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ABC ATP binding cassette

AP Apical

BCRP Breast cancer resistance protein

BL Basal

BSA Bovine serum albumin

CE-TOFMS Capillary electrophoresis time-of-flight mass spectrometry
CSA D-Camphol-10-sulfonic acid

CYP Cytochrome P450

DMEM Dulbecco’s modified Eagle’s medium
DMSO Dimethyl sulfoxide

EGFR Epidermal growth factor receptor

ER Efflux ratio

FBS Fetal bovine serum

Hdc Histidine decarboxylase

Hnmt Histamine N-methyltransferase

HPLC High performance liquid chromatography
Ifn-y Interferon ganmma

Kp ELRE - . A% ] o i

Kps <Pz -EL R [ A Bl bl

LC/MS/MS Liquid chromatography - tandem mass spectrometry
Mao Monoamine oxidase

MDR1 Multidrug resistance protein 1

MES 2-Morpholinoethanesulfonate

MRP Multidrug resistance associated protein
N.D. Not detected

OCT Organic cation transporter

OCTN Carnitine/organic cation transporter
Papp FmERI

PDMS poly-dimethylsiloxane

PEPT Oligopeptide transporter

P-gp P-glycoprotein

Rho Rhodamine

RT-PCR Real time polymerase chain reaction
S.E.M. Standard error of the mean

SGLT2 Sodium glucose co-transporter 2
URAT1 Urate transporter

36B4 Acidic ribosomal phosphoprotein PO
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BIE  Fram

R I XA ARDAD DK 53 7B OGN DD D B D13 N B W B J OVE BRI
ANUTELUTHEREL | AR DR T MHEHERFZ 1> D (Proksch et al., 2008), £7-. %
I DORmMMNORERLL, B OB THLERD 3 5720, RIS OICEF RN
OB E ., FERLE A RE R OSLEE O 4 BT ens (Fig. 1), ZOW, B
SETHLABEEL. MEZ LI 7T /A b2 O JE P& MR IR B 379 @ T
B, L EOYPLRI YT 25TV (Elias, 1983; Madison et al., 1987), ZD7= .,
P JE ORGHE T LR D ORI K 7TV VT DRFRR AN EGIEEIL
TR — MR SR SCH R IEDRIE K 725 (Ghadially et al., 1995; Palmer et al.,
2006; Nomura et al., 2008; Danby et al., 2016), F7=. f4&EDOWERR NI T IXAERD
TR PEHERFICIRS T, P ORI IUZ BN TH RERBEREIC/R D285 R
Itz B R E L TTAVE TICAR % 724 B O Wi i e dE Bl 23 B S
% (Schoellhammer et al., 2014), —75, &K DO FEIEE IZITFEM AR BEE T CFEY
FUARN—Z— DR BRI T, WEHI AU TITINZ T, ENOHERR T D4
WU T HIEET D (Baron et al., 2001; Schiffer et al., 2003; Ahmad et al., 2004; Li
et al., 2005; Svensson, 2009; Heise et al., 2010), D7, Dz NEHEC R E D
TR MERERHIRTL T A YT L B SU T 3 i 28I B 5L T D RTREMEDS
DN, MU T ORI TSI TR,
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Fig. 1 The structure of skin.

REOMIasME 2 ABC M7 AR —&—Tdb 2% P-gp J O' BCRP 1L, LK/
B, /NG P72 & DI IZREBLL | Bk REE L OENIEBZHEL ThD
(Maliepaard et al., 2001; Marzolini et al., 2004; Mao et al., 2015), — 5. &2\ T
%, P-gp T BCRP (Z~TVAK NIRRT TF /P ANMIFHEELTSH (Sleeman et al.,
2000; Baron et al., 2001; Triel et al., 2004; Yano et al., 2005) &2, P-gp IZENE &
FARRIZ B W TR LB E D RE B B IR BIL T\ % (Skazik et al., 2011),
EBIT, P-gp DIE THS Rhol23 K 1 itraconazole %% f $% 5-1% D B & i B2 1%
AR (wild-type) <~ AIZEEART P-gp /77 Uk (Mdrla/lb”) ~T AT T 55
ZEb, P-gp R 5% DOIE D REBATIZRE G- T 52D RSN TS (lto et
al., 2008), £7-. Li 5i% MRP1 73 fluo3 & U grepafloxacin @ FZ J&/HDPEIZZ 5-
T2Z&% (Li et al, 2005), Heise HIZERNKE 7 T7F /4 A MZEBWT, MRPs A3
eugenol 72 E DT LIV LR AT uA RALE L ORI EH I 54528 (Heise et
al., 2010) Z#EL TEY, HEx RIT AR —F =Y ORI 5T 2 2L
DIRREI TG, Ll WO bR B 5-1% D BN A1 O Z DFRAT0, H
BlE S AR O D\ T BRI 2 DO 2B R ARAT THY . THHD T AR =S — 73



in vivo CIEE ORI FAE T BT DN/ o TR, 22T, H2E LD
5 3 mTIE, BF LS OlERE TEY ORNEYEIZ )T 2B 523 b BT/ - T
BY, KIEICHIEELT S P-gp KLU BCRP IZHFHL, Wb AR —H— N EE DR
AN ST T 5B A it Uiz, £7°, 55 2 = TlE P-gp & BCRP 28 MR L oD% Sz Wt
A RIT T B AN T 5728, wild-type, Mdrla/lb” } O P-gp/BCRP /277
7k (Mdrla/ib/Berp™) ~w A% T, Rho123 @ in vivo f% 7 #& 5 EBREITV, K
J& M OV PR PE A R L 72, FT, T AR —Z — %I LT 5 W IR A % 75 42
THD EGREEZITO, vV A RPN EIZBIT DI N AR —2 — O FBLE
MEMRFI LT, BT, W7 AR —2 — O EARZH W in vivo #R & 535 %
FhaL ., HE O RN RERIIEG AT, 5 3 B TIL, AMHIEORE BRI K2
P-gp &% O BCRP ORI L-ZHIBMNIZT 578, 7ThE — P RER O 1 BFIELELCfE
S AT aARIZ OV T, wild-type &Y Mdrla/lb/Berp” -~ A%z M\ 7= in
Vivo % HE 1 - SR B OV B FEBRAA TV, R e S ) O IC 1T D AT 1
ARD R NEhEZFHIL 72, F72. P-gp X Y BCRP (ZL28MNHAT 1A ROk 2 ffe 78
FT578, BT AR — 42— 072 T 5 BUHL A AR A i 8 S2 R, F2htE L 72,
NI AR = —TFY D 77253 WRMEO A IEMY B OEbHE N, Z0
R ST ARIR PN IR EE 2 HAE 5 28 T AARDIEFEHEHERFIZTF 5L C\D, D7,
—HRDRT AR =2 — 2O TIIRERE R F LR B LD BRDHI O > TD,
Bl Z1E, BCRP [3{HALE 2B W TRIED P 24> TWD T | TOREREIR T i3
PRERMLSE DFIEIRA D 1 HEE 2 5N TV (Ichida et al., 2012), %£7-. OCTN2 %
NENAERAREH DO WZE Sy 1 Cob N =F > OMIENEIA B A T2 | Z DR
BTGV =F U RZIEEZG|ZEIT (Nezu et al., 1999), IHI1Z, —HFRORZE



REICBWTHI VAR —=F — O EER T EOBH 3G ST, Bl AR
ABCA12 [IENKZTTF /P AMIHBL TIEE OMISM 3 W B 53273, 8ot
PERZ R 8 T D IE L AR S iE O FBE D% <13, ABCAL2 DFEREIR FIZ2723%
EREZFL TS (Akiyama et al., 2005), D7, ABCAL2 OEEREIX T I3aE (kAT
PRABHEOFIEIR A O 1 DEHEZRESI TS, FEFRIC, ABCAL2 /7T TR A3
B2 R D A Lo A7 LB AL Rl AR S e | 0L 7 2 IR A %6 iE 7% (Yanagi et al.,
2008), ¥7-. BCRP /v77 7k (Berp) ~v AL wild-type =7 AIZHA~T, HEME:
Y& Té% pheophorbide a (253222358 NL THY ., pheophorbide a D% H %
e AR BOE (2L 72 K RS R EIR &2 T (Jonker et al., 2002), &5 I2H T
Chang 5% Berp~T ADAUGHENL TIX 7 7T /A D LCHEE MK F L, Al
DIRB RN ENDZ L2 HEL C5 (Chang et al., 2016), LA EDIHIZ, hF AR —%
—I I EIT B THIE R RIS A 5L, T OMRE R IR R B D7e 35 AT HE
PER BB, LU, P-gp IC W Tl 5B RIS T B DM 25 TE DT,
F72 BCRPIZOWTHAMGIR LIS O RBIZ B T DB HNIMHS L TR, £Z T,
55 4 FCIEL P-gp & U BCRP OBEREAR 23 B2 R BT MU § 5 A IO $ 57
O, KRR RERBETHLT N — MR ERICEU LR EREFHETD
oxazolone % wild-type X O Mdrla/lb/Berp” <~ A KAE AT L. &2 DHERS Je Y
HIEE R R LT, o, R TV AR —2 =S G R 5T DA = X BE S
(29572, oxazolone LE AT 4 D i~ A0 R K ONLEEE VT, AZ R — 24
T 2 I L7z, IRIZ, P-gp M OY BCRP Z2E F HifE % H\ 7= histamine OHifaN
DA A FEERE T T 512, oxazolone K BAI% O~ T AL EIZHBITD
histamine =& R M OSSR OB s T B B 27l L7z, H&1%!Z. oxazolone &3 Af



BOSTARAE G ITINA T, 7 e — MR 28 M O D A& B2 36155 P-gp
K OF BCRP Oiifn 3Bl b AT L7,

AWFFRNE, BE DR BRI S OB 2%t P-gp & BCRP D& FI DR 2
ARYELT, Y OREWITIZ N ETHAEEOFE D i KDOMERELE 2 b TETZ
7th, N7 AR =2 —DRAEIIZ 2L TELT | MU RSV TRHIIE L T&
7= (Mitragotri et al., 2011), L2>L., FZJEIZIBWTH invitro TlXh 7o AR —&— 3 &
B DR 25180 B I Db OHE N B 595 2 LRSI, F DR BRI
(X B E A RIBELTCUWS (L etal., 2005; Ito et al., 2008; Heise et al., 2010), %
7=, P-gp K U¥ BCRP |3k % 232 L L TRl 280D, iR N8 TIx T
NOZAERNZ LT AR ENRE IS 3~ B 40TV % (Yamagata et al., 2007; Callaghan
etal., 2014), ZD7= in vivo TOREERIIZxET 5 P-gp & BCRP DAHI DRI,
S HEEALBE S 12351 2% B2 WA 0D BE 722 2 8 BH Je OV DRI D72 3% A H
IR LA B2 B RTREMED D, FTUTAE, mIREEIMSE (Ichida et al., 2012) o4&
V=T R ZHE (Nezu et al., 1999) DIAIThT L AR —4—DOFHE R L ORI
ISHABINE RS TR B HRESILTEY, KIEIZBWTHIN AR —Z — O RE R
DR BDOFIEIZ D72 N DATREMER S D, LT2h > T, ABFFEIC I R B E Y
VAR—Z—EDORRRPIRASNAZEIZXY, SRR T DIMIEHR I A
HEPELNLZERIIFFESND,



Fom  BRIEEOREWRINIZHR$S P-gp XU BCRP D&
BROFNOEERE U EE DR NEIRED#I#H

E1E S

FW DR P GITE A DO ISS TN A &5 K 2O TR ETHL L,
Al A [FE CEHZ e SOITITM IR EDHERF R FTRE ThHZ L N
B HRFARN B G RT Bk A 2 A M LT (Prausnitz et al., 2008), %
DI 1R G-I R F IR BTS2 RETAN D H e b 2 HEM 2145
EIMITIBNTHA AR EREEL TERSN TN, Ll BB IZAEENHD
KRG EHEN TS D B OIRANZ PR K OV SUT LU CTHRE S 57
D FRY) ORI /LT K& 72 FERE (2725 (Proksch et al., 2008), F£7=. K&
D) ST &G IS g DA E JE 35> TN D72 AEE OB S U T D
El#EZ HIEL T, 2N ETITR 2 2R R RINAEE TSRS TWD
(Schoellhnammer et al., 2014), — /7. G IR HELE LY R T L AR —H—
MFBIL , ZNODER T DA H47/E9 % (Baron et al., 2001; Schiffer et
al., 2003; Ahmad et al., 2004; Li et al., 2005; Svensson, 2009; Heise et al., 2010), < ®
72D | FM DRI L T, BRI AU T O B2 B AW ) T8 B 545 7]
REVED D705, AR/ SU T DRI A3 (RIS L TURY Y,

ST L AR — 2 —"T% P-gp J N BCRP I MM BE . /NG, IFHs-C i 7n L
Bk % 7ol gl C R BLL | 2 < DIEF S OENENREIZES 5-L T % (Maliepaard et al.,
2001; Marzolini et al., 2004; Mao et al., 2015), —J5. P-gp & O' BCRP 3R &2 36
HLL Tu% (Sleeman et al., 2000; Baron et al., 2001; Triel et al., 2004; Yano et al.,
2005; Skazik et al., 2011), 512, Ito HiX P-gp DHEE TH D Rhol23 K Nitraconazole

Aok e ¥ 545 0D i & TP B 13 willd-type <7 AIZ LT, Mdrla/lb = A TR T4



HILERL, P-gp PR G % DOIE DR EBATICE B3 5252 ®ELTWD
(Ito et al., 2008), F7-. Berp” <~ A TiL wild-type =7 A2 T, HHEHITH D
pheophorbide a (Zxf 32 MEDHINL . ARV 7 U LAEIZERINL 72 B & O SE#km i
JEZFIAETDHIENHHI TS (Jonker et al., 2002), LA, P-gp (2 2W TR F
Beb5-1% D N O B DFRHTTHY . BCRPIZ-DW Tl in vivo TRYE DFREWRIIC
BIFHEENIBH O o TORW, 20728, P-gp 2 TN BCRP D 2 &8T5 8
RN T D FF G-AB DT T HZLIFEE TH D, FFIM N AR —HF —|%
JRODIEE R M Z AT 22800, £ D X725 RITAM I fh O BRI
FAL T, BB A LR DA RN & 5,
INECTICAEEOBZMANET D70 RRERIREH], =L 7R —ig

YRAF R T H =R E B2 R BRI E B A AP E STV D
(Prausnitz et al., 2008; Kumar et al., 2012), L2>L, 26D HEHMFIIWT L AE RO
B (R R AL S - HIT THY . A E G231 % 0 FA) 0 B N B R 2 Hil4E 92 Bty
IRRESTSIL TR, — 057 BEHREITIR, KRBT TSI /2L |
JENOREETBNAIR 2 A T DREBIFET D, Z DT | BUE OB EFBNL IR
IR RIEBAMTIE, SH7e DN DFf i KA, BIVEH O EZ T REIC 54 M
7R NENREHIENE ISR D ZE I S D, SHIT, P-gp KUY BCRP [EliE AV E R
WMEZ AL TNDIE, SHITHE TORIAPHER SN TND LD, TNHLDOIKRE
T3 52T FEM O S NETREZ HilE TE D W REME AN IR S LD,

ZZTATETIL, P-gp L TYBCRP 23 in vivo THVE DS R IIZ KIE 4 52841
OMITTDHEEBIT, MFT AR —Z —ORERERIEN L2 5E oD Bz Bl RE #1457

leo T T AR—=Z = NIEE ORI KT B2 i il 35720
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wild-type =7 A, Mdrla/lb’~17 A}z TX Mdrla/1b/Berp”~17 A2 Rho123 D#F FZ 5 5-
Ko VR B R ZAT VN B8 K OVl A Hp R B8 & 3R i L 72, PF 2 T Ussing-type
chamber Z 7z in vitro S 2 2R H1TV Y, wild-type KUY Mdrla/lb/Berp~™
AlZF1T% Rho123 D Rz M IEZ AN LTz, F7o, vV AR MG D505 et %
T, MhT VAR = = ORI B RELIZ, SHIChT AR =2 — DL EFAZ

T\ Rho123 Zift B2 # G- oD Bz N B REIEI G el 2 7
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F28 ERGIE
2-2-1. BRI
Rho123 K ¢ inulin (X Wako Pure Chemical Industries (Osaka, Japan) ¥ .

itraconazole (& LKT Laboratories Inc. (St. Paul, MN) J£Y., Rho6G % Tokyo Chemical
Industry (Tokyo, Japan) JVZ#E Ui AL7z, L mouse/human P-gp RV a—F /L
PR (clone; C19) K Ot mouse CD31 ARUZm—F/LFifA (clone; M-20) & Santa
Cruz Biotechnology Inc. (Santa Cruz, CA) £V, it mouse/human BCRP & /71—
JVFLIR (clone; BXP-53) |3 Thermo Fisher Scientific Inc. (Malvern, PA) LV, #t
human CD31 € /72— /L4L{K (clone; JC/70A) % Dako Inc. (Carpinteria, CA) 0.
Pt human keratin5 7RY Z7a—JF /LK (clone; Poly19055) % UMt human keratin10 78
V7ua—FLHuR (clone; Poly19054) & Covance Inc. (Princeton, NJ) JVZiZ FUE

AUTz, ZDOMOFREI LI TRz v,

2-2-2. EEBREW

FVB/NJcl 7 A (wild-type, ZE:, 7~9 ¥ w) 1L CLEA Japan Inc. (Tokyo, Japan)
&0, Mdrla/1b” . O Mdrla/lb/Berp” -~ A (K, 7~9 1 #n) 1% Taconic Biosciences
Inc. (Hudson, NY) JOEALT, Bi3EER CRIEL, KX ORI A BB
L7z, TRTOEHYERIT~ VRS K @R KT O FERFGEHIE-T

L7z,

2-2-3. < ADEE

In vivo &5z $% 5-328k J 8 Ussing-type chamber 1:125% 1 &% i ZEREHCIL, 3
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BRBALE 72 KERNIC Y U ADBRBEIT ST, XU MLV E X — )L F N T L (V)R
Fou, HALHIEK 64.8 mg/mL) Dz T HG- (1.3 ul/g weight) ([ZLD M T C, 19
M3V (HAIR CLIPPER MODEL 6000AD, THRIVE, Osaka, Japan) % v C, {&
FERELZ, HiW T, BREZV—L (T REZV—A E, IR R—LT7 04
7Y RERIZED, 5 BRI AK THWILTZ, £ D%, FFE, BREBEZY — L& K5

\ZEBY ., 2 3B IIRK TRV L, (KB A 2RI E LT,

2-2-4. Invivo R &5 £k

R B 5-FEERIT Ito DO 1EESEZHE LT (Ito et al., 2008), ¥ =F /)L =—7F
JUI AR T Tt ms—7 (Nichiban Co. Ltd., Tokyo, Japan) & HU\T, =7 2D
e R2 I D 4 ' Jg & B 72, Rho123 3% (0.4 mg/mL) X% Rhol23/itraconazole &
% (ENZ 0.4 mg/mL & T8 1 mmol/L) 100 pL &Y FiA F87-/3F (EAE 16 mm,
Torii Pharmaceutical Co. Ltd., Tokyo, Japan) % /il @i 1 KA, 2 kb=
TANRT &7, 728, #51% Rho123 & O itraconazole %1241 DMSO
(LTt AP AHE KA VT 100 5 A IRL CRRELL 72, #¢5-4% 6 IRFfElic s —F
N =T VRN R T CTRERIRED .~/ U B 2 O TR % | 3 O
(1500 X g, 10 min, 4°C) L CIMEEEREL 7z, Bk, 70% % /— /a5 £87-
TAvY 2 TGN DR EZARE | BE AT, R OEEH Rhol23 JREE
ORI IZ1E, Surber HD I 1EZZEIZ TRENL TP E 23K B OEL BT 7 BEL
7= (Surber et al., 1990), £ 7= JE AT /L IAA /L TELIx, 55°C IIRDT=H T AL ¥
—L T 1 A TE#%, 186G O EZ AW TRER T LA ZZE LD, RLAEIL
2o Fio, REEUE ORI ZE LU TR L 72, BREL7Z3BHT T T brieE
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T-30°C TIRA1FELT=,

2-2-5. Ussing-type chamber {E125% & %10 EBR

R g BRI Ito LD H1EES B2 HELTZ (Ito et al., 2007), Er7—7"Z
T~UADNEE L O E JE 2 FIBE% . BE AR L=, B2 1T ice-cold HBSS
(PH 7.4) THEYFL | Ussing-type chamber (B %hiZimmfE: 0.766 cm?) (A T4,
donor ffiliZ 37°C THE L 72 Rho123/inulin J&#X (412 410.5 umol/L }2 U810 mg/mL;
HBSS, pH 7.4) #%. receptor MIiZi% 37°C THMEL 7= HBSS (pH 7.4) #Zn <1 1.2
mL 3 OWRINL T B2 BAA LT, Zeds, WL 18l D25t 2 R AR U 72 BR 1322 B AR
7% donor fNZ . HEHETT 1R 0> i 2 A U 72 1 B2 T #EASARIZS donor RNIZ 725 D1
J&% chamber |Z#A 72, F7-. Rho123 O FZ ) i P BRI B\ W\ T, AN
itraconazole (10 pmol/L) ZHAMNLTz, 7235, 22t F2 6k 113 donor il Kz UF receptor {fi]
BIZENTI O HAZER LT, FERBHAGT 5, 30, 60, 120, 180 & TUF 240 771
receptor A/ SHFREHANR 300 uL ZEREL ., 37°C (ZHIE L 7= HBSS (pH 7.4) % [a] &4
FeLTz, BB 72 3UBHAIR I X /0 AT RE S C-30°C THRAF L 7=, Rho123 & OV inulin O i1
B3 (Wl/em?) X BB ZEE (pmollem? XIE mglem?) & £ G-k o 4] 1A g

(umol/L X% mg/mL) TERLCHEHLZ,
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(Hanks’ Balanced salt solution (HBSS, pH 7.4))

NaCl 136.7 mmol/L
KCI 5.36 mmol/L
KH2PO4 0.441 mmol/L
D-Glucose 25 mmol/L
CaClz-2H,0 0.952 mmol/L
MgSQO4+ 7H,0 0.812 mmol/L
Na;HPO4-12H20 0.385 mmol/L
HEPES 10 mmol/L
NaHCOs 4.17 mmol/L

2-2-6. In vivo BEARMN EHRIEAEER

Rho123 ¥ (7.6 mg/mL) % 40 pmol/min (2T~ 7 ASHFFAR & 0 FARNIER G- L
2o HEIRIE Rhol23 & APRAEAKIZEME L TR L7z, BRIRNE 5B 30,
60, 120, 150, 180 K& T 210 Z3IZ B FRNR KV ~/SUALER S B A FHVCERIML
0 (1500 X g, 10 min, 4°C) L CIAEZERIRL 72, E7z, BRI 210 43 TIEER
Mm%, B O &2 ERE L7z, B L 72 3BH I3~ CToofrie £ C-30°C THRAF L
72. Rhol123 @ K, (3451 T Rho123 IR B & FHIRIN AR G- 120 43726 210 43123

T % A R TR L TR L,

2-2-7. 3khd Rho123 IR EEHIE

Igbal 5D J7{E%EZEIZL T, L FOFIETHREN Rhol23 REZEEL7- (Igbal

et al., 2005),
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2-2-7-1. FZJEARRR B OV D RITALER

F &R L O Z B AR E R, 10 M5 (wiv) OFEIH, 1/100 M & (wiv) O
HBSS (pH 7.4) K O\WNAE#EM)'E (10 pmol/L Rho6G) &% L-ENIRINLTZ, K
mETIESHEHWTHE 2%, RV AT A% — (T-10 basic
ULTRA-TURRAX, IKA, Staufen, Germany) CHEFEL . 1.0 (12000 g, 10 min,
4°C) LCkyF 20 uL BN 7=, BN L7 E3E IS EFE 80 uL 23U C 1 43 R
P2, BERERICE LU, 115 20 pL 2[RI L7, IR U7 EIE I3 EAE T 10 54

R#% . HPLC 73 #rizfit L=,

2-2-7-2. I¥E % N receptor BB RITALER

1 3E L X O receptor #EF 10 pL (2 HBSS (pH 7.4) 10 pL A O* 1 umol/L Rho6G
VAR 5 UL Z s nt% ., BEBR =L 900 puL & 1-7' 4 /—/ 1 100 uL 2L 7=, sikHT 1
Gy % . 0 (12000X g, 10 min, 4°C) L., AHfEARINL 7=, AHEIET/ R

L —&—% M\ T 50°C CHZ[E % . BEIFEIZFRAEL T HPLC 7o dTicfitL 7=,

2-2-7-3. HPLC BIE %4tk

Instrument: LC-10A series (Shimadzu Corporation, Kyoto, Japan)

Column: COSMOSIL 5C1s-AR-II

(5 um, 4.6 mm x 150 mm; Nacalai Tesque Inc., Kyoto, Japan)

Mobile Phase: 20 mmol/L sodium acetate (pH 4.0) : 1.5 mmol/L tetra butylammonium
bromide): methanol = 2:3:15 (v/v/v)

Fluorescent Detection: 498 nm/525 nm (excitation/emission)

16



Flow Rate: 1 mL/min

Column Temperature: 40°C

2-2-8. Receptor BB inulin BEDEE

Frier 50 5 1E%&5E (2t ik% VW CE & L7z (Frier et al., 1969), Receptor ik}
25 UL % 96 SN — NI ED | HEEET AT AL LE%IEWE 5 Pl 70%Hilz 0.15 mL Jz OY
0.12% 71 )L/ — )L & ) — VIR 5 UL ZEE VN IRFIL 72, 590 C 2 REfH

HE L B E 560 nm O EARIE LT,

2-2-9. < VAROErEBIZEITS P-gp XU BCRP DRt

5 Bl N DE N E 1T~ VAR St R O IR K PO Ma B E B & OB A 15
T, HAB W9t 4#% (Human and Animal Bridge Research Organization; Chiba, Japan)
JOAF LT, v~ AR O eMNEFEIZX OCT Compound (Sakura Finetek, Tokyo, Japan)
(el IRIRE TR U TR O A 2 F L 72, =V AR e oW iz
Z1 8 um KT 40 pm DJESIZHEYIL, Morita 5D i iEA25%(12, |IE T2 /) —)L
MUER (30 min) KON BRALER (1 min) 24TV AFARHTAICEELT (Morita
etal., 2003), P-gp /£ BCRP & CD31 DL YL REIZIZ T my X 7 H|EL T, v AR
JE DI R TIL 1% BSAPBS ik, BN E DO #EYIE] /Tl PVDF Blocking
Reagent for Can Get Signal (Toyobo Co. Ltd., Osaka, Japan) Zf#fHL7=, W hb 7
2y 7 AlZRINL TEIR T 16 DRFFHER, 1 RUATRIRZHINL TER T 15
[MFRE L 7=, PBS T3 W% . Alexat®ik 2 k$tf& (Molecular Probes Inc., Eugene,

OR) ZIRNL TR T 30 /A E L7z, SHIZPBS T 3 a4, VECTASHIELD
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mounting medium with DAPI (Vector Laboratories, Burlingame, CA) % N TE A K&
OBz T B S — —BEE (LSM 710; Carl Zeiss, Jena, Germany) %
FAWCH#IE2L 7=, BCRP & keratin5 3|3 keratinl0 EDILYLARFIZIX, 7o 7l &
L C PVDF Blocking Reagent for Can Get Signal % H\ CT=IE T 120 /7y & E L 7=,
F72 LVRPURDTRINE 1L 4°C T—BuffE L7z, LIRS CD31 LYt L[AARIC

BELT=,

Phosphate buffered saline (PBS; pH7.4)
NaCl 137 mmol/L
KCI 2.68 mmol/L
KH2PO4 2 mmol/L

Na2HPO4 10 mmol/L

2-2-10. T —XfENTIE

HEZOKREIL Student D t -FEZ FAVTITU, p < 0.05 237 T HEICA BN

HHEHLT,
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2-3-1. Mdrla/lb/Bcrp<7 2231 ARho123 D% K W IR 44 D BEAf

Wild-type } OY Mdrla/lb’~w 2% T, P-gp OAIFLE THh2 Rhol23 @ in
vivo #RJ #5528 A Sk L7z (Fig. 2), SHI2, BCRP KONV DT X 74— EHE Th
% PDZK1 OHFE B Z O TR a3\ T BCRP (24L5 Rhol23 D iast
PEH 2 MR L7=Z &5 (data not shown), Mdrla/1b/Berp”~w A% V7= Rho123 &
PR B 5 FEBRG F L7 (Fig. 2), Rhol23 WA R 4% 5% 6 RERICI1) 5 K
Rh0123 I £ 1% wild-type <=7 A2k~ T, Mdrla/lbr <7 2 G T 3B 0 3380
AU, Mdrla/1b/Berp <~ A CIIBRE 72K T 23RO B (Fig. 2A), SHITE 514 6 IKF
23510 4 i EE S AR wild-type =7 AT~ T, Mdrla/lb <~ 2 T T
T HMEAAFEDH HAL, Mdrla/lb/Berp”~T A TiIE & FRE (0.04 ng/mL) LA F £ T
L7z (Fig. 2B),

RIZ., Ussing-type chamber 7% i\ C Rho123 O B S & &3 L 7= (Fig. 3).
Rho123 7 &1L, wild-type <o A TIXE R 63 7 516 (HEH 5 1H) O
T, REDBEE IR (R I51) OFESE<HERB L (Fig. 3A, 3B), —
Mdrla/1b/Berp” -~ A2\ Tlid wild-type ~ 7 A2 A~T, WU R OZ K T
L. HEH OB IZHAN L7 (Fig. 3A, 3B), L7273, wild-type =7 2 T2RH7=
Rho123 OWRIR 5 AT 72 1% . Mdrla/1b/Berp~ 7 A TIEZ D 7 AN A L.
in vivo #2532k (Fig. 2) ERIBEOME 2807, 7ok Mila ki~ — i —
TdH % inulin O B Z i IR T [ EHEH 510 TRIFFED BT M~T A TH AT
OB -T2 (Fig. 3A, 3B),

Z51Z Rho123 DR W%t T% P-gp S O BCRP DB 5-% LV FEAICE AL 35
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7o, FE R R ER I BEL TR IR E AR L 72 (Fig. 2C), Rhol123 %%
e 5-1% 6 REfICH1F 532 2+ Rhol23 £ 13 wild-type ~ 7 AL Mdrla/lb/Berp™
Y ATHEIRD LN -T2, BELK H Rhol123 # 21T wild-type ~ 7 AT H <,

Mdrla/1b/Berp”~ 7 A iK%~ L7= (Fig. 2C),

(A) . (B)
15 - 0.5 -
[ =
o
§ 2 0.4 -
SE10 E~
e o703 -
g0 OF
oo ] 55
02 0L 0.2
0=
5 A ©
c £
x & 041
o
I N.D.
0 = 0.0 Z % %
g, 5 Z % %
< X )
O o
o, o,
(©)
§ 4
prer)
o
E" 40 | T
8%
88 *
)
2o 20 -
e
o 10
©
; N
P
a o %
Y, % %, %o
% % by R
%, %, 2 >3,
(J 6/ <.
% %
2. ..
Epidermis Dermis

20



Fig. 2 Transdermal absorption of Rhol123 in mice after topical application to the
tape-stripped skin.

