transcriptional
regulation region of CESI gene (Geshi et al., 2005; Hosokawa et al.,
2008; Yoshimura et al., 2008). Among those, a single nucleotide
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Osaltamivir carboxylate

_polymorphism,
associated with an improved therapeutic response. to an angiotensin- -
converting enzyme inhibitor imidapril, which is a prodrug and selec- -
tively activated by CES1 (Geshi et al., . 2005).
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OSELTAMIVIR ACTIVATION AND CARBOXYLESTERASE 1 VARIANTS
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FiG. 4. Enzymatic kinetics study of oseltamivir hydrolysis catalyzed by WT CESI
and its variant p.Gly143Glu. The hydrolysis of oseltamivir (10-5000 M) was
determined after incubation with the cell $9 fractions at 37°C for 10 min. The V,,,

and K, values were calculated using nonlinear regression analysis with GraphPad
Prism software. Data pment means * S.D. for four mdependent expenments

_816A/C of the CESIA2 gene was -found (o be

It was noted that the observed V,,, value of WT CES| is consistent
with that reported by Shi et al. (2006), whereas the K, value is seven

times higher. We suspect this difference is more likely than not the -

result of different experimental conditions used in these two indepen-
dent studies. For example, the reaction buffer used in the present study
was phosphate-buffered saline containing 10: mM HEPES (pH 7.4),
whereas a Tris buffer was used in the study by Shi et al. (2006).
Indeed, a recent in vitro study addressing this very issue indicates that
different enzymatic activity of CES could be observed when different
assay buffers were. used (Williams et al., 2008). Finally, the §9
fractions used in the present study were prepared from a stable CES!t
cell line rather than a transient expression assay.

Functional CES? is not only critical for the conversion of oseltamxvu-
toits active metabolite to achieve a favorable therapeutic response, but it
is also related to the toxicity during oseltamnvu therapy. Convergmg
evidence suggests that CES1 function in juvenile animals remain at a
significantly lower level than that of adult animals (Kadner et al., 1992;

Morgan et al., 1994; Moser et al;, 1998; Karanth and Pope, 2000; Padilla -

et al., 2004; Anand et al., 2006). Animal studies demonst:ated that
juvenile rats did not hydrolyze oseltamivir efficiently, and they are more

susceptible than adults to oseltamivir toxicity (littp:/fwww.fda.govicder/ -

foi/nda/2000/21-246_Tamiflu. Phamu'pdf) The present study suggests

- that, in addition to age, genetic vanauon is potentially an important factor

influéncing the enzymatic function of ‘CES1 and could play a role in the
therapeutic outcome and toxicity of pharmacotherapy with oseltamivir as

- 'well as other known CES| substrates. Our previously published data with
. the psychostimulant methylphenidate indicate that the effects of CES!
variants on drug-disposition are already advanced beyond the xealm of .

speculation.

In summary, two newly identified CES! mutations pGly14SGlu-

and p. Asp260fs were determined to be dysfunctional enzymes with
respect to-the activation of the prodrug oseltamivir. Impaired enzy-
matic function could have significant implications with regard to both

the therapeutic efficacy and tolerability of oseltamivir. It should be

noted that the extremely low prevalénce of p. Asp260fs mutation
relegates its clinical significance to.being very minor even-though it
results in a nionfunctional enzyme. However, p.Gly143Glu is a com-
mon variant in all populations assessed thus far, w:th the exocpnon of

- Asians. A clinical study, particularly one assessmg patients who have-

267
been génotyped and found to be hetcrozygously expressing
p.Glyl43Glu, is warranted to clucidate the influence of the
p.Gly143Glu mutation on the pharmacological disposition and potcn—
tial toxicities of oseltamivir,
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ABSTRACT:

{3R,4R,55]- 4-Acetam|do -5-amino-3-(1 -ethylpropoxy)-1-cyclohex-

ene-1-carboxylate phosphate (Ro 64-0802) is a pharmacologically

. active form of the anti-influenza virus drug oseltamivir. Abnormal

behavior is a suspected adverse effect of oseltamivir on the central

nervous system. This study focused on the transport mechanisms

of Ro 64-0802 across the blood-brain barrier (BBB). Ro: 64-0802

~was found to be a substrate of organic anion transporter 3 (OAT3/
SLC22A8) and muiltidrug resistance-associated protein 4 (MRP4/’
. .ABCC4).-Human embryonic kidney 293 cells expressing OAT3 ex-

hibited a greater intracellular accimulation of Ro 64-0802 than
mock-transfected cells. (15 versus 1.2 pl/mg protein/10 min, re-
‘spectively). The efflux of Ro 64-0802 was 3-fold greater when
MRP4 was expressed in MDCKII cells and was significantly inhib-
ited by indomethacin. After its rhicroinjection into the cerebrum,

the amount of Ro 64-0802 in brain was significantly greater inboth
0at3™/~ mice and Mrp4~'~ mice compared with the corresponding
wild- type mice (0.36 versus 0. 080 and 0.32 versus 0.060 nmol at 120
min after injection, respectively). The bramlplasma concentratlon
ratio (K, urain) of Ro 64-0802, determlned in wild-type mice after
subcutaneous continuous infusion for 24 h, was close fo the cap-

illary volume (approximately 10 pl/g brain). Although the K, b,a;,, of

Ro 64-0802 was unchanged in Oat3~'~ mice, it was significantly

' greater in Mrp4~/~ mice (41 p.llg of brain). These results suggest
that Ro 64-0802 can cross the BBB from the blood, but its brain .
distribution is limited by its active efflux by Mrp4 and Oat3

across the BBB. The transporter: responsible for the brain up-

take of Ro 64-0802 remains ¢ nknown, but 0at3 is a candidate’

transporter. ) -

Oseltamivir is an ester-type prodnig of Rd 64-0802, a potent and
selective inhibitor of viral neuraminidase, a key enzyme involved in
the release of influenza virus from host cells. ‘Oseltamivir is used for

