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ACAT
ADAM
AIC
ATOM
AUC
AUCR
BCRP
BFGS
BSA
CAT
CI
CLint
Cinax
CF
CPR
CR
CYP
DI
DMEM
DTPA
D,

Fa
FaFg
Far
FBS

FDM

b

i

—&

advanced compartmental absorption and transit
advanced dissolution, absorption and metabolism
akaike’s information criteria

advanced translocation model

area under the blood concentration-time curve
AUC ratio

breast cancer resistance protein
Broyden-Fletcher-Goldfarb-Shanno

bovine serum albumin

compartmental absorption and transit
confidence interval

intrinsic clearance

maximum plasma concentration

conversion factor

NADPH-cytochrome P450 reductase
contribution ratio

cytochrome P450

drug interaction

dulbecco’s modified Eagle’s medium
diethylenetriaminepentaacetic acid

dispersion constant at the position z

fraction absorbed

Product of F4 and Fg

initial absorption ratio

fetal bovine serum

finite difference method



Fg intestinal availability

fn fraction metabolized (in vitro)

Fr reabsorption ratio

GITA GI transit-absorption

HAC human artificial chromosome

HBSS hank’s balanced salt solution

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid)
ICso the half maximal inhibitory concentration

iPS induced pluripotent stem

IS internal standard

IR inhibition ratio

Ki inhibition constant

Km Michaelis constant

LC-MS/MS liquid chromatography-tandem mass spectrometry
MCMC marcov chain monte carlo

ME microvilli expansion

M, time-dependent flow rate at time t

NADPH nicotinamide adenine dinucleotide phosphate
Napp Numeric Analysis Program for Pharmacokinetics
OATP organic anion transporting polypeptide

Papp apparent permeability coefficient

PBPK physiological-based pharmacokinetic

PE plicate expansion

PISCS pharmacokinetic interaction significance classification system
P-gp P-glycoprotein

PS permeability clearance

SD standard deviation

SF scaling factor



STADAM static drug absorption model

tmax time of maximum plasma concentration
TLM translocation model

tin half-life time

tinR half-life time ratio

UDP uridine 5'-diphospho

UGT UDP-glucuronosyltransferase

Vimax maximum reaction velocity

VE villi expansion

1-ABT I-aminobenzotriazole

1’OH-midazolam 1’-hydroxymidazolam
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=

BB 5T % PRI ETE | L ICBF LRI TE s L
oD MR E N TV AHRERIETH B[1], L2 LAaARs, Yo MLERIIZ
BH O R, Y OBRECLETE. WLENONEY & OMAEFEMZ &% < OBREIC X
o> TR R T 570, IEMERED OWHCERINMED P2 FEic LTz, LarL, BHl
D RREVE S RS ORI WA Th . EYOWLE ICE T 2 RIFGASAFT RA 7
vl 74 KT 5 icid. HALERNEED /Mg b EGHAE~ D WP (fraction absorbed, Fa)
OGBS 2> & PRI % © D F4T ¥ (intestinal availability, Fo) S REFCTH 2 HEHRH 5,
Fa 1352 BhLEIC X 2 IEE# & P-glycoprotein (P-gp)*° breast cancer resistance protein (BCRP)7x
ED L7V AR—X—IC X B REEIEE. Fo i3/ MNEEEREIC 51 2 BEE@rE & /g bR
Feic FI T 2 (REER I X 2 RBTEMED T VA THREEINDE, —HTINLDFL L FgD
FHIKSEE 251 L3 hiE, Al 7 v 1B \WT X ) BOHERGE @RS AIREIC 72 2 & & 2
bz, TRERIGICECTHEMEREWND AT v 2B REILT 2 & & ROEE R FIE
FIC D BA3 Y 5 3 Y REIHH F 7 FH (drug interaction, D) D FH % A4 2 2 & AR R TH 5
729, MLE C ORI Z EREC RIS 2 2 L 3IERICEETH 3,

IS0 EST IR T, REEEED —FETH % cytochrome P450 (CYP) 3A & P-gp
FANAFTRAZEY T 4B 322 Vv X7 BHTH D, CYPIA 3% DY O RFHHC

BEI5 L[2,3]. DO A7 6 FHAEIC R L TW5E 2 &2 54,5 /Me EEMdcE
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F 2 ERHEICRKRECEE LT3, 72 P-gp d/NE EEMIIICHKIA LG, 7. EWEE
Peic B3 % 2 & T2 OMLERINE T 28ER2 T 5, Lo CliZ v o7 HOHF
5% EHECHE S 2 2 L BEYOMETINZEERS FHlIT 2 2L icEnd eExoh
%5, MATHZrF TR D DI HEHICH MBS L THV[8,9]. 2D Y R 7 ZHANTTH
LCHLZLHHEETH D,

HEYDANAFTRAZEY T4 O DI FllOFEE LTIRELSENET LV EFNET
AD2RETHTOND, FHIETFTAZD R GEBER T 2 — 2 ROERED & AUC 21t
#(AUC ratio, AUCR)E % flifHICH T & 2 —J7C, BINET VIZENKRIER ST X — %
% (AT 2 b D DFEY DM, F AR 72 MU Hh S OCHERR IR EE T, #5452
L OWLERINES DI Tl &0 X0 2 BB PR ARECH B L IO Rl R H T
%, BIRTE K D LEWRINE T A58 E S TWw B[10, 11, 12, 13, 14128, FRic L ERIN
RFIC 31T % P-gp FFIC X 2 3 IR T 1] & i1 & Cd Y SRRV D SR 238 L v 2
&, invitro & invivo @ b 7 ¥V AR — 2 —Wk M0 R 5 2 L6, HILE D CYP3A KU P-
gp Z N L7z HALERIIEKR U DI ZHBE L FHlT 2 ETICE> TRV OREIRTH 5,

Z T CTARFRIC B W TIE, CYP3A MR P-gp %41 L 72 1L E RIS OF DI FHIO K E % 5
5 ErHWIC, FloENET VR OEINE T VOREL AT, RIFFEOHTFE T,
WHFFEE TR L 72 3554 0 {27 5- 3 (contribution ratio, CR) X UNBHE 3% (inhibition ratio, IR) %
A CEBEEAIE O AUC ERE% FHITE % CR-IR 7E[15, 16, 1710FE 2 % /NG ICHRR T %

Z & T/NED CYP3A KU P-gp DFGH 2 FHAREREE T V2 HE L, Z o FHlPEZ R

11



Ak L 720 F 7RI O TlE. SIS Tl T O B 2 H LB TJINE 7V T translocation
model (TLM) [14] & ~— 2RI, HLENDOHUNES % & k& L CHEME =/ NGNSV 10 % FEL
L 7= 9 HAL BRI € 7 L (advanced translocation model, ATOM) % #55% U AL & N @ R 28
TR ZAT VL & S II/NGN O FEY A AL E W IC 5 2 258, W bE b o

CYP3A MU P-gp D% EFE L 7= DI FHlICEE L CHERE L 7=,

12



BoE FRBRECERINE T A ZACEHELED CYP3A KU P-gp 247 L 7= YR

HEAER T3

-
i

2.1
LIRS P 7 v AR =X —%2 N L FEAIR oM AERIC LV EC 2. Fricc b o
ST EEET S LEYOMHPREDS FA L, FRCEEL2EIEH %4 L 5[18,19,20,21],
Wz, EAIZLICZDODI Y A7 2 ET 5 2 LIFIERMICEETH 5, L, < DDIICD
VT A B 2R SR Bl HE (Physiological -based pharmacokinetic, PBPK)E 7 /L % Vs 72 Tl 23 7¢ X
Tk Y[22, 23, 24]. K E 2 ITHBKFEN ZINPRE 70 7 7 A VRRBFINTW5E, £
T AGRHEEE RO I b PBPK & 7 L% 272 DI FHIAH W 6 11[25,26,27]. EEKAERO R
B LTCETAITEREZERT 28 b HOoNTH 2L, T THINET VIIFFEDIE &
FHEAIOM O DI FHETH 2 Dickt L, % < o3EHIM o DI % A I FHl$ 2 1 i3 E T
THADIERDEL T3, THE TICHIISEE T CYP3A 2/ L7z DIICDWT, %
NZND CR & IR % W CHEEEEFIF O AUCR ZHH 3 % CR-IR k%G L CTH Y15, 16,
7 HFIRAICB TRV R7=F P AV FICEBALT W3
CYP3A KU P-gp DIHFED 2 W IFFHEIXHLE CcO DI ICKE KBEET 5, HARKEED
DI DHHISCE T, CYP3A 55D P450 %419 % DI © AUCR FHliEIZEET v & L TERE
T 35[28,29,30]1D DD, P-gp Z41 L 7z DI ® AUCR FHIlIEIC DWW TIZREHEA 72\, CYP3A

& P-gp OFEFFRM ZFEBIL T 2 2D 1 L CEY O ELERINM:Z 15 5 Z & [31,32].
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ARG HRO/NGNEVIREIZE S DI OB R 7BEmneE2ZoNL Lo, W%

MNL7ZMLEICEB TS DI ZIEMEICTHIENERETH S, THETICHIET L ZH

CYP3A KU P-gp %41 L 7= DI TH#lli%ICBI L Tid. Tod & 2% invivo 15H 2 & & 3RHF| D CR KO

IR #8H L T AUCR % Filll$ 2 HiE%#HE LT\ 3[33,34], —77 T invivo DIERIZFRE M

TIEHRBE L LT THFOTIE R &5, invitro DIEHREZIMZ 5 2 & T X YD EWELHE

EINs LHffang,

¥/, INETITNGD CYP3A & P-gp %/ L7z DI FHIEAHEE I LT W ind > 72 HH

D=2, ZNENDOHFEROMESTEPAHTH o2 BB IF b2, T TOEY

BB X — R F 5 & FEYOHALE PRI, (product of Fa and Fg, FAFG)®D 9 B D, P-gp D

FAMEIX Falc, CYP3A OfUGHITEIX Fo DBRHICEENS, —J7T P-gp DHFLGHRELRT /2D

CEPEE I NAFEY) O 5 b /NG EBEPNICE Y A £ 2 Y D EIE T H 5 FIRIGK

(reabsorption ratio, FR) % Z &3 2 L EXRH 5 b DD, HERMWE D VW EMTH 2 7-01C %

DEHHEPEREI N TR o7, T TCYP3A KU P-gp DHEGROHEE ZA[BEICT 5 7=

O, HEEBIICBE S 2 LGN 2Bl 2 RIE ST BERH o7z, £ 2 TRPIZE TR, FHIRIX

KOM L Z % & 2 FHERHECERINE 7 v (Figure 2-D) 2L, /MMEIcE T 2

CYP3A MU P-gp DFEHR OB %A H 72,

¥ 72 U E CITIR-C BRI B 1T 2L D &2 E 17 DI % invitro X U in vivo 15 %

QIR L, 2ol z o0 CBEET A EZHCTHENT T 28N ET LD 7L —L T —7

(static drug absorption model, STADAM) % 21 T & 5 (Figure 2-2), STADAM 13/M&ic 1) %

14



YN, i B < 0 EYE Kt 7 SO KRR L N FV AR —2—-ZL D
CR & IR ZH\C DI Tl % vJREIC 3 2 B R BEm AR TH O . Sl o FrHLE i H L E TN
EFAMFHMEICE T S DI #HH T 2 5 C STADAM O EE AN ERTH 5, £ 2 T5H
/N IZ BT 5 CYP3A TN P-gp ® CR RN IR #BH T 2GR AR L, EBICHITT 2
T TEDEYEEREEST 2 2L L L,

fth 77, WALE I ICBES 2§y E 7 G 3 5 invitro BT — X & LT, Y DiElL
I R AT TIEE AN, b T Y RE— 2 — k. REREEOFHEASETH B,
L2 L7zt HiE P IC B3 2 & ik R 22 0 BRIc I 2 Wil 2 F 83 2 L — o 0k T2 T
P T % 23BY —ABIFET B S LM E L, {REMZR in vito {LERINY =L TH
% Caco-2 #ft1Z % ORFE O HE X L BLEEMED in vivo EHHBIT 2 2 bHHI ATV S
23, CYP3A OFEHDZ L\ 72 D [35CREEERE O FE & 7 2 #Yic > w» Td/Ma < o fGNE
TEEHEiE LCTNED I 7 m Yy —o7x S L 2REEBEANREM I N 0 E R D 5,
L NBD b T v AR — & — RS B L C AR 2 SR I R 2 R L 72 A T REME AN
i (induced pluripotent stem cells, iPS cells) >k D /Mg B MR [36] 238k 5 X 41T 2 23, AfAEES
BEROEEEOB A2 OB R COEMMEIXZ LV onBRTH 5, —FTCALREEELH
W CYP3A %A 8 CTHILE 872 Caco-2 MiE(CYP3A4-CPR-HAC/Caco-2 #llfiZ) 234
T, CYP3A FEICBAL T in vitro B #E MEAERE R 2 F V2 72 Fo THl2% in vivo TO#HEH
EAHBE L 72[37], WA T CYP3A4-CPR-HAC/Caco-2 M@ (% P-gp Dk b iR S LT3 &

EDH[37). P-gp DD FKFICFHIin[BECTH 5 & F 2 biiz, AREHT B W TIiE CYP3A4-

15



CPR-HAC/Caco-2 Ml F AW 2RI HIND &, FEFRIC CYP3A4-CPR-HAC/Caco-2 #llfid %

v 7-@@ iz L . 2 oRBRELZHET VIcE T 5 DI it 7T—% 2y b e L

TEAH L 7z,

16



2.2 VaRis

22.1 EHEILERINE T VIS BT 3 5K OHEE ST & /NG TD AUCR Flllik

/INIG D FEPIAC DT, FTRRERRIIRIN £ 7 v (Figure 2-1)IC HE D\ THOHEER 2 WL L 72,

Z O C/NGIT BT B P-gp LU CYP3A D53 (CRax, CRow) X BRI IMFTE 1T (CRe) 1F

LIT @ & 5 1c R & L% (Equation 2-1, 2-2, 2-3),

/NET D P-gp & 5-#(CRax)

(1 - FR)CLA,ac

_ 2-1
CRax CLg +CLy + (1 - FR)(CLA g + CLa o) @D
INET D CYP3A %5 5-%(CRow)
CLy
= 2-2
CRGM CLB + CLM + (l - FR) (CLA,ac + CLA,ps) ( )
FEJC MR 1T (CRp) :
CRp = Ly (2-3)

CLp +CLM + (1 - FR)(CLA ac + CLA ps)

CLaaev CLaps CLe. CLm. Fr i3 Z WX NIHImIEMI O REE#L 7 ) 7 7 v A, THigEH O

X#E 2 VT 7 v A, BRERBEA O EEE 2 VT 7 v A @37 )T 7 v AL HRIEZ

N o MBFRICOWTIE, 22T —EDESCERBICHERT 2 L ofETCAPEH I

T3, EEICTHRPER BRI L IRV T2EEZLNEDT, ZDRICOWTIZ

2.2.7 CitBA3$ %,
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INBD P-gp K UF CYP3A %4 L7z DI IC2\WC, /MEIZE T B AUC Z{L(AUCR)IZFHE

D IR % AT Equation 2-4 XN 2-5 D X H IR T B TE 5, BT D CRe IFHE

A 5RO CRg 7R T

_CRg _ ! = ]
AUCRlnt_ CRp  1-CRAxIRAx-CRGMIRGM - 1-Vgut (2 4)
V gu-CRAxIRAx-CRGumIRGm =