Rho123 dissolved in saline (100 uL of 0.4 mg/mL) was first applied to a patch for
topical administration, and then the patch was applied to the tape-stripped abdominal
skin. Concentrations of Rho123 in skin (A) and plasma (B) were measured at 6 h after
the start of topical application. Further, the skin was divided into epidermis and dermis,
and the amount of Rhol23 in each was determined (C). Data are expressed as
mean + S.E.M. (n=4). *Significantly different from the wild-type mice (p <0.05). N.D.,
not detected.
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Fig. 3 Transdermal permeation of Rhol23 through the tape-stripped skin in an
Ussing-type chamber.

Transdermal permeation of Rho123 (0.5 umol/L) (circles) and inulin (10 mg/mL)
(squares) from the epidermal to hypodermal side (A, C) and from the hypodermal to
epidermal side (B, D) was measured at 37°C in HBSS. In panels A and B, open and
closed symbols represent transdermal permeation in the wild-type and
Mdrla/1b/Bcrp~mice, respectively. In panels C and D, open and closed symbols
represent transdermal permeation in the wild-type in the absence or presence of
itraconazole (10 umol/L), respectively. Data are expressed as means + S.E.M. (n=3-4).
When error bars are not shown, they are smaller than the symbols. *Significantly
different from the wild-type mice or the permeation in absence of itraconazole
(p <0.05).

2-3-2. P-gp/BCRPREZ #1125 Rho1237D F PEhBE & 4

RIZ., P-gp/BCRP [H.EFHI% VT, Rhol123 D& LI 9 B b7 AR —4
—OREEMERTLEEBIT, MNTU AR —Z—ORERRHIEIZ L% Rhol23 ORZNE)
ReHilffl 2377z, £7 P-gp/BCRP FLEHAITH S itraconazole {f FHIRFIZF51F 5 Rhol23
® in vitro fZ & %M AR L 7= (Fig. 3C, 3D), Rho123 OWLIN 51 D 7 &%
Rho123 HiAli% 5-HE|Z e~ C . itraconazole #fHFFCK L. Mdrla/lb/Berp’~m A
2T DM T [0 D B2 6 it L[RIFE EE OHER 27~ LT (Fig. 3A, 3C), — 77, ks
MO IL, Rho123 Hj$ 5-¢ 1 H~C | itraconazole {ff FHEECHEEMML 7= (Fig. 3D),
7235, MR ZE R~ — 0 —ThD inulin DEEE I itraconazole DFZETFR
DL -7= (Fig. 3C, 3D),

1T, Rho123 & itraconazole % [FIRFIZ % B2 #5¢ 5-Ip D B2 J K OMILAE 1 Rho123 iR L
ZRHEL7= (Fig. 4), Wild-type =7 AZ331F 57 2 o Rhol23 ##FE 1L, itraconazole (2

FDRBITRD LN/ o7z (Fig. 4A), — . BRI IL Rhol23 HMEHRZ
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e~ itraconazole ff F I CIX F L7z (Fig. 4A), £7-. IM4EH Rhol23 12 E S RIEEIC
Rho123 Eijh#& 5 |2 Hb -~ C . itraconazole ff f I CIX F L7= (Fig. 4B), 72 5.
itraconazole D ffH 2LV, wild-type ~7 ADHE fZ K OV #E 1 Rhol23 &
Mdrla/lb/Berp~D AL[EFEEETIK ML= (Fig. 4A, 4B), —7 . Mdrla/lb/Bcrp”
~UADR K B & O H Rhol23 2 1T, itraconazole |2 X252 58D HIAR
mo7e (Fig. 4A, 4B), L7=3->7C, P-gp XU BCRP 73 in vivo T Rho123 D#E Rz WL
IZHFGTDEEHIZ, TNOLOMERZ VT, B O R NERER Hl##C& 2 Al fgtk
DRI,

A B XIED DR WU KR T 58T LU THERE T 22800, ARFTClIhT
ARN—=F =D B2 SRS 5720, AHEEZ#EEL T Rhol23 @R NERE
ERREt LTz, LinL, AEEEZFIBEL TV WIER REIZB W TH, NIV AR —4—
PREARNC LD E O K NENREFIE O T RENVEA B 235720, AEEAFIBEE T,
Rho123 @ in vivo #&f7 % 5-52bk A FZhi 7= (Fig. 4C), Wild-type <=7 A(Z Rho123 %
O itraconazole %% £ 5-#% DK i+ Rhol23 JEEE 1T, 48 Bk R f§ 12~ T,
IEH BTl 1/10 FREEE TR R L7z, L72A35> T, Rhol23 OfF BRI KT L Th
"B @ O ER YT LDEEERRD DIz, LA L72A3, Rhol23 BB 5L Lt
~C, itraconazole FFHIIFIZIZ. MABEERIBES GO H /263 IER BEICB W TH
& Rhol123 DMK FL7z, €O MEEZ & BT B EICB W THR A

R—H— BRI T, BE O NE A HIC& 5 rTRBEA RS T,
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Fig. 4 Inhibitory effect of itraconazole on transdermal absorption of Rho123 in the
wild-type mice, but not Mdrla/1b/Bcrp™ mice.

Rhol123 dissolved in saline (100 pL of 0.4 mg/mL) with or without itraconazole
(2 mmol/L) was first applied to a patch, and then the patch was applied to the
tape-stripped abdominal skin in panels A and B. In panel C, Rho123 at the same dose
was also applied to abdominal skin without tape-stripping (normal skin). Skin and
plasma were collected at 6 h after the start of topical application. In panel A, skin was
separated into epidermis and dermis parts. Concentrations of Rho123 in epidermis (A),
dermis (A), plasma (B) and whole skin (C) were measured. Open and closed bars
represent the data obtained in the wild-type mice and Mdrla/lb/Bcrp~~ mice,
respectively. Data are expressed as mean £ S.E.M. (n=4). *Significantly different from
the wild-type mice (p <0.05). *Significantly different from control mice without
itraconazole (p <0.05).
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2-3-3. *U AR EIZEITBP-gp&k ('BCRPDFEIRERNL DFEHT

~ AR EIZH1F B P-gp J U BCRP DIEHINI 2 LT 5720, WihTw AR
— X — DYt I L 7=, P-gp & Y BCRP (% wild-type ~ADHE 23 BLMN
AHHILTZ (Fig. 5A, 5B), IRICEKZIZBITHRBEAL A HAOINI T 57280, WihT
AR—4— (Fig. 5A, 5B) &iiE N Hla D~ —J1—431CébH CD31 (Fig. 5C, 5D)
DYt ZIT T, ZOFER, P-gp & Y BCRP (% CD31 LRINEICHRBZROT-

(Fig. 5E, 5F), —J5. Mdrla/1b/Bcrp?~ 7 A Tid, P-gp K& OY BCRP MG 7 L%

WHHNIeh o7 (Fig. 5G, 5H),

Fig. 5. Localization of P-gp and BCRP in mouse dermal endothelial cells.
Cryosections (8 pm) of abdominal skin from the wild-type (A—F) and Mdrla/1b/Bcrp~~
mice (G, H) were incubated with anti-P-gp (A, E, G) or anti-BCRP (B, F, H) antibodies
and anti-CD31 (C, D, E, F) antibody, followed by incubation with the corresponding
secondary antibody. P-gp and BCRP were detected as green signals, while CD31 was
detected as red signals. Double staining images are shown in panels E-H. Sections were
counter-stained for nuclei with DAPI (blue signal). The dotted circles indicated
endothelial cells stained with anti-CD31 antibody (enlarged in the inset of each panel).
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2-3-4. Mdrla/1b/Berp-<= 7 AIZRho123% /&R ERE D S BT HE O

<~ ADE R AN EITS P-gp KO8 BCRP ORIEZRDI=IEMND,
Rh0123 DILiE DR G ~DBATICIH b T o AR —2 =3 R IAE T B Ra LT,
Wild-type =7 2} O Mdrla/lb/Berp” <17 A Rho123 % i # V1 E o 52 ) K ORfi i
H Rho123 JREEZFHML 7= (Fig. 6), miEsfiFEBALEE 210 S DOEEIZHEITD Ky 1
wild-type ~ AT, Mdrla/lb/Berp~ 7 A CEfEE R LT, 7235, BHICEIT D
Kot wild-type <7 A~ T, Mdrla/lb/Berp™~ 7 A CHEINL 7223, ARG 1% P-gp
23 Rho123 O T 2R 5Z L&~ LT de Lange HLOHEL—FH LR CTh-

72 (de Lange et al., 1998),

|

-

Tissueto Plasma Concentration
Ratio (uL/mg tissue)
N

. ]

Skin Brain
Fig. 6. Distribution of Rho123 in the wild-type and Mdrla/1b/Bcrp™  mice during
intravenous infusion.
Rhol123 was intravenously infused at a rate of 40 pmol/min. Tissue-to-plasma
concentration ratio was determined in the wild-type (open columns) and
Mdrla/1b/Berp™ (closed columns) mice. Data are expressed as mean + S.E.M (n=3).
*Significantly different from the wild-type mice (p <0.05).
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2-3-5. ENEZBIZ331F A BCRPDFEE Y DFRAT

ENEFIZEW T, P-gp DF K OB R I N B B 1 2% BUL s Sh ¢
V% (Skazik et al., 2011), — 5. BCRP OERE &I T DR BLERNLIZIH SN /2> T
VRV, 2T, ENEEIZE1ITH BCRP OfE etz Il £9°, RRITBITHH
Blaat Lz, BCRP (IR ZIZHBWT, BEE K OZ D EBIZRBNRDOLE
(Fig. 7A), REITERMNSIEIESE , FRE . BRLE X OAEIED 4 B OHERLS
N5, £Z T BCRP DHEFUZHITDIETELZ O~ R M OV TiE o
~—N—4ry 1 Tdbb keratinl0 (Fig. 7B) DY A2 47 BCRP D3 B
keratin10 & [FRINZ & M O D R I3 7= (Fig. 7C), ¥kIZ. BCRP (Fig. 7D) &)
D~—H—y 1 T2 keratin5 (Fig. 7E) LDt %4TV > BCRP & keratins O3 Hi,
LN EE T DMLz (Fig. 7F),

BCRP DELFIZHITHIBU DOV THHBANIT 5728, BCRP (Fig. 7G) &I
WD~ — A —To5H CD31 (Fig. 7H) tnILyetat, L . CD31 LRINLE S

BCRP O3Bl A2 LT= (Fig. 71),
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Fig. 7. Localization of BCRP in human skin.

Cryosections (40 um) of human skin were incubated with anti-BCRP antibody, and
anti-CD31, anti-keratin 5 or anti-keratin 10 antibody, followed by incubation with the
corresponding secondary antibody. BCRP (A, C, D, F, G, 1) was detected as green
signals, while keratin 10 (B, C), keratin 5 (E, F) and CD31 (H, I) were detected as red
signals. Double-staining images are shown in panels C, F and I. Sections were
counter-stained for nuclei with DAPI (blue signal). The dotted circles indicate
keratinocytes stained with anti-keratin 5 or 10 antibody and endothelial cells stained
with anti-CD31 antibody (enlarged in the inset of each panel). Basal keratinocytes are
indicated by arrows. EP and DER represented epidermis and dermis, respectively.
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Fafh B8

AREETIL, P-gp s O'BCRPAS BB LB D% K2 IV I Z M E 3 B A LN T 58
EBIT, W T AR — 2 — O REHIENC L5 FE O 2 NEh BRI 23 27, F37)
Rho123%i#% 2 & 5-1% O B J§ K UM 213, P-gp e O'BCRPD . 77 7 M-
TIRT L7 (Fig. 2), £7z. Rhol23D#% B WINI% § 2 M b T2 AR — 2 — D2 BT
Ussing-type chamberi£# FHV 7z B2 g 75 1 52 5k &% WritraconazoleZ F V7= P& FEHR 1T
BWTHRBICRO B (Figs. 3, 4), L7=23->T, P-gp & O’BCRPA3in vivo T
Rho123D#% 2 U %7 - A Z L& WD THLANI LT, EHIZ, v T AR Ve JE
O LR 155 N AR LZ 31T HP-gp & ("BCRPO FE Bl i L (Figs. 5, 7). ¥V A
JEIZRBWTIIM M AR — & — 3 @ B IR ~DRho123 Dk B 5§52
EHLWBNILTZ (Fig. 6), ZAIVETHY ORI L F I BEAMAIL B LS T
BY, RERINE THLMAEEOWERLH) AT DR R I D KD FFRE L
Z HIVTET (Mitragotri et al., 2011), =2 C, AMFHCIEREZBIPUIXTTHRT A
R—H— DL M 5720, T— T AN B IV E AR EL T, Bt
BEMELTZ, LU, £ B8 RIS & N zing vivosR jz $8 5- 2B K ONin vitrofz
B EER O W IZEB W TH . Mdrla/lb/Berp” <~ A X (X itraconazole ® #f i T
Rho123D#% B WL IR PEAME R L7= (Figs. 2-4), L7=23> T, ZIVHDHE FL I8 B2 W IV
2L T, AEEOMBRE) NI T DFHTeHT, P-gp & NBCRPIZE DM ST H

FEL CWAHZ AR, 72383, KT IZIZP-gp e ("BCRPLAAMZH MRPZ & Dt o
ABCH7 AR — X —H BERERIC IR BLL T 5 (L et al., 2005; Heise et al., 2010),
2. LIGIEMRPL2 <7 AR JE 1235\, fluo3 & UigrepafloxacinD HEd: J5 ] Ol 1612

FHTHIELERL TS (L et al., 2005), £72, HeiseblIb "R 27 7F /A MZE
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VT, MRPsAeugenol/eE D7 L VT L SRRAT B A R VE L OIS EIZ 7 59
HZEEHAE LTS (Heise et al., 2010), D728, P-gp} ("BCRPLAAMZEH 256D
TEMT o AR — 52— D3 A FELAUBE S DR BRIk LT AR T AR L
TWDAEEMED DD,

N7V AR — 5 — %A LT 8 B WA DAFAE A MEFR L 72280 h, IRIZHT R A
N— S —DILE DRI G-% DG O by R AR | FIRFIZ S AT 2 &
HHZEEBARFLT-, £ Z T, Rho123%P-gp/BCRPREEA| T Sitraconazole (Wang et
al., 2002; Gupta et al., 2007) EEHITREE G2 D3 L, B & OLEHF Rhol123)%
JE 2R L7275 2R | itraconazolelZ LD FR B R EEI I AL L7g o722y | B K UM
FIR IR F L (Fig. 4), L722357C, P-gp/BCRPIEEAIDOHFHIZEY, B DF
PR AR LI F E B L LI ~DOBAT A IHI TED F RV RS L7,
B2 P FR D H T 3 R T e O L M . RS L AE 72 SR B ISR A H DR B
ZIFET D (Raj et al., 2006), ZAILHDOFEBIZENT, BEA~OEY ORI )
D RAERFHE . BITEH OBIICH H Thd, —F ., THVETITBRF S IR K
IR EH AT D <IT, MBI DOWIRHI A T RE 2 AL | B LR R ~D3EY)
BATE mDDHHEAMTTHD (Prausnitz et al., 2008; Kumar et al., 2012), ZD7= ., P-gp
M O'BCRPZAARERY & LT3 D B PN BRI A% PR IR SRR A 70 M 15 2 % v e
(CT DI 2T 22 DT ENHIFFSND,

Rho123 % #% fZ # 5 1% @ 2% fz 1 Rho123 J& & 1T wild-type = 7 A (T kb = T,
Mdrla/1b/Berp”~D AT EITIRN-Thy | B FREIE T30 607z (Fig. 2C),
F7-. itraconazolet, # i F1Rh0123¥R FEIZIT 5L RIF IR o 7oy, E PRI

K TFEET2 (Fig. 4A), ZNHDFERMNDG N7 AR —2—% I LT W Iz B0
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T, BT e R R EE L D2oDaL /=R AV MIFITBNDZENRIBEN
2o BT, R FZEFR P OB RIZ53T T, MifEAkICP-gp & NBCRPOD FE B AR iE L
722-a L N—=RAVNET NV EB X TRER . RET /VIZLY, Mdrla/lb/Berp”~ 7 A X
ILitraconazole )t FHIRFIZ 31T HE 2k ML AE ' Rho1233 FE DK T (Figs. 2, 4) %
HC&72 (Fig. 8B), 728, HIEA1 OO /R—=hAUVRARELTZH A ICHONTHE
227/ (Fig. 8A). AET /L TIENT L AR — & — DOBEREIR T WL ML P B 1A
T H08, B RE RN HEE 2 B, R g L m A R R O 5 MK T L
ABEIDFER (Figs. 2, 4) ZitTEAh T, T2 T, MV AR—2—% LI
DR RN Z LD E RN ELEZT D720 LFORE (i-iii) Z B X, £ /73—hA
YMNET BT ABEET VEIER LT,
E (i) 7Sy T HHORN0123OWIL (R) (XORWKILTHS
(if) R R I30E BIREBIZEL TV (Eq. 1=0)
(iii) IR P I sink S A 7=

T KEELODaL = AR E LA (Fig. 8A), L FOWEIN A1 %E
Z bbb,

Vi(dCy/dt) =R—(P2+P3)-C1  (Eq. 1)

Jabs = P2+ Cy (Eq. 2)
EROKUTHNT, PIZF I S—h A MNEIZH1T HRN0123D B IV T T A%
Jabsl LML H ~D i H E % 7R L, P-gp&BCRPIZPUZE 555 27, Lok
OMRGEIZFE D& Rho123D % B2 W A5 22 U T2 Re, GE HOIR BB 3610 2 B2 ik i
(C1) KOV ~DF i E 1T ZNE L FOX TR T&5,

C1=R/ (P2+P3) (Eq.3)
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Jabs = R+ P2l (P2+Ps3) (Eq. 4)
L7=3oC, EREOR (Eq. 3) £V, PaXIEPsME N DA D AR G (Ca)
IR T4 2% 25605, Lol Mdrla/lb/Berp’ 7 A X | Zitraconazole ff F FF Tl
P2 (P-gp 2 UBCRPIZEDHR) METFLTCWAEEZBNDIZD, 1-ar /I—k A b
ETVTIIRE (Cr) KOMMHETIRE (Jans) DS 3BT 24 RIORR (Figs.
1, 3) A TE R ole, — i AR EERD2ODAL /S—RARLTHE
2Tt KR BERREFEHPRh0123E (C1, Ca, Csin) 1EEFNEN FFEOX

(Eq. 5-8) IZCRLEHTED, 7233, P-gp & O'BCRPIFP M OP3ICBE 5T 5E%5 2 7,

Jabs =R * P2 * P3/ (P2P3 + P3Ps + PsPs) (Eq. 5)
Ci1 =R (P3 + Ps)/ (P2P3 + P3Ps + P5Pg) (Eq. 6)
C2=R * Po/ (P2P3 + P3P + PsPs) (Ea. 7)
Cskin = R (nP2 + P3 + Ps)/ (1+n) (P2P3 + P3Ps + PsPy) (Eq. 8)

FRORUITIBNT, D722KEb2 0D %M (Pe>> P2 UPs> Pst, L IXPs = P3) %ifi7-
TIHEHIT, VAR —Z—OREEIK TR (P2 OPsME T L2 84A) IIXR KL+
BREE (Co) 1XIZE A EBL LA B (Co). K& (Coin) M OVHLHE iR
(Javs) (IR TTHEBZXONT, LB o T, KEERLZEEKD2-2 /38— |
AUNEEZDHZ LT, T UAR—Z —OBEREIR TR, B K O E
FRho123VEFE MK T L7245 H OFEF (Figs. 2, 4) ZHiA T 258N FET S
Tl ERMEE LT, LnL2Rs b, BIRFR TIERho123DHf] LB TE TR
W, ZOTD, FED2-a 08— A FNETAOZEMELED, A% ELRD

BB LETH D,
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(A) P

®) P-gp/ BCRP P-gp/ BCRP

C, V,
Epidermis

C,, V2 (=nV,) Cp:Va
Dermis

Fig. 8. Kinetic model representing transporter-mediated transdermal absorption
after dermal application in viable skin.

Viable skin is assumed to consist of one compartment in panel A, but two compartments
in panel B. R is the zero-order absorption rate (mass/ time normalized by surface area).
P2, P3, P4, Ps and Pe represent permeation clearances (volume/time normalized by
surface area). P-gp and BCRP are assumed to be involved in P2 (A), and P, and Pz (B).
C1, C2 and C,, represent the concentration in each compartment (mass/volume). V1 and
V are the volume of distribution in each compartment, and n is the ratio of V> to V1. Vg
is the volume of distribution in systemic circulation.