. the treatment and prophylaxis of infectious diseases caused by both
“Influenzavirus A and Influenzavirus B (Bardsley- :Elliot and Noble,
1999): In fecent studies, abnormal behavior, such as jumping and

falling from balconies, has been reported in. teenagers or younger

This work supported in part by a grant-in-aid for Scientific Hesearch (A) [Grant
20249008} and Scientific Research (B) (Grant 20390046] from the Ministry of
Education, Culture, Sports, Science and Technology.

Article, publication date, .and citation information can be found at
hitp://dmd.aspetjournals.org. ’

dot:10.1124/dmd.108.024018.

people who are taking. oseltamxvxr (http://www.fda.govicder/drug/-

infopage/tamiflu/QA20051117.hem; Fuyuno, . 2007). In response to

these reports, the Ministry of Health, Labor and Welfare has issued a. -

waming regarding the use of oseltamivir as a medication for teenagers
or younger people and has prohibited the prescnbmg of oseltammr
for them.in Japan.

The pharmacological actions of oseltamivir on the central nervous
system have been reported in several animal studies (Izumi et al.,
2007; Satoh et al., 2007; Usami et al., 2008; Yoshino et al., 2008),
although the association between such pharmacological actions and
abnormal behavior remains an open question. The systemic adminis-
tration of oseltamivir increases- dopamine levels in the rat medial
prefrontal cortex (Yoshino et al., 2008), and oseltamivir and Ro

ABBREVIATIONS
brain bamier; CES1At, carboxxlesterase 1A1; P-gp,

Ro 64-0802, [3R, 4R 58]—4-acetam|do-5-am|no-3-(1-ethy|propo xy)-1-cyclohexene-1-carboxylate phosphate; BBB, blood- v
P-glycoprotein; Oat/OAT, organic arion transporter; Mrp/MRP, multidrug resistance-

associated protein; HEK, human embryonic kidney; MDCK, Madin-Darby canine Kidney; LC; liquid chromatography; MS, mass spectrometry; GFP,

-green fluorescent protein; ANOVA, analysis of variance; PCR, polymerase chaln reaction; Mdr, muitidrug reStstance, Berp, breast cancer

- resistance protein; Oatp, organlc anion transporter peptide.
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. 2004). Oar3 ™~ mice were obtained from Deltagen, Inc. (San Carlos, CA). -

316

(Ci et al,, et al., 200°
mediates their unidirectional efflux into the circulating blood (Leggas-

aspelgpy KU ME LADW LLDIVLANY u;orua;llum

64-0802 enhance spike synchifonization’ between hippocampal CA3
pyramidal cells and evoked synchronized population bursts, which
recruit virtually all of the neurons in the network (Usami et al., 2008).
It has also been demonstrated that oseltamivir and Ro 64-0802 affect
neuronal excitability,in rat hippocampal slices and that Ro 64-0802 is

_ 30 times more potent than oseltamivir (Tzumi et al., 2007).

~ Whether oseltamivir and Ro 64-0802 cross the blood-brain barrier
(BBB) is an important issue, considering their pharmacological ac-

~ tions on the central nervous system. In clinical studies, both oselta-

mivir and Ro 64-0802 were detected in the plasma after oral admin-

" istration of oseltamivir. Oseltamivir is converted to Ro 64-0802 by

carboxylesterase 1Al (CES1A1) in the liver (Shi et al, 2006). Most
of the administered dose is recovered in the urine as Ro 64-0802 by

_ glomerular filtration and tubular secretion by organic anion transport-

ers in the kidney (He et al., 1999). The penetration of drugs to the-
brain from the circulating blood is limited by the BBB, which is
formed by endothelial cells connected tightly to adjacent cells. It has’
been shown that oseltamivir can cross the BBB, but P-glycoprotein
(P-gp) limits its brain penetration at the BBB (Morimoto et al., 2008;
Ose et al., 2008). In contrast, Ro 64-0802 exhibits only a limited
distribution in the brain because it is close to the brain capillary.

volume. Therefore, the permeability of Ro 64-0802 across the BBB .

has been considered to be quite low because of its hydrophilic nature
and anionic charge at neutral pH.
. In this study, we hypothesized that the low distribution of Ro

"64-0802 in the brain is attributable to active efflux at the BBB. We

focused ori two organic anion transporteérs— organic anion transporter
3 (OAT3/SLC22A8) and muitidrug resistance-associated protein 4
(MRP4/ABCC4)—as the candidate iransporters involved. Oat3 is ex-
pressed on the abluminal membrane of the brain capillary endothelial

" cells in rodents (Kikuchi et al:, 2003; Mori et al., 2003; Roberts et al.,

2008). Cumulative in vivo studies suggest that Oat3 plays a significant
role in the uptake of hydrophilic organic anions into the endothelial
cells, the first step in its overall elimination from the briin to the blood

- '(Ohtsuki et al., 2002; Kikuchi et al., 2003, 2004; Mori et al., 2003,

2004). Ro 64-0802 has been identified as a substrate of OAT1/

- SLC22A6 (Hill et al., 2002). Considering the overlapping substrate

specificities of OAT1 and OAT3, it is possible that OAT3 accepts Ro
64-0802 as substrate. MRP4 is-an ATP-binding cassette transporter
localized in the luminal membrane of the brain capillary endothelial
cells (Leggas et al., 2004). MRP4 accepts anionic drugs as substrates
2007; Hasegawa et al., 2007; Imaoka et al., 2007) and

et al., 2004). It has been demonstrated that the elimination of topote-

~ can from the brain was delayed and that the concentration of topote-
_ can in the cerebrospinal flaid was greatly enhanced in Mrp4~'~ micc,

compared with the corresponding wild-type mice (Leggas et al,
2004). It has also been demonstrated that the brain/plasma concentra-
tion ratio of 9'-(2'-phosphonylmethoxyethyl)-adenine 3 h after intra-

. venous administration was greater in Mrp4~ /~ mice than in wild-type

mice (Belinsky et al., 2007).

