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ATP, adenosine triphosphate

ABC, ATP binding cassette

BBB, blood-brain barrier

BCRP (Bcrp), breast cancer resistant protein

CL, app» apparent membrane permeability clearance

CMC, carboxymethyl cellulose

E»17BG, 17 estradiol-17B-D-glucuronide

EHBR, Eisai hyperbilirubinemic rat

Fa, absorbed fraction of ligands during the intestinal perfusion experiments
FBS, fetal bovine serum

ICD, intracellular domain

Kp, brain, brain-to-plasma concentration ratio

LC-MS/MS, high performance liquid chromatography equipped with triple stage mass spectrometer
LLC-MDRI1, LLC-PK1 cells transfected with MDR1 cDNA

MDR (mdr), multidrug resistance

MRP (mrp), multidrug resistance associated protein

NBD, nucleotide binding domain

4MU, 4-methylumbelliferone

PCR, polymerase chain reaction

PET, positron emitting tomography

P-gp, MDR1 P-glycoprotein

PS product, the product of the apparent membrane permeability coefficient and the surface area

TMD, transmembrane domain



T

i

oy

AFROE R (WEEBHEEMEE LTD ABC h 7 v AR—4—)

ATP binding cassette (LLF ABC) k7 > AR —F—|%, ATP DIIKIART RV ¥ — % BRE) /)
& LT, IR RSEE 2 MIN O st x2Sy R ThHDH, BIE, E b
IZHBWTIE49TED isozyme BRIE SN THEY, b T AR—F—& L TIIHE KD super family
ERRLTHND (1,2), SHICINGITES], #iEEDREMNG 720 subfamily IZ/535H S
T3 (ABCA, ABCB, ABCC, ABCD, ABCE, ABCF, ABCG), \*< 2h® ABC kT > AR
— 4 I IBETFRBOBERTTHHZ L bRENTVD (34),

%< D ABC b T UV AR—F —43T1E, WalkerA & Walker B EF—7 (HH L 90~120 7 I
BN THEET D) 28T 5 ATPFHEE RAAL L (NBDs) LFEEE R AA v (TMDs) A
HHERL XA, NBFs & TMDs # £ €N 2 DR OH T, Wk BET L E 2600 TW
% (5), Walker A 1ZiX, ATP @ B Y U FEEMREATHESI, £7-, Walker BIZiE Mg™ &
MAEERTIEFINBFEL TS (7,8), ZOBEIIRHATH 55, Walker A & Walker B

ETF—T7OMIC C EF—7 LHEINSES] (ALSGGQ) bR I TW5, F#Mix 15%

il

DR ICEETH8, Bill, N7 T U 7D ABC k7 v AR—F—0 X BEERT I RE
I4L, NBD ~D ATP OfEE, ThiZs|&#Hi< ATP OMKIAED, ABC b T AR—F —
DOEEBICKRERFEBEEZATEY, BN LEHWEDA D =X LBHLNTSD
2H% (8-11), —MXIZ, NBFs & TMDs % £ 2 2> ABC + T > ZAR—F —{d full
transporter (fig.1A,B) &, £/, £ £ 1 2> ABC b+ 7 > A4 —4# —I half transporter
LR (fig.1C), half transporter IXHE X A v — & B L, BEE@XIEDLLDLERX
BTV (12), ¥£72, <Dt b ABC + 7 AXR—F — 3N LS~ 1 F51A
D% (Cunidirectional” 72 8i%) (Z#Eb o TV B,

ZDABC F T RR—FZ—IZETBHEIL, H B 3 EHImERF & L TOFERICH



EFRLTWD, T2bYL, BERIERCHUEANIC ST 2 4 815 L Miaicix, bus
REZHHTD P UV AR—F =B L TEY, ZoHEERICX Y laROSER
BEMETLT, AMEORT=mMELZ5EH T LBAEIMBMLN TV BFET
X, ZOMMEERIIBHEREOESLF —F y My FOELR ESHRBRER G EEND T
ERHLMCENTVD), W EZAWZIFRICE Y, ZokedrtifER 473 ABC
NGV AR—=F =L LTI LD TRESINFDH Multidrug resistance 1 (P-glycoprotein
/ABCB1/MDR1) T % (13), ¥\ T, Multidrug resistance associated protein 1 (ABCC1/MRP1)
725 ABC b7 UV AR—F—RRE SN (14), BIETIE, SEOMRPY T 77V —D
FEPHALNICENTVDA, 205 bS5 DIi%, MRP2, 3, 4 RUO'5 DFF 52
ThHLEZONTVD (15-17), EHIZ, BETIE, MDR, MRP & DAERHMEIET
R72 B EKIMHE N T AR —4% — (ABCG2/BCRP) HRIE X4, HREMATHITONDICE
2 TW5 (18,19), B E, ZHIMMEIRRIREBETIEDIRE 7774 —L LTRX
bRTRY, ZAIMERROIZHD ABC +T7 v AFR—F —HEAIL modulator <

chemosensitizer & FEIEH, FUBRIDIRZED 2D & LTHEKRAR LED LTV (21),

—%, WitEicB53 2% F7% ABC b T AR —F—TH 3% MDRI, MRP1, MRP2 X U* BCRP
EEOBBRICBRELTEY (fig2), L5 EEZ T RREED H DI EENEN S,

AREBEHLTLTNDEEERE L TVA O LRI TVD (22-25), MRPI T, %RiZ
fiti, FE, &, BEHICEEBEL TS, FIZBWTEORRITIENE S TVNDS, F
7z, MRP1 OFEBLEALAS basolateral il (MR DOREERM) THHZ &b, BEEZMREND
LMERIZHEH L TV Db D EEZ LTS (24), £4UUTx L, MDR1, MRP2 2 UF BCRP
i3 ERRAERE O apical ] GRERIDTE EFEMD ICOAKERRBD LN TV D, HEEZET 2 L
THEERMBICREE L HEEMEIC L ) BEEMNICHEEERL, HEN~0AREHHED

BAZEBRISETWA LD LEEZ GRS (22-25), ¥, MEMEARY, M8, AHIR, =R,



INBIZEBWTEREBLL TV 5 MDR1, MRP2 X (N BCRP 1Z, WMo, 454h, HEt, (S

3t L CHFBERETF & LT TOW A RTREMEAEV (26-29),

AHFFED B

EWNL, TOEDNERHATLDITENE 2DBBIEE (O THLERDHLH, B
HTHR~N2L 5T, M, BR, BBRREIIEMBEFEEL, 5 CEDBIRBIBIT LA
WEOHIE SN TS, Zo &5 2B, (kEWE (REME, SAERE) OEACRHT
AERBEEREL ZEX DD, EEMBERBICBNTL, KICEELLRIG883H5, Hix
i, AR E BRI choroid plexus IZTBER L7 b~ DM OBITEHIR L TRD,
i 7B (Blood Brain Barrier, BBB) K UMM #5#%BIFY (BCSFB) & FEIEIL TV 5 (30,31),
PHEEOBFRIZI N TIL, BELEMOMBITHENLETH S, Zd BBB X BCSFB i
KV BATHESHIRS T, +oRENERET L Z L3RR, #iZ, FHRR~D
BUWERMNER & 225821, BBB 2 BB TERVWVERMLAMERRTRETH D, BIfE,
BBB {ZfF1£9°% ABC b T AR—&—L LT, @ik L7 MDRI, MRP2, BCRP 7 £ H3[d]
ESNTEY, EMoEEZAHECET2HMAENED b T\\5, Rk, Eorsgng
B INTBE, BOIEEEPEZ 5/MMEZB N THWL 20D ABC F TV AR—F—0
REFPBESINTNWD, EVBREOREINTZHE, METEDRRININRZWERD, K
ROFRBIIIFFTERVA, B, ABC F 7V AR—F—0, EHOHLERIEEZET
SETWBHZLNFRENTEY, FOEBELEOMELR2>TWVWD (33), t MhBIZEBWY
TH &I~/ MDR1, MRP2, BCRP BEHLTNDZ &b, TORBEORERDI-DHD
=0y hRTUVAR=F—LEBEZONTWS, SILIZ/NBIZIE, REWVE, 7 /8,
R Y, ERIEEEER O DICLERSTORNEIT), B DT AR—F—/A
FrFX U RNAUBRBRLTVWAZIEHHLNTEY, 73 /BIC K HEEEMIC L RIL

N7V AR—F—IZB B I E D7 FORIMER EOBRFLZ2ENTWS (34), Z0FkZRHm



RoOEZEFEN D, BE, BIE o2z Th#EigEm Eo-oic, BRI A R—
Z—ZT BRI ) —= v THRBREZEATIEENERIC/RoTEY, —HIXBEIZAIERIC
EPENRTWDS (figl), 5%, BERERLOBREL ZTOBEERFEROZDICIL, W

T VARG — MR L LIRERIIIEFICREVWERDbNS,

PLEIGER A2 X D18, AFRTIE, BEERHEOHIEICEb-TRY, KYEE~DES M
REWEEZEZDND ABC F T AR—F—L LT, HF—IZ MDRI, R\T MRP2 N
BCRP WEREZH T/, £DOLT, ZNOMBME/MBICEBNTED L S e AL, £
DEHERESNZL in vitro POTFRITE 2002 ) LW HBEN D, ABC b7V AR—F —igik
RENFEHEORIENCAT S ARFR LTz, 7, B—ETIE, EHOMBITHEIC
17 % MDRI1 OREIZDWT, in viro DEBRM < U AT 5 mdrl OERES % T
TELNEIPREI LT, £z, FLETIE, EMOHLERIICEKIT S MDR1 OEEIC
DWTHR LT, EbiZ, B—EBERVCEETIE, ThE THREFIDOR invivo (IR OV
) 1B 5 MDR1 24 LIZBEREN % invitro ERDO LU TICTFHT 55, BREEL
TV, TOHEORZ B Lz, R&RiZ, E=ETiHRaR#EWOHECELICEST
%5 ABC T AR—F—L LT, MRP272Hb NI BCRP DFHFEZH LI THZ L Z AN

CRHEITo T2,



extracellular

(A)

intracellular

(B)

(©)

Fig.1 Molecular structure of ABC transporter.
Panel A, MDR1 has 12 TMD and two NBD; Panel B, Typical MRP transporters have five extra
TMD towards the N terminal; Panel C, So-called half transporter BCRP has six TMD and one NBD.
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«—— brain capillary

ABCB1 (luminal side)
ABCC subfamily (luminal side)
ABCG2 (luminal side)

liver
ABCB1,4 and 11 (canalicular side)
ABCCA1, 3 and 6(sinusoidal side)
ABCC2 (canalicular side)
ABCCS5 (unclear)
ABCG2,5 and 8 (canalicular side)

small intestine
ABCB1 (mucosal side)
ABCC2 (mucosal side)
ABCC3 (serosal side)
ABCG2 (mucosal side)

kidney
ABCB1 (luminal side)
ABCC2 and 4 (luminal side)
ABCCS (unclear)
ABCG2 (luminal side)

Fig.2 Tissue distribution of typical ABC transporters in human.
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Hypothesis Lead Preclinical Clinical
Optimization ~_“development development
Idea % Target "Hit'rLead "HQ ‘ Sandidate —» ———> New Drug
A

1

Bioinformatics
Functional genomics
Target validation

QSAR

Absorption

PK/PD

In silico/in vitro screeni
HTS

ng

Physico-chemical property

PK/ADME screening

Pharmaéogenomics
(cSNP, gSNP)

Chemical library
Combinatorial chemistry J| Human model
Molecular design

Toxicogenomics

(human hepatocyte, chimera mice)

Fig.3 Employment of transporters study in drug development.
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S — SR ORI T MEI S FS 1T S MDR1 s

BEDOFFEFMhlZ DU N

B—E B

HEY

MDR! I3EMOENERBICES BHET L2 LBMONTEY, ZOEXEN % EEMNICE
BT HZ LI, EEMORRE ZOBEFRICEETH D EEZ LMD, AR TIL, invitro
EBRH D RED b7z MDRI OEBIXRES % in vivo IV MNIIMET R E DRET LT,

Jrik

Invitro €8 & LT, 1284 AT, MDRI REHIME L Caco-2 Mila D BB E N L7-&
MRAEEEREIT o7z, 72, ZD 12{bEWH3, ATP OMADREELZTTHEIELNE D
2y, MDR1 % %3, L 7= plasma membrane % FVNTHRE L 77, Invivo EB L LTI, mdrla/lb
)y 7T UMY URE Iy hu—bey A ZE0) B R E L (Kp ,brain) 3K ® 7,
RER