2.2.2 AUCR Jx O o 331

AHFEE CHIFE & 1172 STADAM DHIERICH-D < &, AUCR 7z & U0 L (half-life

time ratio, t;,R)IZLA T @ X 5 ICRHL T ¥ 5 (Equation 2-6, 2-7, 2-8, 2-9),

1

AUCR = o) Vivert Koy Vrraney Vout (2-6)
R e
Viiver= 1 — CRyIRy (2-8)
Vikidney= 1 — CRgrIRg (2-9)

Xuwv~ Fiv CRiv IRuy CRr. IRg (3% 1LE NERIRIN R G-RF I 35 1 B PR APORZALARTEER

FEANAFT A7) 74, MEiCE T 2 EYCHESR O a5 i HER, Bl s 0

18



EYHEHE 50 I BHERE A R T,

P-gp # /L 72 DI IC D W T HEAB S 1T X - T P-gp DFLETH 2 digoxin DE 27 V7 7
VABMET T 27 L [38]. BHKTO DI 2 EET 2 LEH D 5 25— O 5% 0 /M
B OHFRB T e~ B O SR 201K 7 2 2 e 20 6 Bl codEMPRlIEICEL 5
DI OREFEIZ/NZICH N B L /NS nweEX oD, ZD7d5EOFECIEENETO DI 134
U723 (CRR = 0, Vidney= 1) & 5E L THHT 21T o 72,

T 25 BOBNET L ZREORZEIRE TH S L EZRIHRICHIT LT3, 22T
R E LA OWCid, RKIC kT 2 BB ORI 2~ 3 M 2 M8 L 7z LT

FERNT N R O AAF R FEHEAN TEMBI T 5 Z & iR L 72(Table 2-1),

223 invitro 7 —Z ZHW2/NMEICE T B CYP3A U P-gp ICBE3 % CR DH#EE
CRax, CRgm, CRICDOWTIEA T D X S, A=V v 77577 2 —=%MHWT invitro »¥ 7
A— R LFENDF B 2 & AA[BEIC 72 B (Equation 2-10, 2-11, 2-12), AR DORHICE L TIE% 2

U7 7Y A% CLap CHRT 2R EHEEL 25,

LA ,ac
a- FR) L,

CR _ Aps _ (1 - FR)SFaxaQaxa (2_ 1 0)
AX T Clg . Cly CLpae SFaRp+SFuRy+(1 - Fr) (SFaaRa + 1)
+ + (1-Fr)( +1)
CLaps CLap CLA ps

CLy

CRowu — CLA ps . SFomQom (2-11)
GM — = -
FsRp+SFyRv+(1 - X AT
CLg CLpm (1 FR)( Aac +]) SFRp+SFuMRM (1 FR)(SFA ARaxa 1)
CLAps CLAps Aps

19



CLg

CRg = s = it 2-12)
B = = -
oL L CLy, SFsRg+SFyRy(1 - Fr) (SFaxaRaxa + 1)
CLB CLM (1 -FR)C =41
A,ps A,ps A,ps

SFaxas SFoms SFe. Qawas Qoms Qg idZ NLZ VNG D P-gp i PEICBE 3 % in vitro/in vivo [H]
DRy =Y v 77727 x— /NGO CYP3A HNEPEICEIS % in vitro/in vivo [AlD 2 77—V
Y77y rx—, BEJEE L TEREIC B 2 ZEEMEICBIS 5 in vitro/in vivo RO 27— 1)
V77 77 Z—. invitro ICHF 5 P-gp EnkiG Tk & BLEEME D, in vitro I3 1 5 CYP3A
RENEYE & BOE YD M. in vitro 123513 2 LR & TER M O ZBHES O 2R+, &
7z in vitro 1C 31 2 MAEIELE & GG € 7 L (Figure 2-3) & D . Qaxa, Qom, Qe IZLA T D X 5 127w

9 Z & 23T % % (Equation 2-13, 2-14, 2-15),

PSaa
Qaua= poo = Rpux — 1 (2-13)
Ajin
CLyp
Qam= 55, - (2-14)
PSg
Qs- Ssam (2-15)

Qaxa & Caco-2 il % F V> 72 P-gp FHE R L OFEFHERF D Apical il 2> & Basal ffll, % U* Basal
2> & Apical D EEE M (Raw)s Qom XN 70y — 2B 587V 77 v
Caco-2 MifEIC 1) 2 BLEBERE DL Z 7R3, ¥ 72 Qp I Caco-2 MAE D THUw AR & LR O 1

FEH(1:4) [39]1 X Y 0.25 & LT L 72,

20



224 CRuy XU IR ICBH4 3 in vitro & W in vivo 7 — Z 2> b DHEE
FFlE D CYP3A 1 X 2 fREHZEF 5 (CRy) X V& IREICBI L TH LN D X 5 I invitro X T in

vivo 7 — X 2> b #f£5E L 7z (Equation 2-16, 2-17, 2-18, 2-19),

Tl T D CYP3A 12 X % A% 5K (CRy) :

CRy = fin3a (2-16)

/NG T D P-gp FHER (IRAx) :

IRy = - (2-17)

1 +Ki,ng i

Dose

/T D CYP3A BHEH (IRgw) *

1
IRgm = AL (2-18)

Dose

JTFlE© @ CYP3A FHEZ(IRy) ¢

1
Ry = —mw, 2-19)

Dose

T Z T fmsas Kipgps Kizas Vio SFy. Dose 13 % #LZ 4L invitro I ¥ 1F 5 CYP3A R % 53,
P-gp ICX$ 2 KifH. CYP3A iICx3 % KifH, FHEAIDO/NGICE T 2 0mAERE, e Mo
DB DR T =) v 777 7 2= 1 [HH7z ) OEROBGEE T T, HB50H

L 72T ICs D HEUG X 72855013 % DEABRA D K i X 0 BERIE D v & ARGE
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L. KifE & ICsofEIX[F L TH B & LTHT L 72,

2.2.5 CYP3A4-CPR-HAC/Caco-2 HlE % F v 72 O s Bl & 5 U 72~ 7 A — 2 HUS:

CYP3A4-HAC-HPC/Caco-2 Ml IZHEZE D Caco-2 MIZITfg b - T 72 BE @K N 7 v

AR — 2 — iGN 2 THBERY 72 CYP3A 15120 2 72 in vivo I 51 2 ML E B RE 2 X

DL 72/ N B T URIIEB7ICTH B 2 e n . EEE, RENETEL O N 7 v AR — &

— ALl Z —fECEMTE 2L WHINELH 5, £ 2 TARMALICT CYP3A K&

O P-gp OIEIRIHER % H L 7z &85k X - THUS & #172-¥F X — X % Equation 2-

20, 2-21, 2-22 % JH\»T STADAM DT IC M E 723 X — & (Qaxa K Qem) ICZEHA L 72,

Qaxa = RRAX —1 (2-20)
Qem- (1/RAE — 1) (Qg + 1) (P-gp FFHE)

Qam- (1/R3g — 1) (Qp + RR™¥) (P-gp £H) (2-21)
RR* = REX /R (2-22)

T T CREE, REX, RML 132 L2 4 Apical fll2> & Basal il (A to B)~ DIk B3 % P-gp

FHEAIASIIRE & FRAINEE D IEOE B R E(Papp) L. Basal {l2> & Apical fll (B to A)~ D ik i< B

T % P-gp FHERIGINEE & FERIMEED Popp b, Ato B DX ICEI T 2 CYP3A FHEHIGINGEE &

22



FETNFED Py LLZ TR T, F72 Qp i 2.2.3 ICFLHE DI Y 0.25 & L. Pupyp iF Equation 2-23 %

FwTBEH L 72,
_dQ 1
T (2-23)

Q. t. Cou A IZZNZ L Receiver fll~DiRFEEE, v 7Y v ZIREREL WIE O VIR
£, transwell plate D [HifE(24 well, 0.33 cm?) & L 72, F 72 Popp (CBH L TUZBILE O 3E &1 237
Bch R EZHEREL 2 LT, XF A -2 EHH L, CYP3AFHER & LTt 1-
aminobenzotriazole (1-ABT)% . P-gp FHEA| & L Tl elacridar % F\» THEERIC CYP3A FE
(alprazolam, lovastatin, midazolam, triazolam), P-gp %&£ (digoxin, fexofenadine), CYP3A/P-gp %
'H (aliskiren, tacrolimus, atorvastatin) % i L C@Ei@M:aliz 1\, EidoBEmE T 2005
Qaxa XU Qom R L 72, @@ PEaliRge - icBIL Tt 2.2.6 iITn L 7z,

—J77C Equation 2-13 JL TN 2-14 125 238 D . Qaxa KT Qam IC2 W TIZBEER D in vitro i
UM 2 2 vy — L& v 72 REEER. Caco-2 MIHE o MRS S @ MEER) 2> © b L HATHEC
HY. EBEO DI T — %ty b & LTt ERtoilbkfl & CYP3A4-CPR-HAC/Caco-2 #ffific
FRAGERBREAEF T2 23, 22 CHiABRADT — 2 2 AT 3B, HBARM
FEERERTIVERD L EEZ LN, % T Qaas Qam ICOWTIZFNF N, CYP3A4-
CPR-HAC/Caco-2 #ifitl & Fi v 7o @@ PR 2> & O B HE & BERR 0 3Rl 2> > o B & o
BAM: 2 52 L 72 L CalliioR 2 2 Hi1E 3 % 72 % @ conversion factor(CFqaxa, CFoam) % BLH L

720 % Z T CYP3A4-CPR-HAC/Caco-2 MifE % F 7= @R v 7 2 — 2 b S 7z
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Qaxa XU Qom % STADAM MM D F— 22 v b & LT 3B1E. Qaw KT Qo 1

% NI conversion factor ZFE U 7= L CEH L 7=,

2.2.6 CYP3A4-CPR-HAC/Caco-2 flAE % F s 7= g a1k Bk

CYP3A4-CPR-HAC/Caco-2 MfZIZ BIURZREAT ATy 2 — X v it a7, Hilg

E5#81% 10 % FBS, 10 mmol/L HEPES, 100 U/mL Penicillin/Streptomycin, 2 mmol/L Glutamax, 1

mmol/L sodium pyruvate, 1xnon-essential amino acid, 2 pg/mL Brastcidin ¥ DMEM (High

Glucose) Z . AIEH#E RIS 72 v 7 v 2 v T OIREE TS L 72, EdadBiic i L 21L&

Y3 — At 2 v 7,

CYP3A4-HAC-HPC/Caco-2 fIidiZ 4x10* cells/insert D % & T 24 well transwell plate (Corning)

ICHEIE L, 2-3 HZ &I 1 [ SR CRMAc 2 1T, fEERR 21 H22 5 23 H ez {7 -

720 FRBRIKFIC (X donor fHlIC Transport buffer (12 mmol/L D-glucose, 2.52 mmol/L NaHCO3, 10

mmol/L HEPES & HBSS(+)) % . receiver fflliC 0.5 % BSA & @ Transport Buffer IZ7I L 7z,

¥ 7K R 1 Apical il Z 100 uL. Basal fll % 600 uL & L 7z, FE O @0 1 KefE A FHEA

ERPHEAFERIBEICB L Tl RIBEEZ /ML C T LA vFa—vavili, A1vF

2= 3 VISR L IR FEAIH S SRR A B L C I3 RIABE I T CA- % i

LT, 2 A LKA v b LITEBREZRIL 72, F 72 3B R 13 digoxin 10 umol/L, midazolam

3 umol/L, fexofenadine 10 pmol/L, aliskiren 10 pmol/L, alprazolam 3 pmol/L, triazolam 3 pmol/L,

lovastatin 10 umol/L, tacrolimus 10 umol/L, atorvastatin 10 umol/L & L. CYP3A FHEAI & L Cid

1-aminobenzotriazole (1-ABT) 1 mmol/L, P-gp FHE AN & L Tl elacridar 0.5 pmol/L % L 7=,

24



BEMIEDO XA N Y v vy a VIBEAHER ST 2 02T 5 720, & @R

12 50 umol/L lucifer yellow % 1 Kff{]f v F 2 _—va v L, #AETL—F ) —X—ICCTH

SCAE % S (IS G © 480 nm, HE 1530 nm)LTX A PP v v 7P a VARBKEL Twiwn

(lucifer yellow DFEIEFER DTN D 2 Y%oAiii 7 FHHE) 2 & BHEZR L 7=,

v T AR OIEE RT3 LC-MS/MS (API4000, AB Sciex) % F Vs CHllZE L 7=, tacrolimus BAZ:

I Oasis HLB 30 um pElution plate(Waters) I C EFHfHHT L. % O [BIGHE Z LC-MS/MS THIE L

7= HIESMEIZBENEZ A: 5 mmol/L ¥WET v E =7 LKA/ FWE(1000:1, v/v). B: A X/

— b, ERICEE L TUZ 0.00~0.50 47 BiR S %. ~1.5 493 B 95 %. ~2.70 43 B % 95 %. ~2.80

STBIRS %, ~4.00 0 B S %I T o7y FEWTHRE. W7 LRV FA— v 7T —

PR IEZ N Z 40 )T 10 °C, i % 0.5mL/min & L. injection volume % 20 uL 1 CHIE

AT o 72 NEREHEY)HE (internal standard, IS)IC I 1 ug/mL sulphaphenazole % F\> 7=, tacrolimus

DWW TITEBEABLIC X AR & v o8 7 24T LC-MS/MS THIGE L 72 BlE S 133 %2 A:

5 mmol/L ¥EET v &= LIKIEW/FWE1000:1, v/v), B: A&/ —)b KRICEHL Tl

0.00~0.50 47 B % 40 %. ~1.40 57 B #% 95 %. ~3.20 43 B #K 95 %. ~3.50 5 B #% 40 %. ~4.00

D BIR 40 %I T IV FEYTRE. W7 LU F— v 77 —hiBEIZznENn

50 U 10 °C. Ji#E % 0.5mL/min & L. injection volume | 20 uL & CTHIZE Z 1T 5 7z, IS 1T

5 ng/mL cyclosporine D % #R L 7z, #HE # 7 L1 1T Kinetex 2.6u C8 (2.1 mmx50 mm, A77% 3.5

um, Phenomenex) ¥ 7z (3 Synmetry Shield RP8 (2.1 mmx50 mm, £7£% 3.5 pm, Waters)% > 7z,

¥ 722 CDIH T positive ionmode THIE L 7z, HFEE D Q1/Q3 ICBH L Tl Table2-2 ICFEE L
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720 ¥ 7z 1’OH-midazolam D4 & I3 3 mmol/L midazolam % Apical Il iC 7 h1 L T A to B #¥iff