- In this study, in vivo experiments were undertaken using wild-type,
Oat3™*~, and Mrp4~'~ mice to examine the involvement of Oat3 and
Mrp4 in the uptake and efflux of Ro 64-0802 across the BBB.

Materials and Methods -

" Reagents. Oseltamivir phosphate and- its active metabolite, Ro 64-0802
(purity >95%), were synthesized according to a previous report 0 ¢ amatsugu et
al, 2007). All other chemicals used in the experiments were of analytical
grade.

Animals. MW_’ ~ mice had been established previously (Leggas et al.,

OSE ET AL.

Male CS7TBLY6J, Mrp4™~, and Oat3™'~ mice were maintained by CLEA .

Japan, Inc. (Tokyo, Japan). All mice (10-18 weeks old) were maintained under
standard conditions with a reverse dark-light cycle. Food and water were
available ad libitum. All experiments using animals in this study were per-

" formed according to the guidelines provided by the Institutional Animal Care

Committee (Graduate School of Pharmaceutical Sciences, University of
Tokyo). ’
Uptake of Ro 64-0802 by Human: 0A’I‘3—Expmsmg HEK293 Cells. An

in vitro transport experiment was performed as described prewously (Deguchi

et al., 2004). After the cells had been washed twice and preincubated with

Krebs-Henseleit buffer at 37°C for 15 min, drug uptake was initiated by the .

addition of Krebs-Henseleit buffer containing Ro 64-0802 (10 uM). The
Krebs-Henseleit buffer consisted of 118 mM NaCl, 23.8 mM NaHCO;, 4.8
mM KCl, 1.0 mM KH,PO,, 1.2 mM MgSO,, 12.5 mM HEPES, 5.0 mM
glucose, and 1.5 mM CaCl,, adjusted to pH 7.4. Uptake was terminated at the
designated times by the addition of ice-cold Krebs-Henseleit buffer after the
removal of the incubation buffer. The cells were then washed twice with 1 mi
of ice-cold Krebs-Henseleit buffer, solubilized in 500 pi of 1 mM Tris-HCI
buffer (pH 7.4), and stored overnight at 4°C. After sonication, aliquots (250 )
were subjected to liquid chromatography (LC)-mass spectrometry (MS) anal-

ysis. The remaining 20 i of cell lysate was used to determine the protein
" concentration by the method of Lowry et al. ((1951), with bovine serum
~ albumin as the standard.

Construction of Human MRP4/CESlAl-Expressmg MDCKII Cells.
CES1A1 cDNA was subcloned into the pTARGET vector (Promega, Madison,
WT) (Mori et al., 1999) and transfected into MDCKII cells with Llpofectamme
2000 reagent (Invitrogen, Carlsbad, CA), according to the manufacturer’s
protocol. The transfectants were selected by culturing them in the presence of

neomycin . (1600 pg/ml) (Invitrogen) and were maintained in Dulbecco’s -

modified Eagle’s medium (Invitrogen) supplemented with 10% fetal bovine
serum, 1% antibiotic-antimycotic (Invitrogen), and rieomycin (400 pg/ml) at

"37°C with 5% CO, and 95% humidity. MDCKII cells with sufficient CES1A1

activity (CESlAl MDCKII) were cloned and used as the hosts for infection

- with recombinant adenovirus carrying the human MRP4 gene, which had been

established previously (Ci et al., 2007; Hasegawa et al., 2007; Imaoka et al.,

- 2007). CES1A1-MDCKII cells were infected with recombinant adenovirus
containing human MRP4 transporter cDNA at a multiplicity of infection of 10 .

for 48 h to overexpress. human MRP4 (MRP4/CESIA1-MDCKII). Green
fluorescent protein (GFP) was used as the negative control (GFP/CES1A1-
MDCKII).

The expression of MRP4 protein was oonﬁrmed by Westem blotting. The

“cell lysates were loaded onto 2 SDS-polyacrylamide gel (1.5%) with a 3.75%

stacking gel. N-Linked carbohydrate groups were cleaved from the MRP4
protein in the cell lysates with N-glycosidase F (PNGase F; New England
Biolabs, Ipswich, MA). Dlgesmn was performed according to the manufac-
turer’s instructions, except that the samples were incubated for 30 min at 37°C
in denaturing buffer rather than for the recommended 10 min at 100°C. 7

minimize protein-degradation, protease inhibitors were included in all thc
steps. After incubation at 37°C for 30 min, the sampla were separated by
SDS-polyacrylamide gel electrophorésis (7.5%). The proteins were electro-

blotted on to a polyvinylidene difluoride membrane (Pall Corporation, East-
.Hills, NY). The membrane was blocked with blocking buffer [Tris-buffered
" saliné containing 0.05% Tween 20 (TTBS) and 3% skimmed milk] for 1 h at
room temperature. After it had been washed with TTBS, the membrane was |

incubated ovemight at 4°C with monoclonal anti-MRP4 M4I-10 antibody
(1:1000 in blocking buffer; Abcam Inc., Cambridge, MA). The protem was

-detected by binding horseradish peroxidase-labeled anti-rat IgG annbody

(1:5000 in blocking buffer; GE Healthcare, Little Chalfont, Buckmghamshlre,

UK). Immunoreactivity was detected with an ECL Plus Western Blomng .

