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$B1E #E
FE1H AIIREME B AEICE T HEMER/N)T

REEOTLILF—, HGAELGEDHMRERH UV EATRAEREDABRICE, BETR
EMOEVRRANERAVGNS, RIRSN-EYF IRREORRICLYFERSN,
RERARREZBEOTRMEHIWVITHLLENEFGMALRINEN D, ARSI T
—EHOENIEIRERUVAEZEZBL TIRANERITI A BERICIEOEN S EICHFE
TEHIENL RANDEEIL—FMIABETHLIEEZON TS, LI=A>T, BBRRNFIT
HORIFGERIBAZHEART H-OICF. ZRYDAREBMEZTIEEL. BBKEZHLL
[CTADIENEETHD,

AR, RIREHK(CHEEEL TIRBRD MR ZREFL. AZRRICERYAA. BIFSELHL
VRELTDRENERS, ARIE LR, R—Y VR, RE. TRAARSLUVAKRD 5 BHhbS
BRSNS ESH 0.5 mm OERAGEMNEREB THL. ZREICHLILRIT.5-6 BDE
BRFEERMEMNSRKY., BERAICEIM DI aVhFET L. HARILDEYE
AZBHCHEZES AIRSNEEYOARERBREICENT, TEZLGEBNIT LD,
ERETAEDH 90%% &, BIRICEIT 55— Uil L EE AN oEEh, O
T UMM, KAZERIIRL., EETHMEEHO>TOTA I VAL TRESN TS,
NREIZERETHLITAARED LICEFIL-EEDZAMMBEN ANy oiav il
BL. AREBERNDOKSEFXAETLHILT. AEOBFHMEER ORI TELTOHEE
D (Figure 1-1)

MEDGVAEMEBT. N[N EEBRRENYIAH, RBRRUVBKENLTEREY
HIGOZEYMHEZIT OO BLOBEBRANFETHIEAHESNTINS, AEL
RIZIE, 72R/BENS 2 RR—42—(L-type amino acid transporter 1 (LAT1/SLC7A5)).
amino acid carrier system B%* (ATB®/SLC6A14). neutral amino acid transporter
(ASCT1/SLC1A4) ) . R T F K k5 > X 7R — 4 — (oligopeptide transporter 1
(PepT1/SLC15A1)) . PepT2/SLC15A2) . E¥AF A 52 RiR—~A—(organic cation
transporter 1 (OCT1/SLC22A1) ) . organic cation/carnitine transporter
(OCTN1/SLC22A4), OCTN2/SLC22A5) h* RNA LANJLTRERIN TS, ¥, /L1
— X5 RA7R—A—(glucose transporter 1 (GLUT1/SLC2A1)) . 29U rS2 RTR—4
— (taurine transporter (TAUT/SLC6A6)) . 7 R IEVEIFSI VAR —42—
(sodium-dependent vitamin C transporter 2 (SVCT2/SLC23A2)) . E/hILKRVEEN DY
A7R—~%—(monocarboxylic acid transporter 1 (MCT1/SLC16A1), MCT2/SLC16A7.



MCT3/SLC16A8. MCT4/SLC16A3. MCT5/SLC16A4) . OCT3/SLC22A3. BT =#
> b5 XR—~A—(organic anion transporting polypeptide (OatpE/OATP12/SLCO4AL),
OATP2A1/SLCO2A1 . OATP2B1/SLCO2B1 . organic anion transporter 2
(OAT2/SLC22A7)) [IZTDWTIEX, AV NI RN THORENEZEINTLVS(Ito et al,
2003; Mannermaa et al., 2006; Talluri et al., 2006; Zhang et al., 2008; Kraft et al.,
2010; Dahlin et al., 2013; Kuipers et al., 2013), SLIZREEFHEMBEHRRICL>T. A
JE ERIZIFEEH NS RIR—2—TdH 5 P-glycoprotein (P-gp/MDR1/ABCB1) . multidrug
resistance protein (MRP1/ABCC1~MRP7/ABCC?7) . breast cancer resistance protein
(BCRP/ABCG2) D HIEMNEFHE SN TL VS (Saghizadeh et al., 2011; Chen et al., 2013),

—EHICRERSN =YL, ARZZIHILHMTEBL. EYOEBEDERTHLA
D5/ —IVIRERDEFREE (Log D)A 3 fHEDEE, AEESBMNRKEGED, DFEY.,
Log D M3 LT DREAMEDIEVNEN T BELEDZAD v 230NN T ERY,
Log DA 3 LLEIZHSE, BIELERITFEBLOTLLES—AT. KFEDEZVAEEEN
pEEELAY, AIEE AR T I 5 (Schoenwald and Huang, 1983; Chien et al., 1991),
NEERXOERREE ERELERk. AELRIZEVNTH, EYORMYAAHRUTHEHIC
WX BAABEET A ENALNIZLYDDHSH. FIAIE. B TAYH—THS acebutolol
N IEBENCDFAELIYVBLEVNARERHZTTDE, ARERICHEET S P-gp I
FOTHIEANDBEINHIESN TS EE Z LN (Kawazu et al., 2006), iEFITH S
levofloxacin [F. R FEASENSBBEENGVEHTEINSD pHT7.5 [THHAT, pHE.5 D
ADNRGFLGARBEEMERTCENDS, AIONDEEBBERDESENRTEINTIND
(Kawazu et al., 1999), L1=A"> T, AE L RICEWLWTEYDOFEBIZX I HEiEXEADEE
BE#fEAT 5L, AREAE M. THHLERABTHED RFLRERIOBRICERL
FHE 52 DHFIREED H D,
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Figure 1-1. Schematic diagram of the ocular and cornea structure.
AH; aqueous humor
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Figure 1-2. Schematic picture of transporters on the corneal epithelium.

Expression at RNA level shows gray and expression at protein level shows white.

ASCT1; neutral amino acid transporter 1, ATB®*;amino acid carrier system B%*, BCRP; breast
cancer resistance protein, GLUT1; glucose transporter 1, LAT1; L-type amino acid transporter 1,
MCT; monocarboxylic acid transporter, MRP; multidrug resistance protein, OAT; organic anion
transporter, oatp; organic anion transporting polypeptide, OCT; organic cation transporter, OCTN;
organic cation/carnitine transporter, PepT; oligopeptide transporter, P-gp; P-glycoprotein, SVCT,;
sodium-dependent vitamin C transporter, TAUT; taurine transporter
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FE281 RERIEBBERICHB T HEMBEBN)T

BENEICEITE. BRADOFEREEZTOREZEEDE —(LIEZAME(20.9%) . F 4L
LARE (&, #EPRIFHINRAE (19.0%) . MR B RLEE (13.5%) . BB E 1% (9.3%) LIREZEED
% 50% M REREBICREDHLHEZEEEETHS (FILID, 2008) . ZEEEREEAENDL
B, RREE T ENEBCTHIMEETTENERESELIENHLLV D BRIKT
FHEFAERNZEENBIRSNS BFAAEZS T ENEBEEICEREEMZER ST S
=, ERECEMNEBDOBREEZSHEIENTESLIN., REICIIBREENEL BN
ROBEFARRAEMEVNSTZEHED)RINENI LA HREELE D, — A . REEDEL
BOBEICES>T. 25RBRONSERBEANEENZERNZFEI S LHITIE. IxH M ik AxBE Y
(blood-brain barrier; BBB) IZ&>TEMBITMHIRESN TLN\DHD EEFR. MK EKEM
(blood-aqueous humor barrier; BAB) K& U Il i%& #8FX B8P (blood-retinal barrier; BRB) A%
NYT7ELTHEEL . EYDBBEZHIELTLNSIEA TSN TLVS (Figure 1-3),

BAB 4. BIEREBICHFES HEMT. 2 HOELGHME. I EZNEN KBRS ERAK
A% R #AE (nonpigmented ciliary epithelial cells; NPE) M54, NPE (. E#K
& 3% kR #fa (pigmented ciliary epithelial cells; PE) &&H(2, BKEEDEREIZEIES,
EXRA LK TIL. PE O basal N EHRAEE (MR&MED) . NPE @ basal 1A EKAIIZE
L.NPE @ apical lICZA 293N EET S, BEFERLGEKIE, KREAE. AR
NE. HFAGEEMERBORE - RBEEONSESZLELIC REDHF - FAEDKRE
ZRELTEY., ERASREMOLEDMRRDICHK TS, JIILO—X  TI/B. TR
JLEVEGENEFENS, BKIIEREIIHLIERRRENCREBMNICEESh BT
BOTHIBICHN:- R, B#EHEEY 1L LEMISFTH T S (Cunha-Vaz, 1997), B
KICELE-UIEICHAMEFFFAEETHY. RERHMRERICEZA oy ar N FE
L.BAB D—&BEL THERET B, B/KICIZMMIRA /NI DI 1% M FET HHY. ThIFERK
KEENO MEEEANEBITLEZZU/AVE D root of iris MOHITEIZBH T 57-HTH
%, CDAVINIEIFEENGAEICRAT RNAIBEKDIO—ICL-T BEITBHT
5 &(F %LV (Coca-Prados, 2014),

%ERERIZTETE T 5 BRB &, iR##Z R A BBB [CK > THREIN TSN EEE., iR
HBTHIMEDEFREZ R DOHIC. MRAINSHBER~DYEDEABZEFHIRL T
Wb, MIEOABL 2/3 IFMEEMMENS. FZYD 13 (FHEERRK LK (retinal
pigment epithelial; RPE) #ERZ D SMEIIZH ARG IR EM M E MR BN HIGIN S, HBIE
EMIE N E#AE (inner BRB) (&, FEAEBRMETRAN DO v 730200, IRIGIEILE
FEERMT. MENDDFLREFBZICMENANEBHT S, LML, REEHISRNE



=5 FI(&. RPE #ifa (outer BRB) IZTFHET 2F A +D v avIZ&koT, HEADHEIT
RSN 5,

CM&SIZ. BAB EBRB (FERADBAMZH# L, IRNIRIRZR D012, REY D
WREZBREVMOBHICEZELGHRIZE->TWS, mEAMIEFIA D v2 O30 I(ThoT, #
fafERZ N L-ERENTYEDBITEHIRL . BHEEEC L T REGYWEDAZ
BBESE D=6, BRARAGEEBANEET HIEAERIN TS (Figure 1-4, Table
1-1 R U Figure 1-5),

Figure 1-4 IR 9 & 512, BABE R 5 NPE O EEMEAIIZ(E, GULTL, LAT1/b*AT,
BT A5V RR—42—TH 5 (OAT3/SLC22A8, oatplad (oatp2/sicolad).
oatplb2 (oatp4/sicolb2)) R UHEH FS2 A R—2—T#H S MRPL. 4. 5 A, apical fIIZIX
OAT3 U MRP2, 4,5 DHFEBEMNHEINTHY(Takata et al., 1991; Gao et al., 2005;
Hu et al., 2011; Li et al., 2013; Umapathy et al., 2013). BIEITAEBAIN TGS,
NPE [Z[& MCT1. MCT2, oatpE B U P-gp DEENEZRIN TLIS(Wu et al., 1996; Ito
et al., 2003; Chidlow et al., 2005), &2, REEFEMBRBRRIL>T MEMERNK
HAEIZE TS GLUTL RU P-gp OREMNBEHLIEL->TLVS(Takata et al.,, 1991;
Schlingemann et al., 1998), £7=. Table 1-1(Z;R 3 &51Z. MRNAL AL TIIHL# . B
KIZHKR RTINSV RAR—2—DFHET HIEMTREINTLVS(Zhang et al., 2008; Dahlin et
al., 2013),

Inner BRB TI&. Figure 1-5 IZ5R9 &SI, GLUT1, MCT1, 73/BFS U RAR—52—
(cationic amino acid transporter 1(CAT1/SLC7AL)) RUEHT A5 AR—4—
(oatplad KU oatplcl) A’ luminal, abluminal M/ EIIZFIRL. P-gp. Mrp4 XU Berp
A luminal FIICOAFHET HIEMNHEREINTLVS, Ff=. outer BRB TId. GLUTL,
MCT1. 3, CAT1. oatpla4. oatplcl, OATP1A2 B U P-gp DBEMNRESN TNV, &
D, FER DS AR—F—H MRNA £1=1E22 /LR )L THEZEIN TLV S (Takata et
al., 1992; Rajan et al., 2000; Kennedy and Mangini, 2002; Ito et al., 2003; Hosoya and
Tomi, 2005; Asashima et al.,, 2006; Nagase et al., 2006; Kaneko et al., 2007;
Mannermaa E et al., 2009; Pelis et al., 2009; Tagami et al., 2009; Tomi et al., 2009;
Tomi and Hosoya, 2010; Akanuma et al., 2013; Chan et al., 2015; Kubo et al., 2015;
Sakurai et al., 2015),

BAB > BRB [CH IR HHIEEADRIZIL, thDB#EE R EHDERYIAH (influx)
HDHLITHEE (efflux) ICEAH 23D H LN, TRESAh TS, HlZ X, D HXIC
verapamil ZIHFARNZE L&, P-gp £2E TH S quinidine ZFIRKAT 5T H&. BK
R UMEFANA quinidine i ENEBEIZER TSI &(Duvvuri et al., 2003). quinidine Z &
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BRLT=9H X2 P-gp HE THA rhodamine 123(Rho-123) 8RNI GLI=LE . BK
th Rho-123 B E AT 5 & (Kajikawa et al., 1999)%& . BAB XU BRB IZFET 5
P-gp DIAEIZ&Y. EEDOHBANDERYAANENT HBEENHFESIN TS, LIS
p-aminohippuric acid (PAH). benzylpenicillin Z U* 6-mercaptopurine [&., v EFAH
5 oat3 ZNTLTH%kI BT &(Hosoya et al., 2009), vrapamil AFRAF A RIZEE
HENTSYMAIRICEYAFEN ST E(Kubo et al., 2013)AREN TNV, LI=A>T.
BAB R BRB [ZHEWT. BiE BN E ST 5EYMDEBIEZAERT L LE. 2 51E
RIMMS., REEFEBICHES(EYERITIEDODEVMNILGEHEEZ NS,
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Figure 1-3. Schematic diagram of the blood-ocular barriers.