- N FAVNET VLTI, REEER K OERZEME DT 73— A MEIZ
P-gp & O'BCRPDFEBLZARE L T2 Z LD MhT L AR —H — D G231 T D F B
PAZHONTHMETL T2, ZHETITP-gplE~ T AR EDE I BT HREL, LR ED

P OB BRI 1231 2T BLD MR S 4T % (Sleeman et al., 2000; Baron
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et al., 2001; Skazik et al., 2011), —J7. BCRPHL~TV A K Qv E R 7 T7F /A Mk
FHIHNHME SN TS (Triel et al, 2004; Yano et al., 2005), £7=, AfHIClIek
BZIERLARIZ 35T, BCRPSER BB T2 LA BN LT (Fig. 7). L72h3> T,
P-gp &% O'BCRPIZ, K D2-a /=R AUV MNET IV TIE L Te R I BT H L%
B L7=EE BT, W T2 AR —H—H3Rh0123D F 2D B R~ Dk 24 5 L=k
HEZZL 7o (Fig. 8B), BT, ARRETTIX, vV AL U ML E R I & N E IR s
17 BP-gp e 'BCRPDFE Hit, sk L7= (Figs. 5, 7). F£7=. Rho123% s &L RO B &
BAT PRI Zwild-type~ 7 A2~ T, Mdrla/ib/Berp~ 7 A THINL 7= (Fig. 6), L7=
25T, P-gp X O'BCRPIZF Bz ifL & N BRI IZ B I BLL | B BB I ik Hr ~ D
Rho123D k|2t % 5952 EAVRST2 (Fig. 8B), 7233, Mo & N AL 45
WTIR, [T AR — 2 — D3 B O R T O IE~DORAT A4 L | M BE 2
EEELCUD (Tsuji et al, 1992; Zhang et al., 2003; Lee et al., 2005), A#F22 Tl
P-gp % "BCRPIEL A7 ifiL 4 PN R 38U N T i B P L IR 7 T M g 2647
L7cZEDD, IFIZBWTH AU THERE (MK ERIR) 2> TV D AIREMEN B 2.
BTz, LML A5, Rho123% § RN 5-FE D KplZ DT, wild-type~ 7 A B O
Mdrla/1b/Berp~ U A D ZEIFIMKIZ LT, & TI3ENTH -7 (Fig. 6), £D7=
O | MR PN Ee T B EIE N BRI TlIZ A Mo v 7 a 3 ifess Th o2
EVRES T,

BN DFRFZ T T, BCRPIZHIFHME X ZF /A DMk A Bk fg Lo |k
J& T LT ZF 7 A MR T D RN E O/ g SRR bl (Fig. 7). —
BebesHlid, ENKR 7T F /P A MIEITHBCRPOFELIIIETHH TRl s fkicflo
TR T35 L. BCRP T Z7F /A SOEFEIZ 53 5 ARt Z R L T
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% (Bebes et al., 2012), L7=73->TC, BCRPIZEFD L EHARICB W TH7TF /P Ak
DOEFEIZBE G- L TS RTRENEDN B 2 BTz,

P-gp M O\BCRPIX B ELET oD fz INEE | Z R L 7= 2 Eon | [EIR L oD FZ IN BT ELC
LG L TWDRREMED 5, B 21T B L E 6 4 5 T & S ketoconazole Jz OF
fluconazoleZ il i % DY M 351 2 #4 5 g /1 4% H1 i 2 bt i3 ketoconazole (2 b~ T
fluconazole TiEIWZENEIHALTUNS (Harris et al., 1983; Faergemann et al, 1993), —
77 . ketoconazolez FFARIN % 5-%& DM TIZwild-type~ 7 A2 HL~T, P-gp/v 77T
P DA TR T3 2DIZKL, fluconazoleZ #% H % 5-1& D IMFEATIL M ~ 7 A TZEN72
WZEHHESNTEY (Yasuda et al., 2002; von Moltke et al., 2004). ketoconazolelx
P-gpiLE TH 573, fluconazolelZP-gpFEFLE THAHZ LDV RSN TS, LTci» T b
K2 B 1F % ketoconazole & fluconazole O £4 & g / I 45 H 2 & Lk D 25 1%, P-gp 2%
ketoconazolex % D E R ~EPEH LI=Z LICEIK T 5 L5 2 VX352 L3 AT
BECHD, F7=. EGFRILEHITH Hsunitinibd ik FH# 121%, Hand-foot syndrome<eX
BRREIS 728 O EREENEMEEIEZS (Lee et al., 2009), X512, sunitiibiZP-gp
K OBCRPOIEE THY, ZNHDIT VAR —F — DR BIEIK F 2L R A H T
VB2 S B 5 D E B B IS BN S D 2 E DRI ST (van Erp et al.,
2009; Mizuno et al., 2010; Tang et al., 2012), L7=23> T, ZILHD T AR —Z—D
78 BLRAT T ldsunitinib D 2 B R EEO AN A T, RN ER OB LY, B
fEE N EIE L LI T RE S B 2 LD,

ARETIL, P-gp & O'BCRPA FZ JEITHEREIIZHEBLL | in vivo TRho123DFK ) 5
B B D ILHE A~ Ok (4 5§ 52 &2 B HANI LTz, I, P-gp/BCRPRE

EH|ThDitraconazoleiZ LV, Rhol123D E FZ K NI HF ~D AT 2| C&5Z L%
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IRUTZ ARERIE, P-gp e O'BCRPE T U728 K2 IR D IFAEZ B BN LT 2 2%
2 o B NERE N B W Tl h T AR —F — i 2 — 7 M D R REME

LT,
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BIE  P-gp N LR T AR OR R RIUE
B1E HE

5 2 T TIE P-gp LT BCRP 73~ A2 T, in vivo THAILE ©éh% Rhol23
DRENSEPL BB IR ~DORE RN T 5452 8%Rm0 T, —J7. P-gp
& BCRP MR AW IEE R ZA L Td (Kim, 2002; Marzolini et al., 2004; Mao et
al., 2015), ZD7=8 M7 AN —5 — [ Fhk % 7 HFEAUME S O FE B2 W2 % L
THREGT LN TSNS,

SRZEDOHNTE P-gp DIENTE L SIFAET D, Bl AT BB R ERFEERIZIBNT
IS A TH D tacrolimus, A7 11K D dexamethasone <> prednisolone, HT# A
Th 5 erythromycin 72 E 032 1F 55 (Saeki et al., 1993; Kim et al., 1999; Yates et al.,
2003), /o, EFEMZ RO EIZB W TH | AT AR R TH S
fentanyl, 7/LE A TO estradiol, p1 7 1w —"Td5 bisoprolol 72 £ 1% P-gp D FEE
T#h% (Dagenais et al., 2004; Kim et al., 2004; Tahara et al., 2008), %7, P-gp |3 /IFik
SR CIXE IS OPEME (Koziolek et al., 2001; Hoffmaster et al., 2004)., /]M5<CHX
TILHREBITOHIE (Greiner et al., 1999; Sasongko et al., 2005) ZFHu >, Dk
WNEIREZHIEIL TWD, 512, BCRP b MLEMEIFTIZ I T HRY) DA T 2 4l
T 57D, FEYOERNENE~DRE 5 2VRS TS (Agarwal et al., 2010), —77,
BRI T P-gp & O BCRP 23368145500 (Baron et al., 2001; Triel et al.,
2004; Skazik et al., 2011), I ORI LT AVE CTHMPLIHA K ITE 2 BT
BY, MU AR =2 —D 5135 2 5N CWRh-7= (Mitragotri et al., 2011), o
72 AV BE Sh DfE B DM T o AR — 2 — DB 51X BN 8o
TWeW, 7235, BEIZIE P-gp X° BCRP LIS DT AR — 42— 588195 (Schiffer

et al.,, 2003; Li et al., 2005; Heise et al., 2010), ZILHD KT AR —4F—[% P-gp X°
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BCRP L [RIARICHR AW EE RN A A T 2728 | Rk % 225 D% BRI R L C
RHPZB G L TWD ATREMEDRS B A D115, £ D72, ML Tl EHR AL OR#
WM Z %32 2 DR AR —52—DF 5% in vivo TRHMIli T 2281340 TLHEA
AN EZAN

AREETIL, BRSO DR BRIz %35 P-gp & BCRP DB 5%
SN T D720, BiataEMi LTz, 7238, M7 AR —2— 3k % 7250 T ' DY)
HFEBLEU TR T D01z x L, BRI L2 W % B WA 134551 B D 3 AN
(TR T %, D7D, 3 FEDRENFMIIE | BRI T2 T7 o AR
— =D HEFMLSLT NWEE X T2, 22T, ARFTCIEL, SMHIEO P C sk E
3 CHDHATOAREZER L, dexamethasone % & L HFEIED AT AR % wild-type
KO Mdrla/1b/Berp”~ 7 AR B 5L C. B2 /8 K OVILARE PR R B A Lh i L 7=, &5
IZ, P-gp %X O BCRP |ZLADAT BARDEIEA R T DT, M7 AR —2— D3

BLRAEA PR s SEBR A FE M L7,
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28 EBGE
3-2-1. A

Dexamethasone |3 Wako Pure Chemical Industries (Osaka, Japan) XY . itraconazole,
Ko143 JTF methylprednisolone [% LKT Laboratories Inc. (St. Paul, MN) KX¥.
prednisolone, ethinyl estradiol & TX elacridar & Sigma-Aldrich Inc. (St. Louis, MO) X
V. prednisone | Nacalai Tesque Inc. (Kyoto, Japan) Z0OEEAL7-, ZDOOFRIKILT

TR T,

3-2-2. EBREM

FVB/NJcl =7 A (wild-type, K, 7~9 B fiin) M Y Mdrla/lb/Berp”~m7 & (e,
7~9 ) 5 2 EOERRSTIE (2-2-2) LREERIZIEA., fAE L TEBRICH W, 72k,

T ARTOIMPDEBRITERKFOEY FBRIGEHAE>THEMLTZ,

3-2-3. ~URADRE

W2 mOFERSGE (2-2-3) It THEMLT,

3-2-4. Invivo B 5 £

% 2 BORRITIE (2-2-4) ICHCTHEBL, ok, #E R GRFICIIR G1]R
30 pL (dexamethasone. prednisolone, methylprednisolone: \ 3414 50 mg/mL, X%
ethinyl estradiol : 10 mg/mL) A YA Et7-/3vF (IE£E 9 mm, Torii Pharmaceutical
Co., Ltd) Z~UAOWGAEIZENEI 1 BT DA LTz, o, B ERITED %

DMSO (2L CRELL 7=, BRI 5-7% 0.25, 0.5, 1, 2. 4 OV 6 FEfElcy=F v
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T—T VIR AFRRE T TATV, $25-4% 6 I OB MR I E M O A BRI L 72,

3-2-5. Invivo FARPNEBRTEA EER

Dexamethasone ¥A#% (50 pg/mL) % 100 ng/min (2 C~ v ASEFAR X 0 # RPN %
5. U7z, #5-#713 dexamethasone Z A SR AR IZ MR L CRREL L 72, B G-BHAAE
1, 2. 4, 5 K06 FERICRFARE 0 ~ XY LB BME 2 VTRl L, =
0> (1500%g, 10 min, 4°C) L CiiiEZ £ L7z, F£7o. &5RGE 6 Rzl
TITRE (IEER. W, #5340, JEM]. 8. B, 2 (A2, %2) MOME R L.
P LT MER R IE DWTUE— 8 AR B & IR L 7o, $RER L 7230BHT T
R T/ M £ T-30°C T 7 L 7=, Dexamethasone @ Ky (%, 45k
dexamethasone 72 & % AR ER G 2 (B 5-% 6 BERE]) oI iErhEE T L CHEH

L7m. F72. Kps 13352 dexamethasone 2 2 B A7 P CHR L CRE LT,

3-2-6. FIVAR—F —RERBMBDOIER

MDR1 % % E%Hl L7= LLC-PK1 ##}d (LLC-MDR1 cells) i%. Prof. A. H.
Schinkel (Netherlands Cancer Institute, Amsterdam, the Netherlands) & ¥ $2f:TEV 7=
(Schinkel etal., 1995), BCRP & PDZK1 #% %2 7€ % 3L L 7= MDCKIIl #i
Jiil (MDCKII/BCRP/PDZK1 cells) 1% shimidzu & 25 LA BT VE R 72 60 f 2 F
7= (Shimizu et al., 2011), LLC-MDR1 #fi @i Medium 199 (M199, Sigma-Aldrich Inc.)
|2 10% FBS. 100 units/mL benzylpenicillin }2 T} 0.14 mg/mL streptomycin Z#s0L 72
BEHirh CRE#E L=, ¥/, MDCKII/BCRP/PDZK1 #iifiliZ DMEM (Sigma-Aldrich

Inc.) {2 10% FBS. 1 mmol/L sodium pyruvate, 100 unit/mL benzylpenicillin, 0.14
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mg/mL streptomycin. 1 mg/mL G418, 0.2mg/mL zeocin Z UL 7- 55 /i Tz L 7=,

AAEIZ AT CO A FaX—&— (37°C, 5%C0O;) W TH:FEL:,

3-2-7. FIVRAR—F —REFE BN Z FV R i 0% 52 BR

M R i 0% F2BR 1 Schinkel & X O Shimizu S0 7542 % 12 E i L7- (Schinkel et
al., 1995; Shimizu et al., 2011), #ffxiZ Transwell polycarbonate insert (3 um pore size,
12 mm diameter; Corning Life Science, Edison, NJ) (Z 3x10° cells/well i fin % ¢
EFEL . 3 HMIEERS ., EBICTH ., Bl 25 Tl ik L T A7 AR
A HBSS AWK (10 umol/L) XiZAFwuAK& P-gp/BCRP BHLEH (25 umol/L
itraconazole, 1 umol/L elacridar X (% 1 umol/L Ko143) % Ze HBSS i&ik4a H e,
BeH-IE Transwell @ AP SiE BL AZEINL , 348 (receptor ) {21 HBSS (pH
7.4) ZUSINUT-, 582 1N% 30, 60, 90 } OY 120 4712 receptor {f7>% 100 ulL %
PREXL , [Fl&D HBSS (pH 7.4) ZhNx 7=, & ER 1Z, BL 75 AP (BL-to-AP)
FF 10D Papp & AP 225 BL (AP-t0-BL) J7 1710 Papp TERLU THEHILTZ, Papp XA FE B 1R

HE R O E 23 SR O W R E K O Ag (1.1 cm?) CERL CEHLZ,

3-2-8. ABHEYEERIE

B R FE (X LC/IMSIMS 2 W TUL FOLFICTERLT,

3-2-8-1. ¥HERFEIDRILE

Dexamethasone. prednisolone }z OF methylprednisolone % #% 5z # 5-t% DR AKX &
ZRES, F T AT E—X (EAE 6 mm, 2 fE) L&412 Shake Master Neo -~ A%

—F=—7 (Bio Medical Science, Tokyo, Japan) (Z A#l. 10 4 & (w/v) @ 500
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ng/mL prednisone &% (WIEHEWE . 72 =R VIAHK) ZWsHIL7z, Shake Master
Neo (Bio Medical Science, Tokyo, Japan) (& CRL#kZARE ., .0 (12000xg, 5 min,
4C) LC BRIz, EIEIT S EO 10 mmol/L T = AR IR FfL
w07 (L4 — (Ultrafree-MC-GV 0.22 um, Millipore, Bedford, MA) ZHW\TA
WL, A% LCIMSIMS Z3Hric it L7=, Ethinyl estradiol 2% 5 % 5-% O IO
TI&. 500 ng/mL dexamethasone ¥#&#% (NHMEEWE ., 72 h=FLEIK) 2T

[FIARIZHITALERH: . LCIMSIMS |27 ALT=,

3-2-8-2. M3 B X receptor #RAELD BiALER

147 } OF receptor %A% 10 uL 127 Eh=FJ/L 10 pL KT 500 ng/mL PIEEHERA
% 30 uL Z¥RINL7=, $#R% ., =0 (12000xg, 5 min, 4°C) LC EEEHRILT-,
BIETSED 10 mmol/lL X7 T ARIEEIRM%Z . mLOR T4 —

(Ultrafree-MC-GV 0.22 um) ZHWTAiEL, Aik%E LC/IMS/IMS 127 FEALTZ,

3-2-8-3. LC/MS/MS I 7 &4t

Dexamethasone, prednisolone }2 U* methylprednisolone:
Instrument: LC; LC-20A series (Shimadzu Corporation, Kyoto, Japan)
MS; AP14000 triple quadrupole mass spectrometer

(AB Sciex, Foster City, CA, USA)
Column: Capcell pak MGII C1g (5 pm, 2.1 mm x 50 mm; Shiseido, Tokyo, Japan)

Mobile Phase: 10 mmol/L ammonium formate : acetonitrile = 2:3 (v/v)
Flow Rate: 0.25 mL/min
Column Temperature: 40°C
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lonization: Electrospray

Polarity: Positive

Multiple Reaction Monitor: Dexamethasone; m/z 393.3 to 373.2
Prednisolone; m/z 361.2 to 147.2
Methylprednisolone; m/z 375.2 to m/z 357.3

Prednisone (internal standard); m/z 359.2 to 341.2

Ethinyl estradiol :
Instrument: LC; LC-20A series (Shimadzu Coproration, Kyoto, Japan)
MS; AP14000 triple quadrupole mass spectrometer

(AB Sciex, Foster City, CA, USA)
Column: Capcell pak MGII C1g (5 um, 2.1 mm x 50 mm; Shiseido, Tokyo, Japan)
Mobile Phase: Water : Acetonitrile = 3:2 (v/v)

Flow rate: 0.25 mL/min

Column Temperature: 40°C

lonization: Electrospray

Polarity: Negative

Multiple Reaction Monitor : Ethinyl estradiol ; m/z 295.1 to 144.8

Dexamethasone (internal standard); m/z 391.1 to 361.3

3-2-9. RT-PCR IZ LA RTFV AR — 2 — B LF REED

Wild-type X% T Mdrla/lb/Berp~m A (HE, 7 ) OFphE R EEEIL , kinL

72 RNA later (QIAGEN GmbH, Hilden, Germany) H T/ 32 W CTEWIL7Z, 4C
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T—WeEHE %, total RNA % QIA shredder Kit }27* Qiagen RNeasy Kit (QIAGEN
GmbH, Hilden, Germany) OFEY#EZ b=/ UZfit>THIH L 72, 72388, IR by
HREDF AP — (T-10 basic ULTRA-TURRAX) & "/ =%4—%— (HANDY SONIC
UP-20P) A M\ T, total RNA DOl Z4TH BRI EE AL 7=, Oligo (dT) 1218
primer . deoxy nucleotide triphosphate (ANTP) mix M U' MultiScribe™ Reverse
Transcriptase (Applied Biosystems, Foster City, California) % V> T, cDNA Z{EHIL
7=, cDNA % THUNDERBIRD SYBR gPCR Mix (TOYOBO, Osaka, Japan). 5°- % ('3’
-primer E7EF1L . Mx3005P (Agilent Technologies, Santa Clara, California) % v T,

RT-PCR ZEJi L7, [ LI=7F7A~—Wid¥% Table 1 |27~

Table 1. Primers for RT-PCR analysis

Gene Forward primer (5°to 3°) Reverse primer (3’ to 5°)
Abccl GCCCCAGTGTTACTGGTCA AATTCCCGAGGATTGGACTC
Abcc2 CAAATCCAATTCTCTACCTATGCAC CCAGAACATGGACAGGAACC
Abcc3 GCTGAGGGTGGGGATAATCT AGCAGTGGCCTCGTCTAAAA
Abccd GAGCACACGGACGAGGAG TTGCAAGGCACACTAACTGTC
Abcch CTGTACCAGGGCAACACAGA CGTCCAGAATTTGGAGATGAG
Abccb CATCTTGCCAGGAATCAACA AGACAGGACAGCACCAGCTC

36B4 ACTGGTCTAGGACCCGAGAAG TCCCACCTTGTCTCCAGTCT

PCRIZLA FOFMTEREL I,
95°C, 15 min — (95°C, 10 sec — 60°C, 30 sec) X 40 cycle

F7-. MRNA &3 36B4 ZNEMEUEB R L THW T, AACT EIZIDEELT-,

3-2-10. T —H @M EE

HEZDORIEIL Student O t -FEEFVTITU., p < 0.05 A7 BRI E AN

HHEHIMTLIZ,
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BE3ET MR

3-3-1. Mdrla/lb/Berp<=t7 R Z 81} Adexamethasone®in vivoikk 57 R I 4E D #Ffh

Wid-type K OV Mdria/lb/Berp” v~V AZH W T A H AT oA R TH D
dexamethasone @ in vivo #& Rz £ 5-FR A 52 hE L 72 (Fig. 9), 1A dexamethasone =
FEIL T R TOR RIZIV T, wild-type 7 AIZHAT, Mdrla/lb/Berp” < A TE<
HERE L7z (Fig. 9A), F7=., $t 5% 6 REIZRIT 5 2 G IR ED [FARIC wild-type <7
AT, Mdrla/lb/Berp ~ 7 A TIRAEZ R LT (Fig. 9B), RIZK EE LK KL
FLRAZ 1T TR iR B2 25 L 7=, Dexamethasone %% K2 £ 5-1% 6 IEIFRTIZES
B TR IL wild-type <7 A& Mdrla/lb/Berp < A CRIFLE ThHho727%, B
B 1 wild-type ~ 7 A2 T, Mdrla/lb/Berp™ <~ A TR T 3@ H 5
7z (Fig. 9C), %7z, P-gp }& " BCRP (XM AMBAFTIZHBLL . IRE DOIEEAT 28019
HZEMFBHIVTUNST28 , dexamethasone 2% B2 $5¢ 5-1% 6 IRFRTIZ 31T A M HF R EE S FF
L 7=, i dexamethasone 7 5 13 wild-type <7 At~ Mdrla/1b/Berp' <72
TRIEZRIMZTBD T2 L6 ARERRMFICB N TH, TRHD R VAR =4 —)
in vivo T dexamethasone O BT A MG 52 rS7z (Fig. 9D),
Dexamethasone DX TIZ%F 975 BCRP DS G- 1XBGNT /25 TRV, ZORE R
130 72<E% P-gp 7% dexamethasone DIMEATZAHNH 352 LA RUIZBEHE —E9 D

fE Cdh 7= (Schinkel et al., 1995; Uchida et al., 2011),
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Fig. 9. Transdermal absorption of dexamethasone in mice after topical application
to tape-stripped skin.

Dexamethasone dissolved in DMSO (30 pL of 50 mg/mL) was applied to two patches
for topical administration, and the patches were applied to tape-stripped abdominal skin.
The concentration of dexamethasone in plasma (A) was measured in wild-type
(open circles) and Mdrla/1b/Berp~~ (closed circles) mice. Concentrations in skin (B),
epidermis (C), dermis (C) and brain (D) were also measured at 6 h after the start of
topical application in wild-type (open columns) and Mdrla/1b/Berp™~ (closed
columns) mice. Data are expressed as the mean + S.E.M. (n = 9 and 4 in plasma and
tissue samples, respectively). *Significantly different from wild-type mice (p < 0.05).
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3-3-2. Dxamethasone% R EHERFIZ 1T B NENRE DT

Dexamethasone % #% 52 & 5-IF o I 4% o 32 B2 A3 wild-type ~ 7 A2 T
Mdrla/1b/Berp™~ T A THOME FLZJRIE (Fig. 9A) &L T, BRI D 2= LIS T
M HHOTEIBFED 2T R L7 FTREMES B 2 Hivd, £ 2T dexamethasone D i
TFHEZATV, f~T AR 2 M IR EHER 2 MR8 L7z, f4ET dexamethasone
TEE 133 514 6 FFIE) £ T wild-type =7 A& Mdrla/lb/Berp < A TR L 1= HEB &
7RLUTz (Fig. 10A), L7235 7C, P-gp }2 Y BCRP X dexamethasone O IfiLifZ 2 5D 1H
RBFRIIIBI G- LW Z e fEmB L7, RIS, & G-BAiatE 6 FFICIsIT 245 #Hmk T
dexamethasone JEEAZFMEEL., Ky 2R H L7, MICHBIT2 Kp 1T G- ERIERIC
wild-type <7 A2 T, Mdrla/lb/Berp~ T A TEfi% ~L7= (Fig. 10B), —J5
BZJE (MEE0, phE. 50, JBM. JH), BLX R (i, % 2) TIEWT oz
WThH wild-type 7 A& Mdrla/lb/Berp” <=7 AT Ky IZZEIZRB D LN -
7= (Fig. 10B), L2>L7230 | R MR R i A 2% Bz & B B2 A2 45 BfE L C I kEL Rk I & A
U7 R, R TP T wild-type ~ 7 AIZH~_ T, Mdrla/lb/Berp < AT fiE%
~LTz (Fig. 10C), F£7=. Kps i wild-type <72 (0.948 * 0.098, mean = S.E.M.)IZ

He~C, Mdrla/lb/Berp’~mw A (1.52 + 0.07, mean = S.E.M.) CTEfiz "L,
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Fig. 10. Plasma concentration and tissue distribution of dexamethasone in
wild-type and Mdrla/1b/Bcrp™" mice during intravenous infusion.

Dexamethasone was intravenously infused at a rate of 100 ng/min. The concentration of
dexamethasone in plasma (A) was measured in wild-type (open circles) and
Mdrla/1b/Berp '~ (closed circles) mice. Tissue-to-plasma concentration ratios (B), and
concentrations in epidermis and dermis of the side abdominal skin (C) were also
measured at 6 h after the start of infusion in wild-type (open columns) and
Mdrla/lb/Berp~~ (closed columns) mice. Data are expressed as the mean = S.E.M
(n=4-5). *Significantly different from the wild-type mice (p < 0.05).
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3-3-3. NIV AR —F —RTEFE BT % F \ /= dexamethasone oD % 4 i 2% S Bk

P-gp X OY BCRP |ZJ:% dexamethasone D ik 2 3l 3572, LLC-MDRL il fd &

X MDCKII/PDZK1/BCRP #flifa% FH\U T dexamethasone O #%HHfaia s 5288 2 S L

77, LLC-MDR1 #u33\ T, dexamethasone ML AP-to-BL J7 [k~ T,

BL-to-AP S m<#ER L7 (Fig. 11A), £7=. AP-to-BL Ji a2 i3 P-gp FH. 55 Al

Th% itraconazole |ZXVHENINGRD LIV (Fig. 11A), Dexamethasone HUjh s 5-IRF

K N itraconazole Pf I 3317 % dexamethasone @ ER [XF 41 6.65 2 (X 2.01 T

HY . itraconazole P HFIZ ER 2380 L7=Z &0, dexamethasone (& P-gp D HYE T

HHZ AL, —7F . MDCKII/PDZK1/BCRP #HfaiZ33v TiZ. dexamethasone

DB EPEITERD BT BCRP FHEHKTh 5 Kold3 |12 L AR 25,

~7- (Fig. 11B).
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Fig. 11. Transcellular transport of dexamethasone (A, B), prednisolone (C, D),
methylprednisolone (E, F) and ethinyl estradiol (G, H) by P-gp and BCRP.
Transport of dexamethasone (10 umol/L) in the AP-to-BL (squares) and BL-to-AP
(circles) directions was measured across LLC-MDR1 cells (A, C, E, G) and
MDCKII/PDZK1/BCRP cells (B, D, F, H). Transport was examined in the presence
(closed symbols) or absence (open symbols) of the P-gp inhibitor itraconazole
(25 pumol/L, panel A) or elacridar (5 pmol/L, panels C, E, G) in LLC-MDR1 cells and
the BCRP inhibitor Ko143 (1 umol/L) in MDCKII/PDZK1/BCRP cells. Each value
represents the mean £ S.E.M. (n = 3).

3-3-4. DONFHATBARIZEITBP-gpZItLizin vivork B2 IR I O S

Dexamethasone LIS DA AT v A R OFEEZIIT-DUNTE P-gp DB 54 B 50
W29 B 729, wild-type K& O Mdrla/lb/Berp”~ w7 A % F T . prednisolone .
methylprednisolone X O* ethinyl estradiol ¢ in vivo #% {7 % 5- £ A i L7~ (Fig. 12),
F 7. prednisolone % #% FZ £ 5-1% o i 4% IR B 1X wild-type ~ 7 A2 T,
Mdrla/1b/Berp”~ 7 A TIRSHERL L, BB 5-% 0.5, 4 KT 6 IRl CIIAERIKT
sz (Fig. 12A), 5% 6 K I61T 2 B ik FE b i A it E S [RTRR (2
wild-type <~ A|ZEE~TC, Mdrla/lb/Berp~U A IR EE R L7 (Fig. 12B), L7z}
-7C, prednisolone {22V T# dexamethasone D% #% 5-15 (Fig. 9) LRIEEDOMH A%
B T=, —J7. B prednisolone & 2D\ TCiE wildtype < AIZHRT,
Mdrla/1b/Berp”~ 7 A CEEZE 2L 7= (Fig. 12C), 7235 P-gp IZ prednisolone iy
BATZINH T D2 EESNTERY (Karssen et al., 2002), 4 [AD#E RITBERE—
455 R CThH-7-, Methylprednisolone Tl FEE# G- ORI E Y wild-type
~ AT, Mdrla/lb/Berp~ U A TEEZ R~ LT (Fig. 12F), —J7., MAE L Y

B R i 21T wild-type =7 A& Mdrla/lb/Berp?~ 7 A TZEITFRO DI -7 (Fig.
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12D, 12E), %7z, ethinyl estradiol £ f# G- O M, B & ORI XV b

RO T (Fig. 12G -1),
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Fig. 12. Transdermal absorption of prednisolone, methylprednisolone and ethinyl
estradiol in mice after topical application to tape-stripped skin.

Prednisolone (50 mg/mL), methylprednisolone (50 mg/mL) and ethinyl estradiol (10
mg/mL) dissolved in DMSO were each applied to patches for topical administration,
and two patches were applied to tape-stripped abdominal skin. Plasma concentrations of
prednisolone (A), methylprednisolone (D) and ethinyl estradiol (G) were measured in
wild-type (open circles) and Mdrla/lb/Berp~~ (closed circles) mice. Concentrations of
prednisolone (B, C), methylprednisolone (E, F) and ethinyl estradiol (H, I) in skin (B, E,
H) and brain (C, F, 1) were also measured at 6 h after the topical application in wild-type
(open columns) and Mdrla/1b/Berp~~ (closed columns) mice. Data are expressed as the
mean + S.E.M. (n = 3-4). *Significantly different from wild-type mice (p < 0.05).