Detection Kit (GE Healthcare).

Efflux of Ro 64-0802 Formed lntraoellularly from Oseltamivir in’

MRP4/CESIA1-MDCKI and GFP/CES1A1-MDCKII Cells. After the

cells had been washed twice and preiricubated with Krebs-Henseleit buffer at -

37°C for 15 min, oseltamivir (10 M) was added to the incubation bufferin the

presence or absence of indofiethacin (50 uM). At the designated times, the -
incubation buffer was collected. Icecold Krebs-Henseleit buffer was thea
added, and the cells were washed four times. After the cells had been collected, -

they were frozen in liquid nitrogen and stored -2t —80°C until use. The efflux
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ACTIVE EFFLUX OF Ro 64-0802 BY Mrp4 AND Oat3 AT BBB

clearance of Ro 64-0802 from the transfectants was de(ermmed using the

integration plot method. The amount of Ro 64-0802 effluxed to the-buffer at -

time ¢ [Xputrer (), nanomoles per milligram of protein] can be descnbed by the
following equation:

dxbuﬁer (t)/d[ = CL:Nqu X Ce:ll (l)

where CL ., (microliters per minute per milligram of protein) represenis the
efflux clearance of Ro 64-0802 from the cells, and C.y (1) (micromolar
concentration) is the cellular concentration of Ro 64-0802. Cellular volume
was assumed io be 4 pl/mg protein. The integration of this equation from time
0 to time t yields the following equation:

Kyutter () = CLepnue X AUCen (0-9)

where AUC_.y (0—f) (micromolar concentration X min) represents the area

under the celiular concentration-time curve for Ro 64-0802 from time 0 to time.

¢- Because the amount of Ro 64-0802 in buffer [Apuer (1), nanomoles per
milligram of protein] is given by the sum of Xy, (#) and the amount of Ro

64-0802 existing in the buffcr at time 0 (Xg), Agurer (¢) is described by the
following equation: .

Abuﬂ'er (t) = CLcﬁ'lux X AUC!::II (0_‘) + XO

Thus, the. CLgn,x value can be obtained by fitting A,m,;rcr () versus AUC
(0-9) using a least—squares regression program (MULTI) (Yamaoka et al

1981). i

Efflux of Ro 64-0802 from the Cerebral Cortex of Wlld-Type, Oat3™'",
and My
from the brain after their microinjection into the cerebral cortex was investi-
gated using the brain efflux index method, as described previously (Kakee.et
al., 1996). Ro 64-0802 (1 mM) in 0.5 1 of ECF buffer (122 mM NaCl, 25 mM
NaHCO;, 10 mM d-glucose, 3 mM KCl, 1.4 mM CaCl,, 1.2 mM MgSQ,, 0.4
mM K,HPO,, and 10 mM HEPES, pH.7.4) was injected iito the cerebral

. cortex (4.5 mm lateral to. the bregma and 2.5 mm in depth). After the-

intracerebral microinjection, the mice were decapitated, and the amount of Ro
64-0802 that remained in the ipsilateral cerebrum was determined with LC-MS
analysis.

BralnIPlasma Concentratlon Ratio of Ro 64-0802 after Subcutaneous
Infusion of Oseltamivir or Ro 64-0802 in Wild-Type, Oat3™'~, and
Mrpd~'~ Mice. Male CSTBL/6Y, Mrp4 ™™, and Oat3 ™'~ mice (10-18 weeks
old), weighing approximately 25 to 30 g, were used for these experiments.. A.n
osmotic pump (8 pl/h; Alzet, Cupertino, CA) was implanted under the skin i in

the backs of the mice under pentobarbital anesthesia (30 mg/kg). The mice’

received a continuous subcutaneous infusion of oseltamivir or Ro 64-0802 at
doses of 400 or 80 nmol/h/mouse, respectively. Blood samples were collected
from the postcaval vein at 24 h after treatment under pentobarbital anésthesia,
-and the brain was excised immediately. Plasma was obtained by centrifugation

of the blood samples (10, 000g) The esterase inhibitor, dichlorvos (200 pg/ml), -
“~was used to prevent ex vivo hydrolysis of the oseltamivir to Ro-64-0802 in the

blood and plasma (Wiltshire et al., 2000; Lindegardh et al., 2006). The plasma
and brain conccntrauons of Ro 64-0802 were determined with LC-MS
analysis.

Quantification of Ro 64-0802 in Plasma and Brain Specimens. The brain
was homogenized with a 4-fold volume of phosphate-buffered saline to obtain

" a20% brain homogenate. Plasmia specimens (10 1) were mixed with 40 gl of .
-ethanol, and the brain homogenates (100 pi) were mixed with 400 ! of

ethanol. All of these mixed solutions were centrifuged at 15,000g for 10 min.
The supematants of the plasma specimens were mixed with an equal volume
of water and subjected fo LC-MS analysis. The supernatants of the brain
specimens (350 1) were evaporated, and the pellets were reconstituted with 50
d of 20% ethanol. The reconstituted specimens were centrifuged at 15,000g
for 10 min, and an aliquot of the supematant-was subjected to LC-MS analysis.