%41\, Basal fll~DfRiE ik ORERE T121C Apical fllICFEST 2 BDOM TRl L 72, %

7 3B%& Z & IC 1’OH-midazolam D4EE KX N digoxin DRRAMEDFHli % FEfE L, Zh i 1

mmol/L 1-ABT #1158 0.5 umol/L elacridar #INC X o TEAME T35 Z & 1l L 72,

22.7 FWRINEE O R

/NG BRI A S HEH & - BN B B A Fr)ld. —E O FIG TRBICHERT 2 &
RET 2 ERBINTITT RTINS NTLE S 720, PEH & FHFRINIC X 2753R 2 ZERE L 728)
REMFRNT S A REIC 7 B, S A8 P-gp DIHEIC X 2N TOMENEH DR % in vitro K5
POoINETTHMTE o HRTH S, 2 TRET N TIIEER & ICHPIN A HEE T
52 xFIICETMMET S I oMEEZBEEL, NEICE TS CYP3A KU P-gp 1B
TEHGEREREN TS L ZAREIC L 7. BARRIC B IFLERINEEL O & ic L E IR 23
T 2 H %2 PER L L. tube model %= — RICETF L ZHESE L 72 (Figure 2-4), £ 3 FFRINEK
AT 2 7 D I IR 2 GE L 78 WA R~ D B H R (CREpx ne) X OIS AT 3K

(FGEnet) % 7E % L 72 (Equation 2-24, 2-25),

SFaxaQaxa
o 224
GE.net ™ b R +SFyRy+SFaxaRaws + | o
1+SFAxaQaxa
. _ 2-25
EFX,net FpRp+SFMRMHSFaxaRaxa + 1 ( )
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RN FINCR % AT L 72 FE R MR TR (CRe) 2 EF L. i 81 H O FWRICR (Fri) % & 2 72
%&. CRg 1% BEquation 2-26 ® X 9 IR &5,

_ 2 e © i
CRp=FGE netCREFX netF R, 1FGE net PFCREFX net” FR,1F 5 FGEnett =Farnet (14X, [Ti-1 FrjCR et)

(2-26)

Equation 2-26 & Equation 2-12 % > T CRp iIC DWW THBES 3 & | FHIRIK Fr 13 Equation

227 DX S ICEHIND,

Fp = S (2-27)

CREFxXnet(1+ )
00

z:i=1 l-[;'=1(FR,jCREFX,net)

X 5T Equation2-27 Z VT Fr 2 BT 2720 1CIE Fri ZFHE T 20D H %, HLEK

IRZ L3 HALE 2l L CRINR SB35 L 25 2 e b, FEWs 1 [l H ORI

THIRLICEL D A E N 2 EI G TH W) ELEEZFEFA) K L Fri A TO XS cRKHI N5,

(Equation 2-28, 2-29)

Far =1 —exp(—ka Ly) (2-28)

Fr; = 1 — exp(—ky L;) (0 <L=1=Lo, L > L;) (2-29)

Lo 3 2AFEOHLERINEZ R 325, BH2ffEIcT 27201835, ka 3 LERZT 2 1
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&L CIRE L 72 BE R A 2 R, Sald 1 B oI AL E N % i o Bk 13 5854 25 N X
N7=ArE O R IME IR FE X b & E (Figure 2-4)3 2 28, T OHA Li & Lin OREICLAT DR

fR23KAZF % (Equation 2-30, 2-31) M % JCIC Fr LU Far O BARYE ZFRET L 72,0

LopCald 1 exp(cky (L-L. ) (2-30)
2 13+l
Lin =Lt - log(—E5A2) (2:31)

FFHRCRICBE L CiREE T IR L 2 cd b, B2 B L 28
TNACTHBHETE 202322 C2OMRDZYELRELL 72, §IYE TV CIXAEFERY
WG 2 B L Tk o 3/MNE 23— MR CRBER L + 7 v 2K — % — O FEBE 0 1358
fLC X O F—ELEL T3, £ THROHPIGEEDORETIE. ATOM DJEIK % i€
TAERU S FFRICCTT S 2 2 L & Lz, BINET L2 V72 Fr & Fal OB HEIZAT
D@ Y TH 5 (Equation 2-32, 3-33), Far (3¥)[ELEEHR CEHNE T L CTIRIHILE 2R ZFIAL 72
BABINEZ RS C e b, BHED S FERMIE~DEY JAKL D B THRE T 5 TIGE & ERR
L7z FRICOWTIEFHIVIRINE 7L D BRI 5 X %Z BRI L. Equation2-33 @ X 5 ICEH L

7"—,
~o

Yk flumclum,zvlum,z
ap Vwater,Z+V]um,Z (2_32)
Dose

Far =
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(kent+kbp) _ FAI(kbp/kax)
kax FaFg

Fr=1+ (2-33)

Kapr Kaxe Kops Kent (3% NLENEED © BRI~ DHL Y A BIKEEELL, ERGHINE 2> &

~OPEHREER BRI 2> O AR ~ D B D JA B FEER, BRI 3510 2 G

@}Eﬁé&%ﬁ:\‘j—o ifl flum\ Clum,z\ Vlum,z\ Vwater,z 6i%n‘%n{ﬁﬂ: ﬁ‘ﬂ”tlj\]@ CIT@;HE, \1{\

BIENOAIE z 1B 2 EIENEYIRE. ([E z ICB 1T 2 EREOMKE. fLE z ICB 1T 5K

BERT A, dHlIE=2ICEE L 2. S RO E T V&7 FRINEOREC Ik, #

H1E 70 L [AERIC CYP3A KU P-gp DREBBRIFEfLIC L 5F—Ee LTE Y, Lo sT 2

— ZIEPENOAEIC K 5T —EDEZERMN L 7=,

¥ FaOBEHAEE L CIRFEMRICEIN T T A ZHH L, Py KTFH7R Fu KN Fa D 7' 0 7

FANEY I 2L —va v L CXxOBBRMEEZRET Lz, S TCEHNETAICEIT S Fa

Equation 2-32 1Z7" 3 X 5 ICTH(LEERED © FRHIAI~DHELY 1A D B THIE X 5 (A

Mo P ZERE L )RR L ER L THHNE T VICEH T 5 Fa (HILERRZFIAL

T2 ERRICR) & iR L 72, 28I T IS T Fo BRIEGED O KIBICBITL 238 YE %

ZLFIWTHEEL 7,

2.2.8 T — ZUEE L OGEIRFLHE

CYP3A KU P-gp DEVE 22 i 75 & NI FHFEAI 14 T DWW Tid, FDARED v = 79 A4

F[401% SN L 72, 220 ZNOKR DDl 7 — 2 (162 )X, 7> v F v R¥DT

— & X — Z(Drug Interaction Database, University of Washington)% i/ L THUS L 7z, & [ElD
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b Ic 7 A AESEBE. 1. WA 3 B E TR S T 5. 2. fRERA CRHill

INTWE, 3. [HEFEE & RIRRS -3 ERESORICERESE L Tw3b, 4. FE DI

YiEhE s HIE <& 2 JHEHIPH < DI B2 i L T2, @ 45602l TwaET —

RERH LT, 2870 NICHESRNCE S % in vitro X T in vivo 7 — Z 13—

Pharmapendium® (Elsevier) % Fi V> TIE¥R % BUf L 7z (Table 2-3, 2-4, 2-5), 72 ¥ AUCR K X t10R

ICBE L T PIEME 2 SCNIC R I T 2 a3 2 DEZ R L. RidW 05 & 13 HE

FIAIN R IR IC B 1 52 AUC filie O R 25 L T L 720 7RG 82 HE

AIFERIN 72 b T CR 72 2 5613, 5 THIIE L 72 AUC(AUC/Dose) % fH ] L Ttk

ZEHL 7,

229 fENTITIE

XT A — 2 DHEE L. error model % & ® T Marcov Chain Monte Carlo (MCMC)i%IC X > T

To7ze 2¥7 A — X OHERIDATIC I EEHRF A £ 721359 WHATDM 2R L, error

model 1B L CIXIEMDAE F 72 13 BUEM D2 R L 72, -8Enhicks T 2 BEOHE

AiorAn & LCld, 7Yy =B Z ML 72,

22,10 FHY Z7bv 7T

FRHTIZ 13 WinBUGS 1.4.3 26 L 7=, RIDERIC 1Z R(version 4.0.4)7% & (NIC Prism 6

(Graphpad) 7z i\ 7z,
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2.3.1 CYP3A4-CPR-HAC/Caco-2 HlJIE % F \» 7= MA@ ELZE s 1 5 B O

A 23 212 7= - T, midazolam DfEHYITH % 1’-OH midazolam DLl &E %

control S ¥ 1-ABT M CLLER L. BRRERYVIC CYP3A 23FEBL L T\ % 0> 2 fifERE L 72 (Figure

2-7) % DFER, 1’-OH midazolam % control £ TR X LT % —77 T 1 mmol/L 1-ABT %

MR I NTEL TARMIZICE T CYP3A DSHEFEL T WA 2 L ZHER L 72, £ 7-

0.5 pmol/L elacridar #NHN#E T 1% 1’-OH midazolam D4 AE T control #E L [AI%ETH 5 & & 2>

5. 0.5 umol/L elacridar I3 CYP3A % PHE 2371 P-gp ZHET % L& 2 & 7z (Figure 2-7).

¥ 7z P-gp DHIAIELE ©H 5 digoxin, fexofendaine (C T 1 mmol/L 1-ABT #5f1IC X % Ato B

JF 1D Papp 23 control HE L [AETH 5 2 & 25, 1 mmol/L 1-ABT (& P-gp ZFHEL Wb D &

% 2 b7z (Table 2-6), KICKIE D FE @ G ERRE FIC D\ T, P-gp AR CTH 2

digoxin, fexofenadine T Qax 23/5 { . CYP3A BRI o C 3 il \WFE TH 5 lovastatin,

midazolam T Qgm 2375 € 72 5 T\ 7z (Table 2-6) 2 & 226, SEFEH L 72 &R E Ic B W TH P-

gp 1T X Bk O CYP3A 1T X 2 NG HERE X 4172, KIT 1-ABT 7 b UNIC elacridar %

o HHICBE T 2@ 21TV Qaa XU Qom 2 HLH LB 0 il & o #EE D 5

FH L 72 Qaxa T Qaum & LR U CERER R B 75 % 3 3 conversion factor (CF)Z 5 H L7z, Z D

FE R Qaxa ICB43 % CF (CFoaxa)ld 0.11, Qom IC B3 2 CF (CFqom) i3 0.48 & BLH & #1172 (Figure

2-8), 232 UFOENET VICE T 2 DIf#fTo 7T —& &y b & L CRMED? OHEE X L7z

Qaxa MU Qom Z 3 2% icix, Lt CF 2L 72 ECfiiH L 72,
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232 HPINCEEOREN

RIHEE O FRIE % H I $ % 777k & L. Equation 2-30 )X T8 2-31 Z V2T Fr & Fai @
B 2T L7z £ OFER. CRepxpe PIHIC X o THT 7B 7 7 A NMITEVBEDH E D DD
M 1T —E DB B 2 & HEH X 7z (Figure 2-5A), L7250 “HCiHHT 28T T L
(advanced translocation model; ATOM) T % [ABEIC Fr X U Fa DBERIEZRET L 72 & 2 A REED
7'a 7 7 AN E i Tz (Figure 2-5B) 2 & 52 B, FiEY N O BIRYE 7 VR CliE o BIfRPED — 2
T2b0LEZ LN, RIFFEICE W CIFHE % BHICT 2 72 0 li#E O BIfRY: % §idifk L.

Fr 25 Far D 0.8 fi5 TIEL T & % & K7€ (Equation 2-34) L 7=,

Fr = 0.8 X Faq (2-34)

KIT Fr DEHIC L HE 7 Far DFLHEEIC DWW T, invitro 287 A — X TH B Py ZIEEICEH
H3 2 Lo Z AR 7z, T E CEYEIEEY: T in vivo I 31T 5 /N5 I Bl R i 14
DIFEEL INTEANTA—XIEFATH DD, Puyp & Fa iCIIHBARR S H 2 2 L2 HI LN

TEh, B[40 T — 2 %ZH\2% & Equation 2-35 D X 5 IC Fa i3 TZ %,

pY
Fy = ——"2RB 1 1.520, ECso: 0.6747 2-35
A EC§0+Ppr (v 50 ) ( )

T ZTECsold 50 %D FalCiET 2 P HEZ R T o 7235 ECso MU y 13 BEHR[41]1H D 5Bk Al % {5

L CiiEft L7z, RIC Equation 2-32 THEZE L 72 Far 1T DWW T ATOM % F T Py & DA
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RUEEHER L 720 % OFER. Farld Pup IKIFHVICHEIM L, 222 Z D7 B 7 7 A VI Fa & Pup
Ta 77 ANEND B ) BETR 5 OB THBLL T 7z (Figure 2-6), % Z T ECso IC A7 —
VY7777 2 —(SFecso) 2 FE DT 22 & TPy b Fa ZBHHTEETH 2 L EZ LT

(Equation 2-36),

Py
Far o (2-36)

(SFECs0*ECs0)Y+P)

L 72235 T Equation 2-34 X U} 2-36 Z 25 Z & T, invitro X7 A —XTH 5 Py 2O
Fan ZLTCERREZEHTEZERTEEICR 572, 2 T233 UEOENET AL ZH 72 DI
FEMT CTIX B ILE T DWW T Py W72 Fr Z#HAIA R, CR KOV IR, AUCR.  tioR OHEE %

ffo 71:’:0

233 CR MUIR OHEE

TN EFEE R S BHEAN D in vitro LT in vivo TEEZINE L 72 LT T AN 21T\, /0N
i 3513 % P-gp D A5 ) OPHE F (CRax, IRAx) & CYP3A D753 UFHE # (CRow, IRam)s
HFIC 351 5 CYP3A DFF 5 OBHEZR (CRy, IRu) % #EE L 72 (Figure 2-9, Table 2-7, Table 2-
8)o FHHAEICEI L T CR 2MEE XN T % 23, P-gp ¥ 7213 CYP3A OMIAIWILE Ic T2 N L
CRax ¥ 7213 CRom 25/  EH & T 3 — T, P-gp FE Tld CRom. CYP3A JEE T3 CRax
PMEMEZ R LT3 22 b, HE S N7z P-gp KU CYP3A OF5EREBBRZYTH S

bDEEZ LN,
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234 AUCR KU tipR @ T

233 THEE X7z CR MUV IR %#{#F L T AUCR 72 6 TNIC 1R ZHH L. R <0 EHIfHE
& B L 72 (Figure 2-10), Z D, AUCR ICB L TlE 1.5 f5ANIC 80.0 %. 2 f5LANIC 91.4 %
DIEFE L tipR ICBI L CTid 1.5 f5LANIC 95.7 %, 2 fi5LAPNIC 100 %23 F7E L C V> 72 (Table 2-9),
L7235 T, SENTICHWZE T I X 5T, in vivo TEZE I 7z AUCR & tipR 28 REAF

W TE T b e EZ b7z,

235 ART—=VVIT77 I R=RUENNT X —XDREEHEE

SRl O EERIT in vitro & in vivo M DAERER A MO G DR L2014 D SF Z%E L T
WER, KT ET A ERWCRT =) v 77 7 7 2 —%H{EE T & 72(Table 2-10), T 72%-¢
T A= ZOfEHE(fan)lC O W THARRICHEH L 2L 2A T A -RBTELL RE->TEL T,

FEDNT XA =R o 2T Tld e E 2 b7,

23.6 #IEAIM D AUCR FHl

RN CIIE L HER DM A ALY L DHAFRZZNENTRT Z L BT 5,
CYP3A BVHIC B 1F BT D CYP3A 24 L 72 HAAER FHIE FADIZEREIC TS ClcidE L <
WB[15, 16, 17125, /NEICE T 5 P-gp MU CYP3A DAF 5% 50835 2 & T, P-gp DA G %
BO7/NGTEU AMAEERZ FHIT 2 2 L TE 3, £ %A OMEIER % Tl