In vitro T MDR1 FE I BB 2 1 L 7= SR MR % 28R TR L 7= flux ratio & in vivo &
B> b3R8 7= Kp, brain ratio ODFIZIZ B F2MHBEREFRMARD LN, LLERNE, ATP D
MRS ff 2 ARHE LT LR WIT MDR1 IZ & 28k 3B S 7e b DD, ATP OINKSfiR% R
SRV OLDEEHTH, MDRI RBMRE AV 72 EBRTIX MDRI I X D% En 5
EVWHFERbREENT,

s

MDRI1 FEEMAA % VTR D 7= in vitro flux ratio 1%, in vivo T MDR1 EikfE% FHITE 5
RIA—=B—ToHDHIENRENTZ, £, ATP K FRZ FEEE LTz in vitro EBR1X, MDR1

DEBEZHBEMEMDP LR TODAT V==V TIZRAWA L ENRARTH L LEZ LR
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i

MDRI i%, ZAIMM %85 LBt O RIS h/ ABC h T VAR—F—T
HY, SFEIEBMEOTRA L IEEMRP L OP T 2BEEZ AT D Z EBHAL NI E
hTwnsd (35 36), ﬁ&ﬂi, MDRI1 3% < OIEEMEE M, /5, AT, B a8,
BHRZ2E) ICHRBEL, EMOBRNBREBICBWTEETH S Z EIWREATWS (13, 37,

38). M, BRILHBARIZ &5 invitro EBR T MDR1 OEEREN BN SN TE A%, mdrl /
Y7 7D =T ZADAMIC LY in vivo \IZBITAEOEEMIRIND L5272 (39),
FriZ, MDR1 DOREE & 258 WY, HLERIERRMBTE = b e — <Y X THER
WWIERTLTWAZER, EF~vUREmdrl /v 77U M UREDORBRIZEVALNICE
h&E7 (40), & 56U, ivermectin DPFHRFEMEAS mdrl / v 27 70 b=V RICX Y E L B
THH2 EnD, BE~OBEELRHBEINDITESTWVD 41), B, vV ADHRRLT,

b MZBWTH, MDRIBIaFO—HEEER (SNPs) 2V/IMETO MDR1 EHEDE TIZE
HLTEY, PEHESIDE T D7 HIZ digoxin DILFREESNEM TS L WO MENRENT
W5 (42), &5, MDRI1 ® modulator & DHFAIREIZISVT, MDR1 B DH{LERIX
PEOIMBATIESEMT 5 Z & bMEINL TS (43, 4), BRICBIT2ZFIFRIC L 2%
VEBOLEY, FHICERERLZSIEEITHEAPMONTEY CGERREER), EXM
DEEMEADOEHN DS, MDRI OB 52 ERMICEMRT LI LPEETHDILEEZDLND

(45-48)

T, W< O0D invitro FBRIZ K Y MDRI ORERBMELFML L 5 & TrR-AMN R Sh
T2, AHFFETid, MDR1 O#iERE /1 % & BAICFHE$ 5 729 D in vitro EBREITV, in vivo

THAEDL O/ MDRI $kRES L e U7, In vitro EBRTIL, A3FE/7 MDR1 OREYE
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(substrate) K& UNFEZE (poor substrate) Z{#\ Y, MDR1 # %, L T\ 5 Caco-2 A= LLC-PK1
Hka & T R R it EBR, /N o v BBk CTYERL & 1172 plasma membrane % FiV 72 ATP
MR GIREREAT T2 ZD K D 72 inviro BB HF H ALk b MDRI 8iikRE S %, in vivo
TO~ U AREMME NI FEEL L TV 5 mdrl O8iERES L B L T, invivo 2Tl
TEDDIIEDL I R inviro ERTHDH, E£io, TALEZONCEET R EHITONT

BEt 21T -7,

BB MR
AL FE 2 JH V7 AR i X E

Fig.4 |Z Caco-2 HERABBIEZ It L7z 12 (b A OGO R R EME % /R L7z, £ 7=, Table
1 ICiI3EmEEE L 20k (flux ratio) 2 L7, FRERIZ, figs (Zid MDR1 RBHE
(LLC-MDR1 #f@) 725N = > b — Ll TH 5 LLC-PKI1 MMHERE 2 L7 12k
B OEHETEME ORI FEE 2 R LT, Table 2 1ZIXZ OFERIZM X, corrected flux ratio %
F Lo, BEOHERK, MDRI ORGFRIEHFL L THM LN S digoxin R° quinidine Ti
basal to apical 7[Rl D#gETEMER, £ D[R] & O apical to basal [ OEXEFE L Y FEICE
WIZ PR INZ, RXIZ, MDRl1 @ E'E Tik7Z2\ progesterone X estradiol
170-D-glucuronide 72 ¥ D#EIREIZ IV Tid, basal to apical, apical to basal [ J5 A D#RETEMEIX
ZIEFRECThH o, AERTHAESNEERRMEL, ZhEToREL—HL TV,
FEHEMIZ, Caco-2 Mg & LLC-MDRI1 HIla CRIE S =B D72 Y R4 %77 flux ratio D
T v 7 F—F—i%, ke CRRE Th o I, EEMIZERETEH % i 5 72 912, Caco-2
#IME & LLC-MDR1 #if CTEH &/ flux ratio DFEEMEZ R L7 (fig6), Z DEHHEHA
LRk 91T, 2 SOMAEM D flux ratio X EBERMEBKRICH -7, HEDEIRER

LLC-MDRI1 #faEIIZ R > TWARREIE, Caco-2 fRIZH.~ LLC-MDR1 RERMAAIZBWT
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MDRI1 OFBHENEH W LEZRRBLTWAE LD EEEINT-,

ATP ik 7 AF e

ZDRMD in vitro FHFR L LT, ERERTHW 12{bEHD ATP MK FEDIEENER,

Tbb, ATP MKDBEEIZE 2 2 HBRME ORERFHELME LT (fig7, table 3),

ARFHZIL, MDRI1 @ cDNA #HMAAATZNRF 20 7 A )V A & Y S B B &5
817 plasma membrane % Fi\ 7z, #BRWE D 72\ VRHETIE, ATP MK 53 A%#E 1% 3~6 nmol
Pi/min/mg protein T& >7223, cyclosporin A < quinidine % ¥RiN L7235 4B EERTEAIIC ATP
IMAGFREREL, FO Vi/Kn I, ZHFN 31.1£3.7 R 3.24+0.58 mL/min/mg protein
T o7, #iZ, MDRI FEHRMILE I L 7RI ENXFESR T MDR1 O RAFREE L HE X
L7z digoxin X° loperamide i%, ATP MK AEDIREERB /NI D o7z, £, W< OhD1L

EMTIE, WRE T ATP MARSR~OEEERZFTZERH LN E R T,

Mdria/lb / > 2 70 f~ DX &0 R 7 R

Daunomycin, progesterone & (* diazepam DKL %, EH~V AL mdrla/lb / v 7T ¥
=92 (BLPFmdrl /vy 2779 b~UR) TREIELK (fig8), Mdrl / v 277U hvwD 2R
123317 % daunomycin D fixst A R EE L (Kp, brain) (% 1.63£0.08 TH 0, IEFH~ 7 A (091
+0.01) IZHNFAEICED 272, ZOFRFRIL, in vitro IZH1T 5 MDRI1 EEMRE %4t L7
MIEEER TR ONTHEEI L FRENTLLOThH oz, 72, FECHEE~DMEY
AZENT, EF~YREmdrl /v 2777 M~ URADOMICEEETRD b7,

fili}5, progesterone & U\ diazepam @ Kp, brain ZHIE L72fEHE, EFE~V AL mdrl / v 77
U b=V AOMICABEIIRD bR o7z, TORERDS inviro T?D MDRI1 FELHRE % H
WEERRERL —HT DO ThHol, Zoffl, BEOBEICEVCRAEL bNE®RD

Mz, FEx{tE¥D kp, brain ratio % table 4 {2 % & BT,
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Invitro & in vivo BRI DIHBGHEIZ DU T

In vivo {2381} 5 MDR1 OEIEHSAEIZ & D X 5 72 invitro EBR) O FHI SN 5 % EBIICE
MDD, EEBRRPOL/ONEREOMBEMAZRE Lz (fig9), Caco-2 ME I
LLC-MDR1 #ifa7> & T8 U7z BB A AV CTRIE L7z invitro fluxratio 1%, / v 277 U b=
7 A2 & VW THIE L7z Kp,brain ratio & HE 2L R Lz &b &V BN Z R L2 Dl

LLC-MDRI #ifa %z A o554 (Z OFf, MDRI1 BHAARIZEIT S fluxratio =22 b —)L
HRLD flux ratio THAIE L 7= corrected flux ratio IZ & - CFHEi L7z) Thotz, ATP KSR

PEEL LEEE, invivo EOFERMEMIIRHEIN 2o T,

-8 BE

AWFFETIL, invivo TD MDRI % (FFIZ BBB ICEBWTC) # FRITEX 2 b - & bIEEMED
BWEBRRIIAMRE VI RA » MIERERY, W OLDERNLH{EONTZNRT A—F
—DHBIRFT 21T 27, Invivo BBB (Z#1T 5 MDRI #ik # EBIIZEEIR L 5 237 A—4
—& LT Kp,brain Z7E# L7z, MDR1 @iXfe/) & Biflifk L CRIE(\L S D720, /v I T D
k=D RIZBiT B Kp,brain ZIEH~ U RIZEBI1F 5 Kp,brain THETHZ Lizky, &7 &
MedmomPEB#EE, BMRE~NOFBECZOMD N T U AR—F—DEELF ¥ &
NTBHZETEDLDERE LR, MERTRLEL I, Z0/8F A—F— (Kp,brain
ratio) 1%, in vitro FRHARQENE FEER TR ® 7= corrected flux ratio (F 7213 flux ratio) & FHBIRELR
ZHDZENHLNE R T,

ZDFHIAEDFE LM DWW TERE L2V, £, scheme 1 {277 L7z X 5 12, pharmacokinetic
model IZL > Tz br—/L#ilaTH 5 LLC-PK1 MifgZ N L7cBEEEZ VT T v 2 (PS.0

b RUPS proa) IFEATOXNTEREND,
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PS aios = PSa,mix —L 08 )
PSa, e + PSs, ef

PS b100 = PSh ntx —— 0 )
PSa, eff +PSb,eff

T T T, PSunt KU PS,eq i3 LLC-PK1 HHRE apical % A L7z influx & O efflux 518D FEE
I UT T ALY, [AERIZ, PSpint B T PSy e I3 basal I % A1 L 7z influx & O efflux 5
DFEBT VT T RAERT,

F 72, LAFIZ flux ratio 2 € L7~
PS btoa

atob

LT, K1 RUK2 2K IRATBHE, a2 bo—/L{ilAIZEIT 5 flux ratio 124

Flux ratio =

€)

Tokoiz@Edkshd,

Fluwx ratio = PSb,infx PSa,of (4)
PSa,intx PSs, e

fth 57, Caco-2 #fa<> LLC-MDRI1 #ifa72 &, MDR1 2 H L TWAMATIE, BEEEZ VT

Z v AR O flux ratio 1X, RORXTEZ BN 5,

PS atob = PSa,ian PSb’qﬁ (5)
PSa,eﬂ'i'PSb,eﬁ"l‘PSP—gp

PS btoa = PSb,infXx PSacr + PSt - wy (6)
PSo,er + PSh, e + PSP - g
PSs,intx (PSa, e + PSP - gp)

PSa,intx PSs, e

(M

Flux ratio =

ZIT, PSpypld MDRIZESKE@EXZ VT 7V AThHD, &HIZ LLC-MDRI 2o flux
ratio 2 > b v — )LHIfE D flux ratio THIETAHZ LI X Y, corrected flux ratio ¥ E&ET 5
&, BEERORBBICB T 2ZEIERICESICEZE IV T I VART Y U BLEN, UTD

it sn=XnEx 607,

PSP—gp

®)

Flux ratio =1+
PSa,eff

F#RIC, mdrl /v 277 0 b~ U ZREMIE PN Z A Uz ks bR~ 0 FEE & id
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LME~DEIEIZOWT S, BEERI VT I A2 EELRE,

PSS biood tobrain = PS1,inf X Pt e 9)
PSI,eff+PSaI,eff
PS brainto blood = PSal,ian PSl’ejf (1 O)

PS5 + PSal, e
Z I T, PSng KU PS) o (3 EA M E N HIFLD luminal A% AT L7z influx & O efflux J5
MOFERT VT T A%ZRT, [FERIZ, PS,nt 2 OF PSy e A0 64 ML PN B2 HAE @ anti-luminal
{24 U7z influx XD efflux FRIOFERZ VT T A %5RT,
Kp,brain {82123V T, PSblood to barain & PSbrain to blood T/RE#, UTFDORTE

B2IND,

PS b100d 0 brain _ PSI,ian PSal,Eﬁ"
PS b raintoblood PSai,inex PS, e

$7e, EEvUATYH, [EERZ VT 7 A, Kpbrain 2FEL, mdrl / v 77U h=v

Kp,brain = a1y

AIZEIT % Kp,brain Z IEF ~ 7 A Kp,brain TR L 72kt Kp,brain ratio iXLL FTORXTE 2 5

nD,

PSP-gp

Kp,brain ratio = 1+

S 12)