An LCMS2010EV equipped with a Prominence LC system (Shimadzu,
Kyoto, Japan) was used for the analysis. Samples were separated on a CAP-

"CELL PAK C18 MGII column (3 pum, 2 mm-X 50 mun; Shiseido, Tokyo,

Japan) in binary gradient mode at a flow rate of 1 mUmin. Formic acid (0.05%)
and acetonitrile were used for the mobile phase. The acetonitrile concentration
was initially 10% and then increased linearly to 40% over 2 min. Finally, the
column was reequilibrated at an acetonitrile concentration of 10% for 3 min.

~/~ Mice after Microinjection. The, effiux of the test compounds :
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The total run time was 5 min. Ro 64-0802 was eluted at 2.5 min. In the mass

analysis, Ro 64-0802 was detected at 3 mass-to-charge ratio of 285.15 under+ -

positive electron spray ionization conditions. The interface voltage was —3.5
kV, and the nebulizer gas (N,) flow was 1.5 /min. The heat block and curved
desolvation line temperatures were 200 and 150°C, respectively.

Statistical Analysis. Data are presented as means * S.E. of three to six
animals, unless otherwise specified. Student’s two-tailed unpaired f test and
one-way ANOVA followed by Tukey's multiple comparison test were used to

identify significant differences between groups when appropriate. Statistical

significance was set at P < 0.05.

Results

Uptake of Ro 64-0802 into Human OATS-Exprossmg HEK293
Cells. To show that Ro 64-0802 is an OAT3 substrate, an in vitro
transport experiment was performed. The intracellular accumulation
of Ro 64-0802 was significantly greater in HEK293 cells expressing
human OAT3 than in mock-transfected cells. (1.2 = 0.2 and 15.1 *
0.2 pl/10 min/mg protein for vector-transfected and OAT3-expressing
HEK293 cells, respectively).

Construction of Human MRP4/CES1A1- Expressing MDCKII
Cells. A clone of the MDCKII cells exogencusly expr essing CES1Al
was selected by measuring the hydrolytic activity against p-nitrophe-
nyl acetate (data not shown). The subsequent study was perfonned
using this-clone as the host. After infection with the recombinant
adenovirus,. the protein expression of MRP4 in the MRP4/CES1A1-

expressing MDCKII cells was confirmed by Western blot analysis --

(Fig. 1A). An anti-MRP4 monoclonal antibody recognized a 175-kDa
protein, which is larger than the molecular mass for MRP4 (149 kDa)
predicted from the sequence in the Swiss-Prot database. Deglycosy-
lation of the celt lysates with N-glycosidase F resulted in a reduction’

in the molecular mass, suggesting that the molecular mass of MRP4 -

in the MRP4/CES 1A l-expressing MDCKII cells was increased by

~ glycosylation (Fig. 1B).

Efflux of Ro 64-0802 Formed Intracellularly from Oseltammr

in Human GFP/CESIA1 and MRP4/CES1A1- -Expressing MD- -
‘CKIX Cells. An efflux transport experiment was conducted using

MRP4/CES1A1- and GFP/CES1A1-MDCKII cells. When MRP4/

CESiAl- and GFP/CES1A1-MDCKII cells were incubated with' os- .

eltamivir, Ro 64- 0802 was detected in both the buffer and the eells in
a tlme-depcndent manner (Fig. 1, C and D). The concentration of Ro
64-0802 in the buffer was higher for the MRP4/CESIA1 MDCKIL
cells than for the GFP/CES1A1-MDCKII cells, and cellutar Ro 64r

10802 was lower in the MRP4/CES |-MDCKII cells (Fig. 1, C.and D).

Indomethacin, an inhibitor of MRP4 (Reid et al., 2003; Nozaki etal.,
2007), reversed the effects of exogenous MRP4 expression. Integra-

tion plots of the efflux transport of Ro 64-0802 are shown in Fig. 2A.

The efflux clearance of Ro 64-0802 from MRP4/CES1Al -MDCKII
cells was 3.1-fold greater than that from GFP/CES 1A 1-MDCKII cells
and was significantly inhibited by indomethacin (Fig. 2B).

Efflux of Ro 64-0802 from the Cerebral Cortex of Wild-Type and

Oat3~'~ Mice after Microinjection. Real-time PCR was performed to

check the adaptive regulatlon of efflux transporters at the BBB of .
 Oat3™'~ mice. There were no significant differences in the mRNA
expression of Mdrla, Berp, Mrp4, organic aniion transporter peptide |

la4 (Oatplad), or Oatpicl in the cerebral cortex, quantified by real-ime
PCR, between wild-type and Oat3 ™'~ mice (data not shown).

To examine the involvement of Oat3 in the efflux transport of Ro
64-0802 across the BBB, Ro 64-0802 was directly injected into the
mouse cerebral cortex, and the amount of Ro 64-0802 remaining in

the brain was determined at 60 and 120 min after injecton. The

amount of Ro 64-0802 remaining in the brain was compared between
wild-type and Oat3 ™/~ mice (Fig. 3). As shown in Fig. 3, Oat3™'~
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" Fig. 1. Efflux of intracellutarly formed Ro 64-0802 from mock-transfected and MRP4- -