AH; aqueous humor, BAB,; blood-aqueous humor barrier, BRB; blood-retinal barrier, NPE;
non-pigmented epithelial cells, PE; pigmented epithelial cells, VH; vitreous humor
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Figure 1-4. Schematic picture of transporters on the blood-aqueous humor barrier.

AH; aqueous humor, b®*AT; amino acid carrier system B®*, CB; ciliary body, GLUT1; glucose
transporter 1, LAT1; L-type amino acid transporter 1, MCT; monocarboxylic acid transporter, MRP;
multidrug resistance protein, NPE; non-pigmented epithelial cells, OAT; organic anion transporter,
oatp; organic anion transporting polypeptide, PE; pigmented epithelial cells, P-gp; P-glycoprotein,
SVCT,; sodium-dependent vitamin C transporter

Table 1-1.Expression of mMRNA in the blood-aqueous humor barrier.

Tissues Iris-ciliary body Iris Ciliary body
Transporters OAT1 OATL1,3 OCT2
OCT1-3 OCT2 OCTN2
OCTN1,2 OCTN2 Oatplab (protein)
PepT2 OATP2B1 BCRP
BCRP MRP1,4,5
MRP3

BCRP; breast cancer resistance protein, MRP; multidrug resistance protein, OAT; organic anion
transporter, oatp; organic anion transporting polypeptide, OCT; organic cation transporter, OCTN;
organic cation/carnitine transporter, PepT; oligopeptide transporter
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Figure 1-5. Schematic picture of transporters on the blood-retinal barrier.

Expression at RNA level shows gray and expression at protein level shows white.

BCRP; breast cancer resistance protein, BRB; blood-retinal barrier, CAT1; cationic amino acid
transporter 1, CNT2; concentrative nucleoside transporter 2, EAATL; excitatory amino acid
transporter 1, ENT; equilibrative nucleoside transporter, GLUT1; glucose transporter 1, LAT;
L-type amino acid transporter, MCT; monocarboxylic acid transporter, MRP; multidrug resistance
protein, OAT; organic anion transporter, oatp; organic anion transporting polypeptide, OCT,;
organic cation transporter, OCTN; organic cation/carnitine transporter, P-gp; P-glycoprotein, xCT;
Xc type amino-acid transporter, y'LAT2; y'L amino acid transporter 2
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SFIE ABEDEI

HIEIETIC, RAABICE WV TEYMDOFEBE/NIT ELHHIE. BAB XU BRB DH#EEIZD
WTHEIERL =, EMEEDO RFLEREAFZHEKE T H-OICF. AR LR, BAB XU
BRB IZH T 5EM B EBHIEEMRATAENEETHS, I 2EB/IRMENLTEY
ZRIBHICHESEDIHEICIE, PREDEIERZRET 57012, BAB XU BRB &
BBB D EMEBIFHDENEHLMNITHIEN, EEITGDEEZIBND,

ZIT.AMETIE., RERF. BOFGEREARFORRICHRUMERGHREZES
=6 MRS R VAR DEMBEEICEVWTCEELLG L AR LE TOEME BIFEEEA
OMTTEHIE RVRBREHOLEEFRRMEZN L-EWARICEVNTEELS. BAB XU
BRB D FEWE BFF4ETHEL. BBB IZHITHEY B BIFMELLRTHIETBMELT-,

F2ETEH. BHFNROREDABITAASNSIERTOA R RAEZE (NSAIDS)
MD—D&L T, ketoprofen ZETILELEYMELTEIRL., AR LR EEMRICHT5E8
HAE . FFICERYIAAEBIC DOV TEHEL =, 38 3E TIL, RERERIZERZHL . BAB. BRB
RUBBB 2515 P-gp DFEEREZHSHNIZT S HEM T, mdria knockout 5y hZEFL =
EEDEK, BERVIKIZETS P-gp EEDOHEEFHETFMLIz, I5IZ.BBRICEWNT
FAREDEIERN L, BRFRIEEICIR A H A EHESN TS pravastatin @ BRB
[ZHETHEYRAAH R UHEHEEIZ DT, SYhE ALV in vivo EEREICTEHMEL. 5 4
B(ZFEEDT=,
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$2oEF AELREEMEE AL - ketoprofen D FEB#HE Dz A

FE1E Fim

BHREFMGE . BRFMRICECOREDAEICIE. RATACRRERFIE NSAIDs =
RFIANGA., T-FEETHVVONS, ATO/RERAGMKEERERI —H. AT
A/ FRAECRRELGEREANEIELGL-O . BENMFEEDOREEHKEETIE
NSAIDs BMEEL TEHLN S, —fAREIZNSAIDs (FBE ML EMTHY . FEBHIEHTT
FAAETHA-O., BICFELE-AKEZSEBLIZL (Rojanasakul and Robinson,
1989), RERFID pH ZIET HIETHFRELGVIERMEETEFESH. — 5T NSAIDs @
FISHEIZIE pH ISKDRBHMHY  BADEENEXRTLHIEMNS, IRABTHEDRLF
T RERFIRFEOEREREL THREM TG,

NSAIDs T#% ketoprofen [, AILAHRFVILEE 1 DEDE/AILKRVEBIEEYMTHY
(Figure 2-1), pKa 4.2, LogD 1.34 THH D, YEBILZMIZITEREZ B ELIZKLY
HEZEEFED, LHL. V5 FIC ketoprofen FRIRT &, &R TEC EIFE - BHIKIC
BVWTHTORET SO ERMBEESNI=(Kulkarmni and Srinivasan, 1985)Z &M 5,
B AREAMEEFOEHERINS, Chld. ketoprofen A pH R ERRERICE DZED
LR CIEE BB T 51T T Ao DRIV RAR—F—IZRBEIN b= LEZLND,

Ketoprofen [&. Caco-2 fifa(c47%<ét MCT1L 2N L TRYRAENDZENRESNT
LV %(Choi et al., 2005), Ffz. TV AMNIFEET S 2 FBEDO IS AR—2—IZ58
#ah, 1Dl oat2, £51 D% oat3 =X oatp THHEMNREEINTHY (Morita et al.,
2005). oat3 # 4T L 7= indoxyl sulfate BxY);A#%[HE 9% (Ohtsuki et al., 2002) C &EAVER &
SNTLS, LWL, SETICARICEVWT SV RR—2—DOB 5 &5 EL 3R & (T4,

AEEFICIEMCT1ZIZLS®. oatpE, OAT2, OATP2A1, OATP2B1. (Mannermaa et
al., 2006; Kraft et al., 2010; Dahlin et al., 2013)M2/NIL AN L THEEL, DT HIR
R ##3 (rabbit corneal epithelial cells; RCECs)IZl&. MCT1, 2, 4 XU MCT5 O 7F
EARERSIN TLVS(Kawazu et al., 2013)Z &MV, ketoprofen AT isE%E B {KIZFREE;
SNTAHEEZEZET HAREEIF+RITEALOND,

— iR, BRNENREZEEHE T SRR RELTEIRSN S Bi¥ZE R V= in vivo BAER TIE.
ARTEYOREHBIL. REAPLPEKHOIVEIEEADEMERLGEDNDEELXZITE
HITIEANFENESHICENFERELTRENS, CHITHL T, in vitro BRERRTIE.
ERFHORELNEETHY. EEBBEOFHLTREITEL TS, LI=A>T, KET
[&. RCECs ZFiL)\, ketoprofen M AR L R FE: &4 . FICERYIAHBIEICH T 5EEE
AKOBEZHELMNIZTEHIEEBRELT,

12
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Figure 2-1. Structure of ketoprofen.

SR280 #ER

221  OYFHEHAERUHEEME KR (RCECS)ZH1T 5[ Hlketoprofen &
%

DT RUEHL-AERZAV. FF—AICR&EAD Mol —/—RI(BXKED ~D
[*H]ketoprofen D& @1t % FEE L -#E 2% Figure 2-2 A (23R 9, [°H]Ketoprofen @ BA
(DB BRI (Peomea, app) & 8.2 £ 1.2 x 107" cmi/sec THY . MEMIMBER<Y—H—T
$B[1"Clsucrose M Peomea, app(7.8 = 2.3 x 107° cm/sec) IZEER#9 11 fERKELMEZRL
=

F1=. RCECs %L 1z apical il (L Bz 4 A5 basal {fl (RE ) ~D[*H]ketoprofen 0
BT DB BRI (Peel, app) ERO=ETH, 2.4 +0.08 x 10 ° cm/sec THot=. “hl.

[*Clsucrose M Peey, app(3.2 £ 0.2 x 10° cm/sec) ITEER, 9 7.5 fFERKELMETH 1=
(Figure 2-2 B),

A B
- 0.008
ols Sa
E|Z SIS
RS g 2 0.04}
—|S 0.006 £
|2 1
£ = o E
@ § 0.004} E|E
(&)
(8]
2|5 o2 002t
=\ =18
S|® 0.002f Iz
E|l= g < A
S| c | =
e M Sl=
0 O . - : 0 ; : - '
0 60 120 180 240 300 0 10 20 30 40
Time (min) Time (min)

Figure 2-2. Time-course of [*H]ketoprofen (closed circle) and [**C]sucrose (open
circle) permeation across isolated rabbit corneas (A) and cultured rabbit corneal
epithelial cell (RCEC) layers (B) at 37 °C.

Each point represents the mean + SE (n=3-4 determinations).
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2.22  RCECs ~®M[*H]ketoprofen HxY) A & 43514

RCECs ~®[*Hlketoprofen BRY A& DB RIIK T SBEKREME R VR EKRTEN

RCECs ~®M[*H]ketoprofen BRYiAF (&, D7aded 1 HETIEERMICEML. 5 51
(XEEIRREIZELT= (Figure 2-3 A), LT=h> T, IO ARHMEZERALV-EERIL. #ER
Mofffast ~ D BERENBRTE, MRS SHBERNNDORY AABRENEICRBRSE
NBEETHD 1 DI TEELT =,

RCECs ~®M[*H]ketoprofen BXYIAAIZ DT, SBEKREFEDFERZE Figure 2-3 B I
=9, [*H]Ketoprofen @ RCECs ~DHYAHA (&, BEDETLELITHDL, EiEET
FILX—I(X, 9.24 kcal/mol TH1=,

A B
10 - 15 -
<
5 ¢ ¢
S g 1
o
o °
E T 05
= 6 £
o > ]
g g °
g 4 £
£ =
5 Q‘i -0.5
£ > &
3
0 ' ' ' 15 : .
0 S 10 15 20 0.0032 0.0034 0.0036
Time(min) 1/T(deg?)

Figure 2-3. Time-course of [*H]ketoprofen uptake by the RCECs (A) and the Arrhenius
plots for [*H]ketoprofen uptake by the RCECs (B).

Each point represents the mean + SE (n=4 determinations).

Figure 2-4 12573 &512. 37°C 1281+ 5 [PH]ketoprofen @ RCECs ~DEYAH [, 2
EDEMIZHEOETIMERLz, CORYRAAENS 4°C TOFRFENGIYIAAZEL
5lLM= M % | Eadie-Scatchard plot Z{Tof-&CA, Z MM LG I EMD,
[*H]ketoprofen 0 RCECs ~MDERYAHIZIE, BB LEBHEDBREAHZIEEZD
N1z, Michaelis-Menten HZFL. JEREMR/DZFTEAICKLEHZIToMEIAH EFHM
D Kn ERY Vinax [EEFNF 4 0.559 £ 0.155 mM K T 0.367 + 0.050 nmol/(min-mg
protein) THY . BEHRMEDEIL. ThETh 238 + 28 mM RU 605 + 4.1
nmol/(min-mg of protein) T&H 1=,
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Figure 2-4. Eadie-Scatchard representation of [°H]ketoprofen uptake by the RCECs.

The uptake of ketoprofen by RCECs was examined at different concentrations. The values
represent the total uptake (37°C) from which the nonspecific uptake (4°C) was subtracted. Each
point represents the mean = SE (n=4 determinations). The solid line for V was calculated by fitting
the data to the Michaelis-Menten equation. S, substrate concentration; V, uptake rate.

RCECs ~®[*Hlketoprofen BYRAHCH T AT RIILF—RUEEBEHDE
[*H]Ketoprofen @ RCECs ~MDEYAHIZE 53 2% B AN EBALMNIT 51
. IRLF—IREERUVEEBEHOSE LML= (Table 2-1), [*H]Ketoprofen @
RCECs ~DEWiAA &, D-glucose Z3ER D 3-O-methylglucose (3-O-MG) [ZE
#aLf=&ZE. 1 mM dinitrophenol (DNP) BT 10 mM 7ZoAbEFRI D LEMZ B2 EIZKY.,
ENETN 2% RV 61%HEITIETL. IRILF—KEFHTHL NN oT,

Table 2-1. Effect of metabolic inhibitors on [*H]ketoprofen uptake by RCECs.

Relative uptake

Treatment (% of control)
3-0O-MG ( -D-glucose) t 87.3 21
1 mM DNP + 3-O-MG 27.9 = 1.6*
10 mM sodium azide + 3-O-MG 39.5 + 2.5*

After RCECs were pretreated at 37°C for 30 minutes with each compound, the uptake of
[®H]ketoprofen (0.3 pM) was measured at 1 minute. Each value represents the mean + SE (n = 4
determinations). * p< 0.001 compared with the control value (Barrett’'s test). 1 Upon replacing
D-glucose with 3-O-MG, a non-metabolizable sugar analog in the medium.