3-3-5. PV AR—F —LERBFMBEZ A WA HRT AR OB £

Prednisolone, methylprednisolone % T ethinyl estradiol {Z-2V T, P-gp &2 O BCRP
(Z R DM A AR T 72 LLC-MDR1 #ifi J UF MDCKII/PDZK1/BCRP itz /]
U 7 R i 0t FEBR A B i L 7=, LLC-MDR1 #ll il T, prednisolone K T
methylprednisolone ® it 1% AP-to-BL 7M1~ T, BL-to-AP FHla s m<HERBLTZ
(Fig. 11C, 11E), F7=. P-gp FLEAITH S elacridar |21V, W AT A RO AP-to-BL 5
O I NL . BLto-AP S D d i iE{k L7 (Fig. 11C, 11E), 7235,
prednisolone BLJ#z 5.1 K O elacridar fF I ER IXZ <41 5.37 & 1.05 T,
methylprednisolone TiZZ#1E 4 9.10 XN 1.11 ThH-7=, —J7, ethinyl estradiol %
O T EPEIZRD BT, elacridar D EEL B D LN o7 (Fig. 11G),
MDCKII/PDZK1/BCRP i CiZ. prednisolone } TN methylprednisolone @it i3 e
H1Z AP-to-BL 7[R T, BL-to-AP D@33 S @< HEB L7223,
BCRP [HEAITHD Kold3 |ZLDe BT beh -7z (Fig. 11D, 11F), £7-,

ethinyl estradiol DZEIZDOWTITH AMEDFRDO BT Kold3 ([T ELTRDL
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Niemo7e (Fig. 11H), 2B OHE R G, prednisolone & methylprednisolone (3 P-gp

DIHETHLHIEDP RSN,

3-3-6. Mdrla/1b/Berp "= AD K EIZE 1T HABCR T AR —F — DI IR ETHH

B2 121X P-gp & O BCRP LIAMZ, MRP O3 BIL S STV % (L et al., 2005;
Heise et al., 2010), £7=. ZIHD T AR —4—{% P-gp K& (X BCRP &&H 12k % 72
EYORNBEICE ST 5208 Mbh TS, £2 T, wildtype & O
Mdrla/1b/Berp” -~ AD & T, P-gp & T BCRP LIZh ABC h7 v AR —H—D %
BLEIZZEN®HD ATREMEA % % . MRP1-5 OG- RBLEAZFHEIL 7=, M~Y 2D &
[ZBUWT, MRP2 ZERS T AR —Z —DFEENROHIL, WTINDRT o AR —HF —
% wild-type & Mdrla/lb/Berp”~ 7 A CHEL &IEITFO LI N T (Fig. 13),

150 -

mRNA Expression
(% of wild-type mice)
o © N
o o o

w
o

N.D.
0 T T
Mrp1 Mrp2 Mrp3 Mrp4 Mrp5

T T

Fig. 13. Gene expression of various ABC transporters in skin of wild-type and

Mdrla/1b/Bcrp™~ mice.
The mMRNA level for each transporter in wild-type (open columns) and
Mdrla/1b/Berp~ (closed columns) mice was quantified by RT-PCR and normalized by

that of 36B4. Each point represents the mean £ S.E.M. (n = 3). N.D., not detected.
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A BE

SAAAT AR ZE O | YO EIRIUTZ A E THMILEICLVE S T& -
(Mitragotri et al., 2011), — /., ~7 AKX REFE G2 T, P-gp s " BCRPD FEEHLN
RFRSIL TS (Sleeman et al., 2000; Baron et al., 2001; Triel et al, 2004; Yano et al.,
2005; Skazik et al., 2011) 23, ZILHD T AR —H — 0394 H ER DR BRI %45
FHIZA BT/ TR, 22 TARE T, P-ghidexamethasones & £p— i D4+
AT aAR ORI T H-THZEEHIHNI LTz, £, dexamethasoneZ i 2
e 5-1% D B [ K OVLAE HP I B2 1 Xwild-type~7 A (2L~ C, Mdrla/1b/Berp” <7 AT
KR FL7= (Fig. 9A, 9B), —J7. dexamethasoneZ i i i oD i % v i B HERS 13
< ATENLNST-ZED 5 P-gp K& O'BCRPIZdexamethasone D IfiL g H1 7% D114 2
2B 5 L7 o7 (Fig. 10A), L7273 - T. dexamethasone % #% fZ $¢ 5 & @
Mdrla/1b/Berp”~ 7 A2 3517 B MAE R FE DA FIE, R WINPED 22 ITHE R L7 &
% A1z, FTo. LLC-MDRIANN 2 FIW -8 A0 et 125 52812 F5 W 1 T, dexamethasone ®
HEt J5 1) 4B 7 722 i 25 2 58 60 . £ D 7 [P X itraconazole I KWV R L= Z &b |
dexamethasone3P-gp D B EH THHZ L& a8 L7 (Fig. 11A), SHIZ, B G#% D
P2 W % 3 B K OVELBZ A4y Bt L C ALk o i BE AR TAI L 728 3R . BB i B 0D 22703
wild-type~7 22 H~ T Mdrla/lb/Berp~ 7 A THE F L (Fig. 9C). #22 THEZAL
7-Rho123% f& e & G- B L D fE R (Fig. 2C) LRIBEDORE R EZ R LT, 72,
prednisoloneZ- % S % 5-I¢ 0D B2 Jig K OMILAE H B2 L2 D v Th wild-type~ 7 AT~
. Mdrla/ib/Berp~T7 AT FL7= (Fig. 12A, 12B) Z&)>5, dexamethasone L4k
DAT AR ORE RN R L THP-gpR A 5922 EARES T, 7235, wild-type

<7 AT, Mdrla/lb/Berp”~ ™7 A Tdexamethasone & Uprednisolone d #% Fz
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IR T LIZH 00, SR RITERO L Zen -7 (Figs. 9, 12), ZD7- . H.
FALHC 5 6D | P-gpLAS 2T LT BRI DAFAES B 2 HAVD DN, AWFFEIEA
2 EHP-gMEEE M SN CODHN AT BA RO RIS HTF 5T 52200 T
HSNZ LT,

S D KRR BRI EE D I TH AT A R I3k & 72 B PR FBICPLR S AL, FRIZT R
B — P B R ORI W T LRRIEL LTl HSTW%  (Ference et al.,
2009; Ring et al., 2012), L)L, AT A ROEHEH L, HERMECAT AR ES
B OISR FETRIERNIN AT, BB <0 m LB, SRR E O E B s MR
TERZESIERZTIAZEZHL TS (Hengge et al., 2006), TD7=8, 7 M —ME R E
RO LHIREBEMERBIZB O TUIAT A RO R B LETHL b0 bh T,
RIVER OVAZ REDHERERIRT 5LEHI12, BEDOIL T IAT VAR FEET
BY. FRARMBRRBEENTND, TZ T AHAT A RO AT OYEE K O
BHFRFEOBHAE HHEL T, TR ETICR % 2 FIED G T&E 72 (Korting et al.,
2002; Sul et al., 2013; Siddique et al., 2015) 23, EIIfEM & [ELEES 2 HIEDOMNIZITE
STUWRW, ABETIIP-gpDLFICLY | K G5 D AT oA RO SN AT 2 e
L., B BB CED REMA 5 2 . FEFRIZMdrla/lb/Berp”~ ™ A Cldwild-type
~ AT, dexamethasone4 i Bz #% G- D FL R K QML R B3R T 97273, &
R I AL L7 W2 &% R LTS (Fig. 9C), L7223o7C, P-gpPRLEAI O %, A
T ARz W R BIATFRAA T2 RIEMR EOER IV T, iRl
O, BEHPERIER ORI H TH L ATREMEDN I S D, 7ol P-gpflEH O
(ZITAR R 42 5 COBRRME i RGN HDLOLIFIET D, BZIE, SO R G BIA

& 3K Clketoconazole<>erythromycin, tacrolimus?s, #H O AN CTldpolyethylene

55



glycol-300<°pluronic P8573P-gpflEREA AL TV 5 (Batrakova et al., 2001; Ekins et
al., 2002; Hugger et al., 2002; Kishimoto et al., 2014), = D7 4 & F/2DFRH
LTI DD, ZNH DR IREE T K03 5D P-gpREAI O L, AT BrARD KN
REH NV TAH R FIEICR L ZENIIFF SN,

Dexamethasone D% Fz & 5-I5 1 13wild-type~ ™7 A2 kL~ T, Mdrla/lb/Berp”~™
ATEBPIREMETLDIR L, s EHERHZIIR B P IR AL 72 (Figs.
9C, 10C), #% iz #% 5B = Mdrla/lb/Berp~ ™ A TEL R Fhi B DMK T L7= b B3 452
FIZBWTC, RED2-a =R VN ET VW EHWTCHRcE5Z %R~ LT (Fig.
8B), £ Z TARETIL, FHERFICR PRI RE R E2-3 2 /R— M MET
JV (Fig. 8B) ZHWTHELEL, 728, BLEITYTY, LLTORE (iii-v) 27,

R (i) FAIRNIR G- CThHI=0, 7y FHBORILERV (R=0)

(iv) AEEZHBEL TORWEIREE TH DT | RENOINTA~OHEH
TS (Pe=0)

FRROIEE =3 L&, ERIRIEIZE 1T Hdexamethasone D2 (C1) &K OVE &z H
IREE (Co) IZLL F OB S TR TED,

C1=Cp* (P4 Ps)/ (P2 P3) (Eg. 9)

Co=Cy+Pul P3 (Eq. 10)
P-gpiXP. K O'PsD i MR ICBH 55 5720, Lo (Eq. 9, 10) KLY,
Mdrla/ib/Berph~m A (P OPsZME FIE) TIX&E A (Cr) M OEE FIHRE (Co)
DM FHREMTHEE 2 HND, L, EFLoORICIBWT, KEZ (C) FIREIXP,
K OPsD a2 T HDIIKI L, B TIRIE (Co) 1ZPsDEDHZ T %, DT,

P2l PR T DS BT E L (Co) IZH~T, K (Cr) DI BRENVZEDHEESH
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%o Flo, MMM BIFTIC e~ T, FEAE NI D Z A v o 73 a D3 ESS TH
HZ& (Olesen, 1989) 75, EE K ONILHEIR] Dk i 2%t 9~ P-gpdD % 5 (Ps) (13/h&
WEE 255, FEEE. dexamethasone O L FFE BRI VT IO K fiE 1
wild-type~™7 22T, Mdrla/lb/Berp’~ 7 A CTH G072 N 23860 7= DI % L,
R DKAE X~ A TENRD SN -7 (Fig. 10B), 512, FRIZBW T,
FERLE K OREEJBIZIZZ AN Y 7o a BELEL , B OR BRI 545307
EHSOTWHZENHAEIN TS (Furuse et al., 2002; Sayedyahossein et al., 2016),
FDTD ., TRIZBWT, P-gpldZ AT v I ar bEBIZ BNV T 2> TNHD
ENHEERIND, LT3 T, P-gp /w7 7T U RRRICIZE R (Ps) IZHART, £ (P)
TEZORENIVBEEITROON T LHELRE LT, L LRG| BLEE R CIERE BRI
(2T 2 P-gpDHGIETENE LT TETHR ST, P-gpd 23517 DI BLO I3
P CE TR, ZD7 514 P-gpD L JE TOFRBLORMEIZ DUV TH R 72 iR
NAMETHD,

LLC-MDRL %8 B i - F W 7 08 A0 el i 125 52 HR 12 20 . methylprednisolone 23P-gp

DIBETHHILERLMICLE (Fig. 11E), LU, wild-type % U'Mdrla/lb/Berp™~
¥ Z{Zmethylprednisolone Z % £z #% 5-1% D B2 & M OV F IR FE I3 2= D5 b
9" (Fig. 12D, 12E), methylprednisolone D% B W Z x5 P-gpdD 52 B TFE 8O HAL7e
MoTe, LTZA3> T, in vitrofR i e 6 525k ¢ LN L 7= P-gp D J B X, K& Clissd
LB ITHD Z WD EDRIE ST, ERR, TR T, cyclosporink AR
itraconazole, ketoconazole7s & A7 1A R LIS DP-gpEE A VN Tin vivofR B2 I 32
BREAT-T20, W o Ebwild-type~™ AEMdrla/lb/Berp~ 7 ATk B WL I

IZZEITFRD B> T- (data not shown), Methylprednisolone % Rz % I IZ 5%t L C
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P-gp D NGRSO LR~ T2 JR K &L T, dexamethasone<°prednisolone(Z bt~ C,
methylprednisolone ™ Bz & Z i 4 A3 151 < | 8% B WU AR5 92 P-gp D &7 5- 23 F8 %f
BITARW AT REME 238 5, F2BE . methylprednisolone., dexamethasone X U¥prednisolone
XA — &5 & TV RCRE LG L2 B8 H IR B 13 dexamethasone <
prednisolone (100~200 ng/mg tissue) (Zkt~<T, methylprednisolone TIZBHSD T &
[ (800 ng/mg tissue) Z7<L7= (Figs. 9B, 12B, 12E), L7=/3>C. P-gpid 7 &
PEDAR N E FE S DR BRI KL T, REREEZ KT v aetE mgahie, —
77 . P-gpL'E Tdh Hketoconazole Z ik % DB NI 3517 2 4 E Jg /i 5 Hh iR B bk 1T
fluconazole(Z b _T, RNV EDV STV (Harris et al., 1983; Faergemann et
al, 1993), %£7=. ketoconazole!dP-gpZLE TH 573, fluconazolelFP-gp L& Tlidau 2
& (Yasuda et al., 2002; von Moltke et al., 2004) 7%, fluconazole(Z bk~ T,
ketoconazole T /& J&g /i 8 Hh i BE LE MR W RIRN I, P-gplZ i Dketoconazole D3R 2
D IMLIE I ~OEEIE R LT AT REMED B D, £ DT | P-gpldFfIR N 5-0% 1
B G5 DEIEFO RN AL THELGL TWD aTREMEL B 2 bivd,
ARETCIE, ML 72 AT oA RO IZBCRPO FEE N E EN TV =9 (Fig.

11). BCRPI AT 1A R D% 2 AT M 1 E 3 B TR CTETuvely, Ll 2

Pr

DRh0123% AV 7zin vivoit Bz 5 G-REHT ISV T, Rhol123 %8 B2 #2542 D B e OF
MAE R I IMdrla/lb "~ A2 HE-_T, Mdrla/lb/Berp™~ <~ A TIK T 9 5 7]
ZiB7= (Fig. 2), L7=i3-> T, BCRPAMEE DR UNIZ B 5L T\ A aTREMEL 5,
BIZHEBIZIZMRP, OCTNIXPEPT270 ELD FM T o AR — 2 — bR RERIIZ S8 BL
LC\% (Lietal., 2005; Markova et al., 2009; Heise et al., 2010; Kudo et al., 2016),

MRP1iZ~ 7 ARz Rk 3\ T fluo3 & Uigrepafloxacind HEfik J5 6] OB 251 2 3 5-
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35L& (Li et al., 2005), MRPsZ LR 7T F /P AMIBNWT, TLAT AT H
ARFTNE OIS BEEIC T 5T D2 ED/REN TS (Heise et al., 2010), F7-.
Markovas (Xt &R 7T F /A MZOCTNIZ R BLL | Hilg{k AT Sergothioneine
DA I A A 5T HZEEHEL TD (Markova et al., 2009), LSLZRR5,
INBIEFWTIbIn vitto TORFETTHY | M7 AR —F =3 HE Din vivoik BRI IS
JAFE T BTG/ > TRy, — 5, Kudoblid it . PEPT27%3glycylsarcosine
Din vivoiR 2 R F 5952 L2 S L2 (Kudo et al., 2016), L7=23>TC, k4 72
T U AR —Z =N FIT BT, E ORI PEMIC R 5L TOD ATREMEDNR B 2.5
N5, Flo, ZTNHDIT AR —=Z— TN T INH R ZITHBLTHZ 05 (Markova et
al., 2009; Heise et al., 2010; Kudo et al., 2016). ZALHI34k & e3P LBE S Al 53 D
BB A~OBATIZH RN G-L T ATREMED DD, T D7D, ZhBED T AR —
Z—I%, RNBIREHIENE OB IR WTH HZ — 7y MR D Z RIS,
ARETIL, P-gp2s, S AT 1A RHTh%dexamethasone & Uprednisolone D #% ¢
W 59 52BN LTz, F72, P-gplE BEICAT A RDREZINLEE~D
Wk A G DI EaTR U T, LT2ii o C AN ISR BURs SR 703 ok = e i O B

FIZBWT, P-gpda 72—y M b Al RetE 2 7R LT=,
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%A% Oxazolone HHRZEHRIZIITD P-gp & BCRP %417z histamine @
ENER & OEBATE O]

B1E WS

BZJERITT N —E B R SPHERE | bR & 72 B R R T RO DR R
ThD, £, B RITREMGEIGEZR IR TEMEAL T 5720, 3 D QOL & K&<
R TSEDIRED — DO ThD, FIEFBMLITIBNT, TRAZ T TV REAZIL /0L
D2 T RAE S OFEAD AT 4 =—H—H3ZFEL (Johnson et al., 1960;
Hammarstrom et al., 1975; Krogstad et al., 1997; Reilly et al., 2000; Potenzieri et al.,
2012), R JEREIERESHE D, 2D ZWHLNIKMEE D NEFREZ N HZEN
BZJE R DIERYGENZDRD3 D, FERRZ, NIERPEYE OB NEFEOIHZ B 5L T,
A REER O ERD RIS, 2D EROFEA LR D2 LM ImE I
TV% (Giannaras et al., 2005; Cho et al., 2010; Inami et al., 2013), L2, NIEMY
BORANEROMENIZNETES IR LRI LRI o TRY, BIE
DOV IMEAEITIE B LIeBEHEI D e u,

IR E O BE TR X ENDDOAG R, & OB JEO I i~ it
IZEDHIEIEFL TV (Sondergaard et al., 1972; Francis et al., 1977; Heavey et al.,
1984; Aked et al., 1987; Potenzieri et al., 2012; Gutowska-Owsiak et al., 2014), %z (%
FESRDAT 4 T— B —ThHEAZI LTI, histidine decarboxylase (HDC)
VAR EN7=% . histamine N-methyltransferase (HNMT) (ZX0 TSNS
(Sondergaard et al., 1972; Francis et al., 1977), S5H1Z, EAZ TR END
MK FICPEHEILD (Heavey et al., 1984), F7z, AN ZL 0T RAKX TV D
PGB HRITIE, R RS ML h ~ DR D T E R RENZENREBES LT
% (Aked et al., 1987), L LD IO, NIRPEWE O NZEFEITITAE A BRI
AT MR ~OPEMRSE 5328 E 265,
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JHSONE LTI A NGB S Z A R v 7o a B TR RL QDT | kRS
HOWEOBATITHIRS D, — 7 ZHOMFRIZ LT B O ML N B )
+OFEA M THD (Olesen et al., 1989) 7-8 ., ZILFE THIRMEWE D K2 JE 1 HD
MM A~ D BRI TAHE L B 5 1 2 K0 B 2 b CE e, — 7 TR, WIRPEME D
BERG DD MR I ~DOBATICIE A R 1 % 575 Al REtEA RS T %  (Hashimoto
etal., 2013), /i & PN B2 (28 B3 o R B2 s R T D P-gp & BCRP 73,
B2 1§ 0 B R i S N 2 BRI R B35 (Skazik et al., 2011; Hashimoto et al., 2013),

BICF & 1T55 2 TN OV 3 3T, v~ AIZEBW T P-gp XU BCRP 735 J& /5 IfILifk
Hr o~ R FLE @ rhodamine123 K UM H A7 AR D dexamethasone & prednisolone
DBATICH G- 52 amis Uiz, —75. P-gp & U BCRP [3/iX D 4 A B AR S
FELL ., R4 7R BB A ) D I RIS PE L Tuvs  (Agarwal et al., 2012; Qosa et al.,
2012; Li et al., 2013), = D72, fUE[FIERICE G123 TH P-gp & T BCRP I3 N[A
PEILE DB gD IR T~ DR Z R 20 NBYEEZHIBEIL T VD RTEEE D S
%, BCRP X1 P-gp ZE 8L AV /= in vitro EBRTlE, IR N OFEHDAT 4T
—H —THHRERLTURVT 420, ENZE I BCRP LT P-gp DIELE THHZ EN
RIS (Hosomi et al., 2012; Oude Elferink et al., 2001) 73, P-gp & O* BCRP
DT HNRPEEE I TMASITELT | TORNER KL OCRERIZKIE

SRR DIT > TUVR Y,

ZZTAMIZETIL, 7R — MR G R TR B2 R R RET L ThD
AXa I E R~ A (Webb et al., 1998; Man et al., 2008) % H\ T, P-gp
KUY BCRP 23N RN E O B & 5 M i~ O PR BE 5L B R DN
B LIF T ARIEICOWTREL T, £, M AR =2 — DR F R T 5B
HAERHONZT 5728, BAEM K ONP-gp £ BCRP /v 77k (Mdrla/lb/Berp™) ~v
ANAFY Y AR BM L, SR OEIEEIZ OV TR, KRIZ, BT A
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R—2— 3N T IO N R I E % B &0 5 iR Uik 352 82k, R EROM
N TG T 2OMERFT D20 AFV a5 O R K OUSED A2 R e —
LM EAT -T2, S5, P-gp M INBCRP N Y% AX R — A TR UIZEAZI D
WZFEICB 572 FIREME DN R ESNT T8 | TFT AR —F —IZRDEAZI L N

TR IZ SOV TH RS E N2 T,

62



Fofi ERGIE
4-2-1. BE
Oxazolone, 1-methylhistamine dihydrochloride £ UF oxymetazoline hydrochloride (%

Sigma Chemical Co. Ltd. (St. Louis, MO) XY, histamine /X Nacalai Tesque Inc.
(Kyoto, Japan) J9. [3H] Histamine dihydrochloride (22 Ci/mmol) (% Perkin Elmer

Inc. (Waltham, MA) XV ALT=, D42 TORIEI T AL -,

4-2-2. EBRENWY)
FVB/NJcl =7 A (wild-type, ZEM:, 7~9 #i#) K& O Mdrla/lb/Berp” -~ A (IEME

~9HR) &5 2 EOHEBRTIE (2-2-2) LRERICEEA . BE L CERICHW:, 7235,
T RCOBEYFEBRITEIR K FZO ) EER IS IZE-> THEIEL T,

4-2-3. Oxazolone IZ X A RBMER VB R DAL
Man & K& T Webb & ®D 7154 2:#1|Z oxazolone 2 W T, ~ 7 ZEHE KR OV

L a1T - CRJER 2355 L= (Webb et al., 1998; Man et al., 2008), J&/E K OV
FHIERTCEM A AN B o2 AN T~ U ADREEN > 72, EEITY=F >
— T U AR T CRE SRR & B OVE B U 3% oxazolone IRk Z 240 20 K OY
10uL AR L CHEM L7z, £/o, BEITEBEMES HE LY 2 X3 BIZ 1 FIOHE
T~ U ADMHIE N OEHIZ 0.5% oxazolone AR & 4141 60 K OV 10 pL 9o
AT LU CHEM LT, 2B, WHERIEIZIIFREOT 2 /) — )L 2 @4 Lz, &E
M OVEEE B2 oxazolone ¥R D BAMERIIZT P XNV y 7 R AT —
(Model7301, Mitutoyo Corporation, Kawasaki, Japan) % FH\CTEHIME A HIE L1z,

A H 121 oxazolone ¥k D U AT 2 WA B4 G- £ TOM], #EAEECS FHA L
7z, Oxazolone ¥iX D ¥AT 18 H HIZILEAR 24 FFHZIC Y = F )L = — 7 )L AR

We TGRSR BIR & 0 A A BRI, 330 (1500%g, 10 min, 4°C) L TIE% IR
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HL L7z, WIZ oxazolone AR DRZJEZEEL L, A X Ao — LMEHT XX JE+
histamine/1-methylhistamine = EE I 123 2 BRITK A E 3R TF SIS Lz, |2
Ji§ % RT-PCR |27 2 B30k 4 L 7= RNA later (QIAGEN GmbH, Hilden, Germany)

[ZIET T I THEMr L, 4CT—BifE%, -80°CTHRE LT,

4-2-4. Oxazlone RIEEAH D FZJE Kk OMLEEREL D X ¥ 4 v — LT
Oxazolone SC1EEBAREE K OB BED J2 g K NI AE A A & 7R 1 — M FRFT I
FDOHREIHE - T, BISRFIImAEMEL e T O B AR BIZ I E/ETEV =

(Soga et al., 2006, Soga et al., 2009, Akiyama et al., 2012),

4-2-4-1. GBI DRILE

RN Yo =7 B — X % O 20 pmol/L methionine sulfone/MES/CSA &%

(A # / —/VIRHK) 500 uL % i 2. Shake Master NEO (Bio Medical Science, Tokyo,
Japan) CTREZMEL 7=, 7 o r kLA 500 ul & O milliQ /& 200 L A0z T
PEHRRE . 0 (4600%g, 15 min, 4°C) L C EJgDK-A % 7 —/LJE 300 pL &[R4 5
W7 A — (4ES 7B 5,000 Da) ICERE L7-, 3#0> (9100xg, 3h, 4°C) LT
Ak % 35°C T LifiE L. 200 pmol/L 3-aminopyrrolidine } OF trimesate 7Kz

50 puL (23 fiE L. CE-TOFMS HIE Mt L7z,

4-2-4-2. I BB D RITLE

i 48K 40 ul 12 20 pmol/L methionine sulfone/MES/CSA A% 400uL z 0 L
TH#H%., 7 radkb A 400 ub & O milliQ 7k 120 pL 2z THEERE L=,
> (10,000xg, 3 min, 4°C) . EEOK-A % 7 —)VJE 300 pL Z[RAAila 7 ¢

JVA— (4yHEi45y1-& 5,000 Da) [ZERHE L. 20> (9100xg, 7h, 4°C) 4. A% 40°C
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T DN U 7=, 28R &[R4 12 200 umol/L 3-Aminopyrrolidine % OF Trimesate

KRR 50 pL (¥R fiR L. CE-TOFMS JIE (it L7z,

4-2-4-3. CE-TOFMS 12 & A 50%T

Instrument: CE; Agilent capillary electrophoresis system
MS; Agilent G3250AA LC/MSD TOF system
LC; Agilent1100 series

(Agilent Technologies, Waldbronn, Germany)

B AR E DORIE:
Capillary: Fused-silica, i.d. 50 umx100 cm
Capillary Buffer: 1 mol/L Formate
Applied Voltage: 30 kV
Polarity: Positive
Capillary voltage: 4000 V

Flow Rate: 10 uL/min

A F AR E ORIE
Capillary: COSMO (+), i.d. 50 pmx110 cm
Capillary Buffer: 50 mmol/L Ammonium acetate (pH8.5)
Applied Woltage: 30 kV
Polarity: Negative
Capillary Voltage: 3,500 V

Flow rate: 10 pL/min
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4-2-5. 8T UV RAR—F —RERFMBOREE

93 EDOFIERSTIE (3-2-6) ([Tt~ THEEL,

4-2-6. b T VAR —F —ZEFEB M E FV 72 [PH] histamine DB Y AL B
#AEIZ PDMS plate (24well) 2 3x10* cells/cm? DFIAEES FE CHREREL . 3 H RS EL
7=, 7235, PDMS plate [T B KPR PR LR R RHBE 2 1l H R T 2 &

DIEHETE V-, 3 H RS N & HBSS (pH 7.4) T 2[al{k# L T HBSS (pH 7.4)

500 pL % I L7z, 37°C T30 43 A v & = X— K% 37°C THINE L 7= 400 dpm/uL
[*H]histamine/ 400 umol/L histamine %45 HBSS (pH 7.4) 500 pL Z ¥ L. AL
0 IABFEERZ B LTz, 37°C T 120 731 v F 2 _X— ME &KERZ B L,
#ia % ice-cold HBSS (pH 7.4) T 2 [m¥ai L 72, 0.2 N NaOH 300 pL Z %0 L CHf
fu % A bt%,. SNHCI12 pb THFI L7z, & 50750k 200 L 2@k > F 1
—3 a3 B 77 /v (Cleasol |, Nacalai tesque Inc.) 1 mL EiRFIL ., KT F L —
v a vy H— (LSC-5100, Alola, Tokyo, Japan) % Fiu > CHHEMEZHIE LT-,
AR A% OFEHZ I81T D Z 737 &3 Protein Assay Kit (Bio-Rad, Hercules,
CA) % W CTHIE L7z, [3H] histamine OMIfENEL Y iAZ & (uL/mg protein) 1.