‘expressing MDCKII cells. A and B, Westem blotting. A, celt lysates were prepared from
mock-transfected (GFP/CES1A1-MDCKII) and MRP4-expressing MDCKH  cells
(MRP4/CESIAI-MDCKH) and subjected to SDS-polyacrylamide gel eleotmphom:s
(75%). B, NhnkedcarbohydmtegmupswelecleavedfmmdeRP4pmtem in the
el lysates using N-glycosidase F (PNGase F). MRP4 was detected by the monocional
anti-MRP4 M4I-10 antibody. C and D, efflux transport study: MRP4A/CES1A1I-MDCKII
(@, A) and GFP/CES1A1-MDCKI cells O, A) were incubated with 10 M oseltamivir in
ﬂnpmemc(A.A)orabsmce(.,O)ofmdanethaun(SOyM)atﬂ’C.Ea:hpoﬂ
represents the mean * SE. (n-= 6). Statistical significance was calculated by-one-way
ANOVAfollowedby'l’ukcys multiple comparison test. *, P < 0.05; #*, P < 0.0L; =,
P < 0001; significantly different between MRP4/CES!A1-MDCKII md GFP/CESIAI-

MDCKII cells. ## P < 001; ##, P < 0001; significandy different in GFP/CES1Al- -

MDCKII cells with and without indomethacin. ++, P < 001; +++, P < 0001;

significandy differcnt in MRPAICES1A1-MDCKI cells with and without indorethacin, -

-

" was given to mice by subcutaneous infusion for 24-h,.and the K, prsn:”

of Ro 64-0802 was determined. The concentrations of Ro 64-0802 in

: OS_E ETAL

mice exhibited delayed elimination of Ro 64-0802 from lhe brain. - - ,

compared with that in wild-type mice.

Efflux of Ro 64-0802 from the Cerebral Cortex of Wild-Type
and Mrp4—'~ Mice after Microinjection. Real-time PCR was used
to check the adaptive regulation of efflux transporters at the BBB of
Mrp4™'~ mice. No significant differences were observed in the
mRNA expression levels of Mdrla, Berp, Oat3, Oatplad, or Oatplcl
in the cerebral cortex, quantified by real-time PCR, between wild-type:
and Mrp4~'~ mice (data not shown).

To examine the involvement of Mrp4 in the efflux transport of Ro .

64-0802 across the BBB, Ro 64-0802 was directly injected into the
mouse cerebral cortex, and the amount ‘of Ro 64-0802 remaining in
the brain was determined at 60 and 120 min after injection. The
amount of Ro 64-0802 remaining in the brain was compared between
wild-type and Mrp4 '~ mice (Fig. 4). As shown in Fig. 4, Mrp4™'~
mice exhibited delayed elimination of Ro 64-0802 from the brain
compared with that in wild-type mice.

Brain/Plasma Concentration Ratio of Ro 64-0802 after Subcu-

" taneous Infusion of Oseltamivir or Ro 64-0802 in Wild-Type,

Oat3™'~, and Mrp4~'~ Mice. To clarify the importance of the Oat3-
and Mrp4-mediated efftux of Ro 64-0802 at the BBB, Ro 64-0802

>
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Fic. 2. Integration plots of the efflux transport of Ro 64-0802 from MRP4/ -

CESIAI-MDCKII and GFP/CESTA1-MDCKI cells. A, integration plot: the

" amount of Ro 64-0802 in buffer [Ay,.. (] was plotted against AUC,., (0—:) in
MRP4/CES1A1- MDCKI (®, A) and GFP/CES1A1-MDCKIH cells (O, A) in the -
presence (A, A) or absence (@, O,) of indomethacin (S0 2M). The data used for the -

calcilation are cited in Fig. 1, C and D. The slope of the plot represents the efflux’
clearance. Each point represents a mean * S.E. (n = 6). B, efflux clearance of Ro
64-0802: The efflux clearance of Ro 64-0802 was. calculated from the slope of the
integration plot (A). Statistical slgmﬁcancc was calculated by one-way ANOVA
followed by Tukey’s multiple comparison test. *+*, P < 0.001; significandy

* different between MRP4/CES1A1-MDCKII and GFP/CES 1A1-MDCKH cells. 111,

P < 0.001; significandy different efflux clearance in the presence and absence of
indomethacin. Data represent means + computer—calculated SD. (microliters per
minute per milligram of protein). .
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Fic. 3. Comparison of the amounts of Ro 64—0802 in the ipsilateral cercbrum after
intracerebral mxcrom;whon of Ro 64-0802 in wild-type (WT) and Oat3 ~~ mice.
Ro 64-0802 (1 mM) in 05 ul of ECF buffer was injected into the Par2 region (4.5
mm lateral to the bregma and 2.5 mm in depth). The amount of Ro 64-0802 in the

. ipsilateral cerebrum was determined at 60°and 120 min after treatmeat. [J, data for
wild-type mice; W, data for Oat3™~ mice. Each bar represents the mean * S.E.
(n = 3-4). Statistically significant: differences between wild-type and 00:3 -
mice: *, P < 0.05; =+, P <0001,

the plasma were 4.5 + 0.6 and 4.5 * 13 uM in wild-type and

. Oar3™" mice, respectively. The K, yein Of Ro 64-0802 in Oat3 ™'~
mice was not significantly different from that in wild-type mice and
remained- close -to the capillary volume in the brain (Fig. 5). After
subcutaneous infusions of eseltamivir in wild-type or Mrp4 ™'~ mice,
the plasma concentrations of Ro 64-0802 were 6.9 * 2.3 and 12 *+ 5

~-pM, respectively. The K| . brain of Ro 64-0802 was 3.8-fold higher in
Mrpd~ /= mice than that in wild:type mice (Fig. 6). Even after sub-
cutaneous infusions of Ro 64-0802, ‘the K, peasn Of RO 64-0802 was
6.4-fold greater in Mrp4™ /~ mice than that in ‘wild-type mice (Flg 6).
The plasma concentrations of Ro 64-0802 were 5.7 * 0.8 and 3.8 *
1.7 pM in -wild-type and Mrp4 = mice treated with Ro 64-0802,
respcchely

Discussion

Abnormal behavior is a suspected adverse effect of oscltamivir on
the central nervous system. To understand the pharmacological action
of oseltamivir in the brain, its uptake and efflux transport across the
BBB were investigated as factors that determine its exposure to the
central nervous system. In this study, we focused on Oat3 and Mrp4
as’ transporters of Ro 64-0802, a pharmacologically actxve form of
_oseltamwxr across.the BBB.