3-0-MG ; 3-O-methylglucose DNP; dinitrophenol
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RCECs ~®[*Hlketoprofen BRY5A#? pH 1K #ZE 4 R U driving force @ T4

RCECs ~®[*H]ketoprofen BRYIAH~D pH DEELAETHELI=EZS, pH DIE T4
WZFOERYRAHIZIEML ., pH5.25 TlX pH7.4 D 10 EE UL ERYIAAEEF R LT -, F=L)
THNO pH IZEWLTH. 10 mM FEHZEAK ketoprofen DEFFIZKY ., BYAA=IZETL
= (Figure 2-5),

Joro LA BLE-BEEAEAOE S % RS -8 . carbonyl cyanide
p-trifluoromethoxyphenylhydrazone  (  FCCP; protonophore ) & U
a-cyano-4-hydroxycinnamic acid ( CHC; MCT M % # ) &R U
4,4'-Diisothiocyano-2,2'-stilbenedisulfonic acid (DIDS; 7 =# > 3 ik REZEHF]) D
FEMRERUVTOM % NaTIZEHLI-FE D RCECs ~MD[*H]ketoprofen BR YA H D ELE
ZEEL=, TR, FCCP R U CHC #7F T T[°H]ketoprofen MEYAHIZHEIZME
EINTfH. DIDS RU Na'*-free DEH T TIXEENRHLNLEMN o= (Table 2-2),

40 1

30 1

20 A

10 A

Cell/medium ratio (uL/(30sec * mg protein))

5.0 6.0 7.0 8.0
pH

Figure 2-5. pH-dependence of [*H]ketoprofen uptake by RCECs in the absence
(closed circle) and presence (open circle) of unlabeled ketoprofen (10 mM).

The uptake of [°H]ketoprofen was measured at 37°C by incubating the RCECs in the incubation
medium (pH 5.25, 6.0 and 7.4). Each point represents the mean + SE (n=4 determinations).
*p<0.01 compared with the uptake measured at the same pH condition without unlabeled
ketoprofen.
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Table 2-2. Effect of ionophore and various inhibitors on [*H]ketoprofen uptake by
RCECs.

Relative uptake

Treatment (% of control)
0.05 mM FCCP (pH®6.0) 36.1 + 7.9*
2 mM CHC (pH®6.0) 22.9 + 2.8*
0.1 mM DIDS 915+ 14
Na'-free 95.3 + 2.2

After RCECs were pretreated at 37 °C for 30 minutes with each compound, the uptake of
[®H]ketoprofen (0.3 uM) was measured at 1 minute. Each value represents the mean + SE (n = 4
determinations). *p< 0.001 compared with the control value (Barrett’s test).

Na'-free indicates that NaCl and Na,HPO, in the incubation medium were isotonically replaced
with choline chloride and K,HP Oy, respectively.

FCCP; carbonyl cyanide p-trifluoromethoxyphenylhydrazone, CHC; a-cyano-4-hydroxycinnamic
acid, DIDS; 4,4'-Diisothiocyano-2,2'-stilbenedisulfonic acid

RCECs ~® L-[*Cllactic acid ERY3A#=%tF % ketoprofen @ g%

RCECs ~® L-[*C]lactic acid BXY A%t % 20 mM ketoprofen DEEZNER%
Figure 2-6 IZ5RkL 1=, Ketoprofen [&. L-[**C]lactic acid BRYAHZEEARIZPAEL . K {E
[X.8.64 +0.23 mM THo1=,

70

60

50

40

30

20

10

1/V ((nmol/5min/mg protein)1

20 0 20 40 60 80 100 120
1/S (mM-1)
Figure 2-6. Lineweaver-Burk plot of the rate of L-[**C]lactic acid uptake by RCECs in
absence (closed circle) and presence (open circle) of 20 mM ketoprofen.

The initial uptake rate of L-[**C]lactic acid was measured at 37°C for 5 minutes. Each point
represents the mean + SE (n=4 determinations). The inhibition constant (K;) of ketoprofen was
calculated to be 8.64 mM.
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223  RCECs ~®M[*H]ketoprofen BXYAH IR T 2T — AL &Y DEE

RCECs ~MD[*Hlketoprofen BRY A5 J HEESE

RCECs ~M[*H]ketoprofen ERYAA Zxt T 2T A it &WERLEEDME
=418 % Table 2-3 IZ5RL71=, [*H]Ketoprofen ®EXY5AHA &, 20 mM E/AILARUEERIE
&% (lactic acid, pyruvic acid, acetic acid, benzoic acid, valproic acid KU\ salicylic
acid) [Z&2 T, 61~19%FAL1=H%. 2 mM TIXEILA L hof=, Ff=. probenecid +>,
fd NSAIDs (ibuprofen, flurbiprofen KU indomethacin) (.2 mM LU TDEET
[*H]ketoprofen MEYAHZEBEIZBAEL -, 512, [*Hlketoprofen MERYAHA L, oat
DEETHS PAH [TX2T 21%FAPLI=HY. oatp DEE THS bromosulfophthalein
(BSP) > taurocholic acid TIXBEEMR T RShEM o1z,

Table 2-3. Inhibitory effect of various compounds on [*H]ketoprofen uptake by
RCECs.

Inhibitor Conc. Relative uptake Conc. Relative uptake
(mM) (% of control) (mM) (% of control)
Lactic acid 20 81.0 + 1.2* 2 112 + 5
Pyruvic acid 20 57.5 = 6.0* 2 105 = 3
Acetic acid 20 55.8 + 1.4* 2 125 + 6
Benzoic acid 20 55.9 + 1.0* 2 90.5 + 84
Valproic acid 20 37.3 £ 4.9* 2 109 £ 6
Salicylic acid 20 38.6 + 2.1* 2 86.8 + 3.1
Probenecid 20 43.0 + 4.0* 2 60.5 + 1.9*
Ibuprofen ND 2 50.1 + 3.7*
Flurbiprofen ND 2t 63.5 = 4.4*
Indomethacin ND 1 58.0 £+ 1.0*
PAH ND 2 78.8 £+ 0.5%
BSP ND 0.1 119 £ 9
Taurocholic acid ND 0.1 954 + 2.9

After RCECs were pretreated at 37 °C for 30 minutes with each compound, the uptake of
[*H]ketoprofen (0.3 uM) was measured at 1 minute. Each value represents the mean + SE (n = 4
determinations).

* p< 0.05 compared with the control value (Barrett’s test). T Flurbiprofen (2 mM) was dissolved in
0.5% ethanol. ND; Not determined, PAH; p-aminohippuric acid, BSP; bromosulfophthalein
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RCECs ~®[*Hlketoprofen BxYAF 3 1+ B4 B2 L S HANMEBIED 5 B

Figure 2-7 [Z. [*H]ketoprofen 0 RCECs BXYiA#&IZ*19 % 20 mM benzoic acid (A)
EU 1 mM indomethacin(B) DREE#1ER% Eadie-Scatchard fEfTLI=#ER %R, 20
mM benzoic acid [&. [*H]ketoprofen ® RCECs BRY A= H 1T B IEHMNEDBIEERE
L.1 mM indomethacin Z#F3tE4&. SHMMEDBENTELITHEKL =,

A B

T 51 = 9

o o

o 4 ° M

o o

o J (@)] 3_

g 3 £

[ c

= 2 £ 2

£ S
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Q 0 T T T T T 1 @ O T T T T T 1
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Figure 2-7. Eadie-Scatchard plot of [*H]ketoprofen uptake by RCECs in the absence
(closed circle) and presence (open circle) of inhibitors.

The uptake of [*H]ketoprofen was examined in the presence of 20 mM benzoic acid (A) and 1mM
indometacin (38). The dashed lines show the simulation results of competitive inhibition of low- and
high-affinity [*H]ketoprofen uptake by benzoic acid and indomethacin, respectively. Each point
represents the mean * SE (n = 4 determinations).
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SF3ET B

ARETIL. ketoprofen D AR L R HEFHZBRALNIT 5728, EIZTRCECs #ALV:
FBRUVRYAARBRET o>, VU FHBEHARKRY RCECs OWLWFNIZHELNTDH
ketoprofen (XHIEERIMEE B Y —H—TdH 5 sucrose &Y 7~10 ESLVEBMEEFRLI-CE
M (Figure 2-2) | ketoprofen (LA R ZFHIREMICE BT HEBEZoNT-,

% Z T RCECs Z#H L. ketoprofen D ERYAABIRICDOWNTENL-, TDHER.
ketoprofen @ RCECs ~DEY:AHA (&, BEKFM (Figure 2-3) . TRILF—IKFMH
(Table 2-1) THB I ENH Moz, EBIZ, ketoprofen D RCECs ~DEYAH %
Eadie-Scatchard plot 3 4&. —HHME DR EKFHETHo1=, Michaelis-Menten & FLY.
FERE RN _FAICEIBFEIToMLEIAH ERMMERMERNEERXBRED Ky B,
FhEFh 0.559 mM B 23.8 mM T#H-o1=(Figure 2-4),

IEFRFNE D EX@FR(CDULNVTIE, ketoprofen M RCECs ~MDEYAA &, pH DIETE
ELITHE KL, 10 mM ketoprofen #£FIZ&Y ZDERYAHEAE T LI-C & (Figure 2-5) .
protonophore T#4 FCCP, proton-linked MCT BAE#|IT#HS CHC #HMTHET
ketoprofen MELYAAMEESN =& (Table 2-2) | ketoprofen 5 MCT1 DEE THS
Z&(Choi et al., 2005), RCECs [Z[&X MCT1 OFEMNFERIN TV A &(Kawazu et al.,
2013)h 5. ketoprofen M RCECs NDEYAAIZIEMCTL A EL TS EEZA BN D,
Ketoprofen A% L-[**C]lactic acid ® RCECs ~DHYA#E 55 S HIZFEEL (Figure 2-6) .
Z D Ki{E (8.64 mM) ' BRI DX BFEN B H LT Ky E(23.8 mM) &ERILTC
EMBEMCTL DS ARIBEN S, Table 2-3 (TR K3, BE/DILARVEERIEEY) 6
BEPREHFIELI=EED ketoprofen M RCECs ~DEYIAHFEMLI-EZA, FHL V= 6
IEEHNTNIZENTEH 20 MM TIIBEEICBAEDRETRL. 2 MM TIER RN GEH o1,
MCT1 239 % L-lactic acid. pyruvic acid. acetic acid & U benzoic acid @ K, {EIX. &
nZhn 3.9 mM(Kawazu et al., 2013). 2.1 mM(Manning Fox et al., 2000). 1.6
mM(Galic et al., 2003) % U 3.05 mM(Tamai et al., 1999)&$RESN THY . TNHEEY
M\ ketoprofen M MCT1 ZNLI=BYVRAAZAEBL-EEZSHE. 2 mM TIEEZEMHRZ TR
9.20 mM TOHEELEEERLI-CLEIRZYTHD, MCTL DEE THS valproic
acid & U salicylic acid(Tamai et al., 1999)[&. L-lactic acid DEYA#A% 1 mM &Y% 10
mM Ti&<EEF HZE(Emoto et al., 2002)Hvi5., ketoprofen DIEFHRFNTE D E#EIBFEM
MCT1 THAETIL. ML EYHEEETDHHA ketoprofen @ RCECs ~DEYAH %
FAEL-CEMERBATES, S5 ketoprofen @ RCECs ~MDEYAHAIZx LT, 20 mM
benzoic acid DEE R % Eadie-Scatchard f##L1=L A BERAMEDBREDA#ZEEE
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L7=(Figure 2-7)2&Mind . RCECs 128175 ketoprofen DEFRFNMEEIEBFEICIE.
MCT1 A ELTWSEEZ NS,

— 7. ketoprofen O EE D EIXBEFEIL. 1 mM indomethacin IZ&>TEEIZHK
L (Figure 2-7). NSAIDs (ibuprofen. flurbiprofen. indomethacin) . oat DE & TH 3
PAH. oat &1\ oatp MBEEHITIH S probenecid &> THEEENT=A, oatp DEEHFIT
%% BSP.oatp OEBTHLHFAVOI—ILEETIEEENZBHLNGEA ST (Table 2-3),
Indomethacin (&, 3wk oat2 DEE THY(Morita et al., 2001). flurbiprofen <X
oat2 NEE TH5(Ito et al., 2007), E£7= ibupurofen [E oat2 ZL 7= salicylic acid MDHY
YAH%zBEEY S (Morita et al., 2001)EDEEMNHSH_EMLE, RCECs ~D ketoprofen
DEYIAAIZIE, oat families BEH>TLSAREMENE LN EE A BN D,

Ketoprofen @ oat families ~DEAEIZDULVNT, FvhA/RF A A D ketoprofen D EX
VA IE = BEZRL . oat2 & oat3 $,L<I oatp IZFRi S B (Morita et al., 2005)Z &,
Swh oat2 #IFMAEZE ALV-FEETIX. salicylic acid MEYA#H % ketoprofen AREY
%(Morita et al., 2001)C&. F7= Ohtsuki b1, oat3 I8 oocyte ~® indoxyl sulfate M
HRY) A% ketoprofen MEE 9 5 Ea#EL TLVS(Ohtsuki et al., 2002), ErAEIE £ &Z
(2 OAT2 M FFEL(Dahlin et al., 2013). ZvbHIRIZIE oatl (FFEE T . oat3 (AR
NRIZOAHEFEETDEDHEMNHS(Li et al., 2012), 9 X AR KR RCECs [ZHUVT,
oat families MFEIRICEAT HIME (TG, §&. SHITHREDBLETIEH L. ketoprofen
DEHRNEQEH L BIEC(E. oat2 AREELTLSAREEMENSLNEEZON T,

UL, RETOHERSELY. ketoprofen [FEIEEAZNL T, VY X AR LR HEICERY
RAFENTWSIENHAL M EG ST, ZDEEIL, pH O BRE. IRILF— REKENTH
Y BHRMELSHMMEOHEZBRENFET HCENREINT-, CO55, EHRMMEOH
EBREICIEMCTLIAEE T HIEAREIN., SFHRMMEDBEIEICIE oat2 KN EEHHETHEM
NEWEEZ LN,
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$3E MARREFZ T LI=-2EWEE(ZE+5 P-glycoprotein DL
B 55