T& % Z LIFHREY, 720 WICHREBEE IC OV TIERICHEETH 2 L EZObND, £
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I TCHHESE N CR KU IR ZHWT, 22 NDEE 7 6 NICHER Z & @ AUCR %

3D 7'\ v MITT/R L 7= (Figure 2-11), AREHE 7V 2 15H L CTHHT L Figure 2-11 ® X 5 7a v

VaT AR BT A LIick Y, %L OEFIBOMEAIERZ RN IC, »offfEIcEiE T

2bDLEZOLND,
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2.4 EE

P-gp & CYP3A IZ/NEGTHRIAL[42]. 200 %N LM EIER XY OEREAH % 5] &L
Z9[43], Tod 5%, invivo T — & 25 P-gp R CYP3A DHFEXREZHEL, TN bEHO
T DI % Tl 3 28197 V&S L72[33]. 0o 1/MEIc B 21053, fEic
B % CYP3A DFFEHRICMA. FHEM BN TD P-gp DFEHICOWTDH invivo DIFHR
2 HHEE L TV B2, invivo DIEHRBRIZREN TH V. 2TCOFGEEFmOSEMECH T
T30 RERESARELTwE EEZLNG, —J TN b CITRHFHIT D in vitro
V= i3% K, 2 ORBRMED L K MEINT WD, £ 2 Tinvivo IKHIZ . in vitro FRER{HE
FERHLZHmETAZMAS 21D, XVEWEECHFEELEHNTE2bDEEX
bz, F 7z invitro LU in vivo Dli 7 DGR % L T P-gp XU CYP3A DHEE L 72 9 2
TDI % Pl 28E T L oS X720, 5RO invitro KT in vivo [EROHAIC L
> T/NFIC BT S CYP3A MU P-gp /- L 7= DI # FHITZ 2T T VIZMEOHFS % &
DIAMEICHEECE 2 ke LTHIETH B L EZ LN,

—HC/NEICE T B P-gp KU CYP3A ODFEHREZHH T 2 -0 3FRMNICHEH S -
2b FEMIGICH Y IAE N 2B G EZ R T FRROBEHEELZHEL T 20E LB H 5, LErLEDXED
RN & v 5 B IE ., HEHE & RN & 5 1) & oD (8) % o 72 3 FEH ISR 72 HL D B 238 L v
ZedHY, INFTREZOREMEZRLARE X2V, 2 2 THEL HILERIRICHE -
THREBIE ICIRIN & % tube model % KGE L T, % D fECHEH S & v ) FFIRIGE

DS Z W (Figure 2-4) 35 2 LT X b . FHRINOEEEFRIVEL Y v Zrl[ggic L7z, Tk
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TIC in vivo /Mg EAIAEIC 351F 2 BOE R (Fa) & in vitro DiFEEME TH 2 Payp 13— HRIIC
MR 2 2 L I T 5([41], £l Fr & Fa @ BfRM:(Figure 2-5). 72 & ICEHN £ T
LEEH LT Fa & Fa DR % B3 (Figure 2-6)3 % C & T, in vitro iRERETH % Pup 205
FrETHIFT 2 LTI L7z, S0 FRREHICE D, REIT/NEGTD P-gp KT CYP3A
DT DFFEH % invitro DFAERED O THIFT 2 2 L ZR[EEICL TH Y, AFFEO L5 %M
Bt 32 LTI T2,

RICZD FrEEDHERET AVEMFEH L T, FFEAID invitro KW invivo T—X % b &
IS/ T D P-gp R TX CYP3A DEF 53 % B H L 7z (Figure 2-9, Table 2-7, Table 2-8), #5%H I
DWTEZNZEN CYP3A KU P-gp DFLGHRZIHEST 5 2 L1k L 7225, $FIT dual substrate
KL THhZNTNOFEGEEZRHHNTETCEY, ChETHEETH > 2D TOFGEKDOK
INDHIWTZ FIREIC L 7z, E 7200t L 72 5RO Z S EICBI L Clid, A p-gp B Tl
CRax 237 & . BHAU[) CYP3A FEB Tl CRom 255V i, I BERUAY P-gp BT B OF CYP3A #
HTlEZNZ N CRow MU CRax BIERITUKMETH 2 2 FET 2 L. ZDODHEIZYTH
5 LEZbNT,

AR D@ Y Tod b DIRE[33]TiZ P-gp KU CYP3A DFLGLKZIp8EL T 2 23, K DI
TEWO A ZFACTEEEOMEEZHEE L T 5 720 % OIEHRED N2 LIHOEHEME I 13K
FRAHEMES D B EE 2 O D, AJTiET invitro DIEREZ AW CHEREAHTEL, 5T in
vitro & invivo DAEHE R — V) v T 7 7 XA —THIELTW3 2 b, TRETIVE

R E . 2OHEICEHS Dt CE 2 kTR v rbEZ LN, TFE5EHRD KN
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FFTHE SR O BRI EAE BRI C X VRO R WEAOBRIC b2 5 2 L2 b,
ISR OH T H AT TR 5,

¥ 725 EIHEE X 17z CREX O IR i % {# L T STADAM Dt J5ik1c 30 % AUCR &
CtpR ZFHIL72& A, & iR LT AUCR ICBAL TiE 1.5 f5LINIC 80.0 %. 2 1
LANIC 91.4 %725, t1oR ICBA L TiE 1.5 f5LANIC 95.7 %, 2 5 ANIC 100 %23 fFfEL TH D
(Figure 2-10, Table 2-9), FEKR COMER L BIFICTFHIL 2D EZ bz, $/-2hET
CR-IR % i\~ 72 M0 BB 49 %8 (pharmacokinetic interaction significance classification system,
PISCS)[34]TlZ. APl CYP3A D FE <A L CPHERIGFHK D AUCR 28 2 5L b & Fill X
NECHBEDLLFIHIED 7RI v 7 RFEMI N T A ADEIIH 70%TH S Z &
VRGN TE Y . PEARIRSLE R EF ST RN T 2 a[REER R ST\ 5, —F
TERTOMAMEHAICOWT DIREZ EiT 2 D IRHENTIERVEL L, % A
DI % IEHEICTHICT % 3 75 OSBRI 2 FEhie 3 Ic i c % 2 R CIFR ICEHE TH
2EZONS, SRIOFHEHE T VIL P-gp FE % dual substrate IZ DILIRL TV 5728
L0% L OFEFAEALTDI FHlZAREICL T Y, XV E K oMAFRZ Yt s L
2> O B REABREEE 75 © IR IC B T D ICEEHICHICE 2 L B2 b b, A%
TN DEREIZ/NMETD P-gp LU CYP3A FHE I X 3 AUCR ##EECEEAIRcFHlcE 32 &
ISz, BRI COMAER S EFALL T W3 Z L5 t1,R DT O ARETH 2 A H
Fon g, PRIAIIRERGROEREICHEST 2720, VA7 ~4 Y AV b EEERBN

Thd, L7zDPo>T, iR ZGMICTFHITE 2 2 & HERRISG CoEHICE L CTida1E
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TRV LEEZ LT,

— 7 CTEETF D in vitro 3RS B (Papp 78 & TNIT CLin) 2SS & 7 2> o 72 FE SR HA|
(budesonide, cerivastatin, dabigatran etexilate, pravastatin, repaglinide, rosuvastatin) (ZEf L T (% HhE
KOREEFHEXE M X 0 b IEFHITK EF < 72 o T 72 (Figure 2-9, Table 2-7), Z 4113 in vitro
RRMEOEELZ N T NOFEGHROEEMICKECELGT 22 L 2R BT 25, SEIF% LD
in vitro FABRT — X AL T 22, ZTHEF ST 2w ikBafE b EEFFEL Tv
5, ZZTINLDFEANCOWTIF XY IEMRETFGELHE T 2720, 51 in vitro aABR{H
AR T e nEENS, F 725 EIHV 72 CYP3A4-CPR-HAC/Caco-2 A 13 A= #i iy 75
CYP3A I8 %ZH L T\ % Caco-2 Mifld T, HLEBRINZ LS 2 HNTH 2 L&A E, b
7 VAR — X —nkiENE. CYP3A IC X2 RG22 THL TWwa Z e hb—RoRET
ZNHDNT A= ZOFHliAFRETH b, ChFE T LELOERZIANMZ 2 in vito ¥V — b
& LT, CYP3A 5&HIFE NG ERHIE[44, 451001858 g [46, 47105 S T ¥ 72
2. WFRD AP 7 CYP3A BB TRV 2 b, MR R B A L v 2 & 2 5 i L)
INETFHEI~OERBE R L Tk, ZO7DHHRTIE N X =2 Z L)l 4 oy —u
FHOWCFHNT 2 2 2 083% <, NI A =2 %Rz 2DCKEMEZELTCLE S, SHD
CYP3A4-CPR-HAC/Caco-2 #lifld 1% P-gp 1T X 2 Wikt L OF CYP3A 1T X 2 fRERETE 2 B 58 &
T\ 7=(Table 2-6, Figure 2-7), EHMBIFICIIIEH TS K DB LM 2 BT 2720, &
I O EH  BHIR IR E I n 5, % CHEMMTHSER T X — 2 2 ST E 3B

V— W IEIETH 325, S L 72 CYP3A4-CPR-HAC/Caco-2 flfE % Fi v 7= 3 ER i o B
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SRS %RBRET 2 Z eBHfFI NS, £7250IT/NED P-gp & CYP3A %4 L7 DI ICEH
L7225, P-gp °° CYP3A MAMC b YO EPICEE S 2 F 7V AFR—X—& LT
BCRP[48, 491 AT =4 v + 7 v A K — X —(organic anion transporting polypeptide,
OATP)[50], iR & L T2 v vigia A CHEE SR (UDP-glucuronosyltransferase, UGT)[51,
) EHEINT VS, SRIFFHIN R T2 EME ¢, X 5ICJAHi7Z DI Pl Z s
5z e RREE NG,

fhame LC, SIS L 72 F RN E 7 v 1 in vitro X OF in vivo DTl /5 O1EH % F v
TIHLE D P-gp KT CYP3A ® CR & IR ZHff L CHEERIRETH v . WHILE coOMAIEH
% & ® 7z AUCR O toR ZMEFERIC THI 5 2 L ZA[REIC L 7z, F 725 m o FHlE €T
JBRIRBS . FERF OMEIC B W OUCHRETH 2 L FE 2 b, ZOIERHRES L

%
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2.5 /N

AWE TR L E I E TV IcBIL < T ORI 21572,

v BRINEEZETAET S L THROBEESEYRINE T LV EREEL,
STADAM IZHLAIAA T, /NETD CYP3A N P-gp D5 % 73T 5 2 & ICHI)

L. ZNLNOFERROHEREZRLL 72,

v INED CYP3A LU P-gp DEFGH L FHERZ M L T AUC 21kt 7z & TN 350
et L7z 8 25, 90 %A EoflAafba AFREED 2 FUMICE Y, B

Ue FHMEZ R L 72,
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Table 2-1 Dose proportionality of substrates

Dose range of a substrate

Reported dose

Substrate applied in the DI study proportional range Ref.
(mg) (mg)
aliskiren 75 - 300 75 - 600 221
alfentanil 1-3.012 NA -
alprazolam 05-1 -10 223
atorvastatin 0.05-80 25-80 222
budesonide 3 3-15 224
buspirone 10 10-40 225
cerivastatin 0.3-038 0.3-038 226
cyclosporine 140- 6812 NA -
dabigatran etexilate 0.375 - 300 10 - 400 227
digoxin 0.25-0.75 NA -
felodipine 5 25-10 228
fexofenadine 0.1-180 20 - 240 229
lovastatin 20 - 40 10-40 230
midazolam 0.0001 - 15 75-15 231
nifedipine 20 NA -
pravastatin 40 -40 232
repaglinide 0.25 0.25-3 233
rosuvastatin 0.025 - 80 10- 80 235
simvastatin 40 NA -
tacrolimus 28-T1° 3-10 234
triazolam 0.125-0.25 0.125-0.25 236
zolpidem 5-10 25-10 237

NA: Not applicable




a: Body weight was used as 70 kg for the calculation of dose.
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Table 2-2 Q1/Q3 transitions of analytes and internal standards

Compound Q1/Qa3 transitions (m/z)
midazolam 326.05/291.20
atorvastatin 559.52 / 440.40
lovastatin 405.54 /199.30
tacrolimus 821.63/768.60
alprazolam 309.45/281.30
triazolam 343.35/308.30
aliskiren 552.65/436.60
digoxin 798.55/651.60
fexofenadine 502.42 / 466.30
1’OH-midazolam 342.13/203.20
sulfaphenazole 315.11/158.70

cyclosporine D 1233.76 / 1216.80
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Table 2-3 Information of DIs

Dose of
Dose of a Dose
an
Substrate substrate Inhibitor corrected t12R Ref.
inhibitor
(mg) AUCR
(mg)
aliskiren 150 itraconazole 200 6.33 1.06 53
aliskiren 75 cyclosporin 200 4.28 1.77 54
aliskiren 75 cyclosporin 600 4.99 1.81 54
aliskiren 300 verapamil 240 1.78 0.84 55
aliskiren 300 ketoconazole 200 1.78 NA 56
alfentanil? 1 ketoconazole 400 9.2 3.92 57
alfentanil 2.8 fluconazole 100 1.8 1.40 58
alfentanil 2.8 fluconazole 200 2.9 1.60 58
alfentanil 2.8 fluconazole 400 4.9 2.60 58
4.3 ng/kg
(with
alfentanil inhibitor) ritonavir 300 24.8 11.00 59
43 ng/kg
(control)
4.3 ng/kg
(with
alfentanil inhibitor) ritonavir 400 10.0 5.55 59
43 ng/kg
(control)
alprazolam 0.8 itraconazole 200 2.66 2.57 60
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alprazolam 1 ketoconazole 200 3.98 3.88 61
alprazolam 0.5 ketoconazole 400 2.70 2.45 62
alprazolam 0.5 ketoconazole 200 291 2.45 62
atorvastatin 20 itraconazole 200 2.75 1.30 63
atorvastatin 80 itraconazole 200 1.47 1.50 64
atorvastatin 0.05 itraconazole 200 5.23 2.71 65
atorvastatin 80 clarithromycin 500 4.45 NA 64
atorvastatin 0.05 clarithromycin 500 3.69 1.80 65
budesonide 3 ketoconazole 200 6.81 1.07 66
budesonide 3 ketoconazole 200 3.96 1.98 66
buspirone 10 itraconazole 200 14.48 NA 67
buspirone 10 itraconazole 200 19.15 1.80 68
buspirone 10 erythromycin 500 591 1.73 68
cerivastatin 0.8 itraconazole 200 1.27 1.19 63
cerivastatin 0.3 erythromycin 500 1.21 1.11 69
2 mg/kg
(with
cyclosporine inhibitor) | ketoconazole 200 531 NA 126
8 mg/kg
(control)
cyclosporine 681° erythromycin 250 2.22 1.07 127
dabigatran
300 clarithromycin 500 1.97 NA 70
etexilate
dabigatran
300 clarithromycin 500 1.49 NA 71
etexilate
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dabigatran