ZIT, K8 L 12 ZHBETDE, MELLELKXDOETHD ZERDND, LEnR-T,
corrected flux ratio & Kp,brain ratio # B 7'z v ks L7ei&, FNEND/RNT A —F —h%
LWERETDE, 1 : 1DBRICRY HIZZENTRINT, R, ZhbD/T72—%
—i%, FERHEEELZRT ZERERMICHLHALNIR SN, ZoMERIZREWT, [
BEARD in vivo T —Z BN TVWD (1 @ 1 TEARW), K8 & 201G, Zo®E
Hi%, MDRI ORHEY L <13 intrinsic Z28RIEMED in vivo TEWZDD, HDHWIL, %
BILERIC K A BFEIRMEDS in vivo TIRWZ M, WM Thd EBRBINE, £/, 46
OREFLT, invitro ZBR (b MRBER) & invivo EBR (v 7UR) ORI B FEBIRIHER R
HENZ Lo HEL, SEIAWALEMICR- TE 21T, HARREZERRD R

oz, LL2NG, BEZELTL, JVEL e TRHET~EMETHY, =56
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RARFABYLETHDLEEZ TN,
AR TH O AR L AREOMBMEIZ OV T, Yamazaki D7V — 7 b b#ERR S
iz (49), 372, invivo Kp,brain ratio 23~ 7 2 mdrla % %% L 7= LLC-PK1 2D flux
ratio & RAFRFEMEZ RT LV BMETH D, LLRMBH, & - MDRI BEMal~v
A mdrla FEZMETO flux ratio (in vitro EBRME TOLLE) TITHABEMENE TR, #RE
LT, t F MDRI1 FE%& & in vivo Kp,brain ratio DFEBIMEN < 7 ARB R TOZ &,
BEFLTWAEREL TS, ZORKES Yamazaki H1¥, FEEL L THOLXTWEH, K
FHZRAWIALEM DL ITRAKTH Y, AR L OB EZIT D Z LIXTE o7z (49),
X bIZ, corrected flux ratio D72 6§ Caco-2 HAA° MDR1 R B MR A> 65K 7- flux ratio
& in vivo Kp,brain ratio DRIz, AELMEEMEIRD bz, b L, T MLEWOE:E
WD kT AR—F —DBEEIETIE, X7ERA8IClilbshd, LizddoT, &
DX 5 REAITIX, invivo Kp,brain ratio & fHEIMER R OGN D DIIR Y THBH LEZ OIS,
FERE, Caco-2 Hifa TR 7= flux ratio & in vivo Kp,brain ratio ®FHRAF#$I 0.812 (p<0.01) T
&Y, MDRI1 FEMALTRD 7 flux ratio & in vivo Kp,brain ratio D FEBIEREK 0.869 (p<0.01)
LHET S L, HERBIMETARBO LN, 2D &iX, AERRE LT X MEaYD
in vitro EBMAZZ I L 7= E®@IXIZIE, MDR1 UADRI A0 kT v AR—F —HE5 LT
BV, ToB5Eay ba— IR TOBECTHIREMEFETHD D LRI,
ARRETTIX, ATP OHIKSfE%ZFEEE L L7z MDR1 #5685 & in vivo Kp,brain ratio & DBIfR
IZDWTHIRET L7, ATP K53 AR DR EERIEE 2 5T L 75 R, digoxin <° vinblastine T,
ERE T ATP K GMREZHE T DM LR L (50, 51), ZOEBITHLHTITRWD,
BIAEOEVMEA Y72 E1%, MDR1 2 %38, LT\ 5 B BMAEH 3k plasma membrane D FiiEh
MBS E DTS H Y, ATP OMKSMRIISERET 5 /REMNE X bl (52,
53) E£72, T A MELEWHEED, ATP OAKSRD inhibition site [IZFEET 2 Z LIZER L

TWH AR S EZ ORIz, RWT, TR MEEWD ATP MK REENER 2 E &8IZFE

20



Wi 27280, IHTYZARATURIZEY Ky & Vo 2RO ERER, BoONZ Ky lZBED
4 L ) comparable 72 % D Tdh o7z, Dexamethasone <> PSC833 M L ) 22{b&#W Tid,
MDR1 FHMAIZ & 5 XM EER CTMDRI £E TH S LHEINZICHED LT, ATP
DIKRFIR B E G Z R oT2, ZOX D RFPEAORIICIL, ATP MK & LG
BEOHy Y o TIET D XV FERR O TEBORNPLETH DS EEZ DL (54, 55),
ZDXIRFERIIMEZ, RTA—4—E L TR (BAL) 2825, ATP OMKSE%:
B (Vpao/Km) & L72 MDRI 8358275 & in vivo Kp,brain ratio (F@27 V77 v AL) &%
BEELRT L2 LIIRETHY, [MO1DEERNE CHIET DR EF ML EEEETIL
ERHDHEEREIN, LPBLRHBE, KRFT, ATP OIKSREZRE LT-3+~ToMk
A%I MDR1I OEE ThHo72Z &b, HlziE, MDRI BREZEHLEHT ORI 2
EVD AT Y == IR LTI, AERRVEHATRETHD LEZX DRI,

LAE, RBFROBFEL LT, in vivo® MDR1 8i368EA% mdrl / v 27 7V = U R/IEEHE~
7 A® Kp, brain ratio & U CHfE(k L7-#%, LLC-MDRI/LLC-PK1 #ifi@ ¥ L < I Caco-2 i
R % R T AR MR R0 SEBR TR 8 7= corrected flux ratio, ¥ 721X EMiIIZ LLC-MDR1 & L < i
Caco-2 MK TR 7= flux ratio L EBRIIZTFRTE S Z LRSS, ZOX 5 2TRlE
i, pharmacokinetic model Z~—2X & L/-BEERIILERIZL > THATE, M~DORYBIT
WETRT D200, AHRFERTHD LEZ LN, £z, ATP MKGHRORESE
DIER 24818 & UT=3HI 715 & in vivo  MDRI BRERE S L 13 B2 B RIRIT R S 3,
ATP AR5 R OIRIEVER & BBk O BRICIIBISN LAY NTFIET 5 Z LR ahT,
4%, MDRlI OEE&EA I =X LBHEHAINDZLICLY, AR TRDOONIFBER

BEAINL b LHFEND,
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Fig.4 Time profiles for the transcellular transport of 12 compounds across Caco-2
monolayers.

Transcellular transport of 12 compounds across Caco-2 monolayers was determined as a function of
time. The ligand concentrations used in these experiments are described in the text. The ordinate
represents the volume of distribution (uL/mg protein), which was obtained by the amount of ligand
transferred to the acceptor side divided by the initial concentration of ligand on the donor side.
Each point and vertical bar represents the mean +/- S.E. of three independent experiments. Key:

open circle, apical-to-basal flux; closed circle, basal-to-apical flux.
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Fig.5 Time profiles for the transcellular transport of 12 compounds across
LLC-PK1 monolayers.

Transcellular transport of 12 compounds across LLC-PK1 and LLC-MDRI1 monolayers was
determined as a function of time. The ligand concentrations used in these experiments are
described in the text. The ordinate represents the volume of distribution (pL/mg protein), which
was obtained from the amount of ligand transferred to the acceptor side divided by the initial
concentration of ligand on the donor side. Each point and vertical bar represents the mean +/- S.E.
of three independent experiments. Key: open circle, apical-to-basal flux across LLC-PK1; closed
circle, basal-to-apical flux across LLC-PK1; open square, apical-to-basal flux across LLC-MDR1;

closed square, basal-to-apical flux across LLC-MDRI.
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Table 1 Kinetic parameters for penetration across Caco-2 monolayers.
Based on the results shown in Fig. 4, the PS products and flux ratio across Caco-2 monolayer were

calculated. The results are shown as the mean +/- S.E. The S.E. was calculated according to the

law of propagation of error.

Test compounds PS, .00 PSp.10-a flux ratio
(uL/min/mg protein)  (uL/min/mg protein)

Cimetidine 0.0953 =+ 0.0099 0.112 %+ 0.003 1.17 = 0.13
Cyclosporine A 0.166 % 0.001 0.319 = 0.010 1.92 £ 0.06
Daunomycin 0.316 £ 0.004 0.467 * 0.027 1.48 £ 0.09
Dexamethasone 1.71 £ 0.13 1.66 = 0.03 0.968 + 0.076
Diazepam 7.90 £ 0.16 8.81 + 0.18 1.11 %+ 0.03
Digoxin 0.138 £ 0.007 0.549 * 0.033 3.98 + 0.31
E,17BG 0.0883 =% 0.002 0.0875 * 0.017 0.991 =+ 0.193
Loperamide 0.654 £ 0.035 1.45 %+ 0.03 221 £0.13
Progesterone 1.43 £ 0.10 1.68 + 0.12 1.18 += 0.12
Quinidine 0.760 * 0.025 1.95 £ 0.06 2.56 = 0.12
Verapamil 2.56 £ 0.07 3.99 + 0.19 1.56 £+ 0.09
Vinblastine 0.132 £ 0.028 0.283 %= 0.012 2.15 *+ 0.46
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Table 2 Kinetic parameters for the penetration across LLC-PK1 monolayers.

Based on the results shown in Fig. 5, PS products, flux ratio and corrected flux ratio across

LLC-PK1/LLC-MDRI1 were calculated. The results are shown as the mean +/- S.E. The S.E. was

calculated according to the law of propagation of error.

Test compounds LLC-PK1 LLC-MDR1 corrected flux ratio
PSa-to-b PSb-to-a flux ratio PSa-to-b PSb-to-a flux ratio
(uL/min/mg protein)(uL/min/mg protein) (uL/min/mg protein)(uL/min/mg protein)

Cimetidine 0.620 £ 0.110 144 £ 0.12 234 £ 046 1.32 +0.28 2.51 £ 0.16 1.90 + 0.42 0.810 + 0.237
Cyclosporine A 1.59 £ 0.12 2.87 £ 025 1.81 + 0.21 098 *+ 0.07 594 + 0.62 6.09 = 0.78 337 £0.59
Daunomycin 1.75 £ 0.04 2.35 £ 0.03 1.34 + 0.03 2.64 £ 0.27 9.08 *+ 0.61 345 £ 042 2,57 £0.32
Dexamethasone 1.85 * 0.05 212 +£0.14 1.15 %+ 0.09 1.89 + 0.19 449 £ 0.16 2.38 £0.25 2.08 +0.28
Diazepam 3.94 +0.26 5.15 £ 0.01 1.31 % 0.09 3.78 £ 0.03 532 + 0.09 141 +0.03 1.08 £ 0.08
Digoxin 1.03 £ 021 1.80 = 0.21 1.74 £ 0.40 0.560 + 0.058 403 033 7.29 = 0.94 420 % 1.11
E,17BG 0.410 = 0,023 0.440 * 0.092 1.07 £ 0.23 0.960 * 0.162 0.980 =+ 0.17 1.02 +0.25 0.950 * 0.306
Loperamide 164 =04 127 £ 09 0.78 * 0.06 113 0.1 29.7 = 3.1 262 =027 3.38 £ 043
Progesterone 6.44 £ 0.36 105 £ 0.1 1.62 + 0.09 6.48 + 0.21 107 £03 1.64 £ 0.08 1.01 + 0.08
Quinidine 126 £ 0.8 164 = 1.1 1.30 £ 0.12 407 £ 0.03 244 £ 10 599 * 0.26 4.59 + 0.46
Verapamil 125 £ 0.1 142 £ 03 1.14 + 0.03 751 £0.14 227 £ 07 3.02 £ 0.11 2.66 £ 0.12
Vinblastine 1.56 * 0.09 3.30 + 0.33 212 £ 025 1.39 + 0.01 7.88 + 0.68 5.65 + 0.48 2.66 * 0.39
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Fig.6 Correlation of the flux between Caco-2 and LLC-PK1 monolayers.

Based on the results shown in Figs. 4 and 5, the correlation of the flux between Caco-2 and
LLC-PK1 monolayers was examined. Panel A, Correlation between the flux ratio in Caco-2 and
that in LLC-MDR1. Panel B, Correlation between the flux ratio and the corrected flux ratio in
LLC-PK1 and LLC-MDRI1. Panel C, Correlation between the flux ratio in Caco-2 and the
corrected flux ratio in LLC-PK1/LLC-MDR1. Each point and vertical bar represents the mean +
S.E. which was calculated according to the law of propagation of error. Key: 1, E,17BG;
2, diazepam; 3, progesterone; 4, cimetidine; 5, dexamethasone; 6, loperamide; 7,

verapamil; 8, daunomycin; 9, vinblastine; 10, quinidine; 11, cyclosporin A; 12, digoxin.
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Fig.7 Effect of 12 compounds on ATP-hydrolysis by P-gp.