HCHHE: 2 5% 53 DR E (dpm/pl) OV X7 ECTlRL TR L,

4-2-7. T v AR— 2 —FB % B\ 72 1-methylhistamine DB Y AL FEEk

[PH]Histamine OMIFEPNEL Y IAASZER O FEBR H 1k (4-2-6) 1[ZHE-> TIHhw L7z, 72
. BEHHRIZIE 500 pmol/L 1-methylhistamine &4 HBSS (pH 7.4) % 7=, £7=.
37°C T 120 73 A v 3% 2 ~— ML DO ice-cold HBSS (pH 7.4) T2 [RIWEH# .
AR 300 uL ZIRML, B/ R LA N—TREIX L7z, &L (10,000%g, 5min)

LCTHELNTE B % LCIMSIMS W T, EiEF @ 1-methylhistamine 752 % H
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E LT,

4-2-8. LC/MS/MS IZ X 5 2%}t histamine & T} 1-methylhistamine 3 BE I E

BRI FE 1 LC/IMSIMS 2 W T FORBFICTERLT,

4-2-8-1. RERABIORTLE
FREREHT R R A WER, 2o/ A7 e —X (B 6 mm, 2 fH) “HiC Shake

Master Neo H~ A% —F =—7 (Bio Medical Science, Tokyo, Japan) {Z AL T,
40 ng/mL oxymetazoline &R (WNIEEMEME ., 7BF=N/LIEHK) 1 mL ZRINLT,
Shake Master NEO |Z Tl . w.0r (12000%g, 5 min, 4°C) LT LiE&aEEL7-, Lk
HIX Y =D 50mmol/L FEfE 7 v E=v AIKRERBTILC, mLRT7 414
— (Ultrafree-MC-GV 0.22 um, Millipore, Bedford, MA) #H W\ TAiL, A%

LC/MSIMS (ZIEALTZ,

4-2-8-2. AR EALIR DRIALEE
A AT EIR 10 pL {2 40 ng/mL PARAERSIK 40 pL X OV 2h=FJ/L 950 pL %

WINUT=, #4130 (12000%g, 5 min, 4°C) LC EIFEERELZ, BT S ED
50 mmol/L EEEET > =0 LEIK IR, =07 L ¥ — (Ultrafree-MC-GV

0.22 um) ZHWTHIEL | A% LC/IMSIMS IZTEALTZ,

4-2-8-3. LC-MS/MS HIIE &4

Instrument: LC; LC-20A series (Shimadzu Corporation, Kyoto, Japan)
MS; AP14000 triple quadrupole mass spectrometer

(AB Sciex, Foster City, CA, USA)

67



Column :COSMOSIL HILIC

(5 pm, 2.0 mm x 100 mm; Nacalai Tesque Inc., Kyoto, Japan)

Mobile Phase: A) 50 mmol/L ammonium acetate

B) Acetonitrile

Time (min) % of A % of B
0 20 80
0.5 20 80
3.0 80 20
4.0 80 20
5.0 20 80
10.0 20 80

Flow Rate: 0.3 mL/min

Column Temperature: 40°C

lonization: Electrospray

Polarity: Positive

Multiple Reaction Monitor: Histamine;m/z 111.80 to 94.80
1-Methylhistamine ;m/z 126.08 to 109.00

Oxymetazoline (internal standard); m/z 261.50 to 91.20

4-2-9. RT-PCRIZ L B F TV AR—F —BIFREEDOTE

% 3 HEDERRTIE (3-2-9) IZHE-T oxazolone FEBATRE M OV IBEE D~
AR E DN total RNA ZfiliH#% . cDNA Z{ERI L, RT-PCR Z %k L7-, AL
7o 7T A ~—FH% Table 2 (" d, RN, 7 b E—MER R EE K O
B DP2JE O cONA T H KR P E P R G 80 Vil — 2z L0 f2 T

72 & NEJEIZEBIT D P-gp LT BCRP O FE &1, ik MDR1 V 7L
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%A IPCR 774 ~—1% > I (Roche Applied Science, Penzberg, Germany) ;& O}

ABCG2 U 7 /L% A L5 PCR 7Z A ~—% > I (Roche Applied Science) % FHV T,

BT T s a U Iht-> TRl L7,

Table 2. Primers for RT-PCR analysis
Gene Forward primer (5’to 3°) Reverse primer (3’ to 5°)
Abcbla CATTTGGCAAAGCTGGAGAG TGCTCCGGTGGTGTTTTTAG
Abcblb TTGGGATCACGTTCTCCTTC GCACCAAAGACAACAGCAGA
Abcg2 TGGTTTGGACTCAAGCACAG GGAATACCGAGGCTGATGAA
Abccl GCCCCAGTGTTACTGGTCA AATTCCCGAGGATTGGACTC
Abcc2 CAAATCCAATTCTCTACCTATGCAC CCAGAACATGGACAGGAACC
Abcc3 GCTGAGGGTGGGGATAATCT AGCAGTGGCCTCGTCTAAAA
Abcca GAGCACACGGACGAGGAG TTGCAAGGCACACTAACTGTC
Abcch CTGTACCAGGGCAACACAGA CGTCCAGAATTTGGAGATGAG
Abccb CATCTTGCCAGGAATCAACA AGACAGGACAGCACCAGCTC
Hdc CTTGCACAGAGCTGGAGATG AGCAGGGCAATTAAAGTGGA
Hnmt CCACCGAAGTGGGACTTTATT GCACTGGCAGCTAAGAGACC
Maoa  CGGATATTCTCAGTCACCAATG AGCTTCACTTTATCCCCAAGG
Mao b TCTCAACAACCAATGGAGGA TTCCCCTGTCTGGTCAATGT
IFN-y GCGTCATTGAATCACACCTG TGAGCTCATTGAATGCTTGG
36B4 ACTGGTCTAGGACCCGAGAAG TCCCACCTTGTCTCCAGTCT

<~ A cDNA ® PCR %, A FOEMTEL 7=,

95°C, 15 min — (95°C, 10 sec — 60°C, 30 sec) X 40 cycle

th cDNA @ PCR IZEBWTIE., LT O TEIE L,

95°C, 10 min — (95°C, 15sec — 60°C, 60 sec) X 40 cycle

W HEE R 1L LT vV AL E IV T 36B4 %, ENMIZIWTIX gapdh & Hv

T.mRNA &% AACT EICXVERLT-,
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4-2-10. T — X AT

HEZAOKIEIL Student O t -FEZ FAVTITU, p < 0.05 Z3i7= T B A E 24N

HHEHEILT,
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3l AER
4-3-1. Oxazolone FHHEEZERICxT 5 P-gp X ) BCRP DEE
Wild-type & U Mdrla/1b/Berp 7 20 B K OVl i i 12 oxazolone % 18 %4 L .

HNEOHRB ML 7-, BT wild-type &% U Mdrla/lb/Berp” <7 2D\ ¢ 10,
PRIERH FRAEIZLE T oxazolone AL CriKH#ERE LT (Fig. 14A), F7-. oxazolone
WA BT wild-type <~ A2 T, Mdrla/lb/Berp™ <~ AT A B
1% 8 HA (EEBAAH) 720518 H B2/ THEANL 7=, Oxazolone ¥:AfiBR 1414 18
H BIZBDEA L O IE R & D FT 7% Fig. 14B (Z7~k3, Oxazolone A LD E Ay
e OV E B2 i CUIALEE | i e OV B 238 Hiv, Wi ith wild-type ~ 7 AT~
C. Mdrla/lb/Berp’ -~ A CH{EEL 7= (Fig. 14B), L7=23> T, P-gp Xi% BCRP 73

oxazolone i %8 K JE K DIl % 5-7 2 Al REMED RS LT,

(A)
100 -

90 -

Ear Thickness (% 0.01 mm)

20 I 1 Ll L] T ) ] L) 1
0 3 6 9 12 15 18 21 24

Days after Sensitization (day)
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Ear

Abdominal
Skin

Fig. 14 The difference of oxazolone-induced chronic dermatitis in wild-type and
Mdrla/1b/Bcrp™- mice.

Ear thickness in oxazolone-treated Mdrla/1b/Bcrp~~ (closed red squares) mice was
increased compared to that in oxazolone-treated wild-type (closed black circles),
vehicle-treated wild-type (open circles) and Mdrla/1b/Bcrp™~ (open squares) mice for
day 18 (A). Clinical symptoms of wild-type and Mdrla/1b/Bcrp~ mice at day 18 (B).
The repeated application of oxazolone to the ear and abdominal skin caused erythema,
induration and abrasion. Each point represents mean = S.E.M (n=4-9). When error bars
are not shown, they were smaller than the symbols. *Significantly different from
wild-type mice (p <0.05).

4-3-2. Oxazolone RIEEBHBDEE D A Z A 1 — LR
P-gp & O BCRP [Z~T AW T, FE D ENH I H~DOHEHIZES 5L T

5HZEh . Mdrla/lb/Berp”~ 7 A TR RS E LRI E LT, WK RIEDE
DENEFEE B X T2, T2 T ENONIRMEWE 2R E 572, oxazolone K18 %
FABED B K ONMHED AR — Mgl (T AP 312 T, 7=A W
'8 :270 FEFH) ZF2hEL 7=, Oxazolone BATHED K Tl wild-type <7 RIZHAT,
Mdrla/lb/Berp~UATEEF 18 FifH (W TF A MEWE .7 FiE, 7 =4 MEWE 11
FEEE) O IEE \E B/ A 8A 5807 (Supplementary Tables S1-S4), 4512,
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H NI ECORIEAT 4=—F—LL THIBIL TS (O'Mahony et al., 2011; Kim
2012; Uratsuji et al., 2012) histamine &% DO T2 1-methylhistamine, urate &
U* serotonin /& oxazolone B4 0D K fiF THEANL 72, ZABHD H17C histamine (ZARZERHY
IRFERHDAT A= 2 —THHZ LI A RAENEM I D EESC B RG ~U T DIBIE 5
FEZE KR 2 7 EFB AL TS (O'Mahony et al., 2011; Gschwandtne et al., 2013), =
512, histamine } O 1-methylhistamine | P-gp & OY BCRP EDRE#E NS 72~ T
VRV, £ Z7C, histamine & Y 1-methylhistamine (275 B L CRgt D 72,

AB R — LRHTIZF T, oxazolone ¥ Afi %D Mdrla/lb/Berp”~w AR f§ T
histamine } 0" 1-methylhistamine O INZTRDT=Z LMD, ZOREREFER T H7-9,
LC/MS/MS % F\ T, FZ & histamine & OY 1-methylhistamine J2 2 % b CREARL
7= (Fig. 15), Wild-type } OF Mdrla/1b/Berp? <7 A0 Fz & histamine JERE 1% EH 12
TR BRI L~ T oxazolone AR ESATHE CHEINL 7= (Fig. 15A), %7-. oxazolone
FAEEARTED F2 & T histamine 72 # 1% wild-type <7 A2~ T, Mdrla/1b/Berp”—~
AT TRY, AZ R A LREEOMFE A EZ R LT (Fig. 15A), —J7. KJ&H
1-methylhistamine % £ % histamine & [FEIAR OB AR L | 0]~ 07 2T b (T B
IZH~_C, oxazolone KA EBARHETHINL 72L& 12, oxazolone KAH B A BED £ & H
1-methylhistamine = 13, wild-type ~7 A2 H~"T, Mdrla/lb/Berp’~ 7 A CTHEANL

7= (Fig. 15B),
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Fig. 15 Skin concentration of histamine and 1-methylhistamine in wild-type and
Mdrla/1b/Bcrp™ mice repeatedly exposed to oxazolone.

Mice were repeatedly challenged on the sensitized skin with oxazolone three times per
week. Histamine (A) and 1-methylhistamine (B) concentration in skin of wild-type and
Mdrla/1b/Berp™ mice were analyzed at day 18. Each point represents mean + S.E.M
(n=4-12). * Significantly different from wild-type mice (p <0.05). * Significantly
different from the vehicle treatment group (p <0.05).

4-3-3. Oxazolone X 18 840 B O &Rk RIS D EHHI

Oxazolone 18 847 #% > Mdrla/lb/Berp '~ AR )5 K& histamine 2o

N3 B & 9 DN KT T B2 B 533 5729, oxazolone % KU AE B A1 IRy
wild-type X Y Mdrla/1b/Berp”~ w7 ZADFEAK[EIE A FHAIL 72 (Fig. 16), Wild-type ~
AT DRERE IR I A B ARE S (IR G-BHAA 8 A) kb EL, D%, #ERF
B L=, —J7. Mdrla/lb/Berp”~m ATl wild-type ~ 7 AT~ T, AL B4
Bt (B5-BatE 8 A) o EBMG 16 A H ETOM, & TOBIE B CREMKE
BAINL TRV, SOITREIEEEL ORI 728D 138D bR T,
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Fig. 16 Scratching response in the wild-type and Mdrla/1b/Bcrp~~ mice repeatedly
exposed to oxazolone.

Mice were sensitized on the rostral back skin with oxazolone 8 days before the first
challenge, and were repeatedly challenged on the abdominal skin with oxazolone three
times per week. Scratching was measured for 2 hour before topical application of
oxazolone in wild-type (black columns) and Mdrla/1b/Bcrp™~ (red columns) mice.
Data are expressed as the mean = S.E.M. (n = 17-18). * ** Significantly different from
wild-type mice (p <0.05 and 0.01, respectively). * Significantly different from wild-type
mice at day 8 (p <0.05).

4-3-4. P-gp XX BCRP R E A% FV /- histamine & Y 1-methylhistamine #axé

Oxazolone ¥&Afi t& @ Mdrla/1b/Bcrp’ <7 AC, histamine } O} 1-methylhistamine @™
FENEREPBOONTHIKEL T, Pgp XX BCRP (2X% histamine X i
1-methylhistamine @ &5 IR H ~OHEHEDAK T, BN TO histamine D45 Ak
AROTLE IR O TEE 2 -, €2 T, T W7 AR —F—|{2L% histamine
J OV 1-methylhistamine @ i 5 % §F fi 9~ 2 7= ® . LLC-MDR1 il fa }& Of
MDCKII/BCRP/PDZK1 #fifiz F\C, [3H] histamine & O 1-methylhistamine Ol fic
PEDIA A 526k 2 S0 L 7=, [*H] Histamine Ol fia N BGA A &id LLC-pk1 Affaiz bt
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~C, LLC-MDR1 #fi T F L7z (Fig. 17A), £7=. [*H] histamine e PN BGA 7
|3 MDCKII/mock/PDZK1 #fifiaiZ th~T, MDCKII/BCRP/PDZK1 HHfaiZd5u Th
K T2RHBNT (Fig. 17B), —77 . 1-methylhistamine O#ffia PNE A A & IZ-DU
Ti%. LLC-MDR1 #fifa Kz Y MDCKII/BCRP/PDZK1 DWW vz hr— L

ks B sh 7= (Fig. 17C, D),

(A) 4. (B)
12 ~
) 60 - I 1
ﬁ'é‘ ° 10 A
g“g 50 + e ‘_‘ﬁ‘g% . *k
o5 404 53
: =
_ ) o Q 6
EE 30 £o
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p

Fig. 17 Uptake of [*H] histamine and 1-methylhistamine in LLC-MDR1 and
MDCKII/PDZK1/BCRP cells.

Uptake of [3H] histamine (A, B) and 1-methylhistamine (C, D) in LLC-pki,
LLC-MDR1, MDCKII/mock/PDZK1 and MDCKII/BCRP/PDZK1 cells. Panels A and
C represent uptake in LLC-pkl and LLC-MDR1 cells. Panel B and D represent uptake
in MDCKI1/mock/PDZK1 and MDCKII/BCRP/PDZK1 cells. Data are expressed as the
mean £ SEIM. (n=3-6). ** *** Sjgnificantly different from LLC-pkl or
MDCKII/mock/PDZK1 cells (p <0.01 and 0.001, respectively).
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mRNA Expression

4-3-5. BIEREALICIIT D histamine EEA/RBEEROBETFRAE

iz
1-methylhistamine @ fz N &7
XIFNHDOIER T EER T, £
Mdrla/1b/Berp™ <7 AD K &>, histamine ZE& K OV R O B A 1%

oxazolone % {8414 Mdrla/lb/Berp” <~ AZE\ T, histamine & T
SFROLNTFRKEL T, BE T histamine DA AR
DILIE % ZC, oxazolone IEEAI& D wild-type KO
HEZFNL7Z (Fig. 18), I PREEIZ T, oxazolone S8 AT D K & Tl
wild-type & U Mdrla/1b/Berp”~ 7 ADWFFUIZISUNTH histamine 4G Rl Th
% Hdc D& a1 B ENHE T INL 7= (Fig. 18A, B), LA L. oxazolone <18 &4
O R JETIX, ZORBLEIZEITRD LN o7, LIA3> T, oxazolone K%
FRFIZIE, [~ AT histamine O PEAREIZ 2TV eV RIEE LT (Fig. 18C), —
77, histamine O R IZ- DUV T, wild-type }2 T Mdrla/lb/Berp”~mw 2D 1%
oxazolone S8 &A% D B T, histamine fRE#{I% 3R TS Hnmt D& xT-FEBL &)
K FL7= (Fig. 18A, B), 512 Hnmt 1 fs 1 D3 B E1X., oxazolone 18 B A gl D K
i

18C), 72F. histamine {\H{E% 55 T2 Mao a. Mao b }2 T histamine i PN EGA -

TlE wild-type =7 A2~ T, Mdrla/lb/Berp” <7 ATIHE F23ddoH 7= (Fig.
%195 Oct3 Didfs - FE Bl &L oxazolone (2L 5 2% 52113 (Fig. 18A, B). ZE 4

AL COFRBLED W~V A TEITBDO DI -7 (Fig. 18C),

2600 800 *kk 140
Q. 2200 ;i
700 -
o 1800 [ c8 420
c 9
O 1400 P 2¢
= 25 600 @ = 100
@ 1000 Q (]
- Fkk q";g Qo
3 00 S O 500 o> 80 *
- - [o3 ] X r
- X' w3
o we <3 @
o <.L 150 Z
= ZL ¥ o
ﬁ 100 Yo 40
> - €2 10 Ex
Y- Y ~
O 50 2 0 20
u\° t 5 ek
0 0 0
Yo %, Yoy Yo, Oy, % o B Mo Yy O 4 Ko B My
() C) C) Cry 7%
e Ty Tog Tog @ Ty % "y, 90, Sog Ctz "y % ny, o, o,

77

O, %



Fig. 18 Gene expression of various enzymes produce and metabolize histamine in
skin of wild-type and Mdrla/1b/Bcrp™ mice.

The mRNA level for each enzyme in skin of wild-type (A) and Mdrla/lb/Bcrp™ (B)
mice was quantified by RT-PCR and normalized by that of 36B4. Open and closed
columns represent vehicle or oxazolone-treated skin. The mRNA level for each enzyme
in oxazolone-treated skin of Mdrla/1b/Bcrp™~ was compared to that of wild-type (C).
Each point represents the mean £ S.E.M. (n = 17-25). * ** *** Gjgnificantly different
from wild-type mice or vehicle-treated group (p < 0.05, 0.01 and 0.005, respectively).

4-3-6. = T AREREIICKIT D FF U AR—F —BEFREREOFM
JRIERIALTD N T > AR —2 —DORBLEZE) 2 703 572, oxazolone X

B 8AI% O wild-type ~ 7 ADKEIZEB T H ABC ~ T > AR —F —DEfs+F3EH1
BAFME L= (Fig. 19), AEERHRRREIZ LT, oxazolone S IEBARRED K& Tl
Abcbla, Abcblb KT Abcg2 DB FHREEDHEREK AR O N, b,
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Fig. 19 Gene expression of transporters in skin of wild-type mice.

The mRNA level for each transporter in skin of vehicle-treated (open columns) and
oxazolone-treated (closed columns) wild-type mice was quantified by RT-PCR and
normalized by that of 36B4. Each point represents the mean + S.E.M. (n = 4).
* Significantly different from vehicle-treated wild-type mice (p < 0.05). N.D.; not
detected.
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DD ZRBDTZ LD (Fig. 19), REMRRIEMEERETHLT FE—H
B J& 9% Je ONRESiE D BB D R REIZ 351 % P-gp M OY BCRP i/ D B EIZ ST
HEHI L7 (Fig. 20), P-gp EAn T DOIEB ST ADOIEFBFEIZI~T, 7 k
v R S R BE N Oz Re R CIK T L7= (Fig. 20A), —J7. BCRP #5125
W, W ADIERFEICHART, 7 kPR SR RE & ORREERE TR
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Fig. 20 Gene expression of P-gp and BCRP in skin of patients suffered from atopic
dermatitis or psoriasis.
The mRNA level for P-gp (A) and BCRP (B) in skin of atopic dermatitis or psoriasis
patients was quantified by RT-PCR and normalized by that of gapdh. Each point
represents the mean = S.E.M. (n = 10). * Significantly different from healthy control

(p <0.05).

79



Bl BE

Oxazolone K 1H ¥4 FEIZIE wild-type ~ 7 AT~ T, Mdrla/1b/Berp~ 7 A TRz
JERDSEEEL (Fig. 14), B T A2 IR B M OB I b ¥ L 7= (Figs. 15,
16) Z&)5, oxazolone KB BAR% D~ AT P-gp X% BCRP EAXI D NZE
AT DL TS, SOIIIREROMENCE 5T D alRetE i mShiz, Lz
DT, EERFIERFICRE S IR BT 5 P-gp LT BCRP ZfAETHZEIZED, X
HILDENERPGI SIS, FEA BT DR B 2 b D, FEERIC, P-gp
X% BCRP FHFRERZA T HEELOPIIL, BEMLL TRACKEREE T 5%
WMIBFAET D, il %13, P-gp & O BCRP fHERE% A 9% doxorubicin (% (Gao et al.,
2001; Suzuki et al., 2003), FEAZED B REZFHHETHIE, TDRFRDHLIEAZI
VI TH% diphenhydramine (2D 52 L3 H 5S4 TV % (Solimando et al.,
1984), F£7=. BCRP [HERER A 9% EGFR BHEAID gefitinib <> imatiib /X (Houghton
et al., 2004; Ozvegy-Laczka et al., 2004), &HBEEIZEEA A G RAEFIET D
(Belum e et al., 2015; Burotto et al., 2015), ZALHD Y LIS P-gp & Y BCRP BH
EREEH T HIMNIZAFAET D, LI23> T, P-gp i BCRP L EREE A T 23 Y
D R E R B ~DERIRHZIT, FEAO R F R OB BT 00BN G D,

Oxazolone AR FZiE ClE wild-type o7 A2~ T, Mdrla/lb/Berp~mw AT
&R e AL IAREEEINUTZ (Fig. 15), EAX I G TIE I AMNEIEA A
BiA% | IAE PN RGRI R SOk SRR TG S5 (Haddock et al., 1987), £7-, bA#
AT FENS IR PN AT T 5 (Heavey et al., 1984), I5(2, FZRE DL
BEWEMARIZIB T DZA N v 7o a ldffigs Toho7=% (Olesen et al., 1989), Zil
FTEAZIV DR ENOIMAE T ~DOBATIZHEMMILBUZ VB 2 b TE e, — 77,
Tz 135 2 FEITH T, P-gp & BCRP 23E 7 I PN R AMARIC R BLL | JE % R &)

IR IS T 22 L2 R LTz, ZD7=%, Mdrla/lb/Berp <7 AT HEAXI
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DENEEOIFINEL T, £9° P-gp X1t BCRP ICLDEAZIL DR &) M rh~
DOPEM DR T2 2 7=, AMFTTIE P-gp i3 BCRP Z2 & & Bl fuz HIv 7= i i P
BOIA B FEERIZ BN T, 2 b — Uil T NI AR —F — 22 R B T
AIENEAZ IR ENME T L (Fig. 17), L7z23> T, b7 AR —2 — e AZI
> D GBI ~OPEIIC B 53 D [ REMED DD, Ll BUR L CTlIeAZI
ORI NI IAZN %5 P-gp S OV BCRP BHEHI O A IFHI TE TR, £D
7o BEAZI N P-gp XL BCRP OFEE THLMIH 2Dtz EiE L CHIETT2
VEIR %, Mdrla/lb/Berp” <D AT AHAEAZI DOFENEROJRREL T, KFE
N TOERZI DEE K CMHRED 2S5 2 Hivd, Oxazolone ¥3A[ 1% D R T
I% wild-type <7 AL Mdrla/lb/Berp” <7 A C Hdc s+ DR EEIZEITZRD bR
o7z (Fig. 18C), — 77, Hnmt /=71 wild-type ~77 A |ZEb~"TC, Mdrla/lb/Berp™
~UATHBEIME L (Fig. 18C), L LOfERN G, Mdrla/lb/Berp <o A TR
J B AS YR EE AN L 72 JR IR, P-gp 3% BCRP (245 K2 B0 HEE S EAL:
AHOIR TR K U7 AT RetEDS RIB ST, EAZ I O R E DD KT & B
PJERIZ LD MR TP ~DOHEMHZ LD B 2 53 TE 7203, oxazolone #AfH RFIC wild-type |2
T, Mdrla/ib/Berp '~ U A TR G HEAZ IR E D INL72Z & (Fig. 16) 7°5.,
AMFFEIE P-gp X% BCRP IZX D Mk H ~D RS EAZ I 0D L NE RGO Iz —
a5 LA etEE R LT,

Oxazolone AR D~ AR J&§ Tl P-gp 22 —R 3% Abcbla % OF Abchlb, BCRP
Za—R§5 Abcg2 DBIE - RELENME T L (Fig. 19), F/o, 7heE—MERE R K&
OWRLiE B D 2 JE T P-gp DBa T3 BLENME T L2 (Fig. 20), L7223~ T, K&
REALTIL, P-gp & O BCRP DR BLE DK TNEAZI D RNFREIEEL | FEr
DT 5L TCOWDATREMENZ 2 HID, 7 R — M JE K72 & D18 MR R 21
9B IR FBAZ I T, BRI RRIAT BN S B R D FEAL SHITITFEA D HE
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\ZD7e D HHEAEER (itch-scratch cycle) 5129 (Walgren et al., 1999), £ D7=8
72 AR —Z =% FHE T DRI ARSI DR NEREIE | FEHA O 2%
(X DIRIHEIT 2 D ATREMEN DD, BUE, T M — MR E R OIG I AT oA
2355 1 IRINER L U CfE S CuD (Ference et al., 2009; Ring et al., 2012), A7 1A
NIF R EHERE D P-gp J O BCRP (2§~ A5 28 X BT/ o> TR, invitro T
M8 N EGHERIZ 3T P-gp DFBLAFHEE TS (Igbal et al., 2016), D7, A7 1
ARG FNITHIRIEERITINZ T, P-gp DFFEEIZILDEAZI DR NEFE &
OFEHDOIHIABE G- L TOD ATREMES B . BiD, EEIC, 7 — R R EE T
1% prednisone |ZEATEEZ I T EAXI AR EDME T L, FEA DB T 5T 03
HEN TS (Black et al., 1981), F7=. A7 AR LAMZ rifampicin <> carbamazepine
ED P-gp FHEREL A T HEIMLBIFIET S (Greiner et al., 1999; Owen et al.,
2006), D72, ZNHD Y B AZI D NEFRE AL . FEA O E -
TDAREMES IR S D,