0.375 clarithromycin 500 4.21 1.21 65
etexilate
dabigatran
0.375 itraconazole 200 7.39 1.23 65
etexilate
dabigatran
150 verapamil 120 2.43 0.94 72
etexilate
dabigatran
150 verapamil 240 1.71 0.95 72
etexilate
dabigatran
150 verapamil 120 2.08 0.95 72
etexilate
dabigatran
150 verapamil 120 1.54 0.96 72
etexilate
dabigatran
150 verapamil 120 1.18 1.06 72
etexilate
dabigatran
150 verapamil 120 1.39 1.06 72
etexilate
digoxin 0.25 verapamil 80 1.50 NA 73
digoxin 0.25 clarithromycin 500 1.47 1.73 74
digoxin 0.75 clarithromycin 250 1.64 NA 75
digoxin 0.4 clarithromycin 500 1.35 1.50 76
digoxin 0.5 clarithromycin 500 1.57 1.79 77
digoxin 0.5 ritonavir 400 1.37 NA 78
digoxin 0.5 ritonavir 400 1.16 NA 78
digoxin 0.4 ritonavir 200 1.22 1.43 79
digoxin 0.5 itraconazole 200 1.68 1.38 80
felodipine 5 itraconazole 200 6.34 1.71 81
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fexofenadine 60 fluvoxamine 50 1.78 0.96 82
fexofenadine 60 itraconazole 200 2.78 0.84 83
fexofenadine 60 itraconazole 200 3.05 0.80 83
fexofenadine 60 itraconazole 200 2.69 0.91 83
fexofenadine 120 itraconazole 100 2.73 1.02 84
fexofenadine 180 itraconazole 200 2.29 0.88 85
fexofenadine 180 itraconazole 200 3.01 0.92 85
fexofenadine 60 itraconazole 50 2.09 1.05 86
fexofenadine 60 itraconazole 100 2.53 1.06 86
fexofenadine 60 itraconazole 200 241 111 86
fexofenadine 0.1 ritonavir 20 141 0.94 87
fexofenadine 0.1 ritonavir 100 2.19 0.94 87
fexofenadine 60 ritonavir 300 2.8 1.07 59
fexofenadine 60 ritonavir 400 1.4 0.98 59
fexofenadine 120 ritonavir 100 2.23 1.12 88
fexofenadine 60 azithromycin 250 1.71 NA 89
fexofenadine 120 ketoconazole 400 2.64 NA 90
fexofenadine 120 erythromycin 500 2.09 NA 90
fexofenadine 60 verapamil 240 1.3 0.94 91
fexofenadine 60 verapamil 240 1.6 0.94 91
fexofenadine 60 verapamil 240 18 0.97 91
fexofenadine 120 verapamil 80 2.48 0.76 92
fexofenadine 120 diltiazem 100 1.07 1.03 84

lovastatin 40 itraconazole 100 14.8° 1.42 93
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lovastatin 20 diltiazem 120 3.57 0.92 94
midazolam 2 itraconazole 50 2.0 1.76 95
midazolam 2 itraconazole 200 4.7 2.84 95
midazolam 2 itraconazole 400 5.4 3.24 95
midazolam 0.01 itraconazole 200 6.80 1.79 65

7.5

(with

midazolam inhibitor) | itraconazole 200 12.32 2.81 96

15

(control)

midazolam 7.5 itraconazole 100 5.75 1.92 97
midazolam 7.5 itraconazole 200 10.77 2.82 98
midazolam 0.01 clarithromycin 500 4.71 1.76 65
midazolam 5 ketoconazole 100 2.3 NA 99
midazolam 5 ketoconazole 400 3.9 NA 99
midazolam 5 ketoconazole 400 4.9 NA 99
midazolam 5 ketoconazole 400 5.4 NA 99
midazolam 5 ketoconazole 200 2.7 NA 99
midazolam 5 ketoconazole 400 4.2 NA 99
midazolam 1 ketoconazole 400 4.77 NA 100
midazolam 2 ketoconazole 400 17.08 3.76 62
midazolam 2 ketoconazole 200 15.32 3.71 62
midazolam 0.0001 ketoconazole 400 19.5 6.71 101
midazolam 0.0003 ketoconazole 400 18.8 4.77 101
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midazolam 1 ketoconazole 400 10.9 2.60 101
midazolam 3 ketoconazole 400 13.6 2.48 101
midazolam 7.5 ketoconazole 400 15.90 3.11 98
midazolam 2 ketoconazole 400 7.64 2.47 102
midazolam 5.505° ketoconazole 400 9.53 NA 103
midazolam 0.075 ketoconazole 200 6.47 1.59 104
midazolam 5.505° ketoconazole 400 9.51 5.90 105
midazolam 10 ketoconazole 200 6.56 1.06 106
midazolam 6 ketoconazole 200 15.1 5.82 107
midazolam 2 ketoconazole 400 10.28 1.88 108
midazolam 2 ketoconazole 400 13.14 2.33 108
midazolam 2 ketoconazole 400 13.96 2.64 108
midazolam 2 posaconazole 200 4.98 2.13 102
midazolam 2 posaconazole 400 5.27 2.63 102
midazolam 2 posaconazole 50 3.04 NA 97
midazolam 2 posaconazole 100 3.95 NA 97
midazolam 2 posaconazole 200 6.00 NA 97
midazolam 10 fluvoxamine 100 1.39 2.16 106
midazolam 2 diltiazem 60 4.05 2.29 109
midazolam 2 diltiazem 240 3.34 2.61 109
midazolam 2 diltiazem 240 3.29 2.11 109
midazolam 3 fluconazole 100 2.4 1.25 58
midazolam 3 fluconazole 200 3.6 1.46 S8
midazolam 3 fluconazole 400 5.3 1.50 58
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midazolam 0.1 ritonavir 20 591 3.68 87
midazolam 0.1 ritonavir 100 14.7 12.1 87
midazolam 7.5 voriconazole 400 10.28 3.67 110
midazolam 0.003 voriconazole 50 1.84 1.07 111
midazolam 0.003 voriconazole 400 6.95 2.19 111
midazolam 2 itraconazole 200 7.97 NA 128
nifedipine 20 diltiazem 60 2.40 1.30 112
pravastatin 40 itraconazole 200 1.56 1.23 63
pravastatin 40 itraconazole 200 1.12 1.00 64
pravastatin 40 clarithromycin 500 2.11 NA 64
pravastatin 40 verapamil 480 1.32 NA 64
repaglinide 0.25 itraconazole 100 1.42 1.23 113
repaglinide 0.25 clarithromycin 250 1.40 1.21 114
repaglinide 0.25 cyclosporin 100 2.54 0.98 115
rosuvastatin 10 itraconazole 200 1.26 NA 116
rosuvastatin 80 itraconazole 200 1.40 1.08 116
rosuvastatin 0.025 itraconazole 200 1.64 2.82 65
rosuvastatin 0.025 clarithromycin 500 1.70 1.94 65
simvastatin 40 verapamil 480 4.22 NA 64
simvastatin 40 verapamil 240 4.6 1.67 117
simvastatin 40 clarithromycin 500 9.95 NA 64
simvastatin 40 ketoconazole 400 12.55 1.86 105
simvastatin 40 erythromycin 500 6.2 1.75 117
simvastatin 40 posaconazole 50 5.65 NA 118
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simvastatin 40 posaconazole 100 10.31 NA 118
simvastatin 40 posaconazole 200 10.60 NA 118
tacrolimus 3 itraconazole 200 3.32 NA 128
0.04
mg/kg
(with

tacrolimus ketoconazole 200 2.88 NA 129?

inhibitor)

0.1 mg/kg

(control)
tacrolimus 3.49° posaconazole 400 4.23 1.24 130
tacrolimus 3 voriconazole 200 441 NA 131
tacrolimus 3 voriconazole 200 5.00 NA 131
tacrolimus 3 voriconazole 200 6.02 NA 131
triazolam 0.25 itraconazole 200 8.73 NA 119
triazolam 0.25 ketoconazole 400 8.15 NA 119
triazolam 0.25 ketoconazole 200 13.72 6.10 122
triazolam 0.125 ketoconazole 200 9.16 3.97 120
triazolam 0.25 ranitidine 75 111 0.98 121
triazolam 0.25 ranitidine 150 1.28 1.03 121
triazolam 0.25 ranitidine 75 1.31 1.03 121
triazolam 0.25 ranitidine 150 1.28 1.02 121
zolpidem 10 itraconazole 200 1.32 1.17 123
zolpidem 5 itraconazole 100 1.32 1.05 124
zolpidem 5 ketoconazole 200 1.67 1.30 124
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zolpidem 5 fluconazole 100 1.31 1.06 124

zolpidem 10 voriconazole 200 1.48 1.35 125

NA: Not applicable, AUCR: AUC ratio, t1,2R: half-life time ratio

a: One milligram of ds-alfentanil was administered.

b: Mean body weight in DI study was multipled for the calculation of dose.

c: The value of AUC in the control group was assumed to be 15 ng h/mL, although > 15 ng h/mL was

mentioned as AUC in the control group.
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Table 2-4 Pharmacokinetic parameters of substrates

Papy CLint,i
CLn plood® .
Substrate f, Ry | fu? F Foo | Xui (x10 (WL/min/pmo |  Qem Qaxa Ref.
(mL/min/kg)
emisec) | CYP3A)
aliskiren 0.53 | 0.676% | NA 3.21 0.026 | 0.87 | 0.00¢ 0.048 NA 0.37f 0.16f 132, 133, 134, 135
14, 136, 137, 138,
alfentanil 0.079 | 0.63 0.87 7.94 0.46 0.69 0.00 29.2 0.950 0.033 0
139, 140
14, 134, 141, 142,
alprazolam 0.2 0.85 0.8 0.78 0.86 0.97 0.25 25.5 0.001 0.00¢ 09
143, 144, 145
139, 144, 146, 147,
atorvastatin 0.02 0.55 0.99 18.27 0.14 0.28 | 0.00¢ 4.9 0.272 0.056f 0.08f
148
budesonide 0.15 0.8 0.76 25.50 0.10 0.00 | 0.00¢ NA NA NA NA 140, 149, 150, 151
14, 139, 140, 152,
buspirone 0.05 0.81 0.93 25.50 0.04 | 0.00 | 0.00 254 2.17 0.085 0
153, 154
134, 144, 155, 156,
cerivastatin | 0.009 | 0.511% | 0.37 5.87 0.60 | 0.77 | 0.00 6.44 NA NA NA
157, 158, 159
cyclosporine | 0.10 1.36 0.79 3.88 0.219 | 0.85 | 0.00 0.5 0.396 0.79 0.79 139, 140, 160, 161
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dabigatran

134, 162, 163, 164,

0.65 | 0.8382 0 1.68 0.07 | 0.93 | 042 1.13 (0 0 NA
etexilate 238
134, 165, 166, 167,
digoxin 0.75 | 1.076 0 1.53 0.751 | 094 | 0.76 1.1 (0 09 7.41f
168, 169
felodipine 0.003 0.7 0.99 20.04 0.142 | 0.21 | 0.00 4.2 23.4 5.57 0 139, 144, 170,171
139, 168, 169, 172,
fexofenadine | 0.112 | 0.635% 0 341 0.33 | 0.87 | 0.33 1.2 (0 0¢ 1.91f
173
139, 144, 174, 175,
lovastatin 0.05 | 0.762 | 0.9 25.04 0.05 | 0.02 | 0.00 14.5 48.8 2.95f 09
176
14, 139, 144, 177,
midazolam 0.02 0.55 | 0.99 15.09 0.25 | 0.41 | 0.00 32.5 6.80 0.15f 09
178, 179
nifedipine 0.05 | 0.672 | 0.71 12.09 0.63 | 0.53 | 0.00 23.5 2.20 0.094 0 139, 180, 181, 182
134, 140, 183, 184,
pravastatin 0.5 | 0.555% | 0.52 20.45 0.17 | 0.20 | 0.44 0.11 NA NA NA
185, 239
repaglinide 0.02 0.6 0.3 5.04 0.56 | 0.80 | 0.00 24.1 0.472 0.020 NA 134, 140, 186, 187
rosuvastatin 0.12 | 0.566% | NA 17.89 0.20 | 0.30 | 0.25 0.5 NA NA NA 134, 168, 188, 189
simvastatin 0.05 0.57 | 0.99 25.50 0.05 | 0.00 | 0.00 6.8 69.6 10.24 0 139, 144, 190, 191
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tacrolimus 0.01 | 0.65% | 0.99 0.74 0.17 | 097 | 0.01 13.1 13.2 1.72 0.67 134, 139, 144, 192

139, 144, 193, 194,
triazolam 0.099 | 0.62 | 0.98 11.40 0.44 | 0.55 | 0.05 28 0.006" 0.00¢ 0¢
195, 196

zolpidem 0.075 | 0.76 | 0.26 0.10 0.675 | 1.00 | 0.00 31.9 0.022 0.0007 0 139, 140, 197

fin: fraction metabolized by CYP3A4 in the liver, CLnpiooa: hepatic clearance in blood, F: bioavailability, Fn: hepatic bioavailablity, X, : urinary excretion ratio
of unchanged form after intravenous administration, Pap: apparent permeability in Caco-2 cells, CLiy;: intrinsic clearance in intestinal microsome, Raux: net
flux ratio with or without a P-gp inhibitor in Caco-2 cells

NA: Not applicable

a: The values were referred from ADMET Predictor® (version 9.0, Simulations Plus, Inc.).

b: The values of f,, of dabigatran etexilate, digoxin and fexofenadine were assumed to be 0 because they are not metabolized by CYP3A.