Concentration-dependent effect of 12 compounds on the ATP hydrolysis in the membrane
fraction from High Five cells expressing P-gp was determined as a function of the medium
concentration. The membrane fraction (40 pg protein / 60 pL medium) was incubated for 20 min at
37 °C to determine the amount of inorganic phosphate released from 4 mM ATP. The data were
fitted to the Michaelis-Menten equation to determine the estimated concentration for half-maximum
activation and the maximum activation. Solid line represents the fitted line and the closed symbols
represent the data used for the analysis. Data with the open symbols were not used for the analysis.

Each point represents the mean of two independent experiments.
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Table 3 Kinetic parameters for ATP hydrolysis.
Data shown in Fig. 7 were analyzed according to the Michaelis-Menten equation to determine the
apparent V., and Ky, values. The results are shown as the mean +/- computer calculated S.E.

Silent refers to a substrate that does not alter the P-gp mediated ATP-hydrolysis.

Kn V max Vina'Km

(uM) (nmol Pﬂminlﬂgjrotem) (mL/min/mg protein)
Cyclosporin A 0.170 £ 0.020 529 + 0.09 31.1 = 37
Daunomycin 1.74 + 1.08 8.17 + 0.92 470 £ 2.96
Diazepam 724 x 16.5 382 = 2.9 0.527 *= 0.127
Digoxin 259 = 18.1 127 *+ 40 0.490 * 0.375
Loperamide 13.8 * 44 16.0 = 1.5 1.16 *+ 0.38
Progesterone 53.6 * 30.7 304 + 7.8 0.568 * 0.357
Quinidine 542 * 095 176 £ 0.6 324 + 0.58
Verapamil 4.06 = 1.38 332 £ 3.0 8.18 = 2.87
Vinblastine 571 = 3.20 237 £ 6.5 4.15 + 2.59
Cimetidine silent silent -
Dexamethasone silent silent -
E,17BG silent silent -
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Daunomycin/normal mice
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Fig.8 Autoradiogram of normal and mdrl (7 mice after intravenous

administration of daunomycin, progesterone and diazepam.
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Table 4 Brain distribution in mdrl knockout and normal mice.

Kp, brain and the ratio of daunomycin, diazepam and progesterone were determined in this study.

Other data was referred from previous publications.

Test compounds Kp, brain, mdrla(-/-) Kp,brain,normal Kp, brain ratio Time after administration
Cyclosporine A 33 0.3 11.0 4h
Daunomycin 1.6 0.9 1.8 0.5h
Dexamethasone 0.7 03 23 4h
Diazepam 32 34 0.9 0.5h
Digoxin 1.5 0.08 18.8 4h
Loperamide 2.0 0.3 6.7 4h
Progesterone 1.3 1.5 0.9 0.5h
Quinidine 4.8 0.2 24.0 10min
Verapamil 33 0.4 83 1h
Vinblastine 18.7 1.7 11.0 4h
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Fig.9 Correlation of P-gp function determined in in vitro transcellular transport
studies, ATP hydrolysis studies and in vivo brain penetration studies.

Data listed in Tables 1, 2 and 3 were summarized to examine the correlation between in vivo and in
vitro P-gp function. Previously reported data for the Kp,brain ratio of 7 compounds were also
included. Panel A, Correlation between Kp,brain ratio and flux ratio in Caco-2 cells. Panel B,
Correlation between Kp,brain ratio and flux ratio in LLC-MDRI1 cells. Panel C, Correlation
between Kpbrain ratio and corrected flux ratio in LLC-PK1/LLC-MDRI1 cells. Panel D,
Correlation between Kpbrain ratio and stimulatory effect on the ATP hydrolysis (Viax/Km). Each
point and vertical bar represents the mean + S.E. which was calculated according to the law of
propagation of error. Key: 1, diazepam; 2, progesterone; 3, daunomycin; 4, dexamethasone;

5, loperamide; 6, verapamil; 7, vinblastine; 8, cyclosporin A; 9, digoxin; 10, quinidine
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Scheme 1 Schematic diagram illustrating the PS products for the penetration of
ligand across the plasma membrane.

Panels A and B represent the PS products across the cultured cell monolayers and those across the
cerebral endothelial cells. Key; PS, iy and PS, .x represent the PS products for the influx and
efflux across the apical membrane, respectively. PS,, i and PSy, o represent the PS products for
the influx and efflux across the basal membrane, respectively. PS,., represents the PS product for
P-gp mediated efflux across the apical membrane; PS; i,r and PS, ¢ represent the PS products for the
influx and efflux across the luminal membrane of cerebral endothelial cells, respectively. PS; inf
and PS, . represent the PS products for the influx and efflux across the antiluminal membrane of
cerebral endothelial cells, respectively. PS,.p, represents the PS product for the P-gp mediated

efflux across the luminal membrane.

32



woE EWoOMEERINICT 5 MDRI @kfeD Iz SV T

BoE BN

ELEy)

MDR1 DFEH &2 2FEMBREOKRE SN 5HE, HLEFIZHWT MDRI IZ X 0 #2517

HZEZEY, BEICEAZENRAE LY, MDRI BEHR & ORFHFRIC X 2 BIRERE

LT AR H B, LIz oT, HLEICRITS MDRI ORIEELZMET 5 Z Lid, &

AEBOBRIIBNT, BEETHDLEIOLN TV, AFETIE, FF|THE, Hib

&TO MDR1 8% HEDS, invitro EFR X Y FHERIEE T H 2 0B LT,

J7ik

HILEIZBIT 5 MDRI1 OEBIEREZFET 272012, 1207 A2 MELEMERWT, =URin

situ/ MFERERZIT\V , mdrl / v 77U hT7 U b~ 7 A% 5 UNIIEE < U A D permeability

surface area (PS) product & H L7z, £/, ZO/NBTO mdrl BERED in vitro EBRM DT

TEH0E S RRET 572, MDRI #3H LLC-PKI #ifaz bz = b u—/Llfa
(LLC-PK1) % #EHifaimitERZIToT,

S

in situ /NBERFEROER, mdrl DEEIZ X - TPS product BZE{LT B ENH LML A

o7, £, FOEBOZITRTIIFLTOINETH > 7, Quinidine > ritonavir > loperamide,

verapamil, daunomycin > digoxin, cyclosporine A > dexamethasone, vinbrastine 7z, /METO

mdrl BIERENE, invitro ERD D RAED o 7= MDR1 @iikhe &L A ERMHEMEBERICH D Z L AR

i,

Invivo TOHELEWRINIZEIT S MDRI1 DR 5%, MDR1 RBIEAIEZ V= in vitro B AR #
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EERNPOEBRUCTHEIL 252 RSN,

BoE S
FETHIRR72 & 512, ABC b7 v AR—4 — [T ZHIMHE % HG U BB R Sh,
e O Z RN O MM HEH T 2 T, BEMRICHEEN 5T e mb
nTws (35, 36), MDRI I bHIAESNT- ABC h TV AR—F—THY, BBB Dfff,
fTig, Bomx, MEREOEFMARICLREIAT LI LNMbN TS (13, 37, 38),
ZIEE, EMOFEANEIRIZEKIT S MDRI OF 542 EBMICFHES 5729DIZ, mdrl / v
JT U b= RATD invivo BRBRA LN TS (39), FiC, oL Shi- MDR1 £HE
(digoxin, taxol, tacrlorimus, saquinavir 72 &) DOE{LERINMES, mdrl 2 X > TES #12
BRTNAZ LD, EETUVREOHBRIZL>THLMNIIN TS (56-61), EHiIZ, WV
K OPDFWXT, b FERKIZBWTHEHORIUWEIZ MDRI BEETHIP®ESLD K
IR olz, ZTIT, b hOBREFDO—HEBMNT D&, 1)digoxin X cyclosporin A DFEH
NAFTNAFEVT 4 —i3/NED MDRI1 BB ELFEHETLZLIRENTND (62,
63), 2YNBTHD MDRI @it 2 ET 2B 2 EL I V—TIN—Y P2 —R2HATLIHE
T, cyclosporin A DFANA AT A FEY T 4 —MBERTS (43), 3)MEDO MDR1 23 Y
77 EV U THEINZEEA, digoxin ODRRANRA FTRA TV T =0 ERT 3 (62),
R EBERERMOEREVOEMPDORTYH, BEERAANBFOLNICES>TVD, 0D
£ 972, /MO MDR1 5 EX° MDR1 FHER O G TRINEDS BB LT 508 5 2HlEr
TH5HE, B LTWDEYN, CORE MDRI IZX > TEHEEINTWED0EEEMIC
AT ENEETHD EEXDND, EE, SNPsIZE->Th, MDRIZEH ORI
EET 5 ARSI TV D (40, 64-66), AR TIL, /METO MDRI1 #XREDFF

M HEERIET D 72012, 12 D7 2 MeAWEAWT, =7 R insitu /NBIETREREITV,
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mdrl /v 277U 7 U =D RRLWNIIERE~ U AD permeability surface area (PS) product
FEM U, £, ZO/METO mdrl 8EEER invitro BN O TFHITE 208 5 M RETd
%72%, MDRI %8 LLC-PK1 a7z 5Nz 2 b —/L#ifa (LLC-PK1) % #&HlilafmitE

ReAT-T1,

o R

Mdrl / 27D =D ARPEFE~Y 2ZHWT, 12{LE%HD PS product % in situ /M5
TEBRTRD =, HILEWD Fa (absorbed fraction) % fig.10 iZ7~ L 7z, Quinidine X° verapamil
72¥, MDR1 OREFZEELTHONSGE YT, mdrl /v 779U M~ RZEITD Fa
BRIEE~ TV RACHA_RFEEICE N (figll), —F, diazepam ® X 9 7 MDRI1 ®”poor
substrate” Ti¥, MR D PS product IZZEIIRD bNZeh o7, %< DILEW TiX 20~30
SRERT 2 Z LI R VBRI EFRBICELIZZ LA D, 20~30 3D Fa VT PS
product #EH L7z, 7272 L, verapamil % daunomycin TIIEFIRREIZET H7-DIC1X 30 &
VI EOEFEMBLEL R DERB/BONLS, <7 AORBRIES RFICHERT 5013,
30 U EREETH S22 LMD, ThbDEEHD PS product DEIHIZIVTH 20~30 &
D Fa & AW\ /=,

AEBRBOZUHEERIET 572HI1Z, MDR1 OHBRIIAEAIE L TH b5 PSC833 73
quinidine ® MDRI1 #i%XIZ ED K 9 e Ba 5 2 20RET LT, Fig12 ITRLE XS, E
B2 U RIZBWTIL, PSC833 (1uM) DOFHFEIZ L Y quinidine DORIMESEEIZHEM L7,
L LBAS, mdrl / v 779U h=0XBWTIY, PSC833 DEEITIZL A LR LNZRD
ofz, TNOHDRRKY, RERERRII~ U ZA/NMBICEBWT mdrl HEH & 25O
IRHEZFIRL TWEAREZFHET 5 L TRYETHD Z LARINI,

F 7o, ERETHECHIZVETEALO mucosa ZHE L, IATRERE 2 JIE LTz, £ ORER,

quinidine, loperamide <° vinbrastine 72 £ MDR1 O RFZ2FEE TIE, mdrl / 77U b= v
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Z mucasa NS REIRE DS, [EH~ U ADOHHBREIZLS, FREIZE» -7 (fig.13),
Wiz diazepam T, WRHMICHEZIROONRP ol ZDOZ &Y, /MEEER ERZ
IZRBL TS mdrl BEEOMBAN~DOZEBEZLT TNDZLICLVBEASNDIERTH
Y, A/PGETERIC LY mdrl OEEHRENTHMATETH D Z 2R LTS,

/NS 331T D mdrl ik % E BB 5720, mdrl / v 7T U PR U ARVER~
7 A TRKDT= PS product DLt (PS product ratio) %3k 7= (table 5), PS product ratio % %\
ARLTEH, REWENSE~DE, UTOIETH -7,

Quinidine > ritonavir > loperamide, verapamil, daunomycin > digoxin, cyclosporine A >
dexamethasone, vinbrastine

Z @ PS product ratio % in vitro & HAQEN% B TR® - PS oy ratio L LB LT, Z 2T, PS
atob Tatio (X > b o — LHIRRIZF1T B apical A> 5 basal I ~DFEE (PS ,0) % MDRI1 FH
FRRIZH1T D PS aiob TERUHLE LTER LT (66), ZDFIHEMER table 6 IZFE LT,
AR in situ VETRFEHED> DR ¥ 72 PS product ratio & Ll 5 &, #1213 B AT 22 /A RE R4
MRMEINT (fig.14),