LEBIRMMASEBEANDEWFHEITIE. BAB XU BRB [Z&->THIEE ., IEEIZEL
CEZEHE 1 BICTHRA, — BRI, REMLHTERIRZEZ BT HILEMFDAEARMTL
BAB R U BRB O EME@MIZDLNTIL. BAB TIEIEAMICEHL T ZIF—EDEBEME
%z 9 H'. BRB TI& BBB LEI#k. BB MEDEMIZHL., BE~DEMBBENEKRT D
ZEMNFHEIN TS, BAB TlE, BN BGYBELLEKIZHELLZL 0. BH
(T E—FEDBEBBHEETTEEZALOND, LML, P-gp £ETIL. BAB.BRB IZHEWT. &
BENMTRSNDEBEIYBENMEZRT LMD, BAB, BRB IZHELVTE P-gp AV
HEL TULV\B I EAVRIEEN TULVA(Hosoya et al., 2010; Toda et al., 2011),

P-gp I&.ABC FSURR—E—ND—DTHY. ATP #EREHELT. BAGLEMEH
faAM RN EEET DEYMBREZEIEINITHS, P-gp [FLEWNEEZRH M
15 . BBB. Rl g, BiE. MEFICRIEL. ZEYORIR, 757, HEtICBEHLHIE
MNEILN TS, BABZHEM T AU EME N KM R U NPE IZHEFHIAEH LN (WU et
al., 1996; Schlingemann et al., 1998). inner BRB @ luminal {fl(Hosoya and Tomi,
2005). outer BRB @ apical. basal O MEEIIZFEIE L TLYS(Kennedy and Mangini,
2002),

CNETIZ BRB IZH+5 P-gp DFE(L,.BBB LYHLEWIEATREIN TSN
(Hosoya et al., 2010; Toda et al., 2011), ZDFEEIZ DL TIXBAS M TIELELY, BRB &
BBB T P-gp MHEEENELSED . PARMEIEAZEEL . RIEBAOBITHZEMSE
BHIENTREICEDEEABND, P-gp (XEVWEERBEMEZFIFDON. P-gp OEEIIFERF
[TERRRIGER S RAR—A—IZHRBEEINDIGEEMN L VL. BAB, BRB EHIZENE N 2 1
DML SRESN, P-gp DRIREHANERHSHEMND. in vivo TEDHFEEEZR
BEAHEITELL, ZCT AETIESYMPgp #a—F T DB EZFND—2 mdrlaix /vy
7 kL7T=. mdrla knockout 5vrZEFRWLVT, P-gp DEE THS digoxin, quinidine BT
verapamil (Figure 3-1) ® BAB kU BRB ZftLT=BEKRUHEE~DEYA#A#% . BBB &
ML= DEYAH LI T BH1-8. aqueous humor uptake index (AHUI) . retinal
uptake index(RUI) U\ brain uptake index(BUI) Z54Z(Zf#HTL71=, £5(2 integration
plot ;Z%Z FALVTF7= mdrla knockout 5wk R U wild-type SV rZEITS verapamil DFE
K. RERVKANDERYIAAII TS0 AM G, P-gp 5 EREF@L=,

BE.Tvk P-gp I, mdria U mdrlb EEFICTa—FEINTLVSAY. inner BRB R
BBB TlE mdrlb [k RT mdria AMELLIZF IR L (Regina et al., 1998; Tomi and Hosoya,
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2004). mdrla knockout Svhk®fK, /M5, Bl TIEL. mdria OFEIFA wild-type SvtD
8-23 fEEBL . mdrlb OFEBABBMLTULWLEWVWIEAERETAh TS
(Zamek-Gliszczynski et al., 2012; Zamek-Gliszczynski et al., 2013), Lf=h > T, AHf
"0 EMERLMNIZT Sz mdria knockout SYMEBELI=ETILTHDEEZ =,

o]

OH \
J
HO,, ' N o ' o |

Digoxin

Verapamil

Figure 3-1. Structure of quinidine, digoxin and verapamil.
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FE2H FER
3.2.1  Wild-type SvkhoEEELT- RPE #ii21Z31+4 mdrla BT mdrlb ® mRNA
FIRERAT

Wild-type 5B & RPE #if81Z8& 7% mdrla $ LU mdrib @ mRNA #38% RT-PCR
EERWTHEM LT (Figure 3-2), ZDHRE. Sy EEE RPE #EIZHLVT, mdrlb [TH
N, mdrla ® mRNA MNEBALIZHEIBLTLV =,

12 -

10'l
8-

(%107

Target mRNA/B-acitin mRNA

mdrla mdrlb

Figure 3-2. Quantitative real-time RT-PCR analysis of mdrla and mdrlb in freshly
isolated rat retinal pigment epithelial cells.

Each column represents the mean + SE (h=3 measurements).

3.2.2  Wild-type & mdrla knockout k% FL = AHUL, RUI BT BUI @ HLB%

BAB. BRB B U BBB /it L1=EBE /K. HERUVRK~DEYIA#Z AHUI, RUI XU BUI
#HE4ZIZEHE L 1=, Figure 3-1 IZ, AHUI, RUI U BUI & Log D ®ORE#%%R9 , Mdrla
knockout SYRMZHEITHEIEREZZEBILHICKI>TERT 51 & (D-mannitol .
thiourea & U progesterone; Table 3-1) ® AHUI, RUI &1 BUI (X, wild-type Svk&E]
FRD{E% RL . mdrla knockout [C&AEFEBADEEIBOHoNEM ST VTIADTY
MZHEWTEH., IR, INTIEIEAEOEXRIZHEVL UHELBML . BKTIEIEAEDO K/
BhHod Ul EIF—FETH-oT=

P-gp £E TH5 quinidine. digoxin R verapamil DEKR A DEY AH(F.
wild-type SYRZHAT mdrla knockout vk TEULMEZRLT =z, LOLHEIEEA~DEYIA
#I%. digoxin [& mdrla knockout 5wk TEUMEZRLT=AY. quinidine &R U verapamil T
[FESYMMIENGEA ST,
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Table 3-1. Classification and Log D7 4 of the tested compounds.

Classification Compounds Log D7.4%
Passive diffusion D-Mannitol -3.26
Thiourea -1.02
Progesterone 3.83
Active transport Quinidine 0.98
Digoxin 1.29
Verapamil 2.46

% The Log D;4 value of each compound was calculated using Log D version 12.0 (Advanced
Chemistry Development, Inc.).

Wild-type Mdrla knockout
A B C @ Passive diffusion O Passive diffusion
i @ Quinidine < Quinidine
1000 ] 10007 1000 B Digoxin O Digoxin
A Verapamil A Verapamil
100 1007 100
O
o —~ ~—~
3 101 — 101 = 107
2 ot 3 2
< o @
1 14 1
0.1 T T T T " 0.1 r r r . . 0.1
-4 2 0 2 4 6 4 2 0 2 4 6 -4 2 0 2 4 6
Log D, , Log D, Log Dy,

Figure 3-1. Correlation of the aqueous humor uptake index (AHUI, A), retinal uptake
index (RUI, B), and brain uptake index (BUI, C) with Log D74 for tested compounds
(Table 3-1) in wild-type (closed symbols) and mdrla knockout rats (open symbols).

The Log D74 value of each compound was calculated using Log D version 12.0 (Advanced
Chemistry Development, Inc.). The line represents the lipophilicity trend line in wild-type rats using
the data of D-mannitol, thiourea, and progesterone, which are expected to permeate by passive
diffusion. The line represents the quadric regression curve (A) or the linear regression curve (B, C)
by the linear least-squares methods for the three compounds (passive diffusion; Table 3-1) in
wild-type rats. AHUI = 1.22 x (Log D7.4)? — 1.48 x Log D74 + 41.2 (r*=1.00) (A), RUI = 69.4 x exp
(0.493 x Log D+.4) (r*=0.993) (B), and BUI = 16.9 x exp (0.496 x Log D;.) (r*=0.998) (C). Points
represent mean + SE (n=3-6 rats).

3.2.3  Wild-type & mdrla knockout SvkZ L = verapamil DERYRAH D) TS5 R
DEH

[PHIVerapamil &S vMIERABSLI-EE, BRLELNSBIE. BKRUVBAD

[*H]verapamil ®#471£% in vivo integration plot ;%% BN TRHTLT=. $&8 % Figure 3-2
(2. BHLIz/\5A—42% Table 3-2 ;RLT=,
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Wild-type 5wk &R mdrla knockout SwkIZ#I+5[*H]verapamil DEIR K H S
BEADEMNTDFERY)T Z2 R (Kin, retina) &, 0.824 + 0.201 KR 0.849 + 0.980
mL/(mineg retina) THY . WHIZE [XE M 571, Mdrla knockout v krIZEIT S
[PHlverapamil DEKAD B FDBEBD') T 52 A (Kin, aqueous humor) [& 0.0065 + 0.0013
mL/(minsg aqueous humor), iX~D BT DE @IV T 52 R (Kin, brain) [& 1.73 £ 0.09
mL/(mineg brain)&iY . ZhZEh wild-type VD 3 ER U 12 EELMEERLT=,

Wild-type bR U mdrla knockout S vhEHWTROT-IYRAHI)TIUAM B,
verapamil @ BRB FE@IZHT5 P-gp DEHEEHEREZHHT 5L 3.0%TH o1, BHFRIZKD
1= BAB kU BBB T®D P-gp F5 (L. 66.1% KV 91.9% TH>1=,

A B C ® Wild-type
0.25 16 1 14 - O Mdrla knockout
S 14 |
£ 12
3 0.20 4 = 12 =
3 -~ £ 10 1
-~ o o
o - 2 ]
€015 - - =10 ,/% o) 3 Q
g 2 * 2al & .5 g 0
g 1< § 8 Q.- 8 £ P .
3 ] = - =
£ 010 S 6 % g é
c = ® = 4
G 0.05 1 o o
2 2 21
© lo—o——¢ o L]
0.00 r r r 0 , , . 0 ' , . .
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
AUC(t)/Cp(t) (min) AUC(t)/Cp(t) (min) AUC(1)/Cp(t) (min)

Figure 3-2. The initial uptake of [*H]verapamil by the aqueous humor (A), retina (B),
and brain (C) in wild-type (closed circles) and mdrla knockout rats (open circles).

In the integration plot analysis, [*H]verapamil was injected into the femoral vein. Points represent
mean = SE (n=3 rats). The line represents the regression line using the initial tissue uptake data in
wild-type (solid line) and mdrla knockout rats (dashed line). The slope represents the apparent
influx permeability clearance (Kiy,).

Table 3-2. The apparent influx permeability clearance (Ki,) per gram of rat tissue of
[*H]verapamil and the contribution ratio of P-gp to tissue uptake.

Kin V, Contribution
mL/(min-g tissue) mL/(g tissue) of P-gp(%)
Wild-type
Aqueous humor  0.0022 £+ 0.0010 0.0728 + 0.0017 66.1
Retina 0.824 + 0.201 3.32 £ 0.34 3.0
Brain 0.140 + 0.012 0.542 + 0.020 91.9
Mdrla knockout
Aqueous humor  0.0065 + 0.0013* 0.130 £ 0.001* -
Retina 0.849 + 0.980 6.25 + 1.32* -
Brain 1.73 = 0.09* 3.75 £ 0.13* -

*p<0.05, significantly different from wild-type rats.
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3.2.4  Quinidine. digoxin & U verapamil M#AHEEY A =T BEAEFIDE

Quinidine. digoxin B U verapamil ® AHUI, RUI U BUI [ 2 & FEEEFIDFE
#RETLT-#E8R % Table 3-3 &R U Figure 3-3 [Z7RT,

Wild-type SvhERWNTEHEL=&% . [*H]quinidine DEKEBRA~DERYAH(E. 10
mM quinidine MFMIZE>T, aAvbA—ILEYEFAEFNF 2 ERV 8.6 EHEIZHEM
L. 3 mM verapamil DHFEMIZE>T,. ZNEN 24 ERV 6.2 EEEITEMUIA, MR
ADEYRAHIEELLEEMo1=, F#RIZ. [PH]verapamil DEKEVEADIRYIAHA(E, 1
mM vinblastine MFMIZK->T, AVFA—ILEYEZTNTN 19 ERV 4.7 EEEICHE
L. 3 mM verapamil DFEMICES>T,. ZTNEN 2.7 FERU 8.6 BFEAEICHEMLI-A,
JEADEY AHZIFFELEMN DT, 1=, 0.01 mM digoxin XU 3 mM verapamil (&,
[*H]digoxin ® AHUI, RUI B U BUI #Z b SEHmo1=,

Mdrla knockout SvhZERWTEEEL =&, [PH]quinidine DEK . &R UK~ D ER
YA#IE. 3 mM verapamil QFEMIZEST, ENEN 26.4%. 37.4% KRV 52.6%F EIZ
> L1=, [*H]Digoxin ® AHUI. RUI R U BUI [&.0.01 mM digoxin U 3 mM
verapamil MHEMIZEDT, 70% L A LT=, [PH]Verapamil DMBIEADEYAAIL, 1
mM vinblastine XU 3 mM verapamil DHMIZ&>T, 32.4% KU 29.3%FEIZRE L.
BKADEYIAA#E 1 mM vinblastine Z#FS 45 ET 46N A EITH DL, LAHL,
N SEEFIE[PH]verapamil ® BUI [ZIEB2E LM o1 =,
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Table 3-3. The effect of P-gp inhibitors on the agueous humor, retinal, and brain
uptake index for [*H]quinidine, [*H]digoxin, and [*H]verapamil in wild-type and mdria
knockout rats.