¢: CLupi00d of budesonide, buspirone and simvastatin were assumed to be equal with Qn (25.5 mL/min/kg) [198] because calculated values were above Qx.

d: Raux of alfentanil, alprazolam, buspirone, felodipine, lovastatin, midazolam, simvastatin, triazolam and zolpidem were assumed to be 1 according to reference
169 or the results of perpeability study using CYP3A4-CPR-HAC/Caco-2 cells. In the case of P-gp substrates whose Raux were unavailable, the values were
assumed to be NA.

e: Assumed to be 0

f: Calculated values used from permeability study in CYP3A4-CPR-HAC/Caco-2 cells with a conversion factor

g: The values of Qaxa or QoM were assumed to be 0 because calculated values using the results of permeability study in CYP3A4-CPR-HAC/Caco-2 cells were

0 or minus.
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h: LogP value of budesonide is 1.9 (PubChem Compound database), therefore, F4 value of busdenoside was assumed to be 1 considering the reported correlation

between lipophilicity and F4 values [240].
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Table 2-5 Inhibitory parameters of CYP3A4 and P-gp

Molecular CYP3A4 K; P-gp I1Cs¢°
Inhibitor Ref.

weight? (umol/L) (umol/L)
azithromycin 748.996 105 21.8 199, 200
clarithromycin 747.964 5.49 7.0 201, 202
cyclosporin 1202.635 0.98 0.29 202, 203
diltiazem 41452 0.49 4.6 204, 205
erythromycin 733.937 8.82 54.8 204, 206
fluconazole 306.277 1.9 400° 207, 208
fluvoxamine 318.34 2.6 146.7 209, 210
itraconazole 705.641 0.3 0.46 202, 211
ketoconazole 531.434 0.1 0.42 202, 211
posaconazole 700.792 3.44 3.0 212,213
ranitidine 314.404 500 500° 214, 215
ritonavir 720.948 0.38 15 202, 216
verapamil 454.611 9.6 4.05 217, 218
voriconazole 349.317 0.66 2.2 219, 220

a: Molecular weight was referred from PubChem Compound database.

b: The ICso value of P-gp was assumed to be same with the maximum concentrations used in the
experiments because the ICso value were over the maximum concentration.

c: 1Cso value was assumed to be equal with K; value because concentration of a test substrate in the

experiment was quite below Ky, value.
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Table 2-6 Permeability study using CYP3A4-CPR-HAC/Caco-2 cells

Papp, Ato B

(x10 cm/sec)

Papp, Bto A

(x10 cm/sec)

Compound Qaxa | Qam
CYP3A P-gp P-gp
Control Control
inhibition inhibition inhibition
midazolam | 28.8+0.41 | 35.9+1.58 | 33.7+3.77 34.2+1.19 39.1+0.92 0* 031
atorvastatin | 0.07£0.01 | 0.04+0.01 0.09+0.04 7.09+0.24 5.38+0.24 0.78 | 0%
lovastatin | 1.24+0.14 | 7.34+4.32 | 1.4840.60 3.93+0.17 2.55+0.16 0® |6.16
tacrolimus | 0.67+0.20 0.99° 1.89+0.76 24.0+1.89 9.19+1.28 6.35 | 3.59
alprazolam | 8.19+£1.50 | 7.20£1.89 9.42+1.23 17.7+£1.11 16.8+3.19 0?2 0?2
triazolam 11.0+1.83 | 9.58+0.38 14.4+3.25 19.7+1.42 21.2+4.69 0?2 0?2
aliskiren 0.13+0.06 | 0.21+0.07 0.17+0.07 2.31+0.32 1.17+0.19 1.49 | 0.76
digoxin 0.25+0.02 | 0.19+0.04 5.26+0.73 11.2+0.41 3.33+0.03 69.87 | 02
fexofenadine | 0.07+0.02 | 0.06+0.00 0.16+0.02 3.78+0.65 0.45+0.01 17.97 | 0

Values were shown as mean £ SD (n=2-3). 1 mmol/L 1-ABT (a CYP3A inhibitor) or 0.5 pmol/L

elacridar (a P-gp inhibitor) was added in CYP3A or P-gp inhibition group.

a: Values were assumed to be 0 because calculated values were almost or below 0.

b: Result of two samples were represented because concentration of one sample was thought to be

outlier.
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Table 2-7 Estimated CR values

CRax CRax CRewm CRewm CRu CRy
substrate

median | 25%-75% CI median 25%-75% CI median 25%-75% ClI
ALF 0.04 (0, 025) 0.35 (0.09, 0.56) 0.95 (086, 1)
ALI 0.05 (0, 0.26) 0.60 (023, 038) 0.34 (0.02, 0.75)
ALP 0.04 (0, 025) 0 (0, 0) 0.77 (061, 0.9)
ATR 0.04 (0, 0.25) 0.33 (0.03, 0.57) 0.77 (055, 0.96)
BUD 0.24 (0, 0.76) 0.24 (0, 0.72) 057 | (023, 0.82)
BUS 0.04 (0, 029) 0.65 (0.39, 0.82) 0.93 (071, 1)
CRV 0.07 (0, 048) 0.06 (0, 043) 029 | (0.02, 0.66)
CYC 0.06 (0, 027) 0.40 (0.03, 0.76) 0.70 (0.26, 0.96)
DAB 057 |(0.35, 0.75) 0 (0, 0) 0.10 (0.01, 0.3)
DIG 0.62 | (049, 0.74) 0 (0, 0) 0.04 (0, 0.17)
FEL 0.01 (0, 0.08) 0.64 (0.11, 0.9) 075 | (0.25, 0.98)
FEX 0.49 (0.37, 0.6) 0 (0, 0) 0.07 (0, 0.19)
LOV 0.01 (0, 0.07) 085 | (061, 096) | 065 | (0.26, 0.95)
MID 0.01 (0, 0.06) 0.71 (0.64, 0.76) 0.86 (0.79, 0.93)
NIF 0.06 (0, 0.39) 038 | (003, 072) | 061 (0.1, 0.97)
PRV 0.08 (0, 041) 0.08 (0, 042) 041 | (012, 0.69)
REP 0.11 (0, 05) 0.18 (0.01, 042) 0.28 (0.03, 0.61)
RSV 0.06 (0, 04) 0.06 (0, 0.39) 0.35 | (0.02, 0.78)
SIM 0 (0, 0.01) 0.82 (0.66, 0.92) 0.86 (0.67, 0.98)
TAC 0.03 (0, 011) 0.38 | (0.04, 065) | 082 | (059, 0.97)
TRI 0.05 (0, 0.27) 0 (0, 0.01) 0.99 (093, 1)
ZOL 0.03 (0, 022) 0.01 (0, 0.03) 030 | (0.06, 054)

CI: confidence interval

ALF: alfentanil, ALI: aliskiren, ALP: alprazolam, ATR: atorvastatin, BUD: budesonide, BUS:
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buspirone, CRV: cerivastatin, CYC: cyclosporine, DAB: dabigatran etexilate, DIG: digoxin, FEL:
felodipine, FEX: fexofenadine, LOV: lovastatin, MID: midazolam, NIF: nifedipine, PRV: pravastatin,
REP: repaglinide, RSV: rosuvastatin, SIM: simvastatin, TAC: tacrolimus, TRI: triazolam, ZOL:

zolpidem
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Table 2-8 Estimated IR and V; values

IRAx IRAx IRem IRem IRK IRH Vi Vi
inhibitor

median 25%-75% ClI median 25%-75% ClI median 25%-75% CI median 25%-75% ClI
AZI 0.76 (0.36, 0.96) 0.44 (0.12, 0.84) 0.09 (0.01, 043) 4.24 (2.36, 7.35)
CLA 0.89 (0.76, 0.96) 0.91 (0.82, 0.97) 0.53 (0.3, 0.73) 10.28 (7.44, 13.98)
cyc 097 | (091, 099) | 092 | (079, 098) | 055 | (0.26, 0.83) 16.33 | (10.86, 23.63)
DIL 057 | (037, 076) | 092 | (083, 097) | 054 | (0.35, 0.73) 4422 | (3454, 56.06)
ERY 057 | (033, 079) | 089 | (076, 096) | 046 | (0.23, 0.67) 8.14 (5.97, 11.05)
FLU 0.05 (0.03, 0.12) 0.92 (0.83, 0.96) 0.51 (0.34, 0.66) 26.89 (20.82, 34.37)
FLV 011 | (003, 035) | 082 | (056, 095) | 037 | (0.14, 067) 14.5 (9.62, 21.18)
ITR 0.95 (091, 0.97) 0.97 (094, 0.98) 0.73 (0.62, 0.83) 28.05 (22.7, 34.33)
KET 095 | (091, 097) | 099 | (098, 099) | 0.87 (0.8, 0.93) 7227 | (59.56, 86.66)
POS 0.93 (0.85, 0.97) 0.92 (0.85, 0.96) 0.55 (0.36, 0.72) 5.24 (4.03, 6.75)
RNT 047 | (012, 081) | 047 | (012, 081) | 0.09 (001, 0.3) 0.76 (044, 1.39)
RTV 0.96 (0.88, 0.99) 0.99 (097, 1) 0.9 (0.82, 0.96) 6.37 (45, 8.87)
VER 086 | (072, 095) | 074 | (054, 088) | 022 | (0.09, 0.43) 1474 | (108, 19.89)
VOR 0.89 (0.77, 0.95) 0.96 (0.92, 0.98) 0.71 (054, 0.85) 32.47 (25.01, 41.66)

a: The unit of V;is L.
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CI: confidence interval
AZI: azithromycin, CLA: clarithromycin, CYC: cyclosporine, DIL: diltiazem, ERY: erythromycin, FLU: fluconazole, FLV: fluvoxamine, ITR: itraconazole,

KET: ketoconazole, POS: posaconazole, RNT: ranitidine, RTV: ritonavir, VER: verapamil, VOR: voriconazole
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Table 2-9 Percentage of predicted AUCR and t;,R within 1.5- and 2-fold error from observed values

AUCR t1oR

Within 1.5-fold (Number) 129 155

Within 2-fold (Number) 148 162
Total 162

Within 1.5-fold (%) 80.0 95.7

Within 2-fold (%) 91.4 100
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Table 2-10 Estimated scaling factors and the precisions

Parameters median 25%-75% ClI
SFax 0.56 (0.47, 0.67)
SFem 1.14 (094, 15)

SFy 10.47 (855, 12.78)

SFecso 0.54 (0.29, 0.77)
tau_fm_sa 7.46 (6.89, 8.06)
tau_Ki sa 2.55 (236, 2.74)
tau_Ki 3a g 2.55 (237, 2.74)
tau_Ki_pgp 2.56 (2.37, 2.75)
tau_Qma 3.17 (296, 34)
tau_AUCR 45 (412, 4.92)
tau_Rrux 2.94 (272, 3.16)
tau_Rus 3.94 (3.62, 4.28)

CI : Confidence interval

SFax: a scaling factor about the ratio of P-gp transport activity and passive transport permeability
between in vitro and in vivo, SFgum: a scaling factor about the ratio of CYP3A metabolic activity and
passive transport permeability between in vitro and in vivo, SF,: a scaling factor about the ratio of
hepatic and intestinal imaginary distribution volume, SFecso: a scaling factor about the ratio of ECsg
values in Fa and Fa; calculation, K 3a ¢ Ki value for intestinal CYP3A inhibition (same value as

Ki 3a)

Parameter tau represents the precision expressed as 1/variance.
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Figure 2-1 Concept of static intestinal absorption model

CLa,in: influx clearance from the lumen, CLa4c: active efflux transport clearance to the lumen, CLa ps:
passive efflux transport clearance to the lumen, CLa: whole transport clearance between the lumen and
the enterocytes, CLm: metabolic clearance, CLp ou: influx clearance from the enterocytes to the lamina
propria, CLgn: efflux clearance from the lamina propria to the enterocytes, CLg: whole clearance
between the basolateral membrane and the blood vessel, CLgsgq: overall clearance in the enterocytes,
Fa: fraction absorbed, Fa ini: initial absorption ratio, Fg: intestinal availability, Fr: reabsorption ratio, fg:

unbound fraction in blood, Qgs: blood flow in the lamina propria
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Figure 2-2 Concept of STADAM

The concept is based on both in vitro and in vivo theoritical models for static DI predictions and they
are integrated using scaling factors to bridge the gap. Both in vitro and in vivo information are necessary
for this analysis. In vitro information can be obtained from one evaluation tool per each organ. In vivo

information involves clinical DI data and pharmacokinetics data of substrates or inhibitors.
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Figure 2-3 Concept of in vitro permeability model

PSa in: transport clearance from the apical side to the cells, PSa: active transport clearance from the
cells to the apical side, PSa : passive transport clearance from the cells to apical side, PSg: transport
clearance from the cells to the basorateral side, PSg in: transport clearance from the basorateral side to
the cells, PSap: apparent transport clearance from the apical to the basorateral side, PSga: apparent
transport clearance from the basorateral to athe pical side, PSaa": transport clearance of a metabolite
from the cells to the apical side, PSag™: transport clearance of a metabolite from the cells to the

basorateral side, CLy: metabolic clearance
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Absorptlon 1st (inlet) 2nd 3rd 4th-- Outlet

Drug is absorbed according to the exponential
curve depending on the length of the
gastrointestinal tract (Tube Model) and excreted
at its median position. The next absorption
occurs only in the intestinal tract posterior to the
excretion position.

Remaining drug
in the lumen

) Calculated the Fg by accumulating up to infinite times
Transfer into the

portal vein

Initial absorption (Fa)

Figure 2-4 Concept of Fr estimation
The concept is based on the hypothesis that drug is absorbed according to tube model and excreted at

its median position.
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Figure 2-5 Correlation between Fr and Far values depending on CRgrx net Values using static model
(A) and ATOM (B)

In this analysis, ATOM with the uniform intestinal shape was used to correspond to the condition in a
static model. Blue and red line represent the profile using a compound with low and high CRgrx net

value (0.5 or 0.999), respectively.
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Figure 2-6 Correlation between Py, and Fa or Fa; values using ATOM

In this analysis, ATOM with the uniform intestinal shape was used to correspond to the condition in a
static model. Fa and Fa; values depending on P, were evaluated using ATOM with the uniform
intestinal shape and location-independent expression profiles of CYP3A and P-gp. Py, values were
shown in a logarithm scale. Red and blue symbols show the profile of Farand Fa, respectively.

Equations were shown in 2.3.2.
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Figure 2-7 Functional expression of CYP3A in CYP3A4-CPR-HAC/Caco-2 cells
Three mmol/L midazolam was added to apical side, then samples were collected in 30, 60 and 120

minutes from basal side and 120 min from apical side. Values in this graph represent the total amount

of accumulated samples in 120 min in both sides. Values were shown as mean *= SD (n=11).

Significance test was performed by using one-way ANOVA. The symbol of astarisk shows p < 0.005.

N.D.: Not detected, N.S.: Not significant
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Figure 2-8 Correlation between Qgm (A) and Qaxa (B) using reported in vitro values and permeability
studies with CYP3A4-CPR-HAC/Caco-2 cells

P-gp substrates (digoxin, fexofenadine, aliskiren, atorvastatin, tacrolimus) and CYP3 A substrates
(midazolam, alprazolam, triazolam, lovastatin, aliskiren, atorvastatin, tacrolimus) were selected for
evaluating CFs about Qaxa or Qgwm, respectively. Qaxa or Qgm from reported values were calculated as
Raux -1 from Caco-2 cells or ratio of metabolic clearance using intestinal microsomes and Py, value,
respectively. Aliskiren was removed for estimation of Qgm because of lack of reported metabolic
clearance with intestinal microsomes. CF values about Qaxa and Qam (CFqaxa and CFqgm) were

estimated as 0.11 and 0.48, respectively.
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Figure 2-9 Estimation of CR and IR values

Panel A-F represent the estimated value of CRax (A), CRgm (B), CRy (C), IRax (D), IRGum (E) and IRy
(F), respectively.

Each point shows median value. Upper and lower lines represent 25th and 75th percentiles, respectively.
Blue, red and green symbols in CR values represent the results of P-gp, CYP3A and dual substrates,
respectively.

DAB: dabigatran etexilate, DIG: digoxin, FEX: fexofenadine, ALF: alfentanil, ALP: alprazolam, BUS:
buspirone, FEL: felodipine, LOV: lovastatin, MID: midazolam, NIF: nifedipine, SIM: simvastatin, TRI:

triazolam, ZOL: zolpidem, ATR: atorvastatin, BUD: budesonide, CRV: cerivastatin, CYC: cyclosporine,
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PRV: pravastatin, REP: repaglinide, RSV: rosuvastatin, TAC: tacrolimus
AZI: azithromycin, CLA: clarithromycin, CYC: cyclosporine, DIL: diltiazem, ERY: erythromycin,
FLU: fluconazole, FLV: fluvoxamine, ITR: itraconazole, KET: ketoconazole, POS: posaconazole, RNT:

ranitidine, RTV: ritonavir, VER: verapamil, VOR: voriconazole
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Figure 2-10 Calculation of AUCR (A) and ti,2R (B) using estimated CR and IR values
Blue, red and green symbols represent the results of P-gp, CYP3A and dual substrates, respectively.