B%&IZ, MMBIZRIT D mdrl @ikiEE, B —ET/RF A—F—{L L7 BBB 23517 % mdrl i
1588 (Kp, brain ratio : mdrl / v 7 7 U b= XIZBIT ARt g EEL 2 EE~ T X
BT oM TR TER L2 t) LB L (67). TOME, SEIBRITLE 12
EEMDHLBIZR N TIE, BWANT A—Z—MICbHFERBEBREH D ZLPALNER

-7 (fig.15),

B EBE
AHFRIZEBNT, BYDASNAZTT AL FEY T 4 —DETIZ MDR] 28 FORERBS LS 5

MERMICHET S Z L2 B/INC, mdrl / v 77U b= U ARWERE~ TR % BV insitu
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INGTETRER #1T 572, MDR1 ODRIFREE TIE, E¥~V ALl mdrl / vy7 77 h<UR
DRINRIZIIEERERPRBOONT, E5IC, ERFEBRKETHO/NE LS OZEY
MG, mdrl / v 277U b~ Y ATHEICEL, mdrl BEEZEERICHEH LT
HIERDFER SNz, /B TORIER TIN5 MDR1 OBEORE Z (BT 572D
{2, PS product ratio #E M L7z, MFITRLEZE D, £ DNELLIE Quinidine > ritonavir >
loperamide, verapamil, daunomycin > digoxin, cyclosporine A > dexamethasone, vinbrastine T -
7oo THOOMEE, BEREFICENZmdrl /) v 7T U M VRLEFETVAOREANAS F
TRATGEY T 4 — L HERWRRMETH D, T2bb, ARFHIBWTHE S digoxin
@ PS product ratio i% 2.06£0.07 THo7228, ZDfEIEmdrl / v 77U h~URELIEE-Y
ACROFEINEEOMPFEPFREOL (1.7) LRABETH T, LI TZADHEIC
Mz, & MZBWTH, /MFMDRI OFEBRENHK 1053 D 1IZKT L7 MDR1E&{nF k£ C3435T
DFREERET, EOFEHD digoxin ® AUC plasma 23, IEFHD C/C FIZHB L TH 2 5
ML EWIBERRINTNS 40), 20, B bin vivo CBWTRHINERD,
AHFFE TR 7= PS product ratio & FEFITEWVZ EBHL M E o, LT o>T, TDPS
product ratio [XE&EK |, MDR1 OHFHIERIZ L > T, MHPBRENENT E0E I 22 FRIT
HHEEL L THATESREENEZ DLz, ZOENPKREVIZE, /MG MDR1 OFEHR L
L TOMEANHEENRS MDR1 BiXRE 2 HE T 2 AEMOEEBIZ L - T, MIRTERYRE
DEENTAAREMEZ TR T LD TH D, HiZ, ZoEN/NS T, /ME MDR1 ORB L~
/LT OMEAHIZEIR> MDR1 #ikie 2 [E T 2 P HEMOEEIRNTEED LD LHERS
i,

WIZ, O in situ /NEHERRFEER TR D 7= PS product ratio 23 in vitro R HIRQENIE KRR 5K D
TenRFGA—E— L HERHABBRIIHIZLEZRM L, ZORATA—FZ—REDL)
2B A FFO)>, pharmacokinetic model (2 & W @B L7\ (scheme 2), £, mdrl / v 7

T U REEF<TAERWTITo % in situ/NHTETRFEER TR & 72 PS product iXEL T D
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LIHICEETE S,

PS productin normal mice = PSw, infx PSs. e 3)
PSm,ejf+PSs,e_ff + PSP—gp
. . PSs,eﬁ’
PS productin mdrla/1b(—/ =) mice = PSn, intx @

PSn, e + PSs, e
T T T, PSpint BT PSpeqr 13, /NG ERHIRAEWEMIR £ CTOIRY ALK UHEHIZED S PS
product Téh b, F7z, PS.erld, /M5 ERHRMIERIEIZ BT 282 5 PS product T
BB, [FERIZ, PSpg i/ME ERAREVERIE ETo MDRI BXEZRL TV, SbHIZ,
mdrl / v 277U b~ U RIZE1T 5 PS product ZIER < 7 AIZK1F 5 PS product TR L 72k

PS product ratio [ZLA T O TR 5D,

PS product ratio =1+ —2% Se-w (5)
PSm,eﬁ" + PSs,ejf

Kz, FRRICFET, MDRI BB SNC 2 ba—/L#ilaTH 5 LLC-PK1 #ka% B

Wz in vitro R ARRREIE SEBR TR ¥ 7= apical to basal J71A10 PS product IZLA T D X H 2R &

o
PSa - 10 -5in MDRI expressing cells = PSa,infx PSs. o (6)
PSa, e + PSh,ef + PSp-gp
PS a- 10— vin parental cells = PSa,intx PSh.er (7)
PSa,eﬁ+ PSb,ejf

EHIT, PSuon PHLEHEIHT DL, UTOXNREZL 6N,

PS. v ratio =14+—L2"® (8)
PSa,eﬂ'+ PSs. o

Ks5 &8 2EKTDE, MEFRFKOERLELIL TRV, ERAICHBREFRICHD Z LD
HMAIORE N, L LMD, figld iR LEXL DS, insitu BRE invitro BRI O
Bi%, in vivo BBB & in vitro EREOHEBE I VLD TH o7 (67), F—E TR X
912, MDR1 B HRMALIZI 1T 5 flux ratio & LLC-PK1 HIAIZH51F 5 flux ratio TR L 72 TH
% corrected flux ratio I&, mdrl / v 7 7 7 b~ RIZE1F 5 st imsE PR EL (Kp,brain)

BIE®E~ 7 A28 % Kp,brain TR L7~ Kp,brain ratio & BAF2ABRMRICH D Z LR
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H&hiz (fig9C, FHBIMREL : 0.892, p<0.01), X HIZ, 12 {LEMDT A MEAHDHEIZ
L, BZIIT D mdrl EiXEES &/MGIZIT 5 mdrl EkRE/ I OMIC A E 72 FH B BEME A3
BHOLNTZ, LALRBD, ZOHEIZBWTIE, digoxin 72 FEIFERN G KE 44D
{LEHBRRD LTz, TOEWE, BEE/NEIZEBWT digoxin Bk iZxtd 2 mdrl OEFEH
R DAEENREZ NI, T72bb, /MNBTEEZ OBV AHLMEE b7 v AR—4 —
BFEELTEY, 20X 572 M7 v AR—& —73 digoxin 82 B 53 5 ®IREMEIZ K U, mdrl
BRDFEEMET LebD B2 b, BEHR IS VAR—F—IRHATHD L DD,
mdr1b DB GIZONWTIIEEMNIIE XD Z EBHEK D, RER S, MK OVMEIZI1T 5 mdrlb
DREBIIIZLALEBRTEE10THS (68-70), £z, TOMOFHENELE LT, /MEIZE
{75 digoxin REIDBHEL TWAHREELE X DN (7D, /WMBIIZX v E-ER N
AR—F —DEiET AT AOTFERRENTND Z 0D (34), #FMETRTZOITIEIER
HREBMBETHD EBZ N,

B&IZ, B L/ TO mdrl BRXRED LIV T, EIRERPMANIEANTW2EE (F
WD E, IZBWT LY mdrl @EOEFEARE L, BEERB VWL EZXD) 1220
THELE LI (figd5), 21T 5 mdrl #iXRES) % $fE(L L 7= Kp,nbrain ratio |ZLA T D

WEoThEz BT,

PSP—gp

K, wan ratio =1+
PSl,eﬂ'

9)

T IT, PSgid, AMEHRMAE N MIQEERIBEOHEICBID S PS product TH %D, ZDORK
9 LA S DHBTHLAARL DT, K5 2HDIRL PSuen & PS,ea PFITH D, ZHUC
L, N9 TEHPS g DA THD, £7o, MEMMENEMIZIX tight junction 22T 5 Z
Lt ky, EHSEMHITECHBEINTHEZ EMMON TV (MIERMBEM 7= 2FTELTH
D)o 120D, PSiegld PSpeg & PSeepiZHA~/NEW2®, ARIZ PSyp B3 & /NBTRI L T
btz & Li=$4, PS product ratio 1 Kp,brain ratio & V< 722 Z & BNERETE 5, ERRIC

I/MEIZEIT D mdrl DFEBRN, ETREV SN LD, ZThoPtEkahsd 2 Licky,
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EREROBEE N 126 Lo TNDHHD EEREINT,

AFRDEL O L LT, BAINBIZEWTRIRMEZHIIR L TV % mdrl OBREL E BB
AT D Z &AMk, TO &S REHES AL, & MNBIZEIT S MDRI OFREHREDREK
FZIZE DS S RIME D EBRC LA GF AR RINED EORELE L 5 520 FHIT 7200
Ve LT, EXRGBARICEATE 2RMMEENREINT, Bxik, THICZ0 mdrl #k
REAIS in vitro FRHIfREREER & A EICMHEET 5 2 &, £7-, pharmacokinetic model DHE

&Y ZEDEREREPAONTT DT L BHKT,
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Fig. 10 Time profiles for the absorbed fraction of ligand in outflow.

Absorbed fraction {%)

Absorbed fraction (%)

Absorbed fraction {%)
»
o

Cyclosporin A

] 10 20
Time (min)

Digoxin

0 10 20
Time (min)

Ritonavir

Time (min)

Absorbed fraction (%) Absorbed fraction (%)

Absorbed fraction (%)

Dexamethasone

° 10 20 30
Time (min)

Loperamide

0 10 20 30
Time (min)

Verapamit

Time (min)

Absorbed fraction (%)

Absorbed fraction (%)

Absorbed fraction (%)

Daunomycin
100
w!|
60
40
20
°
0 10 20 30
Time (min)
Progesterone
100
80
[
60
© R e S
20
0 L— .
° 10 20 30
Time (min)
Vinblastine
100
80
80
40
20
°
0 10 20 30
Time (min)

The small intestinal segments were perfused with the medium containing isotopically labeled

compounds to determine the outflow concentrations.

The results are given as the absorbed fraction,

defined in the experimental paragraph. Each point and vertical bar represents the mean + S.E. of

three independent determinations.

Open and closed circles represent the results in mdrla/1b(-/-)

and normal mice respectively. Statistical difference in mdrla/1b(-/-) mice were compared to

normal mice by two-sided Student’s #-test with p<0.05 as the limit of significance (*p<0.05;

+£p<0.01).
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Fig.11 Effect of mdr1 on drug absorption.

Theoretical curve was calculated by following equation:

Fa= 1—exp(

PS product x L]
Q

Mdr1a/1b (-/-) mouse

O Mdr1a/1b (-/-) mouse

Q and L represent flow rate of perfusate and length of perfused sigment.

42



P<0.01

P<0.05

5.0 ,
= P<0.05
§ a0
£
g
3 3.0
§ 2.0
- al
2
a
o 1.0
a

0.0 J —

normal mdria/1ib (</-)

Fig.12 Effect of PSC833 on the intestinal absorption of [3H]quinidine.

The PS product for [3H]quinidine in normal and mdrla/1b (-/-) mice was determined in the presence
and absence of PSC833 (1 uM). Each point and vertical bar represents the mean + S.E. of three
independent experiments. Open and closed bars represent the results in the presence and absence
of PSC 833, respectively. Statistical differences were compared by two-sided Student’s #-test with

p<0.05 as the limit of significance.
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Fig.13 Content of ligands remaining in the intestine.

Content of ligands remaining in the intestine of normal and mdrla/1b (-/-) mice was determined at

the end of each experiment.

independent experiments.

Loperamide

P<0.05

normal mdria/ib (-/-)

Diazepam

normal mdria/tb (-/-)

Each point and vertical bar represents the mean + S.E. of three

Open and closed bars represent the results in normal and mdria/1b(-/-)

mice respectively. Statistical difference in mdrla/1b(-/-) mice were compared to normal mice by

two-sided Student’s #-test with p<0.05 as the limit of significance.
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Table5  PS products determined in the in situ intestinal perfusion.

The PS products for the intestinal absorption were calculated from the data shown in Fig. 10. The
values of in situ PS product ratio, defined as the PS product in mdrla/1b (-/-) mice divided by the
same value in normal mice, were also calculated. The results are shown as the mean+ S.E. The
S.E. for the PS product ratio was calculated according to the law of propagation of error.  Statistical
difference in mdrla/1b(-/-) mice were compared to normal mice by two-sided Student’s #-test with

p<0.05 as the limit of significance (*p<0.05; **p<0.01).