Uptake index (%)

Inhibitor Aqueous humor Retina Brain
Wild-type
Quinidine  Control 595 + 0.38 212 + 13 212 + 0.12
10 mM quinidine 11.7 £ 0.6* 187 = 22 182 + 1.2*
3 mM verapamil 142 + 3.5* 180 + 12 13.2 + 3.2*
Digoxin Control 175 = 58 240 + 58 0.987 + 0.350
0.01 mM digoxin 158 + 35 26.3 + 5.7 1.18 + 0.20
3 mM verapamil 9.48 + 0.55 279 + 57 0.969 + 0.045
Verapamil Control 8.46 + 0.61 336 £+ 7 9.07 + 0.89
1 mMvinblastine  15.7 + 1.0* 327 + 35 425 + 4.8*
3 mM verapamil 23.1 + 6.4* 439 + 57 777 = 7.2%
Mdrla knockout
Quinidine  Control 120 + 0.6' 227 + 25 26.1 + 247
10 mM quinidine 125 £ 0.7 182 + 24 216 =+ 0.6
3 mM verapamil 8.83 + 0.40* 142 + b5* 124 = 1.7*
Digoxin  Control 55.9 + 132" 88.0 + 297" 140 + 731
0.01 mM digoxin 11.0 + 0.5* 188 + 3.1* 1.83 = 0.07*
3 mM verapamil 103 + 1.1*% 27.0 = 3.2*% 1.68 = 0.07*
Verapamil Control 248 + 141 536 + 6' 75.0 = 5.87
1 mM vinblastine  13.4 + 0.5* 362 + 53* 740 + 83
3 mM verapamil 210 + 24 379 + 18* 755 = 6.3

[*H]Quinidine, [*H]digoxin, and [*H]verapamil with [**C]n-butanol as the highly diffusible reference were
injected into the internal carotid artery in the absence (control) or presence of inhibitors. Values
represent mean + SE (n=3-6 rats). *p<0.05, significantly different from each control. tp<0.05,
significantly different from wild-type rats.
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Figure 3-3. The effect of P-gp inhibitors on the AHUI, RUI, and BUI for [*H]quinidine
(A1-A3), [*H]digoxin (B1-B3), and [*H]verapamil (C1-C3) in wild-type and mdrla
knockout rats.

Percentage of control was calculated from data in Table3-3. Values represent mean + SE (n=3-6
rats). *p < 0.05, significantly different from each control.
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SF3ET B

AETIE, UIiEZRL., P-gp EE THS quinidine, digoxin XU verapamil DEK . #3
2 B Ui~ D ELY A A% mdrla knockout 5wk & wild-type M k> TERfiT 52 & T
BAB. BRB XU BBB Z T L1=EME@&IZH(T5 P-gp DEAGZMEMFTL =,

vk P-gp [&. mdrla B U mdrib &{EZFIZa—REhB A, inner BRB XU BBB Tl&
mdrlb [ZEERT mdrla AMERIICFEIRL (Regina et al., 1998; Tomi and Hosoya, 2004).
Figure 3-2 2R 9 &SI, outer BRB T3 mdrla AME{L T#H>7=, Mdrla knockout Sk
D, NS BRETIE. mdrla OB wild-type S0 8-23 {EEHL . mdrlb DRI
MNEMLTWLWEWI ELNER I TL % (Zamek-Gliszczynski et al., 2012;
Zamek-Gliszczynski et al., 2013), &f=. KAETHLL /= P-gp £2ETH% quinidine.
digoxin & U verapamil [& mdrla, mdrib &BIZEEELTEH SN S (Takeuchi et al.,
2006)— &M, mdrla knockout rat Z LT, P-gp S EREZFHE T 5 LR U THDHE
Ezohbd,

S REEZHILETERT HIEEWTIE, mdrla knockout SwkIZEHIT5% Ul {EIX.
wild-type Sk ERIFRE TH 1=, £1= wild-type SyMZHITS RUI RV BUI IE, fEiatE
DIBREEBITEML . AHUI (FREFEICEHL T R IF—E DEZRL (Figure 3-1) . B X
D ¥R (Hosoya et al., 2010; Toda et al., 2011)&—EL 7=, Quinidine XU verapamil M
RUI [&. wild-type 5k & mdrla knockout 5k TIZIE—EL. LogD74 Mo F RIS B1E
FYEEZ & (Figure 3-1) Mo, MEEYI®D BRB £ L1=EBIZ(X P-gp DEEA/NE
WCE HFHBRELIVERMYVAABEDOEENARKEVNIENARESNT-, 52, wild-type
Zwhk& mdrla knockout 5w k@ verapamil DBIE~NDEYAA IV TS ANLEH LT
P-gp DEHE S HEH 3%E BAB TOEFE5HE (66%) . BBB TDEHEHE (92%) ELERTIEREIC
INEWSEMNBAL M ELY (Table 3-2) . BEDFER (Hosoya et al.,, 2010; Toda et al.,
2011)& X #L 1=,

Mdrla knockout 5w k% AL Y= digoxin @ RUI, BUI (£, 0.01 mM digoxin %5\ 3
mM verapamil OFE T THEEITETL. influx #:XBEDEEARIE ST, Digoxin
[X. oatplad DEBETHY. SvhKIZ oatplad ZNLTHYRAFNBEMNFRESINTILNS
(Noe et al., 1997), Oatpla4 [&. 5w X EHIME A KK inner BRB 0 apical &
U basal f8](Gao et al., 1999; Akanuma et al., 2013)., vk RPE M apical #IIZEEL
(Gao et al., 2002; Akanuma et al., 2013). oatplad I LLC-PK #ifaZx AL =& itIc&
L. verapamil A\ digoxin DEY A A ZFHE I HZ EMEREF SN TLVS(Shitara et al., 2002),
Lf=A>T. digoxin I& oatplad ZNHMLTHRIEICERYAENDIEDEEZ NI, BH.
wild-type SvrZERB-EEZEERT. dgoxin DEYAHENZEILELEMN>1=DIX. 0.01
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mM digoxin $% 4L & 3 mM verapamil A%, P-gp R U influx X BADmE A EEEL 1=
HEEZDBND,

Mdrla knockout k% FL V= qunidine @ RUI, BUI (&, 3 mM verapamil D& FIZk
Y. BEITEDLIZCED G, quinidine DFEIER AN~ DEYIAAIZ(E influx (ZEH<EmE
EHAIPEELTHEY. TOFEXREIDLELEDH 200EFE X 51, Quinidine BT
verapamil [&. OCTN1 & U OCTN2 MOEE THY(Ohashi et al., 1999; Yabuuchi et al.,
1999). m#NEE{K(L BRB R U BBB [T HI ARSI TLVS(Kido et al., 2001;
Tachikawa et al., 2010), L7=A'>T. quinidine AR N3 influx FS2RR—2—(%
OCTN1 H5L & OCTN2 LH#fEREIND,

Mdrla knockout 5w kZ FL = verapamil ® RUI (&, 1 mM vinblastine £L<[& 3 mM
verapamil QEFIZKY ., HBEITEMEZRLI=A. BUI [FZEELGEA STz SNFETIZ,
verapamil M EXYAABFEIZIE, inner BT outer BRB M5 T OCTN1 % OCTN2 &%
BR5HA influx FSURR—2—0NEETH5IEAREINTEY (Han et al., 2001;
Kubo et al., 2013), A#EREMNH3H. BRB [ZI&. BBB [ZIXFFE LAY verapamil #ERY) A #
AMEIZEET DTV RR—F—DFET HIENHLMELE ST,

UL, RETOHEKLY. BAB XU BRB [ZHLT P-gp A #EEL TLVSZ L, BRB TD
P-gp F5 (X BBB [CLERTELMEE N H S &, mBEPIIZIE influx A 2@ <EE iR K
MNEETDHIENBELMNEL ST, £T=. verapamil 2529 3 influx k52 ATR—2—DH#
fE(d. BRB & BBB THAFEICRIGHEMNTREENT-,
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4T MAMIRBAMI<E1+5 pravastatin OEEHEE D FT
H1H

AAF &, hydroxymethylglutaryl-CoA (HMG-CoA) 2 T EEHRFHEL ., MHPaL X T
A— /LR MELL BRIV NV ELXETSESEBMEREETHL EF. ALRATA—
IETIEREE YT MERNRHEICEZRERL. MELEERAZHFEO—BRILERDEK
B%3% (endothelial NO synthase; eNOS) D& L. MEUWMEERAZHFOT M) -1 5
HOMEHGEEICKYMTHEEZHET S EMNHESIN TLVS(Hernandez-Perera et al.,
1998; Greenwood and Mason, 2007),

ERFISEETH, SR MBEEFRET JL(Honjo et al.,, 2002) & U streptozotocin (STZ)
FRERBETILVIZEVWT. RZFUNAEHMBOMERNEADEEZIFITHIL
(Miyahara et al., 2004), STZ FHEERKRETILICBEWV T, R4FUH BRB D M EFH BT
FLHEEINFIF B2 &(Mooradian et al., 2005)Mv 5, REFUIEHAIR CHLRERETXEER
ERIETOHIIENTREINTLS, £ AAFUIIERFRBEEREICEVTHRIERIR
ZWET 1211 THL(Ozkiris et al., 2007), @EANCENTHHEEMBEIEMESELHIE
NEESNTHY(Nagaoka et al., 2006). ZDEAKFD—DEL T, RFFU AR
EICEREATALT.  BILERVPAESTLMENERMNSISEIZNLSGEZZONT
V4% (Nagaoka et al., 2007),

RABAFD—DTH5 pravastatin (L, BERIZEWVWTHD R2F U TRHLN TS HIR
HDRMERI L., BRFRBEEZRET S EMNFHESNTLVSH(Gordon et al., 1991;
Saheki et al., 1994), Pravastatin [&. cultured bovine aortic endothelial cells [ZFE LT
eNOS %&b S (Kaesemeyer et al., 1999), SiEMEEEIZH VT, eNOS FHEH
MHREMGRE RS 5RIGEIEET S (Bayerle-Eder et al.,, 2002)¢DMENH S &
M. pravastatin NMEEARMRICEZERALER. BRFERABEESHEINTLE
Abnd,

Pravastatin (&, oatplad DEE THAHELRERFIZ, oat3 [ZERFH SN B (Kikuchi et al.,
2004), Oarpla4 [%. 5wk inner BRB @ luminal &L abluminal fIIZ#E7EL . RPE #
fa D apical BlcHFEZESN TLVS(Akanuma et al., 2013), F7= oat3 (&, inner BRB M
abluminal {71+ fF7EL . RPE #il@ TOHFE (FHEFE SN TLVRL(Hosoya et al., 2009),
m#niEE{A0 BBB TOR/TE(L BRB &FELIL. oatplad [Ty MKEMME N KMHED
luminal KU abluminal {](Z(Gao et al., 1999). oat3 (& abluminal BlIIZDAFHET S
(Kusuhara and Sugiyama, 2004),
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N ETIZ, pravastatin (X oatplad B U oat3 DM AIZERBIN TSV SHEHE SN,
BHIIVTSORIEMYRAAIVTIVRICHERT. H 3 BN EAREINATIVS
(Kikuchi et al., 2004), E£1=. oatplad R oat3 NDEE THH estradiol 17-B glucuronide
(E17B8G) DS vkidh oMDiELIZIE, oatplad B oat3 #& L oat families A5 3
EHAVRIEEN TLVS(Sugiyama et al., 2001), &1, E17RG DSV MEFAMNGDEKIC
DLVT. microdialysis J&ICKAHFFHHEDFER. IHFARICIRESNT-E173C D—EBIX. BRB
IZFEET 5 oatplad ML TEELKT HENHRESINTEY (Katayama et al.,, 2006).
BRB XU BBB IZHL T, oatplad [EHHAMICELKEEZZ N TLVS, LML, F 3 EIC
iR X F= mdrla knockout ZvkZERLV=FER M5, digoxin & oatplad 4+ L THRIEIZEY
AFENTNSA[REMZRIEL TS,

ZZT.AETIL. oatplad kU oat3 DEE THS pravastatin ZFHLVT. BRB [ZH (7
BZHMYAARUVHEHEEEDfEREZH A1-. BRB DEYAHBFR(ZDULVTIE, pravastatin
LR#k oatplad BV oat3 DEBETHY. 3 TICTBRB ENLI-HEFARLNLLDHEKIZDNT
H|ESN TS E17RG ZETI/ILILEMEL TERL = (Figure 4-1),

Hc\"‘
:-""'O

Ho”™

Pravastatin sodium Estradiol 17- glucuronide

Figure 4-1. Structure of pravastatin and estradiol 17- glucuronide (E178G)
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SR280 #ER

4.2.1 BRB KU BBB #4rL71= pravastatin {3 & H S EA~ DERY A& BFE 2R
ERCE 2l

Figure 4-2 [Z, RUI R Uf BUI & Log D M B %% R9 . Mdrla knockout &R THF
b f- pravastatin XU E178G @ RUI B U BUI &, wild-type SvbZERWLWTELNI-IEIC
E(FiEhot=, LHL., EFKEEZZHILERIZL>TEIBIT 51L& (D-mannitol., thiourea
R U progesterone; Table 3-1) M5 f-. [BidtEE UHBEDBEZR NS FBISI S RUI BRU
BUI kY4, pravastatin XU E178G OEAEIZELMEERLT=,

A B Wild-type Mdrla knockout
@ Pravastatin O Pravastatin
1000 1000 - A E17BG A E17RG
100 1 100 1
5 107 5 107
x 4 oM
1 1 JAY
0.1 ) ) j j ) 0.1
-4 2 0 2 4 6 4 -2 0 2 4 6
Log D, , Log D74

Figure 4-2. Correlation of the retinal uptake index (RUI, A) and brain uptake index
(BUI, B) with the Log D~ 4 of pravastatin (Log D74: —0.67) and E17BG (Log D7.4: =2.03)
in wild-type (closed symbols) and mdrla knockout (open symbols) rats.

The Log D74 value of each compound was calculated using ACD/Percepta (Advanced Chemistry
Development). The line represents the lipophilicity trend line in wild-type rats using the data of
D-mannitol, thiourea, and progesterone, which are expected to permeate by passive diffusion. The
line represents the linear regression curve according to the linear least-squares methods for the
three compounds in wild-type rats. RUI = 69.4 x exp (0.493 x Log D7.4) (r* = 0.993) (A) and BUI =
16.9 x exp (0.496 x Log D;.) (r* = 0.998) (B) (referred from previous chapter). Points represent
mean + SE (n = 3 rats).