First, we examined the involvement of Oat3 in the chmmatxon of

Ro 64-0802 from the cerebral cortex after microinjection because an -
in vitro transport study using OAT3-expressing HEK cells identified

8 057
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intracerebral mlcrouuecuon of Ro 64-0802 in wild-type (WT) and Mrip4 ™'~ mice.
Ro 64-0802 (1 mM) in 0:5 l of ECF buffer was injected into the Par2 region (4.5
mm lateral to the bregma and 2.5 mm in depth). The amount of Ro 64-0802 in the
ipsilateral cerebrum was determined at 60 and 120 min after treatment. [J, data for
wild-type mice; B, data for Mrp4™~ mice. Each bar represents the mean * S.E.

. (n = 3-4). Statistically significant differences between wild-type and Mrpd ™'~

mice: ++, P < 001; +++, P <0001

319

o~ 0.020-

Q . -- -
3

Ie 0015{ _——
© '§ :

Q

3 0.010-
%3

c E

€~ 0.06054

4

xﬂ.

0.000
Wild-type Oat3”

FiG. 5. Comparison of the brain/plasma concentration ratio (K. ;) of Ro 640802
after subcutaneous infusion of Ro 64-0802 in wild-type and OaIJ ~~mice. Mice

received a-continuous subcutancous infusion of Ro 64-0802 at a dose of 80 -
nmol/M/mouse far 24 h, with an osmotic pump. The plasma and brain concentrations -

of Ro 64-0802 were determined at 24 h after treatment. [, data for wild-type mice;
W, data for Oat3™’~ mice. Each bar represents the mean * S.E. (n = 3-4).

Ro 64-0802 as a substrate of OAT3. The elimination of Ro 64-0802

from the brain after its microinjection into the cerebral cortex was

markedly delayed in Oar3 ™" mice compared with wnld-typc mice
(Fig. 3). This suggests that Oat3 plays a significant role in the efflux

of Ro 64-0802 from the brain by facilitating its uptake from the brain’ -

interstitial space to endothelial cells. For the directional efflux of Ro
64-0802 from the brain to the blood across the BBB, a transporter(s)
is also required to facilitate its luminal efflux, considering the hydre-
philic nature of Ro 64-0802.Ina previous study, we demonstrated that
the brain concentrations of Ro 64-0802 in Mdrla/Ib™" and
"Abcg2 ™' mice are similar to thatin wﬂd-type mice (Ose et al., 2008),

excluding the possibility that P-gp and Berp are involved in the -

luminal efflux of Ro 64-0802. Therefore, we focused on "Mrp4,

another ATP-binding cassette transporter at the BBB, as a candidate.

transporter because it has been reported to mediate the active efflux of
‘topotecan and adefovir across the BBB (Leggas et al., 2004; Belinsky
et al;, 2007). To show that Ro 64-0802 is a substrate of MRP4, we
constructed double transfectant cells expressing both CES1AL; an
enzyme producing Ro 64-0802 from oseltamivir, and MRP4 (MRP4/
CES1A1-MDCKII). The doublc transfectant exhibited enhanced ef-
flux of Ro 64-0802 (which was inhibited by -an MPR4 inhibitor,
indomethacin) compared with GFP/CES1A1-MDCKII (Fig. 2B). It
should be noted that the host cells also. exhibited indomethacin-

sensitive efflux of Ro 64-0802. This is presumably attributable to’

éndogenqqs canine MRP4 because its mRNA expression was dctcé:tgd
by reverse transcription-PCR in MDCKII cells (data not shown). The
involvement of Mrp4 in the efflux of Ro 64-0802 across the BBB was

* *
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WT Mrpd*  WT Mip#h

oseltamivir-dosed Ro 64-0802-dosed

* Fig. 6. Comparison of the brain/plasma concentration ratio (K, w,,) of Ro 64-0802
FiG. 4. Comparison of the amounts of Ro 64-0802 in the ipsilateral cerebrum after

after subcutaneous infusion of either oseltamivir or Ro 64—0802 in wild-type (WT)
and Mrp4 ™'~ mice.. Mice received a continuous subcutaneous infusion of cither
oseltamivir or Ro 64-0802 at a dose of 400 or 80 nmol/h/mouse, respectively, for
24 k with an osmotic pump. The plasma and brain concentrations of Ro 64-0802
were determined at 24 h after treatment. (3, data for wild-type mice; M, data for
Mrp4~'~ mice. Each bar represents the mean * S.E. (n = 4-6). Statistically

- significant differences between wild-type and Mrpd ™™ mice: ++,. P < 0.01; +++,

P<000|
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“then examined using Mrp4 ™/~ mice by microinjection into the cere-

bral cortex. Mrp4~'~ mice exhibited delayed elimination of Ro 64-

10802 from the cerebral cortex after its microinjection compared with

that in wild-type mice (Fig. 4). Therefore, Mrp4 plays an important
role in the luminal efflux of Ro 64-0802 aftcr its cellular uptake by