PS product (ul./min/cm)

Drugs Normal mdrla/1b(-/-) PS product ratio
Cimetidine 0.973 £ 0.089 0.928 £0.075 0.95+0.13
Cyclosporin A 2.13+£0.21 4.27 £ 0.32%* 2.01 £0.24
Daunomycin 1.63 £0.20 491 £ 0.29%* 3.01+£040
Dexamethasone 2.38+0.23 3.92 + 0.45% 1.65 £ 0.09
Diazepam 13.0£2.8 12.8+£3.4 0.99 +0.34
Digoxin 1.14 £0.15 234 £0.12% 2.06 = 0.07
Loperamide 1.10 £ 0.77 3.44 +£0.90 3.14+2.35
Progesterone 8.23 +£0.96 7.63 £0.88 0.93 £0.15
Quinidine 0.428 £0.190 336 £ 0.41** 7.86 £ 3.63
Ritonavir 0.564 £0.314 2.64+0.79 4.70 +2.98
Verapamil 1.38 £ 0.51 423 £ 0.13** 3.07+1.14
Vinblastine 0.926 £ 0.106 1.25 £ 0.11 1.35+0.20
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Table 6 PS products for the transcellular transport across MDR1 expressing

LLC-PK1 monolayer.

Based on the results shown in Chapter 1, the PS products for the transcellular transport (apical to
basal) of 12 compounds were calculated. The values of in vitro PS product ratio (PS,.s ratio),
defined as the PS product for the apical-to-basal flux across the parental LLC-PK1 cells divided by
the same value across MDR1-expressing LLC-PK1 monolayer, were also determined. The results
are shown as the mean + S.E. The S.E. of the PS, ., ratio was calculated according to the law of

propagation of error.

Statistical difference in LLC-MDRI1 cells were compared to parental cells by

two-sided Student’s ¢-test with p<0.05 as the limit of significance (*p<0.05; **p<0.01).

PS.t0b  (UL/min/mg protein)

Drugs LLC-MDRI1 Parental PS,.t0- 1atio
Cimetidine 1.32+0.28 0.620 £ 0.110 0.47+0.13
Cyclosporin A 0.98 £ 0.07 1.59 £ 0.12* 1.62+£0.17
Daunomycin 2.64 £ 0.27 1.75 £ 0.04 0.66 £ 0.07
Dexamethasone 1.89£0.19 1.85£0.05 0.98 £ 0.10
Diazepam 3.78 £0.03 3.94+0.26 1.04 £ 0.07
Digoxin 0.560 + 0.058 1.03 £0.21 1.84 £ 0.42
Loperamide 11.3+0.1 16.4 £ 0.4** 1.44 £ 0.04
Progesterone 6.48 £ 0.21 6.44 £ 0.36 0.99 + 0.06
Quinidine 4.07 £0.03 12.6 £ 0.8** 3.09 £0.19
Ritonavir 0.908 £0.133 224 £0.17** 2.47+041
Verapamil 7.51+£0.14 12.5 £ 0.1%* 1.66 + 0.03
Vinblastine 1.39 £ 0.01 1.56 £ 0.09 1.12 £ 0.07
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Fig.14 Correlation of P-gp function determined in in vitro transcellular transport
studies and in in situ intestinal perfusion studies.

Data listed in Tables 5 and 6 were summarized to examine the correlation between in situ and in
vitro P-gp function. Each point and vertical bar represents the mean + S.E. which was calculated
according to the law of propagation of error. Key: 1, cimetidine; 2, progesterone; 3, diazepam;
4, vinblastine; S5, dexamethasone; 6, cyclosporin A; 7, digoxin; 8, daunomycin;

9, verapamil; 10, loperamide; 11, ritonavir; 12, quinidine.
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Fig.15 Correlation of P-gp function determined in in vivo brain penetration studies
and in situ intestinal perfusion studies.

Data listed in Tables 4 and 5 were summarized to examine the correlation of P-gp functions between
the small intestine and the blood-brain barrier. Each point and vertical bar represents the mean +
S.E., which was calculated according to the law of propagation of error. Key: 1, cimetidine;
2, progesterone; 3, diazepam; 4, vinblastine; 5, dexamethasone; 6, cyclosporin A; 7,

digoxin; 8, daunomycin; 9, verapamil; 10, loperamide; 11, ritonavir; 12, quinidine.
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Scheme 2 Schematic diagram illustrating the PS products for the penetration of
ligands across the cell monolayer.

Panels A and B represent the transcellular transport of ligands across the cultured cell monolayers
and that across the intestinal epithelial cells, respectively. Key; PS, ;s and PS, . represent the PS
products for the influx and efflux across the apical membrane, respectively. PSy inr and PSp, e
represent the PS products for the influx and efflux across the basal membrane, respectively. PSp.g,
represents the PS product for P-gp mediated efflux across the apical membrane. PS,, i,r and PSy, cxr
represent the PS products for the influx and efflux across the mucosal membrane of intestinal
epithelial cells, respectively. PS; ins and PS; . represent the PS products for the influx and efflux
across the serosal membrane of intestinal epithelial cells, respectively. PSp.g, represents the PS

product for the P-gp mediated efflux across the mucosal membrane.
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ABC kT XA — & — OREHT

BEEE OB

B

AT, NMBIZBNTI VY n VBRBEECHREA G A2 EEMICHE TS F T X
R—E—DEBEWZFADL-DIZ, BEMIZ mp2 %K L7= Eisai hyperbilirubinemic rats
(EHBR) & breast cancer resistance protein (Berpl / Abeg2)/ v 7 7 U b= X% F\W =/ NGE
MEREITo 1=,

Fik

EHBR XWX Berpl / v 27 7 U h~9U ADZEM %, 4-methylumbelliferone (4MU) &k O
6-hydroxy-5,7-dimethyl-2-methylamino-4-(3-pyridilmethyl) benzothiazole (E3040)% & ¢ ¥ Fiik
TIEW L, outflow TORFMBENS, KLEHD I NI 0 L EEREESHRBIEED
efflux rate 2 & H L7,

S

EHBR # AW TIE, E® 7 v MIHRE-3040-G @ efflux rate BABIE T LIz H 0,
E3040-S, 4-MU-G KT 4-MU-S @ efflux rate (213, AEEIIRD 2o, £72, berpl
J 2T Y ey RERWZRETIE, E3040-G, 4-MU-G & Ut 4-MU-S O efflux rate B F &

AR TF L7,

Berpl i3, 7V v UBEESEORBIEESEOPHHIC, KV EERBEZAL TSI LM

BoMhEizole,
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]

INBZ R HEMRM E P b T AR—F I HRAOICER LT, REERDIEYON
AFT_RATEY T4 —ZETERTVHHOER/EINTVS, ZTOHBMRHEIE LT,
INEHIZFEBL L TV D CYP3A4 (72-75) & MDR1 (37, 76) A3t L7-HEREBELZH LT
BY, BEELRIEMENBEAE T2 LAMONTVS (scheme 3A), EBE, HLHIV I
RREMHIF 72 £ D CYP3A4 R U'MDRI EE 2B AKE LI2BE, £ONAFT_XAFE
U7 4 —ix CYP3A4/MDRI DIHLEAIRCHFERC LIV BT DI LMo TEY, Ky
EBORERTDO—2THD I EBREIN TS, ZhCMZ T, /MEERMERY TOR
ARH L ZO/PHEEN~OHEH S, EROEMRH EPEE F T v AR — 2 —OWHFAIE
RADO—=2& LTIRALNTWS (46, 74), HaENR#MBERD 5L, UDP /vy v o BRERHEE
FRORBEEBERIT/MBICERER LTS ZER, T TXHEINTVHER (75, 76),
INODERIZE>TAELK, IN7 o BRAECHREBRIE KL MM T 2
R—&—& LT, MRP2 XiZ BCRP 2MEHIC LT b5 (scheme 3B), b MIBIZRITS
ABC b7V AR—FZ—DFRE L~ L% RT-PCR THIE L 7= R, MRP2 & ' BCRP i3 MDRI-
(PE~HFAMEOILEMERE L THHEAEH D) LV b, MWEREZRLTWEZZ

EMbY, 202950 ABC MU AR—F —EERHER < (77),

I T, AMETIE, DMEZBWTI LY v U ERE EROEEI G (KO BRI ~DHEHIC
MMQ&UBG@ﬁE@EE%%Té#&%LtUM%CBHéiﬂ%@b?yxﬁ—ﬁ—
OHEHRESY ERAICTM T 27291, 7 bmrp2 ZKE L7 EHBR &, < U X berpl &
KE Lizberpl / v 7T U b~ U RAROKR & 72 2 EFE & RV C/NE in situ HETRFER %
Tolze TAMEEME LT, /B EEMRTI VY o BRASORBRGEHRELZITS

4-methyl-umbelliferone (4MU) & E3040 % FV 7z (scheme 4, ref.78-82),
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/N mrp2 A3, V0 B UBREEORER S R OB R~ DPEtHIC, EoREBET S0
oMZT5HZ L& BRIZ, EHBR RNEE 7 v FO/NBEMEMZ, 4-MU 7213 E3040 %
BUREERCER L., BRETORBYRELNE LCFER, 4-MUG, 4MUS KT}
E-3040-S O efflux rate {3, EHBR X WNEH 7 v FEl T, AELRMEIIBD DN o7 b D
@, E-3040-G O efflux rate 1%, [E% Z v MIH~NEHBRIZEW T, IZFEHITIET LTz (fig.16,
17), F£7z, EBRETH®, /ME_ERMIF D 4AMU 72 5N E3040 ORBEMIREZHIE LT
R, MEMRICEBEZIIRD b o7z (table 7)., Fig.18 ICIETRER COMEINK (=
ANT U R) ZIRLTH, 4MU K TE3040 DRUINE (inflow FORE(LEE L outflow D

REER O H#HEDZE) 12, EHBR RONEE T v FEIOAEZIIRZR D N0 o Tz,

v DR BSOS NEER

/N berpl 3, 77 v L ERAERORBRIE A R DO EERI~ DI, EORERET S
AOMNCTHZEEZEMIZ, 7y Makk, bepl /v 77U P U RXARVIERH < U AD/NE
B %, 4-MU 7213 E3040 % & TofB @R CHENE L 7o, /B LR MR T4 U7z 4-MU-G,

4-MU-S & U E3040-G O efflux rate % outflow FOFRHMBELLEM L, berpl / ¥ 77T
U he U REEE~Y AR THETS Z L1289, bepl OHEHEEH ZRE LTz, Z DREE,

EF~wT R~ berpl / v 27T U h=U BN TiE, 4-MU-G, 4-MU-S KU E3040-G
O efflux rate BAHEFBIMET L7 (Fig.19, 20), FfiZ, 4-MU-Sidberpl /v 7T U h<wU R
? outflow FTITEHRFLUT DO LAV ET, ZOHHAMET LTz, 4-MU-S OHEHIC
xf L, WA REYM TH B E-3040-S i3+ 7 Z/METAER ST, berpl DS DOREIZD
WTIERHIi T & o7, F7o, EBRETH, /MG LEMRAT D 4MU 72 5 TNZ E3040 DR

HBEEARTE LR, WEWHICEEEIRD N7 (table 7)., Fig2l (ZHEDR
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H U ABOFEREITRD N noTe, EHIZ, 4MU 72 b TNZ E3040 DRI Z VT 5
A (CLygpy) %EHE LTz, TORER, BELEWD 30 53 E TD CLypy ITIE, berpl /v 7 7

U U ARVEE~ Y AMTHEERITRD b o7,

HEoE BE

AERMBER L R O U AR —F —1F, BREBERL, 724 Eolke iz /NEE
el HEE T2 2 L0k o T, INREZETIELRALEEBZLONTE 2 (46, 74), AHF
FETI, /INBEERIIZHEBLT 2 ABC h 7 U AR—F—TdH 5 mrp2 & berpl OEREHEAEICE
RESR T, BT UAR—F—IL, 770 BlaGREY, RBRARHDEEEL
THZLPMBNTWD (83, 84), IHIZ, MMV AR—F—Lb, b MMBIZEHESR
LTEY, TORBL L, MDRI LDEWI & mRNA ORIEICLVHALMZINT
W5 (17, ZHUHDEENS, KR mrp2 & berpl 23, /MBIZBT 2 REHOHE
HICEERFRBHEZRZLTHWBE LW RHEEZ T, mp2 & berpl OEERES % EEMICET
3 B0, /WM in situ TETRER 1T o 7=, AEBRIZIE, mrp2 2 XKELIZETLVEMHT
$HDEHBR & berpl / v 7 70 b= AEFNT, ERIED outflow [ZHH S h =7 v v
VAR, RBEAEIIMAT, RELKEERLE, TH-8E EHOHELERIUCK
i} % MDR1 Sk RE ORI DWW T LICEEM L= £ D18, BRI RT 21T 5 Z L1t kY,
WD b T U RAR—F =3, INBIZBWTEERBEBELF L TV 2D EE L7 (85),
EHBR X E#H 7 v & AWEERIZBWT, 4MU-G KU 4MU-S @ outflow FHEEILIZ L
AMERILTH-72Z &b, mp2 X221 b OBREREYOHILEEER~DHEHIZIZE A