Pravastatin R I E17G DMEER NN~ DERY A A IZxt§ 5K EAEF D EZEX R 5T
L= 5% Table 4-1 IZ5RT . [*H]Pravastatin D MEE~DERYA AL, 40 mM
pravastatin, 0.01 mM digoxin ZU* 1 mM provenecid @ FHMIZE>T, TNEN 47%.
53% K% 47%., BI~NDEY AL, 46%., 54% KR 1 58%AEEIZFHA L=, FHIE178G @
HIEA~DEYIAAIE, 0.01 mM digoxin T 1 mM provenecid DREMIZE>T, ThEh
40% KRV 48N ERITHADLI=A . INANDEYRAAIZIEEEE S AT o1,
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Table 4-1. The effect of compounds on the retinal and brain uptake index for
[*H]pravastatin and [°*H]E17BG in wild-type rats.

Uptake index (%) Percentage of control (%)
Inhibitor Retina Brain Retina Brain
[*H]Pravastatin uptake
Control 2.58 + 0.52 0.485 = 0.031 100 + 20 100 + 6
40 mM pravastatin =~ 1.38 + 0.22* 0.263 £ 0.024** 534 +84 542 £ 5.0
0.01 mM digoxin 1.20 + 0.24* 0.224 = 0.024**  46.6 + 9.2 46.1 +4.9
0.3mME178G 1.21 + 0.16* 0.361 + 0.079 46.8 £ 6.1 745 + 16.2
1 mM probenecid 1.36 + 0.14* 0.204 + 0.025* 52.8+5.4 421 +5.2
[*H]E17BG uptake
Control 2.40 + 0.03  0.808 + 0.158 100 + 1 100 + 20
40 mM pravastatin - 1.68 + 0.33  0.688 + 0.059 69.8 + 13.6 85.2+7.2
0.01 mM digoxin 1.45 + 0.19* 0.646 + 0.048 60.2 + 8.1 80.0 + 5.9
1 mM probenecid 1.24 + 0.16** 0.664 + 0.060 51.8 + 6.8 822+75

[*H]Pravastatin (10 pCi/rat), with [**C]n-butanol (0.1 uCi/rat) as the highly diffusible reference,
injected into the internal carotid artery in the absence (control) and presence of inhibitors. Values
represent mean + SE (n = 3 or 4 rats). *p < 0.05 and **p < 0.01, significantly different from the
control. E17BG, estradiol 17- glucuronide.

4.2.2  BRB %4“L1= pravastatin QFEFANS D H K EFEIZEE T 55T

[*H]Pravastatin % bulk flow ¥—h—T&%5[**C]D-mannitol &REBFIZSYNEFARIC
BEL. HFAEMNSDEKRZE microdialysis ZZRWWTEHEL -, ML &M, BEFAEH
DIEHEIBAITIE KL (Figure 4-3 A) ., R#&E KA DR =[*H]pravastatin @)% %
FEEH(B; 0.0179 + 0.001 min™®) &, [**C]D-mannitol (0.0107 + 0.0005 min™) [ZEERT,
#1.66 BEEEICELMEZRLT=(Figure 4-3B),
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Figure 4-3. Time-profile of [*H]pravastatin and [**C]D-mannitol in the vitreous humor

after their intravitreous injection into rats (A) and elimination rate constants () of
[*H]pravastatin and [**C]D-mannitol during the terminal phase (B).

Each column represents the mean + SE (n = 3 rats). An unpaired, two-tailed Student’s t-test was
used to assess the significance of the differences between the means of the two groups. **p <
0.01, significantly different from [*H]pravastatin. Closed squares and open squares represent the
concentrations of [*H]pravastatin and [**C]D-mannitol in the dialysate, respectively.

Pravastatin D FENSDERIZHTIEEEEFIDELE %, [PH]pravastatin &
[*C]D-mannitol ME%EETEHDE CMEL, BEFEFZMLELNES @rO—)L)
[ZEERT. 20 mM pravastatin, 0.01 mM digoxin & U 20 mM benzylpenicillin @ #&MN(Z
FU.ENEN 69%. 67% RV 53%HEICETL=. LML, 20 mM choline (%,
[*H]pravastatin DI FAMNDDHELIZEEE R XS AST-, (Table 4-2),

Table 4-2. Effect of several inhibitors on the elimination rate constant (B) difference
between [*H]pravastatin and [**C]D-mannitol during the terminal phase.

Percentage of control

Inhibitors (%)
Control 100 = 12
20 mM pravastatin 30.9 = 7.3**
0.01 mM digoxin 334 £ 5.1*
20 mM benzylpenicillin 46.9 + 12.0*
20 mM choline 81.2 + 10.0

Percentage of control was calculated as follows: [B value of [*H]pravastatin — B value of
[**C]D-mannitol in the presence of inhibitor]/[ value of [*H]pravastatin - B value of [**C]D-mannitol
in the absence of inhibitor] x 100. The statistical significance of the differences in the means of the
groups was determined using Bartlett's test followed by Dunnett's multiple comparison test. *p <
0.05 and **p < 0.01, significantly different from control. Each value represents the mean + SE (n =
3 or 4 rats).
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SF3ET B

AETE. BRIZEWLWTHREMORIERN G, BRFRIEEICHENHIEHESH
T\ pravastatin # FALVT. BRB [ZH T 5 EY A& R U HEH BB DO fZBRZ A 1=,

Pravastatin U E178G D EIYAABIEIZ DT, Ul EFAWTEREL-FER. RUI
R U BUI (&, wild-type 5vk& mdrla knockout Yk ZHEWTRIEEEDEEZRL. E 3 E
THEoONEREEZZHLBRICE - TERTHLEMHOEBREN D FRELYVE/N
Shot=(Figure 4-2), LT=A\>T. ML &ML P-gp [ZEREEN T . BRB XU BBB IZH
WTEYAABIELYELHEHBIEOANERICHEEEL TLSIEAREINT,

ML EYMDERYAAIZEHSHEEIBEZHALNZT 5728 wild-type S vhERALV-H
EXRBEIT o=, TDHERE. pravastatin @ RUI U BUI (X, oatplad OEBETHS
digoxin. oatp XU oat families MAEHFITH S probenecid DFMIZLYFEITETL.
E178G DMEADEYIAHA(ZDULVTEH, digoxin, probenecid [Z&K>THEIZHEALI=C
EMB (Table 4-1) . BRB IZE VT oatplad ALY A AIIZHEGET BT & MBIER VKA
@ pravastatin D EYAAIZIE, D7%<ES oatplad HBEEL TWNAIEMNREEINT -,

512, pravastatin @ BRB ML= HBEICOWNT, SYMEFRIZEZRSLT:
pravastatin 0 ;H %% microdialysis JEICKYFHEL =, £ DFER . pravastatin [T 53k BE%K
MICHEFARLISHEEL, HEEREEHIX. bulk flow ¥—H—T#HS D-mannitol DY
1.66 fEEEICEIMEZRLT=(Figure 4-3) . TMDHKIZ digoxin 121+ TH<, oat3 DAE
&I T3H B benzylpenicillin IZ&>THHEEIZIETL (Table 4-2) | pravastatin @ BRB & 4L
f=iEKIZIE. oatplad R U oat3 DEAMNEEL TSI EARESINT=,

Pravastatin [&. Mrp2, Mrp4 R Berp DEE THAHAZEAHIBNTLVS(Yamazaki et
al., 1997; Hirano et al., 2005; Uchida et al., 2007), Mrp2 [&. EMNBIE, RPE I3 %
H(Pelis et al., 2009). ¥ Xinner BRB XS YMXIZH LT, mRNAEL THEREHEN TLVE
L)(Ohtsuki et al., 2007; Tachikawa et al., 2008), £1=. Mrp4 [£¥™ X inner BRB M
luminal {]IZ(Tagami et al., 2009). BBB TIXin& M & MO MAEIIZF#E L (Kusuhara
and Sugiyama, 2005). Berp [£¥ ™ X inner BRB & BBB O luminal BIIZBETHIEMN

FBanTL VS (Asashima et al., 2006), L1=HA > T, pravastatin @ BRB 21U BBB %L
=HEHBIRICIE IS ABC FSURR—E—DBEELTWSETEEENEZONS, RET
BonfmMRE. CNFETIZTHLNTVSI|EIZE DE, pravastatin @ BRB IZH 15 [RE
BIZREH S influx R efflux ik %% Figure 4-4 [TRLT=,

F1=. STZ FRERKBET LS VM pravastatin ##% 53 5 &. normal Svk&YEHEL
mFFREZRL. TORANETILIVRDRFEIZE LT oatplad AMEML MRP2 AV
LI BE=-HTHDENHE (Hasegawa et al., 2010)%°. HERFETILSVFDBIETIE
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oat3 DHEEAETL TS EDEE N H S (Phatchawan et al., 2014), iBHEEFD BRB IZ
HITHESEIEADOFKBEOBEEDEICEL T, ChETICHRES(TELA, EERBEHFE
B DEEIBADEENDEEF AT S LICE T HLWVAEABREDRRICENDIL
NEIfFFEND,

Swhk oatplad [, EF OATP1A2 E(RILCH T 773 —IZH¥ES S (Hagenbuch and
Meier, 2004), OATP1A2 (Z#EIE R U BBB IZHB LN TEU/NILAR L THERESN TEY (Gao
et al., 2015), OAT3 M mRNA [t MARIEIE. BBB TS TLV4H(Cha et al., 2001;
Zhang et al., 2008), £f= OATP1A2 BT OAT3 [EL g1t pravastatin #EEHEL TR
#9 %(Takeda et al., 2004; Shirasaka et al., 2010), LI=h\>T. AL TEHEONT-FER
(&, pravastatin DR EFERZEEL . ERBFBIEEICHELHDHEVIEEKIERE
FEETHATIIENTED, 2FY. BOK SR, £BEIRICA Iz pravastatin (&,
BB THAIMIEME N EMAEIZ OATPIA2 ML TRYRAFTN TEEHREZRIET
B0, IEHIME N EMAIZERYAENT- pravastatin &, PIRBERAEFET BRI
B AT N L THEEEN A0 FREBEIERAZ RIGVNEEZOND,

UL, RETOHEEMND, pravastatin (£ BRB XU BBB [ZHE T, BYAA R UHEH
EHEEKICEBREINDSI L, ZOERFENLTHARICEEINSZ L, RYAABELYD
HHIBREDOANMBAICHRET S &ML M ELo T,
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Influx
Digoxin PCG
(oatplad Y oat3 . oatplad oat3
Retina L Retina a8
pem 1 T \ / ~‘(:' 1 )
] P
N
iBRB iBRB ¥
oK { Y e R
Blood / N Blood / -
oatplad Mrp4/Bcrp oatplad Mrp4/Bcrp
Tight Tight
junction junction V¥
Pravastatin Digoxin

Figure 4-4. Schematic illustration of pravastatin transport across the rat inner
blood-retinal barrier.

In vivo inhibition studies using an uptake index and microdialysis methods have suggested that the
influx mechanism for pravastatin is at least partly accounted for by oatpla4, and the efflux
transport of pravastatin is mediated by both oatpla4 and oat3. The illustration is based on the
present study and the papers. iBRB, inner blood-retinal barrier; PCG, benzylpenicillin.
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B5E AHMRDERELURE~ADRE

AMETIE., RIRFICEOFGE DR ARIORREICERLGMRZETLH-0. S RED
RURIRMOENEEI ISV TCERLLGLABR LR TOEMEBIFELHLNCT HL
EHIT. 2 BRROENLI-RBEOEMEEICE T, $#2&%45 BAB RU BRB DEY)
BB EEIEEL . BBB IZH T2 EWBE A E LB LT,

F2ETIE REFHERDOREDABERITNASNS NSAIDs D—D &L T, ketoprofen
ZETIVELEYMELTEIRL., AIE ERIEEMBAIZE T HE@EBE. fFITIRYIAHFFEIC
B B8R {IAEBAS A ZLT=, Ketoprofen [E#ii%#B{A% /LT RCECs [CHRYAZE .
ZTOWMYRAAIE, pHBRE. IRILF— BEKREFHTHY ERMMEESHRMMED 2 D
DENEBIENFET HIENREINT, CODI55 BRI DOEEBIREICIEMCTLARES
FTHIENREEIN, SEMMEDBIRICIT oat2 ABHAAIREENELNEE Z DNT=,

FEIETIE, RRIBICESAFEFL. BAB. BRB RUBBB [ZH115 P-gp DHFE S5 EFBS
M9 %18, mdrla knockout SvrZRWNTEK. BIERVMICET2 P-gp £ELE
MDEBEMEE ML -, BAB XU BRB [ZHELT., P-gp NHRELTLVSZ & BRB TD
P-gp F5 (X BBB [CLERTEREMEE N H A& mEPTIZIZERYRAA A R @ <EHEE
ADEFEET DIENBASMELE ST, T, verapamil iR I 2EY A A EiEBIAD RS
(Z. BRB & BBB TEHREICEGHIEMNTRE I,

% 4 BT BRICBEOLDTHIRMEDRIMEAI G HRFRIREICHRELNHLEMES
LTS pravastatin @ BRB [ZHITHEYAH R UHHBEEICDOLT, SYrEALVz in
vivo EEREICLYFHMIL . BBB TO#iEtEtE L tLE L=, Pravastatin (& BRB &1 BBB
[ZHENT, RYRAARUHHEEBRICEBHEINSZ L, TOEREEZNLTEA EIZEHE
SN SHIE.BRB. BBB 4 (CHYRAAHBIELY B HBIED A MMEBALICHEET S LA
LM EREDT=,

UL ARSI SBONMREEZRET DL BNOBHAEZHEL. RNRIEZ—F
[CRDOF=HDHEMREB R UV RERERD /N7 ELTHRET 5. AR LR KU BAB.BRB [Z#F
I HEEEAROPICIE. EYMEREL. MYRAAFRICEEERDHDHIEMNRES
Nz, ELIT, REFICHENT, RERMGHELEEERTHS P-gp O BRB TOFESE(L
BBB [CEERNEWEENH DL L EWMITE>TIE. BRB.BBB £HICHYAABIE &
UEBEEBENBRIZEBL TSI EAhA ST,