AH R — LFEHTIZIS T, oxazolone BAii#4 > Mdrla/lb/Berp”~w AD K & Tix
wild-type ~77 A |ZEE~T, urate K OF serotonin 23 ANL 72, ZAUBIZW T HUHFEA X
IIRIEDAT 4 =—%—TdH2% (Kim 2012; Uratsuji et al., 2012), L7=23->7TC, P-gp &
' BCRP [ZEAZIATINA T, ZNBDAT 4 =2 —D FLNFERIAIHIL . B 5%
DRI a7 5- LT FTREMED B 2 D, FFIC urate 1 in vitro T BCRP AE ThoH L
DHEFRESNTEY (Hosomi et al., 2012), BhEK 7 Z7F /A MIA/ERAL T IL-1a, IL-6
R NL-8 I EDRIEMEY AN AL DFEAZTLHESHE S (Uratsuji et al., 2012), 512
PIENVE R G IR B CTH ORI E Tl urate DENEREPRD LI TNDIEND,
utare ORIEM:ZEEE DB 51 RIBENTW% (Eisen et al.,, 1961; Goldman
1981), Oxazolone A #RD B &2 331F 5 urate I AZ R 11— LR LIS ORI E R T

MR TE QWD SRR T HXLETH D, Lol ARifF%EiL BCRP DR B &
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DR FIZHED urate O B NFEFED BE RO EIZE 5L TV D aIREME AR LT,

AR TIL G5B 4 5 P-gp &L (' BCRPZ histamine D fZ NS, & ST IHEE
KA L, KEXROMENZEHET DAtz "L, L ->T, A7 rA
RO X 9 72P-gp X IXBCRPZFHE T 2 M iT v A X I L ORNEREEMEI L, F#
H ORI H G5 Z LN R I, —FH, KEREREBF~DP-gpk 'BCRP
DIEFEEDOMMIT L 27 I ORNERME G SR I L, BEAOREL RS
HA[REMEN B D, E DT, P-gp& O'BCRPREEIL D HRFIZIZ R EIC I 1T D5
FROEIERICHEE L CHERT 2 %8 AR LT,
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BHE RBIE

BT AR EANR L2 07T AR I MEAERF 205 XU 7 LU THBEL TUD,
Flo, ZONUTHEREIL . AEE AT DY ELR AT RS TNDEE BN TE
Too LML, RIEITITEMCHEE R ORI VAR —F —b BB TRY | ENHD AL
T HEMHINIT DIEES T D, LU, ZEWRI XU T H33EY) DR BRI S B2 D FE.
YR RIE TIPS TORWeD | RKIFFETIE, NI AR —4—Th
% P-gp Jx Y BCRP (T35 H L, MihT 2 AR — 4 — 3 FLE O R I e OV Tl R0 K
ETREA AL,

%5 2 Tl P-gp & O BCRP 23 BB T b D Rho123 DRRF W IZ M 1T 35 2%
ERRETLTC, AEEZRBEL 72 EIC Rhol23 %% Rz ¢ 5-1% D 2R B R X
wild-type } O Mdrla/lb/Berp™™ ¥ A TEAITFBD DIV -T2y, B K OV
TEEEIT wild-type (ZH~_TC, Mdrla/lb/Berp™ DA TR F L7z, — ) CHiERF D7
JEIZBIT5 Ky ElE wild-type (ZEE~T, Mdrla/lb/Berp ™ ~UATHIILT-, F7-,
wild-type ~ 7 AIZ P-gp/BCRP BHZEHITH % itraconazole % Rhol23 & [RIIFICH% R %
BRI W THER K NS R MK N LTz, L7223 > T, P-gp 2T BCRP | in
vivo THEE ORI TG TR0 Lzeebls, IER O/ HICED,
B DR NENREZ S TE L rTREME 2R LT,

5 3 T T AMHAAT mA R ORI F 2% P-gp & UF BCRP DB G2/ L
7=, Dexamethasone & UX prednisolone Z#% 5z $5¢ 5-% 0 5z J& K ONIAFE i B 13 374
% wild-type ~ 7 A2 T, Mdrla/lb/Berp”~U A TIK FL7=, £72. P-gp LT}
BCRP 22 (&% BU e 2 U 7 M R i 125 52 B0 5 | AT 1A R 723 P-gp DIEE ThHS
ZEERER LTz, AREHIIEL BCRP ORE LD AT HARNE AL TORISTZ,
AREN T D72<ES P-gp 1F—H DA HAT BARDOREERIU T 5952 L2 BN
L7,
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BATETIIP-gp M O'BCRPIS L E RN I T B A2 Mgt LT, ARETIL,
oxazolone % 18 ¥4 I D 7 & 45 1 3wild-typelZ e~ T, Mdrla/lb/Berp ™ <7 A THY
7= & & b2, Mdrla/lb/Berp <7 2 ClZhistamine D S PN ZifE M ORI [R50 A8
N U 7=, R C, P-gp X IZBCRPZZ E %8 BLAMAE T iXhistamine DI PN EX V) 3A A B
DIE T 23R, Mdrla/lb/Berp ™~ ~7 A2} Hoxazolone S 18 B Afi 4 O 2 J§ Tl
HMNtOIEE TR EDIKR T HiR 7z, L7722 -> T, Mdrla/lb/Berp” <7 ATH
JEDPERE L7 A B = X L OINCITE 72 5 A DB Th 5705, P-gp& U'BCRP
5histamine D B2 NZBFE O 2 I L T, FEATAE D TRAREIEZ B L . B R O
PN w53 5 AR R S 47z,

AMFFEIE P-gp Ko Y BCRP 73 SWEL DR W % 54 B EbI0 . B RO PEHERF
EHSTWDATREMEZ R LT, LIC3 > T AL, ZRBD T AR —4 — 2R
& DI D L NN RERIEE ~DIS IS LD EEBIT, P-gp T BCRP [HFH
REZAT T 28 % TR T FE A RIER E ORWE I BT 20 AR L
<
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Supplementary Table S1. Date for cationic metabolites in skin of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Metabolite

Vehicle-treated mice (nmol/g skin)

Oxazolone-treated mice (nmol/g skin)

Wild-type

Mdrla/lb/Berp™ P value

Wild-type

Mdrla/1b/Berp™

P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Serotonin* 2.6 0.88 2.3 0.49 0.654 5.8 0.91 11 1.0 0.000
Histamine® 169 15 183 19 0.287 111 19 178 18 0.002
Riboflavin® 0.36 0.81 N.D. N.D. 0374 N.D. - 2.9 0.8 0.006
1-Methylhistamine® 2.3 0.53 2.3 0.98 0.950 2.3 0.21 3.7 091 0.023
Nicotinamide™® 24 4.9 30 9.4 0.311 29 44 46 6.1 0.036
N-Acetylhistidine™ 0.16 0.16 0.29 0.16 0.406 0.36 0.030 0.42 0.037 0.043
o-Acetylcarnitine® 102 11 93 9.0 0.326 113 10.5 126 4.8 0.044
Thiamine monophosphate 1.8 0.22 0.90 1.4 0.157 2.2 0.43 34 0.92 0.052
5-Hydroxylysine 1.1 0.12 0.94 0.16 0.226 1.4 0.13 1.8 0.24 0.053
Carnitine 72 6.0 79 7.3 0.264 104 9.7 116 12 0.055
Metformin 0.026  0.058 0.028  0.045  0.962 0.028  0.019 0 0 0.061
Isopropanolamine 0.70 0.25 0.23 0.23 0.069 0.27 0.19 0.55 0.17 0.079
5-Aminovalerate 1.5 0.40 1.5 0.33 0.878 1.7 0.23 22 0.20 0.081
Xanthine 48 15 53 42 0.700 57 10 118 43 0.092
Guanidinosuccinate 0.18 0.30 0.058 0.080  0.437 0.12 0.16 0.63 0.55 0.092
Ala 1200 136 1216 137 0.868 1805 215 2063 293 0.093
GABA 1.8 0.31 1.8 0.62 0.980 2.1 0.30 2.9 0.48 0.098
Hypoxanthine 53 17 66 56 0.545 62 11 118 42 0.100
N-Methylglutamate N.D. - N.D. - N.A. 0.62 0.46 0.35 0.41 0.108
1-Methylnicotinamide 2.9 0.23 2.6 0.36 0.304 5.1 2.1 7.0 0.7 0.111
Choline 108 15 115 28 0.535 122 18 167 29 0.113
N-Acetylputrescine 0.34 0.34 0.17 0.24 0.325 0.61 0.44 0.86 0.23 0.114
Gl 1331 84 1131 81 0.011 2351 290 2795 124 0.120
Gly-Gly 8.6 23 7.4 1.4 0.464 7.4 2.7 9.1 32 0.125
Inosine 142 37 176 112 0.476 135 18 191 39 0.133
Hydroxyproline 89 26 83 19 0.738 155 34 207 22 0.138
Pyridoxamine 5'-phosphate 0.95 0.22 0.67 0.12 0.095 1.2 0.085 1.4 0.14 0.141
alpha-Aminoadipate 7.2 1.6 5.8 0.89 0.247 15 4.0 22 3.1 0.143
Met 63 15 65 8.9 0.843 146 21 184 30 0.150
Arg 253 56 200 36 0.187 799 285 977 320 0.164
His 144 15 147 18 0.885 337 82 449 142 0.165
N6,N6,N6-Trimethyllysine 3.1 0.57 3.0 0.18 0.729 5.1 0.36 5.8 0.59 0.167
a-Lipoamidet5-Methoxyindoleacetate 0.65 0.56 0.56 0.39 0.627 0.78 0.54 0.27 0.14 0.168
Uracil 13 1.4 8.4 9.1 0.282 24 6.0 44 16 0.169
Gly-Leu 33 0.49 3.4 0.64 0.923 43 1.2 6.1 2.1 0.172
Putrescine(1,4-Butanediamine) 6.7 1.9 4.1 1.0 0.082 13 2.6 17 3.9 0.177
Tyr 172 37 166 14 0.755 264 45 357 82 0.178
Muramate 0.076 0.10 0.15 0.13 0.461 N.D. - 0.14 0.17 0.184
Gly 1929 211 2011 209 0.574 2225 554 2789 571 0.190
Asp” 347 42 269 17 0.015 873 193 1185 203 0.191
SAM+" 11 2.1 7.5 0.39 0.022 12 2.6 14 25 0.198
N,N-Dimethylglycine 8.0 0.74 7.8 0.40 0.657 8.3 0.96 9.7 1.3 0.198
Agmatine 0.086  0.056 0.032  0.047  0.096 0.069  0.013 0.032  0.037 0.199
Glucosamine 22 0.50 1.7 1.0 0.443 1.1 0.23 0.88 0.101 0.204
Betaine 188 28 145 17 0.082 287 73 411 82 0.207
Thr 266 29 266 32 0.998 474 84 598 107 0.207
Phe 121 17 127 18 0.673 242 45 330 86 0.208
Ectoine 0.56 0.17 0.27 0.37 0.128 0.73 0.13 0.84 0.10 0.208
Thymine 147 24 140 7.3 0.580 129 8 117 8.1 0.216
Taurine 3651 318 3633 239 0.900 4166 439 4492 236 0.217
Asn 134 15 132 19 0.900 325 70 426 116 0.219
Cytidine 63 9.2 61 16 0.843 55 15 73 9.7 0.227
Methylguanidine N.D. - N.D. - N.A. 1.7 2.3 N.D. - 0.233
Methionine sulfoxide 8.2 1.6 7.8 0.91 0.724 11 33 14 32 0.237
Pro 768 97 811 138 0.607 676 178 783 180 0.250
Guanosine 34 5.1 31 7.9 0.700 20 2.7 23 2.6 0.252
Leu 263 27 273 41 0.734 479 92 626 144 0.254
Ornithine 526 61 574 126 0.529 404 160 553 178 0.255
Val 533 66 553 83 0.691 655 125 795 201 0.261
4-(beta-Acetylaminoethyl)imidazole 0.087 0.14 0.038  0.084 0.519 0.027  0.053 0.11 0.13 0.263
Ala-Ala 091 0.16 1.2 0.35 0.199 1.5 0.30 1.8 0.54 0.276
N-Acetylornithine 7.7 1.5 7.5 1.7 0.821 8.0 3.0 9.9 3.5 0.287
Trp 39 39 37 3.4 0.473 59 13 76 17 0.288
NB8-Acetylspermidine 0.36 0.11 0.32 0.12 0.706 2.1 1.4 3.5 0.92 0.293
Gln 1425 119 1256 172 0.095 2093 208 2313 294 0.296

*Significantly different from oxazolone-treated wild-type mice (p <0.05). #Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S1. Date for cationic metabolites in skin of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (nmol/g skin)

Oxazolone-treated mice (nmol/g skin)

Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/1b/Berp™ P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
7-Methylguanine 0.37 0.075 0.33 0.088  0.557 0.32 0.067 0.38 0.030 0.301
Ser 1906 280 1951 301 0.821 2417 771 2903 780 0.303
Urocanate 917 117 911 176 0.954 836 344 1028 338 0.304
Lys 340 40 306 41 0.404 530 104 664 156 0.312
Ile 101 17 98 14 0.753 192 54 266 77 0.313
S-Lactoylglutathione 1.5 0.33 1.3 0.43 0.321 2.3 0.49 2.7 0.56 0314
Adenosine 35 17 40 30 0.730 10.7 3.6 9.6 5.0 0.316
Uridine 71 11 67 25 0.614 64 11 83 22 0.322
Xanthosine 0.71 0.40 0.83 0.25 0.671 0.52 0.35 1.0 0.71 0.335
Kynurenine N.D. - N.D. - N.A. 0.65 0.15 0.36 0.43 0.336
Diethanolamine 0.60 0.57 0.71 0.56 0.733 0.74 0.51 0.43 0.50 0.351
5-Methylcytosine 0.068 0.15 N.D. N.D. 0374 0.041 0.083 N.D. - 0.391
Azetidine-2-carboxylate N.D. - 0.035  0.079 0.374 N.D. - 0.057 0.11 0.391
Atropine 0.032  0.071 0.014  0.031 0.374 N.D. - 0.016  0.031 0.391
5-Hydroxytryptophan 0.29 0.40 0.34 0.47 0.445 0.00 0.00 0.29 0.58 0.391
Tropine 0.081 0.18 0.062 0.11 0.605 N.D. - 0.032  0.064 0.391
N-Methylalanine 0.13 0.29 0.071 0.16 0.732 0.000  0.000 0.10 0.19 0.391
1-Aminocyclopropane-1-carboxylate N.D. - N.D. - N.A. 0.061 0.12 N.D. - 0.391
2-Guanidinobenzimidazole N.D. - N.D. - N.A. N.D. - 0.018 0.036 0.391
3-Chloroalanine N.D. - N.D. - N.A. N.D. - 0.054 0.108 0.391
Z-Gly-Pro N.D. - N.D. - N.A. 0.18 0.37 0 0 0.391
gamma-Glu-2AB 0.13 0.29 N.D. N.D. 0.374 0.100 0.20 0.13 0.26 0.391
Phosphorylcholine 77 7.8 77 11 0.983 155 49 189 25 0.392
SAH 1.2 0.27 0.99 0.57 0.447 L5 0.55 2.1 0.56 0.398
Allantoin 192 91 163 84 0.699 138 15 202 129 0.406
beta-Ala-Lys 4.0 0.79 3.7 1.0 0.664 5.8 2.1 7.4 2.3 0.412
5-Methylthioadenosine 0.91 0.19 0.93 0.23 0.892 1.4 0.22 1.5 0.21 0.413
Cyclohexylamine 0.58 0.26 0.47 0.29 0.684 0.25 0.18 0.32 0.12 0.419
Glu-Glu 2.4 0.27 2.1 0.67 0.379 1.9 0.46 2.3 0.48 0.420
Thiamine 13 0.78 16 3.1 0.107 24 53 27 6.2 0.457
6-Aminohexanoate 0.092 0.21 0.19 0.26 0.383 0.37 0.43 0.119 0.24 0.460
5-Methyl-2'-deoxycytidine 1.5 0.25 1.5 0.34 0.824 1.0 0.14 1.2 0.26 0.461
Adenine 0.95 0.15 1.1 0.34 0.262 22 0.30 24 0.37 0.463
Indole-3-acetaldehyde 23 10 19 7.4 0415 18 35 21 10.7 0.481
Betonicine 0.063 0.14 0.093 0.21 0.821 0.093 0.13 0.26 0.31 0.491
Cystathionine 17 5.1 12 1.8 0.113 53 73 23 17 0.512
Triethanolamine 1.6 0.31 1.3 0.17 0.198 L5 0.27 L5 0.13 0.515
Benzamide N.D. - N.D. - N.A. 1.7 2.1 32 2.2 0.520
7,8-Dihydrobiopterin” 379 78 204 37 0.007 455 113 528 112 0.527
Pseudopelletierine 0.087 0.19 0.047 0.10 0.374 0.041 0.027 0.066  0.082 0.535
Carnosine 35 21 44 7.7 0.214 48 12 42 6.5 0.550
Piperidine 1.1 0.32 1.5 0.74 0.498 1.2 0.89 1.5 0.41 0.566
beta-Ala 123 51 65 7.1 0.081 105 33 117 23 0.575
N-Acetylglucosamine 16 1.8 17 2.8 0.575 23 8.4 27 6.7 0.588
Glycerophosphorylcholine 506 48 528 25 0.425 814 102 873 100 0.589
Hydroxyatrazine 0.047 0.10 0.047  0.060  0.983 0.016  0.031 0.029  0.039 0.593
Creatine 2755 555 3067 408 0.325 2770 308 2881 319 0.602
2AB 4.9 0.39 5.0 0.85 0.681 7.0 0.94 6.7 0.50 0.606
Guanine 16 4.4 12 4.6 0.462 6.0 0.67 5.5 2.1 0.609
gamma-Guanidinobutyrate 1.2 0.30 1.0 0.27 0.424 1.5 0.31 1.6 0.41 0.609
Creatinine 30 18 25 9.2 0.660 19 5.2 18 3.7 0.609
Spermine 0.30 0.66 0.15 0.34 0.714 0.106 0.21 0.037  0.075 0.619
Melatonin 29 1.8 2.9 1.1 0.983 2.9 1.3 34 0.8 0.640
Tyrosine methyl ester 4.9 11 N.D. N.D. 0.374 22 12 24 5 0.648
Anserine 138 66 170 31 0.268 147 58 132 6.0 0.654
Indole-3-acetate 29 0.58 1.8 1.1 0.094 32 1.07 2.8 0.48 0.656
5-Methyltetrahydrofolate 0.87 1.2 0.48 1.1 0.676 1.8 2.1 0.95 1.9 0.667
Citrulline 112 14 100 6.2 0.128 149 10 143 22 0.675
Acetylcholine 3.5 0.48 3.9 0.42 0.346 2.6 0.62 2.5 0.63 0.685
Urea 6408 1969 4757 1797 0.367 4469 749 4433 841 0.693
3-Methylhistidine” 5.5 0.82 4.0 0.34 0.013 5.2 1.3 4.9 1.1 0.719
Pipecolate 4.1 0.70 3.9 0.45 0.648 5.0 1.5 5.4 1.4 0.731
N-Acetylvaline 1.2 0.48 1.1 0.69 0.732 1.5 0.22 1.4 0.56 0.741
Hypotaurine 259 33 238 46 0.355 446 273 394 120 0.746
Guanidinoacetate 6.4 0.80 6.1 0.55 0.274 15 3.1 14 1.5 0.757
gamma-Butyrobetaine 4.1 0.74 43 0.29 0.721 7.5 2.0 7.8 0.90 0.760
2'-Deoxycytidine 33 5.3 31 7.4 0.702 21 3.5 22 3.2 0.766

#Significantly different from vehicle-treated wild-type mice (p <0.05).

98


2375
タイプライターテキスト
98

2375
長方形


Supplementary Table S1. Date for cationic metabolites in skin of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (nmol/g skin)

Oxazolone-treated mice (nmol/g skin)

Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/Ib/Berp™” P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Tyramine 1.1 0.51 0.62 0.19 0.077 0.66 0.33 0.73 0.22 0.775
Trimethylamine N-oxide 2.0 0.70 22 0.81 0.602 1.8 0.22 1.7 0.34 0.808
1-Methyladenosine 1.7 0.27 1.8 0.32 0.632 1.9 0.67 1.9 0.15 0.820
Cysteine-glutathione disulphide -Divalent 1.4 1.5 1.6 23 0.892 0.73 0.19 0.70 0.36 0.823
Cytosine 0.75 0.26 0.62 0.18 0.480 1.0 0.36 1.0 0.11 0.828
Imidazole-4-acetate 1.9 0.41 1.9 0.41 0.741 22 0.64 2.1 0.71 0.830
Glutathione(red) 181 91 156 60 0.682 209 131 224 69 0.846
2'-Deoxyguanosine 172 34 142 38 0.364 79 13 82 20 0.855
gamma-Glu-cys N.D. - N.D. - N.A. 0.87 1.7 1.15 23 0.879
Ophthalmate” 0.98 0.16 0.82 0.17 0.003 1.3 0.28 1.3 0.15 0.891
Thymidine 35 6.3 32 5.4 0.435 21 1.2 21 22 0.892
Trigonelline 3.7 0.82 3.1 0.75 0.071 5.5 0.93 5.5 1.3 0.904
Sarcosine” 4.7 0.47 4.0 0.38 0.049 8.3 4.6 8.0 3.8 0.940
Glutathione(ox)" 137 11 105 21 0.005 200 63 203 45 0.953
Acetohydroxamate 164 25 158 9.9 0.672 165 13 165 13 0.979
Spermidine 11 6.7 7.1 2.4 0317 19 4.4 19 4.9 0.992
N-epsilon-Acetyllysine 0.64 0.15 0.65 0.11 0.964 0.87 0.047 0.87 0.12 0.997
Leu-Leu-Tyr 0.058  0.095 0.011  0.025 0.217 N.D. - N.D. - N.A.
5,6-Dimethylbenzimidazole 0.082 0.11 0.017  0.039  0.326 N.D. - N.D. - N.A.
2-Aminobenzimidazole 0.024  0.054 0.013  0.028 0.374 N.D. - N.D. - N.A.
4-Hydroxymethylimidazole 0.16 0.35 N.D. - 0.374 N.D. - N.D. - N.A.
5-Methoxytryptamine 0.054 0.12 N.D. N.D 0.374 N.D. - N.D. - N.A.
Benzamidine 0.079 0.18 N.D. N.D 0.374 N.D. - N.D. - N.A.
Desethylatrazine 0.036  0.081 N.D. N.D 0.374 N.D. - N.D. - N.A.
Homoserine 0.75 1.7 N.D. - 0.374 N.D. - N.D. - N.A.
Leupeptin 0.063 0.14 N.D. N.D. 0.374 N.D. - N.D. - N.A.
Scopolamine 0.049 0.11 0.027  0.060  0.374 N.D. - N.D. - N.A.
Tryptamine 0.069 0.15 N.D. - 0.374 N.D. - N.D. - N.A.
Arginine ethyl ester 0.033  0.073 0.020 0.044 0.374 N.D. - N.D. - N.A.
Tropinone 0.11 0.25 0.070 0.16 0.374 N.D. - N.D. - N.A.
1-Amino-1-cyclopentanecarboxylate 0.053 0.12 0.032  0.072 0.374 N.A. 0 0 0 N.A.
Noradrenaline 0.12 0.18 0.17 0.23 0.737 N.D. - N.D. - N.A.
Isoamylamine 0.27 0.38 0.21 0.46 0.845 N.D. - N.D. - N.A.
1,3-Diaminopropane N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1,3-Phenylenediamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1-Methyl-2-pyrrolidinone N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine ~ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,3-Diaminopropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Diaminobutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Dimethylaniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,6-Diethylaniline N.D. N.D N.D. N.D N.A. N.D. - N.D. - N.A.
2-Amino-2-(hydroxymethyl)-1,3-propanediol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Amino-2-methyl-1,3-propanediol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Aminophenol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Cyanopyridine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Deoxystreptamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Hydroxypyridine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3,3",5-Triiodothyronine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3,5-Diiodo-tyrosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Amino-1,2 4-triazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Aminopropane-1,2-diol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Aminopropionitrile N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxyanthranilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxykynurenine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-lodotyrosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Methyladenine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Methylguanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4,4'-Methylene bis(o-chloroaniline) N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Amino-3-hydroxybutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Aminoindole N.D. - N.D. N.A. N.D. - N.D. - N.A.
4-Aminophenylsulfone N.D. - N.D. N.A. N.D. - N.D. - N.A.
4-Aminosalicylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methyl-5-thiazoleethanol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methylpyrazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Aminoimidazole-4-carboxamide ribotide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Aminoindole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Aminolevulinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.

#Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S1. Date for cationic metabolites in skin of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (nmol/g skin) Oxazolone-treated mice (nmol/g skin)
Metabolite Wild-type  Mdrla/Ib/Berp” Wild-type Mdria/1b/Berp™ o
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
5'-Deoxyadenosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Hydroxyindoleacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Methoxy-N,N-dimethyltryptamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Aminopenicillanate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Hydroxynicotinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Mercaptopurine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Methylaminopurine N.D. N.D. N.D. N.D. N.A. N.D. - N.D. - N.A.
7,8-Dihydroneopterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Acetanilide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Acetoacetamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Albendazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Alliin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Allocryptopine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
alpha-Methylbenzylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Alpha-Methylserine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Amantadine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Aniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Anthranilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzimidazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
beta-Cyanoalanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
beta-Imidazolelactate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Bis(3-aminopropyl)amine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
b-Leucine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cadaverine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Canavanine N.D. N.D. N.D. N.D. N.A. N.D. - N.D. - N.A.
Carbachol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Castanospermine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Chloramphenicol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cys N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cys-Gly N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cysteamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cystine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Daunorubicin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Deisopropylatrazine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Desthiobiotin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Diclofenac N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dihydrouracil N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Diphenylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Disulfiram N.D. - N.D. - N.A. N.D. - N.D. - N.A.
DOPA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dopamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Eflornithine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Epinephrine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glucosaminate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Gramine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Harman N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Hexamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Hexylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Histidinol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Homocarnosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Homocysteine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Homocystine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Hydroxyurea N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ibotenate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Indole-3-acetamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Indole-3-ethanol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isatin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isobutylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isoniazid N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isonicotinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isoquinoline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Lysinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Mannosamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Melamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methionine sulfoximine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Muscimol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N1-Acetylspermine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N6-Methyl-2'-deoxyadenosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylglucosylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S1. Date for cationic metabolites in skin of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (nmol/g skin) Oxazolone-treated mice (nmol/g skin)
Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/Ib/Berp™” P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
N-alpha,N-alpha-Dimethylhistidine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-alpha-Benzenolarginine ethylester N.D. - N.D. - N.A. N.D. - N.D. - N.A.
n-Butyl a-Picolinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-gamma-Ethylglutamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nicotine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Methylaniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-omega-Methyltryptamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nornicotine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
O-Acetylserine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Octopine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Octylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Phenanthroline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Succinylhomoserine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Aminobenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pargyline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenethylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenylethanolamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenylhydrazine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Picolinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Piperazine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Piroxicam N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Purine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Purine riboside N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyrazinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyrazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridoxal N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridoxamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridoxine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Quinoline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Quisqualate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Semicarbazide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sepiapterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
S-Methylmethionine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Synephrine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tacrine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tetrahydropalmatine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tolazoline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
trans-Zeatin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
TRH N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Trientine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Trimethylsulfonium N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Xanthopterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.

101


2375
タイプライターテキスト
101

2375
長方形


Supplementary Table S2. Date for ainionic metabolites in skin of wild-type and Mdrla/1b/BCRP -

mice after oxazolone application.