Gray, black dotted and black solid lines show 1-, 1.5- and 2-fold error, respectively. Values were shown

as mean = SD.
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Figure 2-11 Estimated AUCR about combinations of P-gp (A), CYP3A (B) and P-gp/CYP3A dual

subtrates (C) and inhibitors.
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Each bar shows AUCR using median CR and IR values. Substrates were arranged in ascending order
for AUCR.

DAB: dabigatran etexilate, DIG: digoxin, FEX: fexofenadine, ALF: alfentanil, ALP: alprazolam, BUS:
buspirone, FEL: felodipine, LOV: lovastatin, MID: midazolam, NIF: nifedipine, SIM: simvastatin, TRI:
triazolam, ZOL: zolpidem, ATR: atorvastatin, BUD: budesonide, CRV: cerivastatin, CYC: cyclosporine,
PRV: pravastatin, REP: repaglinide, RSV: rosuvastatin, TAC: tacrolimus

AZI: azithromycin, CLA: clarithromycin, CYC: cyclosporine, DIL: diltiazem, ERY: erythromycin,
FLU: fluconazole, FLV: fluvoxamine, ITR: itraconazole, KET: ketoconazole, POS: posaconazole, RNT:

ranitidine, RTV: ritonavir, VER: verapamil, VOR: voriconazole
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BR D W L E I E T v & L Tid, CAT (compartmental absorption and transit) model [241].
ACAT (advanced compartmental absorption and transit) model [242, 243], ADAM (advanced drug
dissolution, absorption and metabolism) model [244], segregated-flow model [245, 246]. Qcu
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3.2 ik
32.1 ATOM D% 7 L4

ATOM D&% Figure 3-1 1T~ L7z, Bl B. Bl/AE. KOMIRIE. %202 nfilhl o
av =k AV ELTERLE, MNFERICOWTIE, AR RIEECER 2 5> 1 X
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TF% O ¥l % 7R 9 (Figure 3-12, Table 3-6, Table 3-7), LA FIZ/NEG N O Y28 B3 2 R
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I X Y iBfb L7z, ¥ 72 Equation 3-3 72 5 UNIC 3-4 1, FAREEL BEREOM G ICE T

ZNEND, & MDRHD 7= I T N7,
D, = Aexp(—Bz) + 0.005 (3-3)
— _ |t_tlag|F
M; = C(1 — D exp(—¢-) (3-4)

ZZTA, B, C. D, E, FIEKTH Y., t 1 ZHEHLDOEFH. tug ITR/NFLEIC I T 2 FFE %
IRY . X7 A =2 A, B, C. D, E XU tie 13 Haruta 5 1C X » THRE S Wiz L EEMED 9 Tc-
DTPA /)4 [248] % L CHBRE & L iIc—46 L Tk 21T o 72 T 2R TIEF 12 41
EE L7z, F75RBOETVICEL TEEIRE ZLIC Dz & M OMJTZEE L 72ET 0,

M DBZEELZET N, KD, & M ZZRL 72T VICOW TG L, Rt {FiER

# (akaike’s information criteria, AICEICF:D W T 72 £ 7 VA &EIR L 72,

3.2.2 CAT D& 7 LR

ATOM & DB D 7= IC/NGEER 6 DD a v 8— b XY MTXKSr L7z CAT €7 A%
# L (Figure 3-1). AL A T3 av =t XV M3/MGESHEL, YD 3 av — ¢
AV MIETERE L7ze CAT E 7LD transit time 35 X 11TV 5 /NEGEREN O “Te-DTPA
D347 [248] % F > THROEAL L 72(Table 3-3), /NGO RS, /NH AL KR DOEE, CYP3A
KO P-gp DFIT w7 7 4L, KU pH ARLIZ., ATOM CTOFAfEE Fl—& L7, kLR
DLE X5 A — ZITDWT UL Table 3-5 ICECHE L 7=,
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3.2.3 ATOM & U8 CAT 2 35 1F 2 (b5 = F kg

NG D EERALIC B D CYP3A KX P-gp DFIE, BN @ pH 21k, /NG ERMgo

IR /N b BIAE & ARG SE O (AR, S O RS IRE O IFGE L (3 Equation 3-5 22 5 3-

11 ZfFEH L CTRBL 72, P-gp ICBAL T3 Z 0 2R IIImRE I LT nkzo, 2fF

iz 1 & L7AxfEE L OO P-gp BB Z R L 72, 2 BEAMIEE O I fitE

(Qpro) 13 18,000 mL/h L EXAE L 7228, Z Al EIGHEEEIRICIRA T 2 12 37,200 mL/h TH

n. DB ED 10 %222 FIGHBEESIIRICTE AT 2 MR D 80 %S REIICHRALA A, X 5Tk

JE D IR D 60 %23 R AAIC FRIVIAT[244] 2 & 2> HERIE L 72,

CYP3A R & :
E whole
Expeypanz = — o pot e (1 - ) (3-5)
P-gp FEH = (FHOHE)
Exp ,whole
EXPpgpz = — 1o (1) (3-6)

BN @ pH ZA4L :

leumen,z =585+ pngad LLS, (3'7)
/N b BE AR A o 4R
Sent,z = T[(rin + rz)\/(rin - rz)z + L% PE VE (3'8)
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/I b B o (A7

Vent,z = Sent,z Tent

I G R o AT

_ SentHvili
Vlam,z - VE - Vent,z

(] R 5 oD I -

Sent,
Qpro,z = Qpro Se _—

nt,whole

(3-9)

(3-10)

(3-11)

Lsis EXpCYPSA,Whole\ EXpng,whole & U Tin ci\ IE;‘:/EA{K X hf: /J\H%%HQI"Z% (LSl = 1)\ /J\H%W Ik bj’ %)

CYP3A RILE K O P-gp DN E, MOWNGEEADOYEEERT, T/ z3 0050

Ly DHEIPAMNICH (0 = 2 = La=1),

PE. VE. Huiiv Sentwholes Tent XN ME I Z N Z N2 D

TERAREL, MEBOIRAE, MEDE S, /NMa LR ORI, /e EEGil o & &

OWHRE DRI R, 2D Do¥T X — &% Ando b DHE[14]20> b HUS L 72,

324ATOM IC B 2 BiE., B, /MM LM, EAERER. PR, SRR OHEE 2 vox—T

Ean==3

AV FEXTE

ATOM T B\ TN A DFHFRIC 35 10 2 EYRRIE X LAY @ Equation 3-12 2> 5 3-19 % H W

THRIEL 7=,
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dCes
dt —KesCes (3'12)
[S=]
H
dCsto
FTS KesCesVes/Vsto — KstoCsto (3'13)

Cess Csion Kess Kior Ves XU Vo I3 Z NZNEIE L BICH T 2 HYNREE, BB E R Ok
Ba RS, RN CIREAIRAERZ TR CORGEEY LK EREICHFET 2L L, %
72K BIIRIE & B OB %21 X €3, Equation 3-33 K U 3-34 1Tt o THA L & b icBH)
TE2LDEREL 7z YL AN BICHALCRREEECRALEIE A2 T2 LELT

&b\ ;H\:cclﬁj [/‘ kes é: ksto %*}Eﬁﬁ I/Tﬁ%*ﬁ‘tfto

/N b Bt

acent,z flumclum,zvlum
= PSa,in,z - (Psa,out,z + CLent,z + pSb,out,z)fentcent,z +
ot Vwater*Vium

fpropsb,in,chro,z (3'14)

RS Y

ac ro,z Q ro,z
—ot = PSuinzfentCentz = (T +1proPSp,in2)Cproz (3-15)

T 2T Cpoy ILE z ITE T 2 BMIME %2 & T EAREEE O YNREZ . PSpin, KT PShous

FZNENALE 2 1CB T B IERZ N L 72 BAREE 2> & /MG LA~ D P A A KO

87



/NG b BRE 2> & E A RS ~ D@t 2 U 7 7 v A% IR, CLlew, [ z IC BT 5 /M
L MIAE D intrinsic clearance % . Qpro, IZHIE z I 35T 2 GG REIEE o BAM A H o M FE
ZRT o L & T 1ZZNZ VNG EEGHIE M BRI I 31 2 YRR G R 2K L
fuo 12 1 & L THNT L 720 F 72 e (TEEMIC K ICF LW EIRE L 2, 27 L, #UESETD
midazolam D NA AT _A T €Y 7 4 ITKITT fou DEEDTIOR TN TS X5 12, B

RSB T 2EMDANAFTT XA TV T 4 fn BIZFZEL 2\ &5 2 6 N7z (Figure 3-11),

I -

dC A4 Q ro,z
va dltJ =Y lﬁ;b Cpro,z - vacpv (3-16)

P -

dCliver

Rp(Qpv+Qha)
Viiver at RB(vava + Qhacp) - (Bp—ha

Kp,liver

+ thLint)Cliver (3'17)

Cpv Cpva Vi KT Qpy i3 Z X NEY) D MAEFIREE, FIIRIC I 1T 2 MAEFIREE, PR (AR

U‘F'ﬁﬁﬂ’WC }3 bj— E) [ﬂl?ﬁiﬁg %i‘%‘j‘o Cliver\ Vliver &UC Qha 6i % ﬂ%ﬂ}ﬂ:ﬂﬁ 38 bj— 5 #@(}%FF }ﬂ:

gt (AR IFBIIRD Mt %2 &K T Res Kpivers fo KO CLin 13 % 102 21, MR- IMUAE R 70 BL AR AR

MR- I AR R oo e AR . PR U 3500 2 3R IERE & 0 B K IC 35 1) % intrinsic clearance % 35

j—o

a2 v o—F AV b
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dc Rp(Qpv+Qna)
Vd P =2 pr 2 Cliver + Z?=1 kilxperi,i - (RBQha + Z?=1 kli + CLR) Cp
dt Kp,llver

(3-18)

HWiHa v oN—k X v b

dXperii
peri,i __
ac k1inCp - kilXperi,i

(1= 0 for itraconazole, i = 1 for midazolam and clarithromycin, i = 2 for digoxin) (3-19)

Vi O CLr B ZNZENHa voi—F 2 v MBI 2 0MmER(a v 5=+ X v b Nl
A 2 ARGE ) I I IREX =2 DY OB 7 VT 7 Vv A% RT K v s— b AV M
BAL C Xperig 13 i HHOHWH 2 v =P XAV P NOEWEEL ., ki & ka (ZZNZ D LI
HWav =t AV, K2 ORI v o= AV b ~OBEEEERER T, 72 Cle i3
P-gp(CLipgp) & 1D 2 77 = K L (CLiponpgp) IC & o CTHEHH I N2 B2 V7 5 v 2Df1E LTRL

7"4
~o

3.2.5 in vitro X O in vivo IZ B J 3 EiEiEE 7 v

Figure 3-2 127~ 3 & 2> & Equation 3-20 2> & 3-23 % F\» T invitro &% 2> & invivo &
ERBERE L7, B Ild TLM &R UBERZ A L Tw 5, Caco-2 Mifdic X 2 AT
D FEIAVE(Papp.caco2) 1Z T 1 F THFE X T % Equation 3-20 ZfHH L T, H—E(Ps cacor) DiE

WP AL 2 2 L 23T E B[139],

P _ 1+MEcaco-—2
s,Caco—-2 —

papp,Caco—Z (3-20)

MEcaco-2
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T T T MEcaco (ZTHUIR & BRI 351) 2 KIAMELLTH Y Ohura b OEE[39]2>H 4 &%

[/ f: o é_'\ 6: in ViVO GC % bj’ 5 Hﬁgéiﬁ{%ik(f)ln vivo) Li Ps,Caco-Z % }EH W Equation 3-21 % )EH W %:Hj

L7,

s,Caco—2 pSfpassive (3-21)

Pin vivo

PSthassive 13 in vitro & in vivo D ZEHLELDE VI T 2R 7=V v 77 7 7 2 —%FK L, Fa

O T HMiE & FERIMEO BN 2 Hic 2.23 & ERE L 72[14],

TESRE N VR D L& @M 2 V) 7 7 v 2 D EF(Figure 3-2)IC 50 < & | Pinvivo 13 R AIE

2> o APy, Al 2> & BB (Ps), S OFRIE M 2> & b B~ Dt (Py) & 5 L v

(Equation 3-22),

Ppvivo =P, =P3 =P, (3'22)

—75. B @ pH 13/NG EEMIED pH(7.4) & » KL, YD pKa IZIG L THEY DA F v

LR ZACT 5, AL TIRRZEERUIC X o THE I N2 Y IIEA A v RICTH 2 LIRE

LTWw3, L7Z2>T PC oW TIEEY D pKa K THILEE R /MG E a1 5

pH A BCICKFE 3 % @ %% & L C. Equation 3-23 ICHDWTHH L 72,

1+10PHcaco-2"PKascid +19PKabase "PHcaco-2

P, = Py 2
1z INVIVO 4, 4 oPHlumen,z~PKaacid 4+ 1 gPK@base “"PHlumen,z (3 3)
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T T T Pis PHeaco2s PKaacia S O pKavase 137 NLZ NALIE z 12 B 1) % Py fiil, Caco-2 fllfid D pH.
@fi‘[ﬁi%&(ﬁﬁ%‘[‘i%@ pKa ZINT Z’Kﬁﬁ%’c&i PHcaco-2 74 & L7,
TE I (P, S TF Po) B OVEEJEE B (P S OF Py) D JEEIZ B 12 Equation 3-24 2> & 3-28 % FH\»

TS 2 V) 7 T v A(PS)ICAEHRL 72,

PSainz = P1,2Sabs,api (3-24)
PSaoutz = P2Sabs,api + PSapgp,z (3-25)
PSp,in,z = P3Sabs bas (3-26)
PSp,outz = PaSabsbas (3-27)
Sabs,api = MEin vivoSabs,bas (3-28)

Sabs,api\ Sabs,basx PSa,ng,z &U\ MEinvivo 6i\ ]‘E\‘jﬁ-ﬁ/ﬁxuo)ﬁ%ﬁ%\ %E{EU@%E%\ ﬁZE zZ LCE bj— %) P-
gp X BWNEZ VT 7 v A, [HimhE L RO LmBE L% K3, A TlZ MEnvwe & TLM
& AIBRIC 20 ICEXAE L 72[14]0 PSapep, X /NG ERAMIREIC 351 5 CYP3A IC K 22 VT Z

¥ A(CLenz) 1%+ Equation 3-29 J U8 3-30 ZfiH L TR L 72,

PS _ Vmax,ngExpng,ZpSngp (3_29)
a,Pgp.z Km,pgp,utCentz
__ VmaxcypsaExpcypza,zPsfcypsa
Clentz = (3-30)

Km,CYPaA,u"’Cent,z
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VinaxPeps Vmaxcypias Kmpepus Kmcvpsaus psfegp K O¥ psfeypia 13 Z 1LZ 4L P-gp 1T X DA KR *
CYP3A fR#NCH T B Vinaw P-gp KX CYP3A DIEFEGIREICHEE D Ky P-gp IT X B %2
V7 7 v AKX CYP3A IC X % intrinsic clearance ICB83 % in vitro/in vivo O XA 7 —Y v 77
7R =% T, IRBARFTETIE psfeypsa 1d 1 EREL TS 729, ATOM T X 5 %
T—=0 v 7 727 Z—13 psthassive & psfegy D2 TH 5, 72 FFLD¥T A — X% Ando b D