— IS 7T=A I EMIEIZTOMEBILEMLZEE,I L. EREOEBMEIXE
W EMRMBNTLS, LML, ketoprofen DESIZ 2 DU LEDBEMMEDR LS8
BRIZEHBINTABICRITI2EYTHONIE. SIREZ.ERPBEENBRHHNIC
BLITEEETH EROWMEEREZNATACLET. IENICAERREEZS D
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BLEICBNBEEZEZAOND HFICREEPLRSATAEVI-AEINZMHEBEEDS
REDAREETHNIE. AR LRICEETS influx MEXREZFALEEERBR
E.BHEFEO—DIZHELENAFIND,

BADDEREEEDOREEETHLIMERFMIZEL. EHEMOFRENLIAE
EDORENEENTUD, TOEOICIE. REOREKFZRALI—T VLD FEHS
MZFHEVNWSEEZMET7TO—FE T TH EVEENEBTHIMEICED LIS
TUNY—FTENENSEYEREZMETIO—FHNEEICEEICLS, LE4H5. BRB
FEEORIMEEYIE. #ILT BBB v MZREEEMAGShDOEMEZLEBLTLEL,
RHOINIEEREICAEECEREEALURELNHA-HTHS. AR THLMNT
BRB & BBB IZH(T4 P-gp DEESFENDEK. verapamil ZE B &9 5 influx %18
AOWEDEVWI. 2ERRONSHIBIERNICENZIZSELIFERELTE
FARIRETHS. — /. BRB &£ BBB DM A DX BRI EEICE NG WT D
FICEWTHHEHBREAEBALIZELNTULVS pravastatin DKSHEEY (L. WIERFER
REFBELE-AENERNREZI - YhELIZABRREICELTWSEEZALDNS, &
METHEONTMBE X BXBEEZFALZER AR ORK. $51C BRB XU BBB
[CTFEETDHZEBRED influx HBUL (L efflux HEEEDEZZF AT Z2ET, AR HEE
ERZERIEL-MPEEBELBREZEORRBICELNLIAREELHD,

AIEICEITH8EIERE. RIS ROEYDRERNBITICREEZSZ 510 BRKHN
[CIERRFIDOGARECEEFIOBRSICEIIEYMHEEERAODRRELY 55, ¥, &
EFZHOREBICLDN I VAR—I—DREEELICEST, AIEEZE® BAB XU BRB
[CHBRTHMEERZEZNL-EYVHROLEBMNEZLHATREMELEE TELL, TNETIC,
REMTOEEBARZNLU-EYMRBEEERC. EYORNEEADF DV RXR—42—
DEAEGICOVWTHRE GV, S& REEBICEVNTHNS Y RAR—2— 0 & EIAFH.
BIEFESEEEYMORRANBE, EN-SHEOBRBIALE NS RAR—2—#EED fZEA
NMILETHY . EERAFRLOSHRANLIE, BT TLHKEMREB TORENEET
HHEEZD, SHDILHIEEHIEDERICKY ., £FDERHNSECIMIEED., NEH
BEHEMICH T HREMDEIVABRENEENDIZEAF RSN, AJEL BAB,. BRB (<
RBIHNIVAR—F—DHEERZRAIL. REEOSVERFEEEICEDDS Quality of
Life 2T Quality of Vision #EJ HMBIRKEBABREDORRBICHEUMIEAEFSIN
B

AHMRIE. REBABELHRFETI-OOZEMMBEBBITHEZRETHHEELTUER
R ICEAET X IBAREF A - FHT5I8I2&Y., ZHEB~NDBNBITHEEZES.
BMEREMEMIILIIEEYMORFE L. SFEMNLGEDT VN =2 XT LA~DMEH
ME[RETHAHEETRELTLNVS,
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REBROE
[2E
SR &)

D-[1-*C]Mannitol  ([**C]D-mannitol, 55 mCi/mmol) . [1,2,6,7-*H]progesterone
([*H]progesterone, 0.1 mCi/mmol). [p-*H]quinidine ([*H]quinidine, 0.02 mCi/mmol).

[N-methyl-*H]verapamil  hydrochloride  ([*H]verapamil, 0.08 mCi/mmol) .
n-[1-**Clbutanol ([**C]n-butanol, 2 mCi/mmol) . pravastatin [°H(G)] sodium salt
([*H]pravastatin, 5 Ci/mmol) . ketoprofen, [*H(G)] ([*H]ketoprofen, 3 Ci/mmol) B
[6,6°(n)->H]-sucrose ([*H]sucrose, 2 Ci /mmol)l&. American Radiolabeled Chemicals
(St. Louis, MO) A 5 B A L =, [*H(G)]Digoxin ([*H]digoxin, 29.8 Ci/mmol) .
[estradiol-6,7->H(N)]-estradiol 17B-D-glucuronide ([*H]JE17BG, 36.6 Ci/mmol) & U
D-[1-**C]mannitol ([**C]D-mannitol, 55 mCi/mmol) & PerkinElmer (Waltham, MA)A
SEEAL. [*Clthiourea (59.4 mCi/mmol) & U [*Hlwater (25 mCi/mL) [&. Moravek
Biochemicals, Inc. (Brea, CA) m A L1z, [**C]Sucrose (0.6 Ci/mmol) & U
L-[*C]lactic acid (0.15 Ci/mmol) [& DUPONT NEN Research Products (Boston, MA)
MofEALT-,

e 155 2 B a8 B S

Y- X EfE R (RCECs: Rabbit Corneal Epithelial Cells. Corne Pack NRCE®)
[& Kurabo (Osaka, Japan)’\is. Dulbecco’s modified Eagle’s medium-nutrient mixture
F-12 (DMEM/F-12), D RgIRMniE (FBS). ZDthEEEICRALV = E (X, Gibco (Grand
Island, NY) M58 A L7T=, Epidermal growth factor (EGF). cholera toxin (CTX).
hydrocortisone . insulin-transferrin sodium selenite media supplement [&. Sigma

Chemical (St. Louis, MO) h 5B A L7T=. Benzylpenicillin potassium XU streptomycin

[&. Wako Pure Chemical Industries (Osaka, Japan) m5EEAL7T-, Human fibronectin

[& Boehringer Mannheim GmbH (Mannheim, Germany) M oEEALT=,
ERUSNDORHEFHEROFRAEZT AL,

EEBEEY
ERBSYMRUVEE AE

Sprague-Dawley R4S v (6-8 B 5. Charles River Laboratories, Yokohama,
Japan). Sprague-Dawley %t mdrla knockout Swk(7-10 @#s. Sage Labs, St.
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Louis, MO)IF. SXREEHKA = REARMARE LU 2—ICT #ERXBEDYF (K
3 kg. Kitayama Labes, Ina, Japan) &, §fE i KXZFICT, BHIZKRUVER G ZE
MESETHABLz. B, ERFMORYKEVIC OV TIEISKREEKRASHEBMERES
SMERLT-I B RERMEETE ST 1T o 1=,

HRatEE

RCECs MIE&HIZ(E., 1&E KR DMEM/F-12 (pH7.4; 5% FBS. 10 ng/mL EGF. 0.1
pg/mL CTX. 0.5 pg/mL hydrocortisone. 5 ug/mL insulin, 70 pyg/mL benzylpenicillin A
U 139 pg/mL streptomycin E8)ZH N =, BBEEERICHWAEIZIE. 4 pyg/mL
fibronectin T74JLA—% 7L a—kL7- Transwell-COL cell culture chambers (pore
size: 0.4 pm, diameter: 12 mm, surface area: 1 cm?, Costar, Bedford, MA) [Z, RCECs
% 4x10* cells/cm?® THBIEL . MY AAEERICALBEEIZIX, & T v a(surface area:
1.9 cm?) (2 8x10° cells/cm? TIBIEL 1=, &L, MRS 1= 5% CO,/air, 37°C TITLY,
EERIIBEARBL,

In vitro =4 FHEH £ REEHER
e S AOHHED

WERME &L T, [PH]ketoprofen (0.7 uM) B U [*Clsucrose (6.1 uM)Z L\, Hank's
balanced salt solution (HBSS; 1.3 mM CaCl,, 5.0 mM KCI, 0.3 mM KH;PQO,4, 0.8 mM

MgCl,, 138 mM NaCl, 0.3 mM Na;HPQO,, 5.6 mM D-glucose, and 10 mM HEPES for
pH 7.4 or 10 mM MES for pH < 7.4) [Zi8f#LT-,

BHAREAN-EREER

Y XN EHAKRAIZ pentobarbital sodium (Nembutal Sodium Solution, Abbot
Laboratories, North Chicago, MI)Z 5 mL 5 L T& &%, REkZHHL . ARZFIRE
Lz EBIC 37°CICHREL =Bk m R AL #t JL (Permcell KH-5P, Vidrex, Fukuoka,
Japan) IZAEREFtybL. FF—RIICER, LY—/\—fI[CHBSS %. ZhEN4mLT D
FELf- FHF—IM5 0. 2 RV 4 BREIZE&ZZE 0.2 mL $DEERL. TOTFHEEZSF—
BIDREEELIz, LY—N—HIMGIE 1, 2.3 R4 BEMIZ3mL 32 BEEFERL,. BES
[Z 37°CIZMRLT= HBSS #Z4F L1z, FEHIZS U FL—32h 0T )L (Hionic Fluor;
PerkinElmer, Waltham, MA)Z I Z | &AL > FL—3>h 32— (LSC-5100, Aloka,
Tokyo, Japan) THEEHZRIEL .

43



BT D AIEE BRI (Peomea, app) DEH

LT DRIZHELY Peomea, app TR LT=, BI% | ketoprofen D it £ i %18 & 7 #EFFHI(C
TOyhLIzEEDEEASHEH L=,
Pcornea, app = (dQ/dt)/(60xA x Co)
Peomea, app: RN TOAEFE @ FREK
dQ/dt: HEuRERHYOERBRE

A. fAEREE RERALA /L ORERE 0.6 cm?)
Co: Fr—RIDWIRE

In vitro RCECs &R ER
ERDIAE
[*H]Ketoprofen (0.01 uM) R U [**C]sucrose (0.18 uM) % HBSS Zi&fEL 1=,

RCECs FAL\f-&EBEER

Kawazu 5D A %EIZHELY, Transwell-COL cell culture chambers £(ZT 8 HREEEL
f= RCECs # AL \/=(Kawazu et al., 1998), Millicell-ERS (Millipore, Bedford, MA) [Z&Y
IE L= 5118 (TEER; transepithelial electric resistance) [ 250-259 Q-cm? Tdho71-=,
Transwell-COL cell culture chambers % 37°CIZ##FL . AR ER . 37°CIZMELT-
HBSS #5 1 mL T RCECs % 3 [E#ti#% L=, FF—@lIC 0.5 mL, 7Y ET2—@lIC 1.5 mL
M 37°CIZMELT= HBSS %#MZ.30 AT AV Far—3 & 7ot FH—ID
HBSS #E&KICEMRL. B BAERZFALz, FZiBERERFIA#E 10, 20, 30 RT7IET4
—{flA5 0.3 mL F OB EREL. BEHIZ 37°CITIMAELT- HBSS Z##FE 1=, HH
Hionic Fluor #MA . & FL—arA 32— (LSC-5100) THETEMEZRIE LT =,
##. RCECs #1&EL TLVALY fibronectin O—RET 4 )LA—E ALV -EBERERE . B
[CERELT=,

BT O FEIE b KRR E R (Peei app) DEH

LUTDRIZHEL Peen, app ZHEH LT=, B15 | ketoprofen @ RCECs &2 % EEHIZT
AykLI-EEDIEENCEH LT,

Papp = (dQ/dt)/(60xAcen x Co)

1/Papp = 1/Pceliapp + 1/Pritapp

I:)(:ell,app = IDappxl:)ﬁlt,app / (Pfilt,app - I:)app)

Peer, app - BT OAIE L RSB R
I::’filt, app - E#H@?%)b’i—@ﬁ@iﬁﬂﬁ:éﬂ
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P, app - BT OAIRE L EHEERRE

P, app' BT DT4ILE—DHDFEBRE

dQ/dt: HABESY0EEE

Acel. RCECs & HE#& (Transwell-COL W& E#E 1 cm?)
Co: Fr—RIDFEE

In vitro RCECs HRY A #5ER
ERDFAR
[*H]Ketoprofen (0.3 uM) R U[**Clsucrose (0.9 uM) % HBSS [Z;A#2L 1=, L-[**C]Lactic

acid M RCECs ~MEYAHSFAf DFE(Z . L-[**C]lactic acid (0.6 pM) U [*H]sucrose
(2.7 uM) % HBSS IZBfELT=,

RCECs ALV-EYIAHEER

EETy 2 EIZT 8 BRMEELT: RCECs #RLMz, Tavia%k 37°CIZHEIFL . 1
HhEFRE%. 37°CIZHBLTz HBSS #5 1 mL T RCECs % 3 [Eli%i% 1=, #fE £IZ 0.25
mL @ 37°CITARLT- HBSS ZMZ. 30 A TL A FaR—2 3% 1T of-, HBSS & E
RICEHL ., MYAARBRZERFIBLT-, SREFER. 0.1 mL ORBRZEmIL. EYDER
ZWREIBRER., KALI-HBSS#1mL T3 EI%#LT=. 1N KEIEFRIDLFR (05
mL) ZH0A. # 60°CICT 30 AElAFar—avl, #ilazaiakliz, £D>55 0.3
mL [Z Hionic Fluor ZM % . &AL o FL—a>hH 22— (LSC-5100) THESTEMZ I
ELtz, =Y DOMIATIALEZ 10 £&FRL.BCA™ Protein Assay Kit (PIERCE,
Rockford, IL) ZAWTAV /NI EEZ{ToT=,

RERBRIIZKY . ketoprofen FE7=(F L-lactic acid ;2E., MYAHREREEL. BELE
Lz F-EABEEFRIDEZEEREILI-IRICIE. HoMLHEEEEDHEEREZEEIE
f= HBSS IZT.37°C.30 AT L AV FarR—230F T HEREHFIET
ketoprofen MEXY ;A A% 5@ L 1=,