- Qat3 from the brain side.
To show. the importance of the active efﬂux of Ro 64-0802 at the -

BBB mediated by Oat3 and Mrp4, the K . brain of Ro 64-0802 was
determined in Oat3™'~ or Mrp4™ /~ mice given Ro 64-0802 by
subcutaneous infusion for 24 h. Our approach was based on the
pharmacokinetic concept that reduced efflux across the BBB may lead
to an increase in the K,
o, brain Of RO 64-0802 was close. to the capillary
volume in wild- typc mice. The K y;, of Ro 64-0802 observed
mice was also close to the capillary volume (Fig. 5). In
contrast, the K y.n Of Ro 64-0802.-was 4- to 6-fold greater in
Mrp4™ /= mice than that m wild-type mice receiving either oseltamivir
or Ro 64-0802 (Fig. 6). These in vivo results using Mrp4~ /= mice
thus indicate that Ro 64-0802 crosses the BBB from the blood side to
the brain, but Mrp4 limits its pcnetratlon into the brain by extruding
it into the blood. The latter finding is consistent with the results of our
microinjection expcnment. However, the lack of effectof knockout of
Oat3 on the K, yin 0f Ro 64-0802 seems to contradict the results of

second explanation is that, considering the mediation of bidirectional
‘transport by Oat3 (Bakhiya et al., 2003), it is possible that Oat3 on the
abluminal membrane of brain endothelial cells may actin the efflux of
Ro 64-0802 from inside the endothelial cells into the brain, as welt as
in its uptake from the brain to the endothelial cells (Fig. 7). The third

~ explanation is that, considering the ‘hydrophilic character of Ro 64-

0802, with an anionic charge, its luminal uptake probably involves
transporters. Kikuchi et al. (2003) suggested that Oat3 is expressed on

Brain Side

'Ro 64-0802 47 oseltamivir

/' Brain Capillary. -
Endothelial Cell

-0 - 4—-————
Ro 64 0822 CEST1AT oselt7:mvnr

Abluminal
Membrane

R0.64-0802 ¢————— oseltamivir
CES1A1(Liver)

Blood Side

FiG."7. Schematic xeprescntauon of the proposed mechanism underlying the brain
distribution of oseltamivir and Ro 64-0802 in humans. Oseltamivir crosses the BBB,
and Ro 64-0802. is produced by CES1A] during the penetration of oseltamivir

- across the BBB. Both oseltamivir and Ro 64-0802 are subjected to active efflux by
P-gp and MRP4, respectively. The functional importance of OAT3 at the human .
BBB has not yet been established, so the “hypothetical pathway is shown witha -

broken line.

. brain- CoONSistent with a previous report (Ose

the microinjection experiment. There are three explanations for this’
discrepancy. The first explanation is that luminal Mrp4 is more
important in preventing brain penetration .than abluminal Oat3. The

" OSE ET AL.

both the luminal and abluminal membranes of rat brain capillaries;
however, this localization is controversial (Mori et al., 2003; Roberts
et al., 2008). Oat3 may serve as an uptake system for Ro 64-0802 on
the luminal membrane from the circulating blood into the brain (Fig.
7). Further studies using Mrp4 and -Oat3 double knockout mice can
answer these questions and perhaps confirm these speculations.
Figure 7 summarizes the proposed mechanisms determining the
brain distribution of oseltamivir and Ro 64-0802 in humans. P-gp,
MRP4, and CES1A1 are factors that determine the brain distribution
of oseltamivir and Ro 64-0802 in humans. CES1Al1 is predominantly
expressed in the brain capillaries in human brain (Yamada et al.,
1994), although whether CES1A1 is the only enzyme responsible for -
the conversion of oseltamivir remains to be examined. MRP4 is also

expressed on the luminal membranes of human brain capillaries (Nies

et al., 2004; Bronger et al., 2005). Because oseltamivir crosses the
BBB, Ro 64-0802 can be produced during the penetration of oselta-
mivir across the BBB and then be subjected to active efflux by MRP4.
Although Northem blotting did detect OAT3 mRNA expression in the
human brain (Cha et al., 2001), its distribution and membrane local-
ization remain to be determined. Therefore, whether Ro 64-0802 can
penetrate into the brain and is eliminatéd from the brain by OAT3 in
humans, as well as in mice, also remains in question. Fluctuations in-

their activities will cause interindividual variations in their exposure
to the central nervous system. For instance, genetic variations have

been réported for P-gp and MRP4, which may alter their transport
activities and expression. The silent mutation 3435C>T is associated
with reduced P-gp expression (Hoffmeyer et al.,, 2000) and. affects
protein folding, resulting in a substrate- dependent functional change

~ (Kimchi-Sarfaty et al., 2007). In MRP4; the nonsynonymous muta-
.tions S59G>T, 1460G>A, and 2269G>>A are associated with altered

transport activity and expression (Abla et al., 2008; Krishnamurthy et
al,, 2008). It is possible that these polymorphisms are associated with
the adverse effects of Ro 64-0802 on the central nervous system:

In conclusion, Mrp4 and Oat3 are responsible for the elimination of

Ro 64-0802 from the brain across the BBB although, at steady-state,
~ Oat3 may not affect its brain distribution, probably because of its

possible contribution also to the brain uptake of Ro 64-0802. This i is
the first dcmonstratlon of the cooperation of uptake and efflux trans-
porters in the directional (brain-to- -bleod) transport of anionic drugs

_ across the BBB.
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