Metabolite

Vehicle-treated mice (nmol/g skin)

Wild-type

Mdrla/lb/Berp™

P value

Oxazolone-treated mice (nmol/g skin)
Wild-type -

Mdrla/1b/Berp™

P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Urate™ 216 9 179 31 0.093 217 26 287 5 0.010
CMP* 4.9 1.9 32 0.8 0.164 10 4.9 14.5 4.8 0.013
2-Oxoisopentanoate™ 10 2 8.1 2.4 0.148 8.7 0.8 6.6 0.7 0.014
dCMP* 0.20 0.29 0.06 0.14 0.460 0.17 0.34 1.2 0.32 0.017
Saccharate® 0.36 0.50 0.25 0.56 0.556 1.0 0.2 1.5 0.2 0.022
Pantothenate® 6.0 0.7 6.3 0.5 0.583 4.6 0.8 5.9 0.8 0.022
CMP-N-acetylneuraminate® 5.1 0.9 2.7 1.7 0.058 8.5 2.0 13 1 0.025
N-Acetylmethionine® 1.2 0.16 1.1 0.32 0.762 1.1 0.1 1.5 0.2 0.027
trans-Aconitate® 3.1 0.5 2.1 2.0 0.385 3.9 0.5 4.8 0.4 0.029
ADP-ribose* 2.7 3.1 2.1 2.6 0.800 2.7 0.4 0.6 1.2 0.041
Quinate* 4.3 0.9 32 0.6 0.060 4.0 1.2 5.3 0.8 0.047
GMP" 13 2 8.1 2.1 0.025 19 8 30 12 0.053
threo-B-methylaspartate+Glu* 1329 85 1119 91 0.032 2459 331 3111 176 0.059
IMP 92 65 88 41 0.928 64 14 92 30 0.062
cAMP 22 1.3 0.90 1.33 0.307 N.D. - 33 2.3 0.065
UDP-glucose” 51 6 29 7 0.010 71 16 96 12.5 0.072
Malate 178 32 124 25 0.069 243 46 300 27 0.072
dAMP N.D. - N.D. - N.A. 0.26 0.52 1 0 0.074
N-Acetylaspartate 140 18 106 16 0.090 169 54 322 70 0.076
Trehalose 6-phosphate 4.9 4.1 7.0 53 0.502 19 4 23 1 0.081
Fumarate 35 8 24 4 0.109 51 14 67 9 0.083
RuSP 73 15 65 37 0.657 82 12 114 19 0.087
N-Acetylglutamate” 1.2 0.2 0.8 0.1 0.012 2.6 0.6 43 0.8 0.088
N-Acetylglucosamine 1-phosphate 9.5 1.4 5.9 3.1 0.051 10 2 16 5 0.089
3-Hydroxybutyrate 116 76 55 11 0.188 49 9 79 33 0.095
Ethanolamine phosphate” 350 31 250 26 0.009 725 174 955 36 0.097
Glycerophosphate 396 133 359 107 0.719 410 51 580 156 0.100
Succinate 143 24 111 29 0.179 162 23 200 31 0.103
O-Phosphoserine 0.72 0.66 0.606 0.40 0.798 0.61 0.43 1.08 0.13 0.103
S7P 8.6 3.4 7.4 3.3 0.481 16 2 24 5 0.105
UMP" 28 5 15 4 0.004 41 13 57 18 0.106
Gluconate 25 3 17 10 0.127 42 8 53 9 0.115
DHAP 31 19 25 24 0.757 23 2 37 12 0.118
Adenylosuccinate 0.21 0.48 N.D. - 0.374 0.80 0.63 1.3 1.0 0.121
Octanoate 43 4.2 4.5 1.6 0.957 11 3 8.2 1.1 0.124
4-Acetylbutyrate 3.8 0.6 3.0 0.3 0.115 42 0.3 3.8 0.2 0.132
4-Hydroxy-3-methoxybenzoate 3.9 2.5 0.6 1.3 0.119 2.9 2.4 2.2 23 0.132
ATP 341 95 367 194 0.753 521 136 469 180 0.139
CDP-choline 13 2 8.4 5.1 0.175 21 3 28 6 0.139
2-Hydroxyisobutyrate 6.3 0.8 6.2 0.8 0.829 5.8 0.9 4.0 0.9 0.139
Phthalate 0.25 0.08 0.27 0.05 0.822 0.20 0.13 0.31 0.04 0.143
Isocitrate 9.3 4.9 6.7 4.6 0.493 7.8 0.6 8.3 0.7 0.147
Pelargonate 8.3 6.7 8.9 2.5 0.880 19 5 15 1 0.148
Methyl sulfate 2.9 0.4 23 0.9 0.281 2.5 0.4 32 0.6 0.150
3'-AMP 0.15 0.34 N.D. - 0.374 0.24 0.48 2.1 1.6 0.158
N-Acetylglucosamine 6-phosphate 9.2 2.8 6.5 4.4 0.210 9.0 1.5 15 5 0.160
2-Furoate 7.3 1.16 7.7 1.8 0.773 4.7 1.0 5.5 1.8 0.172
GDP-mannose 2.9 1.9 2.1 1.3 0.281 2.7 32 5.1 1.2 0.173
ADP-glucose 1.4 1.86 0.0 0.00 0.179 24 2.8 4.1 2.8 0.176
Ribulose 1,5-diphosphate 0.5 0.6 0.1 0.2 0.234 1.2 0.3 1.8 0.7 0.178
N-Acetylmuramate 0.47 0.64 0.28 0.62 0.711 N.D. - 0.72 0.84 0.183
Acetyl CoA L5 0.9 0.56 0.38 0.102 0.61 0.51 0.97 0.37 0.197
Argininosuccinate L5 0.9 1.3 L5 0.699 3.1 3.6 7.7 2.8 0.199
2-Deoxyglucose 6-phosphate 1.4 0.9 1.3 1.1 0.920 2.1 0.1 1.8 0.2 0.200
UDP-glucuronate 10 5 4 2 0.072 18 6 24 8 0.206
Homovanillate 1.0 1.4 0.71 0.97 0.180 4.4 1.8 6.9 1.5 0.210
Adenosine 3',5'-diphosphate N.D. - N.D. - N.A. 0.38 0.48 N.D. - 0.216
N-Acetyl-beta-alanine 4.9 0.3 4.8 0.8 0.845 7.2 1.5 9.8 2.0 0.219
Isethionate 9.5 1.2 8.0 4.5 0.565 4.7 5.5 9.9 2.0 0.225
Biotin 53 0.4 5.0 1.1 0.627 10 2 13 2 0.249
Phenylpyruvate 4.1 3.80 4.2 2.41 0.960 1.4 2.8 4.9 5.7 0.251
UDP-N-acetylglucosamine# 75 10.9 42 6 0.005 120 26 142 233 0.252
RSP 12 6 10 11 0.825 6.1 0.9 8.3 2.6 0.258
Benzoate 30 7 24 6 0.268 28 12 32 12 0.262
F1,6P 21 17 13 3 0.335 29 8 39 12 0.300

*Significantly different from oxazolone-treated wild-type mice (p <0.05). #Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S2. Date for ainionic metabolites in skin of wild-type and Mdrla/1b/BCRP -

mice after oxazolone application.

Vehicle-treated mice (nmol/g skin)

Oxazolone-treated mice (nmol/g skin)

Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/1b/Berp™ P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Pyruvate 111 74 90 28 0.488 85 27 69 14 0.307
3-Indoxyl sulfate 1.4 2.0 2.0 3.0 0.731 4.9 1.2 6.2 2.7 0314
6-Phosphogluconate 5.1 1.9 3.6 1.8 0.378 8.0 33 11 2.9 0.319
cpp* 4.2 1.2 1.9 0.7 0.007 8.2 1.0 7.3 1.4 0.337
4-Methylbenzoate 10 3 8 1 0.322 15 2 14 1 0.338
ADP 158 33 108 33 0.060 206 7 185 46 0.350
G6P 123 95 187 95 0.356 250 70 201 83 0.353
Itaconate” 0.80 0.47 0.12 0.11 0.014 6.1 33 3.7 1.4 0.380
Carbamoylphosphate N.D. - 49 48 0.084 26 52.9 30 60.5 0.391
Pyrrole-2-carboxylate 1.1 1.0 N.D. - 0.074 0.18 0.36 0.26 0.52 0.391
Taurocholate 63 139 N.D. - 0.364 N.D. - 0.45 0.90 0.391
Adenosine 5'-phosphosulfate 6.7 15.0 N.D. - 0.374 N.D. - 0.14 0.28 0.391
Glucosamine 6-phosphate 0 0 0 0 0.841 0 0 0 1 0.391
3-Phenylpropionate N.D. - N.D. - N.A. 35 7.0 0.0 0.0 0.391
Cumate N.D. - N.D. - N.A. N.D. - 0.34 0.69 0.391
dTDP N.D. - N.D. - N.A. 0.11 0.22 N.D. - 0.391
dCTP N.D. - N.D. - N.A. 0.14 0.28 N.D. - 0.391
dATP N.D. - N.D. - N.A. 0.10 0.21 N.D. - 0.391
2-Hydroxybutyrate 3.7 0.6 3.0 0.2 0.135 3.8 0.5 4.0 1.0 0.397
CoA 0.68 0.73 0.31 0.42 0.432 0.93 1.24 2.0 1.3 0.398
NADH 11 10 13 9 0.713 23 18 33 24 0.412
Lactate 4009 914 3926 1168 0914 5616 470 6246 1339 0.418
PEP 8.9 42 7.2 43 0.614 6.7 1.9 8.7 33 0.426
4-Oxopentanoate 4.2 0.7 3.4 0.4 0.111 4.0 0.6 3.7 0.2 0.434
GTP 15 6 14 7 0.790 44 19.9 41 17.0 0.446
dT™MP 0.36 0.56 0.28 0.62 0.856 1.2 0.4 1.0 0.2 0.450
Syringate 1.5 2.0 0.8 1.7 0.351 0.9 1.8 2.9 33 0.451
NAD+" 83 14 64 6 0.029 104 13 97 16 0.452
cTp” 6 3 4 2 0.009 17 8 16 6 0.455
Heptanoate 22 32 24 1.5 0.922 6.3 1.9 5.8 1.1 0.455
Undecanoate N.D. - 0.18 0.26 0.190 0.78 0.58 0.30 0.60 0.468
Isobutyryl CoA 0.20 0.28 N.D. - 0.180 0.094  0.187 0.31 0.41 0.471
Citrate 836.2 10742 5741 23423  0.087 479 67.5 5384  91.86 0.479
uTp? 24 9 16 7 0.006 54 25 59 22 0.492
N-Acetylneuraminate 1.8 1.6 23 2.5 0.780 34 3.9 6.2 4.2 0.495
PRPP N.D. - 0.21 0.47 0.374 0.74 0.88 1.4 1.1 0.499
3-Ureidopropionate 6.6 4.0 3.8 3.1 0.406 7.7 0.6 9.5 4.5 0.507
Mucate 6.1 52 5.4 3.7 0.853 19 5 17 4 0.528
AMP” 147 31 87 23 0.022 196 63 231 68 0.537
Phenaceturate 4.8 3.1 1.7 1.8 0.193 32 0.5 3.0 1.1 0.565
3PG 45 15 34 13 0.390 39 9 46 16 0.572
Glycolate 37 22 24 13 0.067 44 5 48 12 0.581
Azelate 5.457 1.34 7.255 1.96 0.250 6.9 2.5 8.1 1.6 0.585
2-Hydr0xyglutarate# 4.6 1.0 2.3 0.3 0.009 7.4 2.0 8.3 0.9 0.594
dTTP N.D. - N.D. - N.A. 0.36 0.42 0.24 0.47 0.610
Decanoate 2.6 2.1 2.6 1.8 0.989 5.8 1.8 6.6 1.1 0.616
2'3'-cCMP 0.86 0.81 0.74 0.80 0.828 2.0 0.5 2.6 1.9 0.621
FopP 24 20 39 21 0.347 50 17 44 21 0.623
Pimelate 0.96 0.25 0.73 0.24 0.297 1.0 0.1 0.85 0.60 0.645
2-Oxoglutarate 27 6 26 9 0.724 24 5.7 22 5.5 0.653
5-Oxoproline 1775 274 1861 337 0.682 1465  704.03 1585.1 550.73  0.654
2-Hydroxypentanoate 10 2 8 0 0.147 10 1 10 1 0.657
Orotidine 5'-monophosphate N.D. - 0.19 0.43 0.374 0.44 0.52 0.23 0.46 0.660
NADPH 2.3 0.3 1.5 0.6 0.080 5.0 2.8 5.7 2.5 0.666
Prostaglandin E2 N.D. - 6.7 15.1 0.374 9.2 10.7 4.9 9.8 0.670
dCDP N.D. - N.D. - N.A. 0.27 0.55 0.12 0.25 0.684
Propionate 23 26 29 20 0.759 45 6 48 8 0.690
Terephthalate 0.93 0.33 0.87 0.09 0.747 0.90 0.12 0.87 0.05 0.704
cis-Aconitate 14 3 11 5 0.196 11 2 11 2 0.713
NADP+ 0.87 1.94 N.D. - 0.374 2.7 3.1 1.6 32 0.720
uDpP* 16.3 4.6 7.4 2.5 0.006 26 2 25 5 0.727
Hippurate 14 8 7.4 5.4 0.281 55 39 64 27 0.776
Malonate 4.1 0.6 2.9 0.5 0.058 4.1 0.7 4.2 0.5 0.788
3-Hydr0xy-3-methylglutarate# 1.8 0.2 1.3 0.2 0.003 2.6 0.4 2.6 0.3 0.803
dGTP N.D. - 15 20.7 0.178 12 14 13 16 0.804
Butanoate 48 47 63 42 0.697 100 20 102 17 0.817

#Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S2. Date for ainionic metabolites in skin of wild-type and Mdrla/1b/BCRP 7 mice after oxazolone application.

Vehicle-treated mice (nmol/g skin)

Oxazolone-treated mice (nmol/g skin)

Metabolite Wild-type  Mdrla/Ib/Berp” Wild-type Mdria/1b/Berp™ o
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
o-Hydroxybenzoate 0.19 0.42 0.00 0.00 0.374 1 0.91 1.0 1.42 0.818
GDP 7.1 1.8 3.8 2.4 0.075 13 3 12 1 0.826
2,3-DPG 3.8 4.6 1.4 1.3 0.304 10 7 9 6 0.836
N-Acetylleucine 3.6 0.9 2.8 0.4 0.197 3.8 0.4 3.7 0.8 0.851
Pentanoate+3-Methylbutanoate 6 9 10 7 0.630 18 6 19 4 0.862
GIP 11 5 13 4 0.660 19 3 19 5 0.889
4-Hydroxymandelate 2.7 2.5 3.4 33 0.711 3.6 2.7 33 4.0 0.901
Dodecanoate 3.0 2.8 43 2.8 0.499 6.1 1.0 6.2 0.9 0.908
p-hydroxybenzoate 3 1 1 1 0.118 1 1 1 1 0.910
Sorbitol 6-phosphate 1.1 0.8 1.3 0.8 0.790 2.7 0.6 2.7 0.4 0.922
Hexanoate 6.2 4.8 5.4 3.6 0.809 10 2 10 2 0.937
Glutarate 32 0.9 2.0 0.3 0.067 3.8 1.1 3.8 1.5 0.970
Sebacate 0.49 0.14 0.51 0.07 0.809 0.57 0.23 0.57 0.10 0.985
S-Carboxymethylcysteine N.D. - 0.23 0.51 0.374 N.D. - N.D. - N.A.
Glyoxylate 34 7.7 2.8 6.3 0.908 N.D. - N.D. - N.A.
Crotonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxypropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methanesulfonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tiglate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Oxobutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
(Methylthio)acetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glycerate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Acetylacrylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nicotinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1-Aminoethylphosphonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Aminoethylphosphonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Barbiturate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cyclohexanecarboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Citraconate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Oxohexanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methyl-2-oxopentanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Hydroxyhexanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Hydroxy-4-methylpentanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
m-Hydroxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phosphonoacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Fluorobenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Thiopheneacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
cis,cis-Muconate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Adipate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methylthio-2-oxobutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Citramalate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
trans-Cinnamate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tartrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzoylformate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Carboxybenzaldehyde N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Methylanthranilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Mandelate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenoxyacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Hydroxyphenylacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cysteine sulfinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,5-Dihydroxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Dihydroxypyrimidine-5-carboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Orotate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dihydroorotate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Oxooctanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Oxoadipate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Hydroxyoctanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Formylaspartate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Coumarate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Coumarate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-(2-Hydroxyphenyl)propionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Phenyllactate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-(4-Hydroxyphenyl)propionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,3-Pyridinedicarboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cysteate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Amino-3-phosphonopropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sulfanilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Quinolinecarboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenyl phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S2. Date for ainionic metabolites in skin of wild-type and Mdrla/1b/BCRP 7 mice after oxazolone application.

Vehicle-treated mice (nmol/g skin) Oxazolone-treated mice (nmol/g skin)
Metabolite Wild-type  Mdrla/Ib/Berp” Wild-type Mdria/1b/Berp™ o
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Shikimate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Carbamoylaspartate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Allantoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Isopropylmalate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Formylmethionine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Hydroxyphenylpyruvate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Pyridoxate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Chelidonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Serine O-sulfate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
10-Hydroxydecanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Carbamylglutamate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glucuronate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
trans-4-Hydroxy-3-methoxycinnamate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Hydroxyhippurate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Hydroxy-3-methoxymandelate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
E4P N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cysteine S-sulfate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Sulfobenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Indolebutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Xanthurenate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Etidronate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6,8-Thioctate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ibuprofen N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylphenylalanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzylsuccinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Benzyloxycarbonylglycine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Deoxyribose 1-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Nitrophenyl phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Dichlorophenoxyacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sinapate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Porphobilinogen N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dodecanedioate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-alpha-t-Boc-asparagine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ketoprofen N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Galacturonate 1-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
8-Anilino-1-naphthalene sulfonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ppGpp N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dUMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3',5'-Cyclic dAMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phytate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
cIMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Bis(p-nitrophenyl)phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
cGMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Gibberellate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Prostaglandin F2alpha N.D. - N.D. - N.A. N.D. - N.D. - N.A.
XMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Digalacturonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dUDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cholate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dADP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
n-Propionyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methylmalonyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
P1, P4-Di(adenosine-5") tetraphosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Malonyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
IDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Succinyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glutaryl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Folate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glycocholate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dUTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Lauroyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dITP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ITP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
XTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phosphoramidon N.D. - N.D. - N.A. N.D. - N.D. - N.A.
TDP-glucose N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nicotinamide hypoxanthine dinucleotide+ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Deamido-NAD+ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
FAD N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S3. Date for cationic metabolites in plasma of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (umol/L)

Oxazolone-treated mice (umol/L)

Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/1b/Berp™ P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Uridine* 21 4 21 1 0.802 19 1 22 1 0.013
Cytosine® 0.17 0.23 0.15 0.21 0.906 0.4 0.12 0.2 0.18 0.024
Cysteine-glutathione disulphide -Divalent* 21 3 26 6 0.190 26.9 2.5 23.6 2.4 0.027
1-Methyl-2-pyrrolidinone® 0.5 1.0 0.3 0.6 0.776 0.4 0.8 1.6 0.5 0.031
Imidazole-4-acetate™ 0.4 0.20 0.3 0.07 0.391 0.6 0.13 0.5 0.08 0.036
Melatonin* # 0.68 0.11 0.48 0.11 0.043 0.76 0.09 0.55 0.15 0.037
Cyclohexylamine 0.09 0.10 0.08 0.08 0.754 0.10 0.07 0.15 0.05 0.051
Putrescine(1 A-Butanediamine)# 0.70 0.17 0.46 0.06 0.033 0.85 0.18 0.57 0.04 0.063
Piperazine 89 14 94 14 0.641 89 17 67 21 0.068
Guanidinosuccinate” 0.34 0.14 0.528  0.118  0.034 0.18 0.19 0.45 0.08 0.071
beta-Ala 2.1 0.3 1.7 0.2 0.095 2.6 0.2 2.3 0.4 0.085
Carnosine 0.70 0.15 0.67 0.18 0.854 0.73 0.12 0.53 0.13 0.092
Carnitine 37 2.8 38 1.9 0.290 39 42 36 4 0.097
Trigonelline 33 0.95 2.9 0.54 0.215 39 0.43 3.1 0.8 0.109
Ophthalmate 0.48 0.10 0.42 0.04 0.141 0.54 0.12 0.47 0.09 0.123
Allantoin 189 98 221 83 0.653 167 51 246 28 0.125
alpha-Aminoadipate 1.3 0.3 1.3 0.16 0.518 1.6 0.5 1.3 0.4 0.126
Riboflavin 0.52 0.33 0.28 0.40 0.209 0.39 0.45 0.76 0.19 0.134
Ornithine 33 13 27 2 0.373 44 6 35 7 0.134
Gln 645 107 590 53 0.237 697 58 606 83 0.158
Thr 118 33 119 22 0.947 151 13 131 22 0.161
Creatine 117 52 146 7 0.225 152 24 130 32 0.168
Cytidine 44 1.1 4.3 0.7 0.853 43 0.6 4.9 0.8 0.178
N-Acetylputrescine 0.06 0.13 0.10 0.13 0.437 0.15 0.18 0.10 0.13 0.186
N-Methylalanine 0.03 0.07 0.000 0.00 0.374 0.129  0.153 0.00 0.00 0.191
Inosine 1.7 1.1 0.75 0.36 0.213 0.77 0.02 1.1 0.4 0.193
Scopolamine 0.021 0.05 0.037  0.054  0.300 0.015  0.019 0.000  0.000 0.205
5-Methyl-2'-deoxycytidine 0.11 0.08 0.14 0.04 0.320 0.1 0.03 0.1 0.02 0.210
Indole-3-acetaldehyde 17 6 19 4.4 0.654 16 29 19 1.7 0.217
2AB 2.6 0.31 2.6 0.28 0.742 3.1 0.22 2.9 0.27 0.231
Arg 78 22 103 6 0.090 119 13 102 17 0.241
o-Acetylcarnitine 11 5 11 2.1 0.883 16 4.0 12 3.7 0.249
Cystine 28 4 30 4 0.613 25 3 21 4 0.252
Hypotaurine 5.7 1.0 6.0 1.3 0.752 9.7 1.6 8.0 1.3 0.252
Anserine 0.57 0.39 0.80 0.16 0.218 0.64 0.45 0.85 0.18 0.253
Lysinamide 0.029  0.040 0.022  0.024  0.703 0.025  0.034 0.015  0.031 0.257
Choline 17 2 17 3 0.907 18 1 21 4 0.258
5-Aminolevulinate” 0.33 0.06 0.29 0.06 0.005 0.31 0.08 0.34 0.10 0.261
Lys 173 46 176 23 0.782 209 17 180 27 0.272
Isopropanolamine 0.04 0.09 0.03 0.06 0.848 0.12 0.15 0.07 0.08 0.277
3-Methylhistidine 59 1.25 4.6 0.60 0.098 4.8 0.7 42 1.0 0.282
7,8-Dihydrobiopterin 41 38 73 21 0.250 83 15 73 23 0.283
Spermidine 0.056  0.053 0.065 0.050 0.728 0.032  0.039 0.060  0.013 0.286
Adenosine 0.58 0.33 0.29 0.16 0.205 0.40 0.10 0.65 0.42 0.293
Asp 8.9 1.5 7.5 1.0 0.214 11 1 12 2 0.315
Ser 131 25 138 13 0.487 147 13 135 20 0.316
Glutathione(ox) 5.6 1.9 8.2 32 0.209 11 3 13 5 0.323
Azetidine-2-carboxylate 0.045  0.101 0.048  0.107 0.374 0.04 0.08 0.11 0.09 0.33
Citrulline 71 25 71 14.7 0.995 69 9 60 17 0.335
Trimethylsulfonium 0.055  0.080 0.035 0.078 0.371 0.028  0.056 0.054  0.064 0.336
Trimethylamine N-oxide 1.2 0.32 1.1 0.41 0.896 1.2 0.19 1.0 0.10 0.357
Hydroxyproline 22 4 23 4 0.762 28 5 23 4 0.359
Acetylcholine 0.081  0.075 0.081  0.050 0.994 0.085  0.060 0.075  0.070 0.369
Phosphorylcholine 2.6 0.2 3.0 0.4 0.078 34 0.6 4.0 1.0 0.388
Histidinol 0.041  0.057 0.021  0.047  0.465 0.026  0.052 0.028  0.055 0.391
Tryptamine 0.030 0.07 0 0 0.374 0.019  0.038 0.018  0.035 0.391
Homoserine N.D. - 0.554 0.758  0.178 0.38 0.76 0.42 0.83 0.391
4-(beta-Acetylaminoethyl)imidazole 0.054 0.08 0.059 0.084 0.179 0.047  0.093 0.04 0.08 0.391
2-Aminobenzimidazole 0.023  0.034 0.014 0.032 0.317 0.016  0.032 0.019  0.039 0.391
Leu-Leu-Tyr 0.050  0.050 0.032  0.035 0.126 0.019  0.037 0.012  0.025 0.391
SAH 0.040  0.055 N.D. - 0.178 N.D. - 0.020  0.040 0.391
Phenethylamine 0.024  0.054 0.000 0.000 0.374 0.000  0.000 0.026  0.052 0.391
6-Hydroxynicotinate 0.33 0.73 N.D. - 0.374 N.D. - 0.34 0.67 0.391
Nicotine 0.000  0.000 0.008 0.018 0.374 0.011 0.021 0.017  0.033 0.391
Glutathione(red) N.D. - 0.074 0.165 0.374 N.D. - 0.045  0.090 0.391
Acetanilide 0.27 0.38 0.14 0.31 0.63 0.17 0.35 N.D. - 0.391

*Significantly different from oxazolone-treated wild-type mice (p <0.05). #Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S3. Date for cationic metabolites in plasma of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (umol/L)

Oxazolone-treated mice (umol/L)

Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/1b/Berp™ P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Hypoxanthine N.D. - N.D. - N.A. N.D. - 0.14 0.28 0.391
Urocanate N.D. - N.D. - N.A. N.D. - 0.57 1.13 0.391
Noradrenaline N.D. - N.D. - N.A. 0.051 0.102 N.D. - 0.391
3-lodotyrosine N.D. - N.D. - N.A. 0.021 0.041 N.D. - 0.391
Atropine 0.018  0.028 0.010 0.022  0.200 0.0084 0.0169 0.011 0.022 0.391
2'-Deoxycytidine 1.0 0.1 1.2 0.1 0.057 1.3 0.3 1.2 0.1 0.395
Xanthosine 0.21 0.19 0.07 0.09 0.222 0.033  0.065 0.045  0.061 0.402
1-Methylhistamine 0.059  0.026 0.046  0.024  0.347 0.072  0.014 0.13 0.12 0.411
Betonicine 0.068 0.09 0.074 0.11 0.901 0.098 0.12 0.14 0.10 0.412
Asn 36 9 36 4 0.997 38 5 33 7 0.429
N8-Acetylspermidine 0.094  0.015 0.086 0.015  0.308 0.10 0.01 0.13 0.05 0.448
3-Chloroalanine 0.098  0.094 0.082 0.112  0.688 0.080  0.103 0.024  0.047 0.459
Piperidine 0.052  0.115 0.042  0.094  0.903 0.13 0.16 0.08 0.16 0.460
Ala 299 51 332 35 0.249 351 31 324 52 0.486
S-Methylmethionine 0.029  0.028 0.018  0.041 0.496 0.011 0.021 0.036  0.057 0.512
Pro 72 28 70 7 0.905 80 11 70 22 0.518
Urea 2280 135 2612 252 0.093 2627 244 2787 327 0.534
Methylguanidine 0.50 0.68 0.26 0.37 0.191 0.6 0.7 0 1 0.551
Phe 55 11 51 7 0.571 58 4 60 8 0.553
o-Succinylhomoserine 0.56 0.33 0.34 0.47 0.492 0.23 0.29 0.35 0.25 0.556
Glycerophosphorylcholine 14 3 15 4 0.332 14 3 15 4 0.565
Arginine ethyl ester 0.030  0.046 0.025 0.037 0.332 0.024  0.030 0.018  0.035 0.572
Taurine 354 23 339 33 0.473 340 28 354 44 0.580
Agmatine 0.016  0.023 0.018 0.026 0.783 0.014  0.028 0.004  0.009 0.582
N,N-Dimethylglycine 7.7 0.95 8.4 0.58 0.162 8.0 1.32 8.8 2.0 0.583
Diethanolamine 0.41 0.11 0.52 0.18 0.281 0.27 0.01 0.35 0.24 0.595
Thymidine 4.1 0.5 3.7 0.3 0.120 44 0.3 4.6 0.7 0.597
1-Methylnicotinamide 0.5 0.11 0.6 0.14 0.055 0.5 0.1 0.6 0.2 0.599
5-Aminovalerate 0.3 0.21 0.3 0.09 0.847 0.6 0.26 0.8 0.42 0.600
Creatinine 6.35 0.69 6.86 0.72 0.274 7.03 0.56 7.31 0.93 0.618
Val 152 30 146 19 0.717 166 18 158 22 0.623
6-Aminohexanoate 0.078 0.18 0.00 0.00 0.374 0.09 0.19 0.035 0.07 0.635
Histamine 0.21 0.12 0.17 0.10 0.178 0.24 0.10 0.23 0.09 0.640
N6,N6,N6-Trimethyllysine 1.0 0.1 1.2 0.1 0.068 1.1 0.2 1.2 0.4 0.647
Gly-Leu 0.18 0.08 0.19 0.07 0.48 0.20 0.06 0.21 0.06 0.65