R HPEEEER TIX, HBSS F1 M D-glucose # FEE B4 D 3-O-methylglucose
(3-O-MG) IZE#LIz. F-7Rr B ERDEEF TH S carbonyl cyanide
p-trifluoromethoxyphenylhydrazone (FCCP) & U* a-cyano-4-hydroxycinnamic acid
(CHC) ZRL\=3RE& (L., 2R, HBSS &4 pH 6.0 ICHRARLI-1DZEEAL-, Na'ikFE:
DEERIZHELTIL HBSS [T&FE NS NaCl R U NapHPO, &ZhZh choline chloride
BU KHPO, ITEHELT=,

45



e A ER Y 3A 7 0D BTl

BONF-HMEEFERVEVAIENS, HIBRNERYAAZLTO cellmedium ratio
(C/M ratio) THRLT -, BEEBROFERE. o> bO—)LIZK T E5%TERRLI=,
C/M ratio (uL/mg protein)
= [*H]ketoprofen in cells (dpm/mg protein) /[*H]ketoprofen in medium (dpm/uL)

Ketoprofen ® RCECs ~DEYAAIZH T HRKEYRAHZEEFE ZH (Vna) BV
Michaelis-Menten TE#(Kny) (&, 2 ERE(S)IZx T HHIEYAHRE(V)D plot Hhis,
Yamaoka bIZKYRARE SN IERER/N_FETOT 5L MULTIZAHWTERTL . ¥
HA/NSA—E—(& simplex ;EMSHEEL ., 7/L31) X L(E Damping Gauss-Newton ;%%
LM=,

V =Vmax x [S]/ (Km + [S])

Wild-type Sy bMSBEEELT- retinal pigment epithelial cells ZRAWL=-EEHN
reverse transcription-polymerase chain reaction (RT-PCR) f##T

RPE cells o) B g

Zwhk RPE #IREDEMURIE Usui 5D #RE% minor modification L. T>7=(Usui et al.,
2013), 6 iE#s Long-Evans 5wbk (Institute for Animal Reproduction, Ibaraki, Japan) »»
SEBEL-ARBk% 5% povidone-iodine solution (LKT Laboratories, St. Paul, MN, USA)
[ZT:E&EL. Hank’s Balanced Salt Solution (HBSS; 138 mM NacCl, 5.3 mM KCI, 5.6
mM D-glucose, 0.44 mM KH;PO4, 4.2 mM NaHCO3, 0.34 mM Na;HPO,, 0.34 mM
Na;HPO,4, 0.02 mM Phenol red) IZT# % #% .38 U/mL testicular hyaluronidase
(Worthington Biochemical, NJ, USA) KU 20 U/mL collagenase type 1l (Worthington
Biochemical) &894 HBSS HI[ZTAYFa~R—kL71= (37°C, 30 7). =512 0.1%
trypsin @& HBSS IZTA>Fa~R—kL (37°C, 30 7). S ERIZ RPE fif@%&EIURL 1=,
EURL 7= RPE #f@I& HBSS [ZT 1 [|], ZRLVT phosphate-buffered saline (PBS(-), 137
mM NacCl, 8.1 mM NayHPO,, 2.7 mM KCI, 1.5 mM KH,PO,) =T 2 [E#%k%&L. XLk
&L T RPE #ifa% 157,

Total RNA Dl

RPE #ifam 50 total RNA #iH [& RNeasy® Mini kit (QIAGEN, Hilden, Germany) #
FAWTEMELT-, Total RNA Hi5, ReverTra Ace (TOYOBO, Osaka, Japan) ZHLY.
complementary DNA (cDNA) Z#EF&IL 1=,
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E =/ real-time RT-PCR %

E =M real-time RT-PCR j&[I& Mx3000P (Agilent Technologies, Santa Clara, CA,
USA) &1 SYBR® Premix Ex TaqTM Il (Takara, Shiga, Japan) #BWL\TERLT-,
Primer [&. Tomi 5 Q&2 >TEEETL(Tomi and Hosoya, 2004), Table 1 [Z7RLT=,
YT mRNA RIEEE 2L T 5718 R RIEIEEYEFHA#AAT: pGEM-T Easy
Vector # ALVTHRERZTERM L=, PCR & (&, 95°C. 1 43IZT denature LI RLNT
95°C T30F). 60°C TA45F KR 72°C T45 7% 40 cycle LE&E L=, Mdrla R U mdrlb
@ MRNA FHIBELANJLIE B-actin @ mRNA FHIZZIZT normalize L. EHLT=, 158,
Mx3000P [ZTHHHEN 1= SYBROERDEK LT FIL S RMIBIREMICKEILE. K
ISR T # DB RIZDLNT 0.6 pg/mL ethidium bromide &% 2% agarose gel # ALNTE
K[UKEIL. ENEND PCR product DAHHMEESINSHZET (mdrla, 437 bp; mdrlb,
352 bp; B-actin, 285 bp). #2LT-,

Table 1. Oligonucleotide primers for RT-PCR analysis.

Primer sequences

Target GenBank ) _ . Product
MRNA  Accession No,  (UPPer. sense pzrrrilrt;rérl)_ower, antisense  gize (bp)
mdrla 5’-acagaaacagaggatcgc-3’

(abcbla) NM_133401 5’-cgtcttgatcatgtggcc-3’ 437
mdrlb 5’-acagaaacagaggatcgc-3’

(abcblb) NM_012623 5’-agaggcaccagtgtcact-3’ 352
B-actin NM_031144 5’-tcatgaagtgtgacgttgacatccgt-3 85

5’-cctagaagcatttgcggtgcacgatg-3’

Uptake index &Ik A EIRM AN S D BAB, BRB Ffzl& BBB ZrL1=#HERY
E Y A& O FEh
hL—H—RDRER

Wild-type Sk & U mdrla knockout ZvhZFL\fz BAB. BRB #7zI& BBB #4rL1=
P-gp FERDFMOBIZIE. HKERWE &L T. [*H]progesterone . [**C]D-mannitol ,
[*Cltiourea. [*H]quinidine. [*H]verapamil, [*H]digoxin % . oatpla4 HEEAZAT DERIZIE.
#WERME &L T, [PH]pravastatino RUPHIER17G # ML V=, £f-. B BMEDIEELL T,
PHI#ER M E D15 & 1X[“Cln-butanol % . [“CIHBERME DIHE (X[PH]water LV =, &
WERMBEEZ L ES T HL . BIERZER. Ringer-HEPES buffer [TAfELT -, SARL=IR 5
BIE. PHIHEEBRYE DS ZPHIRVMCIO M RN EFNEFh 50 uCiimL BT 0.5
uCi/mL THAZE. [MCIEBRDEDIBA IX[CIRUPHIDRETEEA FNEFN 5 uCilmL
B U 25 uCilmL TH LR LT-,
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NEEFAR~NDIRE

Alm 5, Toda 5D A;EIZHE>7=(Alm and Tornquist, 1981; Toda et al., 2011), v kIZ
TRIUIFITOUREK (125 mglkg 11.22 mglkg) #FHRAIRNKR ST 5 LICKUE B HFFE
L=, HERZEFELSET-. 0.2 ML OIREREZAEHRICZREEL, 5% 157
([CETEEL . 5 RIDMIE. BKRUVKRHZERIRL =, £/, $#Aa%%H Soluene-350
(PerkinElmer) % 2 mL i0X T;&fAZL ., Hionic Fluor M TRIESA K &L=, ZAIER K
DRGHERZRE O FL—30h2—(TRI-CARB 2100TR) TRIZE L=,

Uptake index(Ul) DEH

[PH] HERMEDISEIE. LTORIZHEL, U(%) EZEH LT,
Uptake index (UI, %) = ([3H] / [**C] (dpm in the tissue)) /([*H] / [**C] (dpm in the
injectate)) x 100

[C] WERMEDBEIX. LTOXIZHLY, Ul(%) EEHLT=,
Uptake index (UI, %) = ([**C] / [*H] (dpm in the tissue)) /([**C] / [*H] (dpm in the
injectate)) x 100

In vivo integration plot EZ R -HERYE OB TIEREN
e A ES

ERmMENSTVYREK., HBIERUR~D BAB, BRB XU BBB #L1= verapamil B
YSAFFRMTDBRIZIL. #HERME £ LT, [PH]verapamil R =, [*H]verapamil Z X EE
SEL. BERZE®. ECF buffer JERLTz, BB LI-RERIE. PHI O RETEEAS 25
uCi/mL THAHZEERERLT=,

HIRA~NDIRE

Kubo 5®MD A EIZH>71=(Kubo et al.,, 2013), IYMIHAIU/IFISDVIEK (125
mg/kg /1.22 mo/kg) #FRIRRE TR EICKYE EREEERLI-%R. ZXEEFFIRN D,
0.4mL x5 RE2EREE L -, FTERHICA KRN SH 0.25 mL 0L, EbLIC
BREEL THARR (MEAR) . B5/K (FER) R U KR (D A) ZHEHL . sEEZRAEL-, I
BILRODDBEL, M3 0.1 mL 2%, M. KiK. BESIUCEKIZ, HAEEZH
Soluene-350 % 2 mL % T;afZL . Hionic Fluor #MA TRIEH K &L=, BAIER KD
MEEEERIAL U FL—a0h 08— (TRI-CARB 2100TR) TRIE L=,
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BT EBIIVT IR (Kin.tissue) D ETih

EREICHETHERMEDOBIRMLAEN MR, BAKRURADBITHEDIEIFEELT.
HBEMESLYORNTOME-BEPREL Cap(t)/Cp(t) (mL/g tissue) ZHEHL
= HBHEUEELLYDENTDBERI)T I A (Kintssue) 1. LT DHIZHELY,
Capp()/Cp(t)Z#itEh . AUC(1)/Cp(t) Z#&EHIZT O k(integration plot) Liz&EDIEENS
HHL=,

Capp(t)/Cp(t) = Kin tissue X AUC(t)/Cp(t) + Vi

Capp(t): BFfE t [CHIT DB TR E R E

Cp(t): BEfE t [CHITHMBHERMERE

Kin,tissue: %ﬂﬁﬁtgﬁzig % T: U 0)%75\ H'o)ﬁiﬁg U 75>X
AUC(t): BEfE O A5t ETOHEREEYOMBEREE TEIE
Vi: FER L EMD BREFIC AR RBIZLE S D HRTE

Microdialysis ;& ICKAHEFHENSREIRMAND BRB L I-#ER Y E BEH D 5FM
hL—Y —BOEH

SYMBEFAMSR/IERMAEND BRB #4rL1- pravastatin #iX T DRIZ(X.
[*H]pravastatin %. bulk flow M#EELL T, [**C]D-mannitol Z L =, [*H]Pravastatin
R UMCID-mannitol # B2 N EIL . BIEFZE% . Ringer-HEPES buffer IZj&f2LT=, %
5%, PHIRU[MCIO ST EENFNFN 5 uCilul B 1 uCiluL THAHZEEFERLT-,

EFAERAD microinjection

Katayama 5® /%2 of=(Katayama et al., 2006), YNNI EIV/IFISOURER
(125 mg/kg /1.22 mglkg) ZfARNE 5T A LICEYV 2 MEEHELT-%. KECEE
HEBICEELz. X2 T T0hMV RIRICKYRZREZRMEFL. LEBICHRERZELTE
ELTHEELTz, 22G #tF AT, AEEHIA 5 0.5 mm FEFERIZ, FEH 3 mm DR
BT, 5 uL @B 4o03 )2 (Hamilton, Reno, NV, USA) ZFBWVT. 1 L DrL—H—
BE/RG LIz, D) DERW R, HoHLE® Ringer-HEPES buffer TiifzLfz SP10
(Natsume, Tokyo, Japan) & U SP19 Z##%&#tL1=& 47 70— (TEP-50; Eicom, Kyoto,
Japan) % infusion pump (£ 2.2 pL/min) [ZT Ringer-HEPES buffer LGNS, &
BEALIZ, 7AVT I I7TEMTO—T LBEZEEL. B RDOEIURERHEBLTZ, &
WRATO—J%i@ALEREEOEL, 60 FFETIE 10 5EIZ, 60 77H5 180 HFETIE
30 N EICHEMRZEERYRL -, EURL-FEHTZDEEZLRIFEL. Hionic Fluor 1A TAIFE
AMEL FRAEAMOBABTEEZRAEL FL—30h 25— (TRI-CARB
2100TR) THIELT=,
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SH 23 FE 7F #1 (B) D & ifh

ERHEICEITHEEMEDHEFAMODEEMEE. 85 E THIEL-EMR P RSTEE
BE Cyt) (% dose/mL) TRL.HEEXEETEH(B)EUTDXIZHEL . Phoenix™
WinNonlin® V6.3 (Certara, Princeton, NJ)ZRUL\T, 2-32/8—k AV ETILEFTIZELY

B,
Cp(t) = CT/Dosetracer X 100

Cp(t) = Ae™+Be™

Cr: Bt [CRITHABEMEEL-YDBINEDIMETREEE
DOS€acer: XE=

A: MHABIZE TS Y B A

B: HERIZEITD Y B A

a: VEIBDERRE T

B: RIEHRMEDERXEETEH

EHATO—TMoOEUEEZATET S1-6. [PH]pravastatin & U [**C]D-mannitol %
HEEHEL. FEEZER. Ringer-HEPES buffer [ZJAfRLT=, sAEA R, [PH]D Kt
geAY 1 pCi/mL. [**C]D-mannitol A% 0.2 uCi/mL THBZEZHEELT=, 180 HETD
[*H]pravastatin K U [**C]D-mannitol D EURE(L, FhFh 2.86 + 0.36% KU 6.63 +
0.73% (n = 3) ThHo1=.

Recovery (%) = C1/Cy x 100

Cr: Kl t ICB T HEMEEL-YDEITEF RS RERE
Cv: AERA R PR RERE
HEHARAT

EERT—A(, FYE+ 1Z4RZE (mean + SE) TRLT-, EEBREIZ(X 2 B#EDL
B DIZEIZIE unpaired Student's t-test . 3 B LI EDLLEDIHZE (X Bartlett's test &
17U\, Dunnett’s test [Tk B Z E LERF{ToT-=,
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