FREELARNWZ R, oot i), B3040 FEERAE A TITEEEIR O L)
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S72bDD, N BREREYOPEEIE, EHBR THEIET L, Mmp2 i3£< ®
TN a BEREREEE LTI LB TVDA, /IMETO mp2 HEHHEED EE M
FREICE > TRRD ZEDPTREINTZ, ZORIZOWVT, BEOHEICESEERELREZ,
bhbhOZETOMRT, RIERATH S 1-chloro-2,4-dinitrobenzene (CDNB)%Z 7 » iz
BARNES LA, MBANTERLE mmp2 ORFREE CTH 5 2,4-dinitro-
phenyl-S-glutathione (DNP-SG)D/NFEMEN ~DHEH X, IEH Z » MZH~X EHBR THEIZ
KTTHZLBHALNERST (86), ZD invivo TRIHENT-HARIX, Ussing chamber %
R\ in vitro TORETT, SOICHEND LN TS, Thbb, 7y MEREZERY i
Ussing chamber T, HERHID> & FWERI~0D DNP-SG OEiRtEIE, EHBR IZH~REHE T » b
T2 E@E Do T, o, HEEMA S FWERI~ DNP-SG OFEMEILHF M & Dk L v &<,
Z O—FrtEE%IL, EHBR THKALEZ &5, mrp2 25 DNP-SG Ok (BHEN~DHE
HAE) [CBEELTWDZ ENHLNE R (86),

WZ, berpl /w7 T U R URIBWTIE, Fvs v BRAKKRUHEIEAED efflux
rate HBICBDT DI ERHLMN L2072, FFIZ, BCRP DRGREH THD 4MU-S O
PEHIT (83), MRHERRUTOLV~NVETIEF LA, ZDZ &g, /MEICEWT berpl 235k
RS EROBEEN~OHICBEERREZ R-TILERL TS EEX BN, EHIL,
4MU-G KN E3040-G O efflux rate | ZHE4L, 547D 1, 257D 1ITET LT, Wih
DIENRHH WD mucosa NTOREICITABERERBIIBDONRD 722 &M b, efflux rate
DB, berpl / v 7T U M RALEFEDO< YR EDRINEEDOHEBIZE S HDOTIE
72<, PJEHREAIDOMHBIZE SIS bDLEBEI T, ARFRHERNL, KREMEORIUZB
TIASMR THEEZEIRD bhRn o722, UGT R° ST 22 E0faa RsiEER L e b 7~
AR—F— L OBFBRERMEZTRTZ L BRI,

B, berpl BSEH & 2 D EEMORORINRLEBE M 2T STV B HRHESN TN D,

Jonker ¥, IEHE O~ A|Z berpl E£E TH 5 topotecan 2R O 5- L7284, berpl DIRS)
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ZFAEHITH 5 GF120918 DHFRIZ L T, topotecan DWRULASHEM LT, berpl / v 7 T
F~ U RZEMRE LM P REHBICE S 2L, £/, bapl /v I T7 U bR T
topotecan+GF120918 D& G L =B AT P BREOEFHNR LN o722 L 2 Ry
L7z (87), & HIZ, GF120918 )fH#H 512 & 5 topotecan I i@ EHB DML, mdrl / v
IJT7YURTURATHRHENT, 2O 05, mdrl ([ZA1X T berpl 27L& T topotecan
ORINEET I ETNDZ LARINTNS (87),

¥z, BMHPOREME L L THL TS PhIP (2-amino-1-methyl-6- phenylimidazo[4,5-b]
pyridine) DO NA FT XA TV T 4 —8, berpl /v 7TV b~ ATHWELRHE
nTVD (88), &bHIZ, berpl /v 77U b= AIAFMHICH L TEZEREL 2,
ERT oA FRIZEH LTV 7=/ 24 TEFTIENREINE (89), ZOBRKE, &
Yo s aa 7 4 )VD53EY T & 5 pheophorbide a BSHMANICER S WD Z Lic kv FEx
NAEPMON TV, BARIZH pheophorbide a i berpl DEE THBHHEND, berpl / v
279 b= U ZTIZAEEP O pheophorbide a ZMKIA 2 HHEH T 2 EAMETF LTV B729
2, KK LTRIERES RoTVEHDEEZILNTWVS, ZOLIREEND, /N
BBIZ 81T B berpl 13, BMICEEND & 5 RBHELEMITHT 2 -0 “EABLHEE" L
LTOMEZALTVDILDEZEILNBIZESTVS (89),

S DIZHKIE, berpl DHEFHIERAD, = AT WUIZL DT a RT v THBICX L THEE L o
TWHBIBRHE SN TVD (90), ME3229 I3EERA lIbllla DT ¥ T=RXA FTh?H
ME3227 D= AT NERT 0 KT v 7 ThaN, AT LIZ L ESERENRAE LK
H, NAAT_XAT7EY T 4 —DREZR ORI >T2, T 0 ME3227 DIELEHEHIC
I%, FEIZ berpl BBEE5T5Z &3, Kondou HIZL W#REINT, T4bL, BOkS
%, TATIVETH D ME3229 13/ 5 ERRHIRAPNICRBIT L72tk, IARF LT RT T —
£ (CES) 1T & BECONTMASEEZZT, berpl 12K » TEMBI~DHEHEN D720,

WP HBSNRNWE T ) AT =X LPHALNII SN, BE, 7u K7 v 7hig,
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NRAFTRAZEVT 4 —~WEDERRFIEDO—DOTH LD, AR TRD LN-BE
ERHE L HEE b T o AR—F —OBRRER, EEEIRINSN S ETORBREEET
HZEN, Tu Ry TMEORHMORLEZ DD,

fth 5, BHEHEIZ 31T B berpl DEERE B FIE SN TV 5, T 725, E3040-S % F#RPIIC infusion
BE LIZBE, TOBHEMS VT I A3 berpl / v 7T U U ATESZUTIETT S
TEBRHEINTWD 91, FHERBD, Thx DRETTIE, E3040-S O/NMETOAERKDIHE
RS, MBEERICOWTIEHBECE oo Z b, BE/METOD E3040-S HEHIZD
WCEEERE T D Z LTtk otz

BIfE, BCRP EH LR LMD PK 77— 4 DEAMEBZHATE 201 LE 9D, BEHLLT
DERZFHED SNP ¥ A 7D BCRP DIEREMTAED G TV D (92-94), ZDRITONT
X, BEZL OBEKRBRPED LN TEY, BCRPOVx /) XA TR PKIZEEL D 50 E
I, AEAREICIN TV LD EEZTNS,

BRIZRmE LT, AR TIV/NME TOEDEIUZIIT D mrp2 L berpl DF 5 2 EERIC
P4 U7z, /NBS in situ TEWREBRIC XV, /NBEEMRNTER SN VY o UEBEREEHER
RS ROEEN~OPEIZ berpl NEBETH D Z EBALN Lo, THITKL, /b
% mrp2 X7 V7 v U BRAEEOSERIZES L TWAEERTZ LK, T b DB
i, NBTORANRBBER L F T U AR—F — DO BTN L BMHEHER LB D LB

Z b,
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A Lumen Enterocyte Blood
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| Metabolism
vCYP3A4
B Lumen ~ Enterocyte  Blood

Conjugated
metabolite

!

[1 e ) -

Scheme 3 Synegistical role of drug metabolizing enzyme and efflux transporter in
small intestine
Combination of (A) MDR1 and CYP3A4 and (B) MRP2 and conjugation enzyme reduces oral

bioavailability of drugs in small intestine.
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E3040-S E3040 E3040-G

UGT: UDP-GA glucuronosyl transferase
ST: Sulfotransferase

Scheme 4 Metabolic pathway of 4MU and E3040 by glucuranidase and sulfatase

enzymes in small intestine

58



A 4MU-G B 4MU-S C 4MU

~ 04 -~ 06 50
g % 05 ’g‘ L
£ O 40
3 03 3 <
g 04 £ 20 |
S 2 3
% 0.2 % z; 3 2
e e [
0.1 L
00 — 0.0 0
10 20 30 10 20 30 10 20 30
Time (min) Time (min) Time (min)

Fig.16 Time profile for the efflux rate of 4MU-G and 4MU-S and absorption
clearance of 4MU in EHBR and normal rats.

Small intestinal segments were perfused with medium containing 10 uM 4MU to determine the
outflow concentrations. Panels A and B represent the efflux rate of 4MU-G and 4MU-S and panel
C represents the absorption clearance of 4MU, respectively. Each point and vertical bar represents
the mean + S.E. of three independent determinations. Open and closed bars represent the results in
normal rats and EHBR, respectively. Statistical difference between EHBR and normal rats was

compared by two-sided Student’s #-test with p<0.05 as the limit of significance (*p<0.05).
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Fig.17 Time profile for the efflux of E3040-G and E-3040-S and absorption
clearance of E3040 in EHBR and normal rats.

Small intestinal segments were perfused with medium containing 10 puM E3040 to determine the
outflow concentrations. Panels A and B represent the efflux rate of E3040-G and E3040-S and
panel C represents the absorption clearance of E3040, respectively. Each point and vertical bar
represents the mean + S.E. of three independent determinations. Open and closed bar represent the
results in normal rats and EHBR respectively. Statistical difference between EHBR and normal rats
was compared by two-sided Student’s t-test with p<0.05 as the limit of significance (*p<0.05;
**p<0.01).
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Fig.18 Mass balance of 4MU and E3040 absorption in rat intestinal perfusion

experiments.

Summary of intestinal disposition of 4MU, E3040 and their metabolites.

by subtracting the recovered amount from the input amount.

Absorption was defined
Each data was taken from Figs. 16

and 17. Panel A, 4MU in normal rats; panel B, 4MU in EHBR; panel C, E3040 in normal rats;
panel D, E3040 in EHBR. Statistical difference between Berpl (-/-) mice and normal mice was

compared by two-sided Student’s #-test with p<0.05 as the limit of significance (*p<0.05; **p<0.01).
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Fig.19 Time profile for the efflux rate of 4MU-G and 4MU-S and absorption
clearance of 4MU in Berpl (-/-) mice and normal mice.

Small intestinal segments were perfused with medium containing 10 uM 4MU to determine the
outflow concentrations. Panels A and B represent the efflux rate of 4MU-G and 4MU-S and panel
C represents the absorption clearance of 4MU, respectively. Each point and vertical bar represents
the mean + S.E. of three independent determinations. Open and closed bars represent the results in
normal mice and Bcrpl (-/-), respectively. Statistical difference between Berpl (-/-) and normal
mice was compared by two-sided Student’s #-test with p<0.05 as the limit of significance (*p<0.05;
**p<0.01; ***p<0.001). N.D., Not detected (<20 nM)
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Fig. 20 Time profile for the efflux rate of E3040-G and absorption clearance of
E3040 in Berpl (-/-) and normal mice.

Small intestinal segments were perfused with medium containing 10 uM E3040 to determine the
outflow concentrations. Panel A represents the efflux rate of E3040-G and panel B represents the
absorption clearance of E3040, respectively. Each point and vertical bar represents the mean + S.E.
of three independent determinations. Open and closed bars represent the results in normal mice and
Berpl (-/-) mice respectively. Statistical difference between Berpl (-/-) mice and normal mice was

compared by two-sided Student’s r-test with p<0.05 as the limit of significance (*p<0.05; **p<0.01).
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Fig. 21 Mass balance of 4MU and E3040 absorption in mouse intestinal perfusion
experiments.

Summary of intestinal disposition of 4MU, E3040 and their metabolites. Absorption was defined
by subtracting recovered amount from input amount. Each data was taken from Figs. 19 and 20.
Panel A, 4MU in normal mice; panel B, 4MU in Bcrpl (-/-) mice; panel C, E3040 in normal mice;
panel D, E3040 in Berpl (-/-) mice. Statistical difference between Berpl (~/-) mice and normal
mice was compared by two-sided Student’s t-test with p<0.05 as the limit of significance (*p<0.05;
**p<0.01; ***p<0.001).
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Table 7 Mucosal concentration of glucuronide and sulfate conjugates remaining in
the intestine.

The concentration of glucuronide and sulfate conjugates of 4MU and E3040 remaining in intestine
was determined at the end of experiments. Results are given as the mean + S.E. of three
independent experiments. Statistical difference between Bcrpl (-/-) mice and normal mice or

EHBR and normal rats were compared by two-sided Student’s z-test with p<0.05 as the limit of

significance.
4MU-G 4MU-S E3040-G E3040-S
pmol/g tissue
EHBR 9174263 1.25+0.38 861+£25 2.26+0.44
normal rats 989+363 0.697+0.092 778+47 1.79+0.32
Berpl (+/-) mice 768+149 73.4+£16.1 11419 N.D.
normal mice 751£158 56.5+34.0 90.0+17.0 N.D.