Tyramine 04 0.17 0.35 0.13 0.507 0.40 0.19 0.49 0.26 0.658
a-Lipoamide+5-Methoxyindoleacetate 0.51 0.05 0.41 0.19 0.288 0.57 0.02 0.52 0.22 0.661
Glucosamine 0.63 0.23 0.51 0.14 0.134 0.55 0.21 0.59 0.17 0.675
N-Acetylhistidine" 0.33 0.05 0.49 0.09 0.005 0.55 0.088 0.51 0.14 0.676
N-Acetylvaline 0.6 0.13 0.7 0.18 0.431 0.9 0.24 0.8 0.24 0.679
Kynurenine 0.27 0.07 0.29 0.06 0.826 0.43 0.08 0.40 0.12 0.687
Methionine sulfoxide 2.3 1.4 1.8 0.15 0.544 3 0.5 4 1.6 0.706
Ile 43 11 43 10 0.952 50 7 47 10 0.719
1-Aminocyclopropane-1-carboxylate 0.096  0.094 0.053  0.073  0.344 0.12 0.10 0.10 0.08 0.72

Guanosine 0.077  0.057 0.025 0.034  0.192 0.021 0.026 0.030  0.037 0.724
5-Hydroxylysine” 0.6 0.14 0.52 0.08 0.030 0.7 0.09 0.7 0.12 0.729
gamma-Butyrobetaine 1.2 0.16 1.3 0.19 0.600 1.8 0.3 1.7 0.13 0.744
Serotonin 0.12 0.14 0.40 0.76 0.484 0.20 0.23 0.25 0.25 0.75

5-Methylthioadenosine 0.013  0.029 0.016 0.037 0.884 0.034  0.040 0.022  0.043 0.759
7-Methylguanine N.D. - 0.050  0.069  0.182 0.026  0.051 0.045  0.091 0.760
Sarcosine 1.6 0.55 1.4 0.28 0.495 2.0 0.4 2.3 1.3 0.764
Indole-3-acetate 1.2 0.39 1.0 0.5 0.552 1.2 0.51 1.3 0.61 0.774
Thymine 185 19 210 12.8 0.061 180 7 183 14.7 0.782
Tropinone 0.08 0.12 0.098 0.10 0.455 0.087  0.115 0.097  0.076 0.783
Betaine 71 6 64 3 0.098 82 4 82 5 0.784
Pseudopelletierine 0.068 0.07 0.061 0.10 0.699 0.093  0.070 0.082  0.099 0.792
Gly" 190 28 225 20 0.010 204 15 199 30 0.792
gamma-Guanidinobutyrate 0.38 0.09 0.36 0.12 0.669 0.72 0.21 0.76 0.24 0.794
N-Methylglutamate 0.22 0.13 0.27 0.17 0.150 0.27 0.04 0.29 0.23 0.808
Ectoine 0.35 0.12 0.33 0.12 0.707 0.60 0.10 0.59 0.11 0.811
Cystathionine” 2.1 0.4 3.5 0.6 0.008 24 0.8 2.3 0.5 0.812
Tropine 0.075 0.07 0.064 0.06 0.510 0.087  0.071 0.090  0.056 0.812
Adenine 0.14 0.08 0.10 0.09 0.569 0.13 0.09 0.14 0.10 0.817
1-Amino-1-cyclopentanecarboxylate 0.12 0.09 0.058  0.086 0.291 0.10 0.075 0.093 0.073 0.836
5-Methoxytryptamine 0.082 0.14 0.10 0.14 0.248 0.082  0.116 0.091 0.115 0.850
Ala-Ala 0.15 0.15 0.3 0.04 0.235 0.2 0.20 0.1 0.16 0.862
Thiamine N.D. - N.D. - N.A. 0.42 0.85 0.32 0.63 0.871

#Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S3. Date for cationic metabolites in plasma of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (umol/L)

Oxazolone-treated mice (umol/L)

Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/Ib/Berp™” P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Met 44 15 43 24 0.871 63 8 66 31 0.875
SAM+ 0.17 0.02 0.19 0.04 0.522 0.17 0.03 0.16 0.05 0.875
GABA 0.36 0.10 0.24 0.23 0.195 0.45 0.22 0.43 0.15 0.877
Hydroxyatrazine 0.033  0.049 0.034  0.031  0.981 0.019  0.039 0.020  0.029 0.885
5-Hydroxytryptophan N.D. - 0.077  0.119  0.222 0.064  0.129 0.083  0.167 0.886
1-Methyladenosine 0.22 0.08 0.19 0.07 0.318 0.18 0.07 0.17 0.03 0.902
N-Acetylglucosamine 2.0 0.3 2.0 0.5 0.827 1.8 0.2 1.8 0.4 0.908
Trp 31 9.5 30 2.6 0.948 30 4 31 4 0.924
Tyr 77 30 63 14 0.268 68 9 67 17 0.927
Nicotinamide 2.5 1.0 3.1 0.5 0.266 1.9 0.7 1.8 0.4 0.927
Pipecolate 2.8 0.31 3.6 0.42 0.062 3.1 0.5 3.0 0.8 0.928
His 58 4 65 3 0.089 67 8 66 5 0.929
N-Acetylornithine 0.20 0.33 0.077  0.173  0.189 0.12 0.24 0.14 0.29 0.930
Acetohydroxamate 86 6 87 8.4 0.534 90 5 89 5 0.941
gamma-Glu-2AB" 0.074  0.166 0.199 0.179  0.028 0.315 0.15 0.30 0.17 0.942
Leu 112 18 98 12 0.180 118 12 119 16 0.946
Guanidinoacetate 2.6 0.35 2.5 0.10 0.678 3 0.3 3 0.4 0.946
Metformin 0.033  0.039 0.030  0.029  0.703 0.030  0.027 0.029  0.028 0.953
Triethanolamine 1.0 0.11 1.0 0.25 0.998 1.0 0.16 1.0 0.11 0.958
5-Methyltetrahydrofolate 0.29 0.4 0.12 0.3 0.267 0.13 0.27 0.12 0.25 0.965
Glu 36 8 30 4 0.248 43 6 43 8 0.986
N-epsilon-Acetyllysine 0.56 0.08 0.57 0.09 0.708 0.56 0.079 0.56 0.09 0.986
Benzamidine 0.060  0.085 0.016  0.037  0.180 N.D. - N.D. - N.A.
Leupeptin 0.030  0.066 0.020 0.044 0.374 N.D. - N.D. - N.A.
4-Amino-3-hydroxybutyrate 0.025  0.056 N.D. - 0.374 N.D. - N.D. - N.A.
5-Methylcytosine N.D. - 0.036  0.081  0.374 N.D. - N.D. - N.A.
Pyridoxamine 0.011T  0.025 N.D. - 0.374 N.D. - N.D. - N.A.
Desethylatrazine 0.016  0.036 N.D. - 0.374 N.D. - N.D. - N.A.
Muramate 0.049  0.109 N.D. - 0.374 N.D. - N.D. - N.A.
TRH 0.029  0.064 0.022  0.049 0.871 N.D. - N.D. - N.A.
Pyrazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Aminopropionitrile N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isobutylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1,3-Diaminopropane N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Semicarbazide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Hydroxyurea N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cysteamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methylpyrazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Amino-1,2,4-triazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isoamylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Aminopropane-1,2-diol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Aniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Hydroxypyridine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Hydroxymethylimidazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Acetoacetamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Spermine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Hexylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cadaverine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Cyanopyridine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,3-Diaminopropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Methylaniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1,3-Phenylenediamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenylhydrazine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Aminophenol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Uracil N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Muscimol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dihydrouracil N.D. - N.D. - N.A. N.D. - N.D. - N.A.
beta-Cyanoalanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzimidazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Diaminobutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Alpha-Methylserine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Purine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cys N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Amino-2-(hydroxymethyl)-1,3-propanediol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
alpha-Methylbenzylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Dimethylaniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S3. Date for cationic metabolites in plasma of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (umol/L) Oxazolone-treated mice (umol/L)
Metabolite Wild-type  Mdrla/1b/Berp” Wild-type Mdria/1b/Berp™ o
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Picolinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isonicotinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyrazinamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Melamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Quinoline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isoquinoline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Octylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
b-Leucine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Bis(3-aminopropyl)amine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Gly-Gly N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Aminoindole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Aminoindole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Homocysteine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Aminobenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Anthranilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isoniazid N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenylethanolamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Hexamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methyl-5-thiazoleethanol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5,6-Dimethylbenzimidazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Carbachol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Trientine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isatin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
O-Acetylserine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nornicotine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Methyladenine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Methylaminopurine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,6-Diethylaniline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Guanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Amantadine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Mercaptopurine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Xanthine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Aminosalicylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxyanthranilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dopamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
beta-Imidazolelactate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ibotenate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pargyline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tolazoline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Indole-3-ethanol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Deoxystreptamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Methylguanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridoxal N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Synephrine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridoxine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Diphenylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Deisopropylatrazine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine ~ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Indole-3-acetamide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-gamma-Ethylglutamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-omega-Methyltryptamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Gramine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Guanidinobenzimidazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Canavanine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Alliin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cys-Gly N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Xanthopterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Mannosamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
n-Butyl a-Picolinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methionine sulfoximine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Phenanthroline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Harman N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Eflornithine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Epinephrine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-alpha,N-alpha-Dimethylhistidine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Quisqualate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Castanospermine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
S-Hydroxyindoleacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S3. Date for cationic metabolites in plasma of wild-type and Mdrla/1b/BCRP " mice after oxazolone application.

Vehicle-treated mice (umol/L) Oxazolone-treated mice (umol/L)
Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/Ib/Berp™” P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Glucosaminate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tyrosine methyl ester N.D. - N.D. - N.A. N.D. - N.D. - N.A.
DOPA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tacrine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Desthiobiotin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Aminopenicillanate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
beta-Ala-Lys N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Methoxy-N,N-dimethyltryptamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
trans-Zeatin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylglucosylamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxykynurenine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sepiapterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Homocarnosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N1-Acetylspermine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Octopine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyridoxamine 5'-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Aminophenylsulfone N.D. - N.D. - N.A. N.D. - N.D. - N.A.
gamma-Glu-cys N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5'-Deoxyadenosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Purine riboside N.D. - N.D. - N.A. N.D. - N.D. - N.A.
7,8-Dihydroneopterin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Albendazole N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N6-Methyl-2'-deoxyadenosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4,4'-Methylene bis(o-chloroaniline) N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2'-Deoxyguanosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Homocystine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glu-Glu N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Diclofenac N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Disulfiram N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Z-Gly-Pro N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-alpha-Benzenolarginine ethylester N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Chloramphenicol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Piroxicam N.D. - N.D. - N.A. N.D. - N.D. - N.A.
5-Aminoimidazole-4-carboxamide ribotide N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Thiamine monophosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tetrahydropalmatine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Allocryptopine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
S-Lactoylglutathione N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3,5-Diiodo-tyrosine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Daunorubicin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3,3",5-Triiodothyronine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Amino-2-methyl-1,3-propanediol N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S4. Date for anionic metabolites in plasma of wild-type and Mdrla/1b/BCRP 7 mice after oxazolone application.

Metabolite

Vehicle-treated mice (umol/L)

Oxazolone-treated mice (umol/L)

Wild-type

Mdrla/lb/Berp™ P value

Wild-type

Mdrla/1b/Berp™

P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.

4-Oxopentanoate™® 1.2 1.7 2.1 1.3 0.531 N.D. - 33 0.7 0.000
4-Methyl-2-oxopentanoate® 37 12 28 9 0.201 39 3 33 3 0.020
Itaconate 0.080  0.079 0.019  0.043  0.193 0.25 0.05 0.10 0.14 0.055
xanthurenate 28 3 27 2 0.535 27 2 30 2 0.069
Phenaceturate 1.9 0.6 1.5 1.0 0.587 3.1 1.1 1.7 0.4 0.071
Saccharate 0.69 0.18 0.53 0.09 0.187 0.83 0.16 1.1 0.3 0.078
N-Acetylglucosamine 1-phosphate 1.2 0.2 0.65 0.60 0.213 1.1 0.7 1.7 0.4 0.078
2-Hydroxy-4-methylpentanoate 0.62 0.85 1.5 0.9 0.259 2.1 0.4 1.8 0.1 0.085
Hexanoate 52 0.6 2 2.6 0.053 22 2.9 5.0 0.3 0.100
3-Hydroxybutyrate 230 144 128 26 0.244 134 29 195 66 0.115
2-Hydroxyisobutyrate+2-Hydroxybutyrate 15 2 15 1.2 0.918 14 1 11 2 0.119
Dodecanoate 4.6 1.1 39 0.8 0.271 4.6 0.6 3.8 0.5 0.121
Hippurate 3.7 1.8 4.9 1.6 0.101 12 4 8.3 2.8 0.124
Pentanoate+3-Methylbutanoate 6.9 1.5 5.8 33 0.425 4.2 39 7.3 1.0 0.131
RuSP 2.2 0.9 2 1.1 0.752 1.9 1.1 4.1 2.5 0.196
Sebacate 0.18 0.02 0.20 0.04 0.161 0.21 0.03 0.25 0.04 0.217
4-Acetylbutyrate+ 4-Oxohexanoate 1.4 0.8 1.4 0.8 0.976 L5 0.9 2.1 0.4 0.226
3-Indoxyl sulfate 35 1.1 5.8 3.6 0.289 7.8 3.0 10 2 0.231
trans-Cinnamate 0.69 0.97 0.28 0.63 0.221 1.9 1.2 0.8 1.1 0.238
Lactate 2792 341 2841 731 0.902 6823 2092 4765 1963 0.247
Terephthalate 0.14 0.20 0.053  0.119  0.505 0.056  0.126 0.16 0.21 0.247
N-Benzyloxycarbonylglycine N.D. - N.D. - N.A. N.D. - 0.15 0.25 0.264
Glyoxylate 1.9 4.2 32 4.7 0.596 59 3.5 2.5 5.5 0.264
3-Ureidopropionate 5.9 5.8 4.4 4.9 0.340 13 3 16 6 0.265
Propionate 10 1 12 1 0.129 8.6 3.1 10 1 0.275
Azelate 2.2 0.3 2.0 0.2 0.175 2.2 0.3 2.5 0.5 0.331
G6P+F6P 35 1.0 39 1.3 0.523 7.7 5.4 4.8 2.0 0.354
N-Acetylphenylalanine 0.74 0.19 0.98 0.34 0.245 1.0 0.6 1.3 0.3 0.360
2-Furoate N.D. - 1.4 1.9 0.179 0.38 0.84 N.D. - 0.374
N-Formylmethionine N.D. - 0.048  0.071 0.201 0.013  0.030 N.D. - 0.374
2,3-Pyridinedicarboxylate 0.090  0.201 N.D. - 0.374 0.12 0.28 N.D. - 0.374
UMP N.D. - 0.38 0.86 0.374 N.D. - 0.60 1.34 0.374
Heptanoate 0.44 0.61 0.26 0.59 0.556 0.18 0.39 N.D. - 0.374
4-Hydroxy-3-methoxymandelate 0.067  0.150 0.056  0.126 0.917 N.D. - 0.054 0.120 0.374
3-(4-Hydroxyphenyl)propionate N.D. - N.D. - N.A. N.D. - 0.17 0.38 0.374
Undecanoate N.D. - N.D. - N.A. 0.041 0.091 N.D. - 0.374
cAMP N.D. - N.D. - N.A. 0.038  0.086 N.D. - 0.374
F1,6P N.D. - N.D. - N.A. N.D. - 0.36 0.80 0.374
IMP N.D. - N.D. - N.A. 0.37 0.82 N.D. - 0.37

Pimelate 0.57 0.14 0.44 0.09 0.250 0.71 0.10 0.66 0.06 0.378
Isethionate 6.1 1.2 6.7 1.2 0.567 3.8 0.6 43 0.8 0.39

N-Acetylglutamate 0.44 0.12 0.51 0.10 0.310 0.67 0.29 0.58 0.26 0.401
2-Oxoglutarate 58 17 71 17 0.293 54 13 47 12 0.406
Pelargonate 2.7 0.4 23 1.3 0.589 2.8 0.4 3.0 0.2 0.424
Ethanolamine phosphate 7.7 1.1 7.3 0.8 0.646 9.8 1.1 11 3 0.425
N-Acetyl-beta-alanine 2.4 0.4 2.7 0.3 0.300 3.4 0.2 35 0.3 0.426
Glycerophosphate 26 2 23 1 0.058 30 9 26 4 0.443
N-Acetylmethionine 0.058  0.130 N.D. - 0.374 0.079  0.116 0.048  0.073 0.460
5-Oxoproline 29 6 27 4 0.360 31 3 29 5 0.515
Glutarate 4.9 0.8 4.4 0.7 0.401 4.9 1.1 53 0.9 0.517
cis-Aconitate 6.5 0.9 6.9 0.6 0.582 6.5 0.9 6.0 1.1 0.530
Pyruvate 190 31 228 49 0.168 321 109 261 115 0.542
Fumarate 13 5 14 4 0.813 17 7 14 5 0.545
Urate 53 30 38 16 0.462 51 20 58 15 0.550
threo-B-methylaspartate+Glu 39 14 32 5 0.276 52 15 49 10 0.552
ADP 0.021  0.048 0.12 0.27 0.481 0.13 0.25 0.35 0.71 0.593
PEP 0.25 0.23 0.38 0.1 0.382 0.66 0.55 0.43 0.49 0.600
2-Oxoisopentanoate 20 4 19 4 0.523 19 2 18 2 0.603
Quinate” 6.8 1.1 5.6 0.8 0.036 5.7 0.3 6.0 0.7 0.610
Glycolate 29 1 30 2 0.172 32 3 33 3 0.614
Malate 62 21 62 18 0.985 71 22 64 21 0.634
Mucate 8.0 1.7 7.8 0.8 0.672 8.2 1.1 7.8 1.4 0.637
Adipate 0.86 0.13 0.68 0.15 0.131 0.94 0.39 0.85 0.09 0.645
Decanoate 6.0 1.0 6 0.2 0.773 5.2 0.8 5.5 0.5 0.657
Cysteine S-sulfate 9.3 23 10 2.4 0.538 12 2 11 3 0.659
2-Hydroxyglutarate 2.8 0.6 2 0.3 0.304 2.2 0.3 2.3 0.6 0.663

*Significantly different from oxazolone-treated wild-type mice (p <0.05). #Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S4. Date for anionic metabolites in plasma of wild-type and Mdrla/1b/BCRP 7 mice after oxazolone application.

Vehicle-treated mice (umol/L) Oxazolone-treated mice (umol/L)
Metabolite Wild-type Mdrla/lb/Berp™ P value Wild-type Mdrla/1b/Berp™ P value
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
trans-Aconitate 34 23 1.4 0.5 0.130 12 6 11 7 0.670
2-Hydroxypentanoate 35 2 44 6 0.050 42 5 44 3 0.680
Homovanillate 23 1.4 2 1.5 0415 1.9 1.8 1.3 1.8 0.681
3PG 0.90 0.17 1.1 0.3 0.429 1.0 0.5 1.2 0.9 0.724
Allantoate 4.9 2.9 6.3 L5 0.420 4.0 2.3 4.6 2.6 0.744
Octanoate 0.69 1.53 0.61 1.37 0.947 0.95 1.30 1.3 1.8 0.749
Malonate” 39 1.0 2.3 0.1 0.027 2.4 0.2 2.4 0.2 0.795
Citrate 173 24 176 29 0.877 156 37 151 32 0.833
Succinate 58 30 54 19 0.842 84 31 81 26 0.876
6-Hydroxyhexanoate 0.35 0.78 0.25 0.56 0.844 0.66 1.47 0.55 1.22 0911
Isocitrate 7.3 0.8 7.0 1.2 0.703 5.6 1.8 5.7 1.2 0.923
GMP 0.10 0.22 0.31 0.68 0.578 0.46 1.03 0.53 1.19 0.932
N-Acetylaspartate 3.0 0.6 32 0.6 0.638 32 0.6 32 0.9 0.950
Dodecanedioate 0.081  0.080 0.080 0.062  0.990 0.054  0.120 0.056  0.078 0.972
AMP 0.66 1.11 1.8 4.0 0.605 3.3 59 3.4 6.4 0.984
Gluconate” 31.9 2.7 36 3.8 0.037 24.6 3.5 24.5 7.5 0.987
Cysteine sulfinate 0.26 0.58 N.D. - 0.374 N.D. - N.D. - N.A.
3-Phenyllactate 0.072  0.160 N.D. - 0.374 N.D. - N.D. - N.A.
4-Pyridoxate N.D. - 0.015 0.034 0.374 N.D. - N.D. - N.A.
Serine O-sulfate N.D. - 0.059  0.131 0.374 N.D. - N.D. - N.A.
2-Oxobutyrate 10 4 13 9.0 0.377 N.D. - N.D. - N.A.
Glucuronate 8.2 7.5 8.8 8.0 0.926 N.D. - N.D. - N.A.
Crotonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxypropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methanesulfonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tiglate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
(Methylthio)acetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glycerate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pyrrole-2-carboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methyl sulfate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Acetylacrylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nicotinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
1-Aminoethylphosphonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Aminoethylphosphonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Barbiturate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cyclohexanecarboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Citraconate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methylbenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
m-Hydroxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Hydroxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-hydroxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phosphonoacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Fluorobenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Carbamoylphosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Thiopheneacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
cis,cis-Muconate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Methylthio-2-oxobutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Citramalate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Tartrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzoylformate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Carboxybenzaldehyde N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Phenylpropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Methylanthranilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Mandelate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenoxyacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Hydroxyphenylacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,5-Dihydroxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Dihydroxypyrimidine-5-carboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Orotate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Dihydroorotate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Oxooctanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Oxoadipate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Hydroxyoctanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Formylaspartate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Hydroxy-3-methylglutarate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenylpyruvate N.D. - N.D. - N.A. N.D. - N.D. - N.A.

#Significantly different from vehicle-treated wild-type mice (p <0.05).
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Supplementary Table S4. Date for anionic metabolites in plasma of wild-type and Mdrla/1b/BCRP 7 mice after oxazolone application.

Vehicle-treated mice (umol/L) Oxazolone-treated mice (umol/L)
Metabolite Wild-type  Mdrla/1b/Berp” Wild-type Mdria/1b/Berp™ o
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
o-Coumarate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Coumarate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cumate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phthalate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-(2-Hydroxyphenyl)propionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Hydroxy-3-methoxybenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Hydroxymandelate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cysteate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Amino-3-phosphonopropionate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
DHAP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sulfanilate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Quinolinecarboxylate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylleucine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phenyl phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Shikimate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Carbamoylaspartate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Isopropylmalate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
S-Carboxymethylcysteine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
p-Hydroxyphenylpyruvate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Chelidonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
O-Phosphoserine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
10-Hydroxydecanoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Carbamylglutamate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
trans-4-Hydroxy-3-methoxycinnamate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
o-Hydroxyhippurate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Syringate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
E4P N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Sulfobenzoate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3-Indolebutyrate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Xanthurenate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Etidronate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6,8-Thioctate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ibuprofen N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Benzylsuccinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Deoxyribose 1-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
4-Nitrophenyl phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Pantothenate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,4-Dichlorophenoxyacetate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sinapate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Porphobilinogen N.D. - N.D. - N.A. N.D. - N.D. - N.A.
R5P N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-alpha-t-Boc-asparagine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2-Deoxyglucose 6-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Biotin N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ketoprofen N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glucosamine 6-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
G1P N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Sorbitol 6-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2,3-DPG N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Galacturonate 1-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
6-Phosphogluconate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
S7p N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Argininosuccinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylmuramate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
8-Anilino-1-naphthalene sulfonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylglucosamine 6-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ppGpp N.D. - N.D. - N.A. N.D. - N.D. - N.A.
2'3"-cCMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dCMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dUMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
N-Acetylneuraminate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Ribulose 1,5-diphosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3',5'-Cyclic dAMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dTMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
CMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phytate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
cIMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dAMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Bis(p-nitrophenyl)phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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Supplementary Table S4. Date for anionic metabolites in plasma of wild-type and Mdrla/1b/BCRP 7 mice after oxazolone application.

Vehicle-treated mice (umol/L) Oxazolone-treated mice (umol/L)
Metabolite Wild-type  Mdrla/1b/Berp” Wild-type Mdria/1b/Berp™ o
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
cGMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Gibberellate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
3'-AMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Prostaglandin E2 N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Prostaglandin F2alpha N.D. - N.D. - N.A. N.D. - N.D. - N.A.
XMP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Orotidine 5'-monophosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Digalacturonate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
NADPH N.D. - N.D. - N.A. N.D. - N.D. - N.A.
CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dCDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
duDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
PRPP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dTDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
CDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
uDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Acetyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Cholate N.D. - N.D. - N.AA. _ ND. - N.D. - N.A.
dADP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
n-Propionyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Methylmalonyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
P1, P4-Di(adenosine-5') tetraphosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Isobutyryl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Trehalose 6-phosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Malonyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Adenosine 5'-phosphosulfate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Adenosine 3',5'-diphosphate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
IDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Succinyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glutaryl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Folate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
GDP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Adenylosuccinate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Glycocholate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dCTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dUTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Lauroyl CoA N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dTTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
CTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
UTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dATP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dITP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
dGTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ATP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ITP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Taurocholate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
GTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
XTP N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Phosphoramidon N.D. - N.D. - N.A. N.D. - N.D. - N.A.
CDP-choline N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ADP-ribose N.D. - N.D. - N.A. N.D. - N.D. - N.A.
TDP-glucose N.D. - N.D. - N.A. N.D. - N.D. - N.A.
UDP-glucose N.D. - N.D. - N.A. N.D. - N.D. - N.A.
UDP-glucuronate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
ADP-glucose N.D. - N.D. - N.A. N.D. - N.D. - N.A.
GDP-mannose N.D. - N.D. - N.A. N.D. - N.D. - N.A.
UDP-N-acetylglucosamine N.D. - N.D. - N.A. N.D. - N.D. - N.A.
CMP-N-acetylneuraminate N.D. - N.D. - N.A. N.D. - N.D. - N.A.
NAD+ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Nicotinamide hypoxanthine dinucleotide+ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
Deamido-NAD+ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
NADH N.D. - N.D. - N.A. N.D. - N.D. - N.A.
NADP+ N.D. - N.D. - N.A. N.D. - N.D. - N.A.
FAD N.D. - N.D. - N.A. N.D. - N.D. - N.A.
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