N.D.: Not detected
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S=HFR IO FB
B8 FEYOMBITIEIZRT 5 MDRI BEREDFHIIZ SV T
[3H]Daunomycin (185 GBg/mmol), [3H]digoxin (703 GBg/mmol), [3H]diazepam (3052 GBg/mmol),
’H]dexamethasone (1500 GBg/mmol), [3H]17B estradiol-17B-D-glucuronide (E217BG; 1628
GBg/mmol), [*H]progesterone (5291 GBg/mmol) % U* [*H]verapamil (3145 GBg/mmol)i¥ New
England Nuclear (NEN) X Y B A L 7=, £7-, [’H]Cimetidine (574 GBq/mmol), [’H]cyclosporin A
(259 GBg/mmol) and [*H]vinblastine (411 GBg/mmol)i& Amersham #*&, [’H]Quinidine (740

GBg/mmol)idx ARC X VA L7, FEER(LEWIL Sigma-Aldrich 2> HEEA LT,

BRI X 2 AR MRk 2Bk

LLC-PK1 K O MDRI1 # ¥ LLC-PK1 #fifa@ (LLC-MDR1) /X Dr. Peat Borst (The Netherlands Cancer
Institute) & 0 #fEEZ 72 (95, 96), LLC-MDRI1 #liffaix pFRCMV X2 # —|{Zt ; MDRI
cDNA %28 AL THEL-ST7 XA RRXJ #—pFRCMVMDRI.1 # U VI NV 7 LR
JEIZTLLC-PKI MBI h v 27 =7 v a  LTER Lz, WL 22D a2 a =—% 640nM
@ vincristine T 2~3 @2 ) TH#E L, MHERKD MDR1 § B2 RFERAHEICTHRR L TH
BEL7-, LLC-PK1 XU LLC-MDR1 #MIREDEHEIT 10% FBS, 100U/mL @ penicillin G &
streptomycin % & ¢¢ mdium 199 (Sigma-Aldrich) T, 37°C, 5% CO, ¥ TIiTo7=,
Caco-2 #if2i%, 10% FBS, 100U/mL @ penicillin G & streptomycin, 2mM D 7 /L7 I i,
1%DIELAT I / 8% &1 Dulbecco’s modified eagle medium % VT, 37°C, 5% CO, T
BEELE (97),

AR ERE1T 5 72912, LLC-PK1 R TXLLC-MDRI1 #IIE, 1.4X10° cell/well DA
BETEAMET7 4 V& —[E (3 pm pore size, 0.31 cm2, Falcon culture insert) _EIZ seeding L 7=

(61, 95, 96), Caco-2 HMIL, 3X10* cell/well DAL E THIM T 4 L Z —[E (3 um pore
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size, 0.31 cm2, Falcon culture insert) F-iZ seeding L7z (61), 7Lt~ 4 /L% —JE | T LLC-PK1
K OY LLC-MDR1 #lifa i 38 MR #E EB E C 4 B, Caco-2 MIRRIZIVNTik 21~23 B RIES
#* Lz, FARAWEERITI24 ROFL— R fANWTITolk, FvA rFa—Ta 217
I BINZ, HiRE%Z P HA L PBS T L7z, LLC-PK1 XU LLC-MDRI #if3ix OPTI-MEM
FC, ¥z, Caco-2 MfEi% Hank’s Balanced Salt solution (pH7.4) T 1 Bl /L A V¥ 2 _X—¥
av L, WTNOMELY, apical iz 250puL 3 5 Vi Basal filic 950uL (K- —1fl) o5
A MEEMBEREBRMLT, £ oFax—Ta 2Btk LT, &7 A2 MLAYBREX, K
DEY ThHD,

[*H]cimetidine (37 kBg/mL, 64.5 nM), [*H]cyclosporin A (9.25 kBg/mL, 35.7 nM), ["H]daunomycin
(37 kBg/mL, 200 nM), [*Hldigoxin (37 kBq/mL, 52.6 nM), [*H]diazepam (37 kBg/mL, 12.1 nM),
[*H]dexamethasone (37 kBq/mL, 24.7 nM), [’H]JE217BG (37 kBg/mL, 22.7 nM), [*H]progesterone
(37 kBq/mL, 7 nM), [’H]quinidine (37 kBq/mL, 50 nM), [*H]verapamil (37 kBg/mL, 11.8 nM),
[*H]vinblastine (9.25 kBq/mL, 22.5 nM) % T} loperamide (FEAZ{E, 1 uM)

IR Z EE LIt AmEE RO B 72912, LLC-PKI XTLLC-MDR1 #IfETIX 1, 2 RO
4 BEfI#1Z, Caco-2 MR TIL 1 RON2 BRIIC L o —_—ll (72 MLEMEER S
FT—RIDOR A 100puL 2 Z IR L7z, SERELZHMH O 72912, 4B DOV 7Y v T4
i¥ medium 100uL %, FF—RIZHM L7, RI (radio isotope) Eik X N7/=7 A MELEMH DS
B, 4mL QK o FL—F—% Mz, BIEFrv—a vy —2RAVTHREEE
BEZRE LT,

%72, RIFEEZEF loperamide (2O Tik LC-MSMS THRIE L7z, 37245, loperamide 3%}
Zix, NEREHEME (IS) & LT haloperidol Z¥sMM L, BB 7 & (OASIS HLB) 2
£V, LC-MSMS HIEDRTAB AT 572, HPLC IZ L D 0BEICIX, B 7 A4 F—ho
ODS-3 (4.6mm IDX150mm L) %MV e, F£7-, BEBITIL, 0.1%FEEKERKE A5 ) —

ZRWT, WM 5545 DT TV = v MEETHEB L, BEHEOFRET 0.5mL/min,
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ZLREE 40CL Lz, =V 27 hrr A7 L—A 41k (BSI ) 12X ofrdsws
A A kL (positive ion), loperamide I% m/z 477.2—265.7 Dfi#Z4%, haloperidol 1% 376.0—
1644 ODFFREZE=FZ—L (SRM HIFE), /n~ /7 2%8, RERIVERETO
loperamide JREEZ E& L 7=,
PS(permeability-surface area) product (XA FDOR L W HE L=,
PS product=A/t/Cy

ZITt ARG, A vFa—a ViR, MIREAHZY OF 2 MeAwERE,
RF—RIZHML 72T 2 MEEYDBIRE & ThENEE LTz, £72, fluxratio ZLL T D
XoCER L,

R PSb-to—a
flux ratio = ———
a—-to-b

Z T T, PSuior X TN PSpioa I, apical to basal 5D PS product & basal to apical 56 ®D PS
product #& L T\ 5,
LLC-PK1 KX U' LLC-MDRI1 #lfa % fv 7= AR EBIC BV TiE, & BIT corrected flux

ratio 3R D7,

flux ratio in LLC — MDRI1 cells
flux ratio in LLC — PK1 cells

corrected flux ratio =

ATP K5 iR 5k
ABC b7V RAR—HF —%, ATP MK R (ATP—ADP+Pi) & EE@ENLE L TWA I L
Mo, &7 2 MEEWN ATP KSR EZRE L-BE, BEE LTEXEns 2 &2

B R LTV, A TIE, MDRI @ik lin—FiEL LT, ATP KRS FRIEEER
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%t b MDRI1 %83 B B Hifid #1 3k plasma membrane (BD Gentest & 0 BEA) Z AW TS L7Z

(98, 99), 60 uL DRSS, plasma membrane 27 A MUEMTEIET, FEHEETOmSEM
TA F aX— b LT, RISEDOHERLIL, 50 mM 2-morpholinoethanesulfonic acid, 50 mM KCl,
2 mM dithiothreitol, 2 mM ethyleneglycol bis(2-aminoethy! ether)-tetraacetic acid , 2 mM Tris HCI
B OS5 mMNaN; (pH7.4) & LTz, 557 LA ¥ a~_— 5> L=, MgATP ¥ 20 uL
EHMURIG & BASh LTz, MgATP OBMREL 4mM & L7z, 20 5ffA o Fa—a
L7, 30puL @ 10% SDS &Mz, KiGEEIE LT, ZORISEAWIZ, 1.3% sulfuric acid,
0.2% ammonium molybdate, 2.3% trichloroacetic acid and 1% ascorbic acid % & $e¥A#R 180 uL %
mz, BIh-E#) VBORERIEET T, ZORIEER 96 <A 7 a7/ L— hTIT
W, ZL— Y —F—IZTREZ BIE L7z, Plasma membrane &7 R MLEBMIDA F =
~—3 3 % vanadate FAE T, FEFFAE T TITVY, vanadate JEFFTE FIZI1F 5 ATP MK5F
{&MED>© vanadate TF1E TIZ351F 5 ATP MK 53 fifiEME % 2 L 51V T, vanadate sensitive 72 ATP

ARG FRTENE 2 RO 72,

EE<UAR G mdrla/lb / v 77U b~ A% AWML EZR

AERITHENEERE < 7 X (23-28g, Taconic farm) X X mdrla/lb / v 7 7 7 b= X (23-28g,
Taconic farm) %Mz, AEBRITBEEORE & RERIZIT>7 (95, 96, 100), T 72D,
RI #&# &N 727 2 b 1k4& % {’Hldaunomycin (2 kBq (177 pmol) /g body weight),
[*H]progesterone (2 kBq (351 pmol) /g body weight) and [*H]diazepam (3 kBq (318 pmol) /g body
weight)} 1 IV 5 AR B K CIAMR L(5 pL/g body weight), BFIRE Y X Z 5 BRI CHEIRMIZ
BE L, 5L, =—7 VBT TiTo/, BRELTHH305%, =7 VHERT, &l
KERE D 2 EEHE Lz, ~Y VOB LU0, 2mEEOoo8 L CRIRL, #
W U7-hgkss (4, AF, &) XEEEZHEL, FBREAKTREYRX— b L7z, M5 (50 uL)

BROEFRESR—F Q00pL) IZv v FlL—F— (N A=y 7 7a—) 10mL #MZ, &
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Ko FlL—ar iy 2 —I2TC, BEEEZRIE Lz, REMEDOEIEIE, daunomycin
DA X HPLC (# k) C, ¥ 72, diazepam & O progesterone DiF4 1 TLC TH#T L7z,
A TP RE L, REEDOEREDHEH L7-, Daunomycin D E &I, Inertsil C8 (4.6
mm IDX150 mm L)Z W27 IV 2 FREBETTIT o7, 77V FEHIZELTO®@Y
EL, TEF=FIUNLEE25%(0min) — 40 % (20 min), Z D & TH#EX, ImL/min &
L7-, BEMBIZIE, 10 mMEEET =y a7 b= MY LVEHAWE, BEIFEEZ 1 52
LIZED, BETRER % HIE L 7=, Diazepam ® TLC &HIZLL T O Y & L7- (101), 5X20 cm
®D TLC 7L — | (Merck 5714) % hexane: chloroform: ethanol: acetic acid (10:10:1:1)2>5 72 5
RBRVAHECREBA L7, Progesterone & [RIERIZ, 5X20cm @ TLC 7L — bk (Merck 5714) %,
cyclohexane : ethyl acetate (2 : DI TR L, 4347 L 7=, RI FEAE{E & D co-cheromatography
kY, REMMEDA FERE LT, TOESZHIVERD, YU AFAVPIZEEND K
HEERL, WAV FL—yarhv s ZF—cTRIE LT,

< U AR EAR L PR B AR B R B 3 D mdr] O#EHERE L E RISl T 535

A—H—L LT, UTORIZESE Kp,brain K7z,

. the brain — to — plasma concentration ratio in mdrl(—/—)mice
Kpbrain ratio =

the brain — to — plasma concentration ratio in normal mice

EBiC, BEOHENS S, Kp,brainratio Z LRI I W EH L,

HA—PTFTIFT T T 4— (ARG) DIERL

ATEICE# L7- & 9 IZ[*H]daunomycin (18.5 kBq (0.1 nmol)/g body weight), ["H]progesterone
(18.5 kBq (3.5 pmol)/g body weight) and [*H]diazepam (18.5 kBq (6.1 pmol)/g body weight) % ik
W51 30 3 CHREBMEZ = — T VIR TREFE ST, NV AU TRIELER, BERDT
fLFH % 5% sodium carboxymethyl cellulose (CMC-Na) T/ L7z, KIATAZX—=T& k
v (-70°C) TT v bEREML, BIRORLARBERELL, 61T, I/ b—LRAT—

LD 5% CMC-Na iCEEL, FIATAZA—-TE b (=70°C) THE®FKL,
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Cryomicrotome (PMV 450 MP, LKB)% Fi\VNT, 35 um DEZ TR ZFAB L, #ET—7IZ
[EE L7z (No. 810, Sumitomo 3M)f%, #9-25°C CHRAERLME L7, HEHKARNT, 9% 4
AfA A= T = b eI, A A=V 7T L— b EOMETEA A — 1T
AFAA=TTFF74%— (BAS2000, ELEEHT A VL) THARY, T4V /4

7( b‘:‘/‘%ﬁzﬁi L/T:o
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