WE41ICH 2 EE AL 72,

3.2.6 CYP3A X UF P-gp FHEIC X 28k R M#H 27 ) 7 7 v 2 &1L

DI fE#Tic B3 L <. FHEAISEYIRE (3 HE & [H U /NBEREC 5 1 2 FiMsr 772X (Equation
3-1 20 B 3-4) L UMt DAHARIC 35 1T 2 sy /72 (Bquation 3-12 2> 5 3-19) % W T T 2 L —
b L7z, BHEAS RO P-gp ik M O CYP3A i 27 ) 7 7 v 2 & ki, BHEAOIERS

FENERE 2 O P-gp(Kipg) & CYP3A(Kicyran) D FHE E 4 % > T Equation 3-31 & U 3-32 % fii

ALTRHL 7%,
PS
* _ a,Pgp,z -
PSarngnZ - 1+fent,llent,z (3 31)
Ki,ng
* _ CLent,z
CLent,Z - 1+fent,lle11t,z (3-32)
Kicypsa

: : T PSa,ng,z* &Z){\ CLent,z>x< &i KH%%”TQ%‘H%OJ Psa,ng,z t—i rQ U@C CLem,z %—’}zl—‘j_o fent,l &U Ient,z ci
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PR A /Mg b RN IERS S0 R R ONLE z 13T 2 /05 BRI iR 2 K T,

3.2.7 BROV/NGIC BT 2K BEOMICBIT 557 X — ZH{EE

K% D EH R /NGB BT 2K ES25NEFER L TR 7 VT 7 v R & RIGH
JEER A R d 5 2 21X D, ATOM X UF CAT Ofi /i TR EMMiIZ Y I 2L —F L7z,
KBS DY I 2L —v 3 VITIELUF @ Equation 3-33 225 3-35 $TEEAL7Z, hE%

HROLIC 313 2 K5y & OYIIAE 13 Rk & 254 2> © BUS L 72,

JEP R
deater,es _
dt - _keszater,es (3'33)
==
H
dXwater,sto __
dt - keszater,esVes/Vsto - kstoxwater,sto_kwater,stoxwater,z + Sewater,sto
(3-34)
HILEEE
aXlum,z _ aleum,z aXlum,z
at - Dz 922 - Mt 9z - kwater,absxwater,z + Sewater,abs (3'35)

Xwater,eS\ Xwater,sto & U{‘ Xwater,z Ci % ﬂ%nﬁiﬁ\ E&U%ﬁ'ft%%ﬂg@{ﬁﬁ z c: k bj E) 7k§7\% % ﬁ_{

To Kesw Kion Ve U Vo ZENZNRED O H. B2 o/NMa~DHEY)(% 72130K) DR #HE
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FEER, REKRVE OB ZRT o Kuaterso KT Kateravs 13 R OTHILE EEIC 3515 2 IPGH L

E%’Tﬁ(%\ Sewater,sto&U Sewater,abs ci EIEEJI&U\{%{E %ﬂk@ﬂ‘(/\/\ﬂé 7 ) T 7 v R %Tj‘ ZZT kes\

kwater,stox kwater,abs\ Sewater,sto & U Sewater,abs I3 Mudie '>Q D iﬁ%[zsé"] Iz 35 5 240 mL D 7J‘< % ﬁ | ?EHX L

T BRDEWENK T EOWMEEZ M L TRt I N7z, KD EDY I 2L —v a ViR

72 & NICHERE ¥ 7 A — £ 13 Figure 3-7 X UF Table 3-1 T/ L 72,

3.2.8 MBS T I BT 5 /005 LM EEYRE I PR~ D Y EERICEI T 5> 1 2

Lr—yav

ATOM J U CAT % Fi o TR 5-4%(t=0 h) D /NG 1 B A AE S8R S PR~ o ZiE

Y Ialb— b L7, /NG BRI OBYRE %2 Pl 2 1472 o T 3 RR(=0.5, 2, 6 h)

ERL, METFTAZHACTETMMUEAYOEMIRE 2 VI L 72, 78 BIEEEM: S RIF 7238

FNCBE L CTi3MbE B cIEE IS I E N B 2 & 6T B DI 78 b 7o 7z

O AN CIHEEERED E T AMEEMEMHEH L TRETL 2, KT L LEY X

CYP3A &U P-gp %ﬁTizg?gr < EJHT‘HK@ H VcﬁAﬁ INn3 {KACI:@ % IE L. Papp &U\ Vmax,CYP3A

u&*@/\ 7 )l ﬂ( \%j@ pKa Km ,CYP3A, 3[5/ Uﬁj\:ﬂg)ci midazolam k IEI L I L fCo 73:3 Papp

I% midazolam D #Y 1/50 T& % 0.002 cm/hry Vmaxcyesa 1 0 pug hr/pmol CYP3A & L TEXAE L.

B IIMIESEN 2R 2729 Ing & L 72,

3.2.9 MIEEMITEH T 5 midazolam D IHALE IR ST T £ DIEEE 34T

FINR~ D EEYZE LI B L T midazolam @ fuy %2258 L C(fen= 1. 0.5, 0.1 ST 0.01)&E 5 H7
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EBL7, G5BT 1ng L, YIab—avEFli328 bELELE, BBAY 3
2 L —¥ 3 VI Figure 3-3A X UF Table 3-2 1T/ 72 #BRHE A @ “"Tc-DTPA 43 4i[248] % i

ML CTHRIE S N7 IEBUER & B BN %2 W CEME L 72,

32,10 HBETARLCICEARETICEIT S midazolam D IEFRIEIINER K O/INg F B JEfKS

AR CYP3A JEE TH % midazolam D% 5 &K1 22 (L E BINEE (FAFG) I D\ T
ATOM KU CAT W TS 4 Kt Ty T2 —v a v Ll L 7z, AT It
FaFG % Filll 9 %12 72 5 T Figure 3-3A T/R I N7-HERE A @ *"Tc-DTPA 0 4i[248]72 b
B X N IEBER E BEEE 2Ty 2 a L —v a v R {To 7z, 7208 5% 4 BERY
C midazolam D HLEWINDTE T 375 2 & AT L THER L 720 AT IC 354> C FaFo (LA

® Equation 3-36 % W CHH L 72,

FAFG — XPV,c;zlsuelative (3-36)

Z 2T Xpveumuaive X T Dose 1ZFIRICELE L 280 MR ORE 582 Rd, $72
midazolam ® FaFg DS IZEEIR X © 51 L 72[14, 231], A ¢ L 72 midazolam D3
ViEhHE S O FEAER X 7 A — & % Table 3-4 JLUF Table 3-5 178 L 72, RiC/IMg BEAHIIEIC 3
F 2 FERE B TSR IEIE (Cento) D EFAMNIC B L TIZ R IEIE AR & 7= Wil (t=0.16 h) 2 A L

7"»»
Co
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3.2.11 ATOM IZH1F % CYP3A KU P-gp FEHICBH T % Fo Fill& TLM 12 X 2 THlfE & DL
i

ATOM % FH 72 Fo Tlllld TLM OS5 [14] T X L7z 7 — X & v T (Table 3-6) % > CTIT
> 7c ABEICTHWZZRRIEE IC B\ TG 1R 4 R CRAIOHLEWRIRDS K T2 2 L %
MR L 7270, 5% 4 R Ol %2 AV CEHi L 72 723 Fg IX Equation 3-36. 3-37. 3-38

%FHV‘VC FA&U\ FaFg 717‘6%[[:[:'[ L7LCO

Fa':
— 1 _ Xcolon _
Fp=1-—2 (3-37)
Fg:
FpF
Fg = 1_XA—1G (3-38)

Dose

T 2T Xeoon I RBBICEE L 2 YR EZ TR T, GBSHOY I 2L —v 3 VITEHEES A O
BT ICE 1T 5 P"Te-DTPA 7747 [248] 0> b Frabi b X 4L 7= YEBUE $ % U S B L (Figure 3-3A.

Table 3-2)% i\ 72,

32.12 ATOM IC X 5 CYP3A X U'P-gp Z/rL 72Dl v Ial—v 3V
CYP3A /L7 DI ¥ Ial—vavicL ClddMggs CYP3A HEHICTH 3

itraconazole Al I D midazolam DIMAEHFIRE ZHEH L 72[95], ¥ Ialb—vavyHNELLT
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IX. midazolam #%5- 4 IRFfE A I itraconazole 0, 50, 200, 400 mg % %5 L (t=0h). % D% 2mg D

midazolam 7% #%5-(t=4 h) L C midazolam #¢5-% 24 Ffffj(t=28 hy> I = L —v a3 v 2 FfE L 7=,

P-gp Z/r L 72Dl v Ialb—v =3 VICBHL T #8177 P-gp FHEHITH % clarithromycin Al

;D digoxin O MAEFHRE 2 L 72[75], WAL L Tl. digoxin % 5-Bila 24 RFfEATIC 1

[6] 250 mg D clarithromycin % 1 H 2 [l(t=0h 2> HFE)BES L. £ D% 0.75 mg @ digoxin % %

5.(t=24 h)L T digoxin % 5% 24 Filil(t=48 h)> I 2L —> a V2 Efi L 7z, ZrBSHD Y 3

2L —¥ g VITRYERE A DB TICE T 3 “Tc-DTPA 734 [248]%> b Fodifl & 7= LB E

Bk OB FE (Figure 3-3A. Table 3-2)% 27z,

midazolam ICBIL CTldHila v X—F A v b ROEKMa voi— F 2 v R OBEILEE E

(k12 &U{\ k21)\ EFIMX:I VoN— ]‘ )l v }\ o)éj\iﬁ‘g%(vcemral)&zjs CLint Liﬁﬁi&@ﬁﬁﬂmlj{l&%‘fﬁ@

midazolam [MAZHIRE 7' 0 7 7 4 L% L CRaBE{k L 72[256], ¥ 72FHERIBLGKED ki, MY

kai(ki2 MO ko) IZBHEFIFEARA R & [ U L RGE L 72,

digoxin IZBAL T, P-gp D Vimad Vimaxpep) [ IEEERD Fa[257]% 10 U TRl L 72, HX R OF

Wi 2 v o8 — b & v b R DS B E B (Ko Kiss kain kan) (ZRER O FIRMN 542 D digoxin D

MARHIREE 71 7 7 4 v & o CTiogdfl L 72[264]. F 72 FHEARIBEGRFD kiny kois kis XD ks

(ki"s kat's ki3 O ks ) ZPHEFIFEARARE & R U L RE L 72,

itraconazole ICEH L Tl Kudo ® DIRL[257] Tl RM =z v X— P A v Mi3EH I LT\ ind

ST ORETNICEWTHFERRICERAL 2272, TXTOANT A= X3 E 7213 in

silico V 7 + v = 72 BUG E N/e 7 0, FodfUic X 2 FEYBE 7 X — 2 2 RS2 fT D 7=
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572, F 77 itraconazole DIMIFEHIEE 70 7 7 4 VIIARSE TEEH L 72 midazolam % 7=

DI FABR[OS] TR I N T Wind o /720 ki Tl S N7z RO 5% o miEd

itraconazole #=fE 7' v 7 7 4 [259, 260] % fHH L < THIfE & BLHIE % HEL U 72 (Figure 3-14A),

clarithromycin IZBH U T\ Veenwra (ZFEFIRNIR G2 D MUAE T clarithromycin #E 70 7 7 4 L%

i L CHwa#{b L 72[261], clarithromycin @ kia, kaiv CLin (&2 W T & FRA % 5-1% o I 5% H

clarithromycin #2870 7 7 4 V2611 % L TRl L 72 23052 CE A L 7z DI slBRic &

\F % clarithromycin D FfH XK NHEHZ B CTE R d o 72720 FOKS5ICE T 3 kiks

CLint (I HFIRPN IR G- & 13072 L CRIBT 2 0E B H 2 L EZ bNTz, Lo TRISETIE

FREDANT A =2 DWW TIE, RO 5% D clarithromycin O M5EH IR % EEH R L C ol

L L7, 7= IERE S () 1E Kudo © D [258]1CHE > T Equation 3-39 L Uf 3-40 %

FAWwWTEHL 7%,

P*0.02289 + 0.72621

. = %k
Kp—ll"er P*0.001719 + 0.960581 fp/ i (3-39)

p=10-°¢? (3-40)

T T Kpiivee XU LogP 1% 12 2Vt LA ] 0 BU AR B K r LR 2 247, £ 7
clarithromycin O LA HIREE B D 72 8 AWTFECERA L 72 DI EBR[75]h T T T 21l

#Erp clarithromycin A % $RAH L < THIfiE & BLHI{E % HL# U 72 (Figure 3-14B),
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¥ 7248l DI fEHT CfEH L 72 35 D EYBHRE X T X — X R VEBRAAR X T X — 2 TR
¥ ADMET Predictor® < U* GastroPlus®(#£ 1 Simulations Plus, Inc)% F > 72 FHIlFS R % B L 7=
(Table 3-4, Table 3-5), RBADI v 2 2L — 2 a3 VIZOWTIRERAME RoTn3 T L, /I
Bics I 2HG0LBERINTE Y, HEAXCBERICE T2 AHHEREZEF T v AF—

Z—DHEFGITN AW L ICEET LZLERD 3,

3.2.13 MR T RCERETICE T 2 0% 5% D midazolam [ U digoxin O IfiLH i 1M
HRER ERETICE T 2054 D midazolam K U digoxin O IMAE IR % £ 5% 24 I
flEFcyrIalb—FLlAk, BERIT 3212 TRLAEDI v Iab—va vFEFLRKCZN
Z 1 2 mg(midazolam) & 0.75 mg(digoxin)ICEXE L7z, R I a2l —v 3 v T, MEITE
RAIRBEDWLERE A O P"Tc-DTPA 70 4i[248] & i L T3 & N 7= IEBUE 8 & FE8hiE 5 (Figure 3-
3A, Figure 3-3B, Table 3-2) i L 72, E 7= 3EMI)RE T A — X L OVAEFAE) 8 F A — 2 (38R
¥ % 72 1% ADMET Predictor® 2 O° GastroPlus®(F%1C Simulations Plus, Inc) % F V> 72 - HI#% 5 % $%

JH L (Table 3-4, Table 3-5). #EE DIREE 70 kg & E L CTHEYBE T X — 22 HH L 7,

3.2.14 BT T L OBEERE
ATOM %)EHMf:/J\H%OCﬁ bj 5% DI *T—f(ﬁlj%f?b)‘ %:ﬁ‘(%ﬁ% L 7_:%%5@:&7_:}[/ v @ﬁﬂ%é{\:lé—k%
ML L7z, /NEIC 1T % DI iE clarithromycin #5-Rf D /NG CTHE U 5 AUC Z{LEE(AUCRW) %

fatsE & L. clarithromycin #5-KfD Fg % 72 1% FaFg D &AL LL % A v CTHEAfli L 72 (Equation 3-41),
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AUCRim:E—g (CYP3A HET)

AUCR,, =256 (p_gp J2 UF CYP3A HET) (3-41)

int™ FAFg

T 2T FA KU FA'F6 13 2 L Z NIHEFEFIRAERE D Fa XV FaFo 2733, FHUET VICET 2

AUCR; DHEHT, 56 — 5 CHEE L 7238 U clarithromycin @ CRIEE 72 (3 IR fEZ R L <

AT o X 5 IcEH L 72(Equation 3-42)

_ 1 2
AUCR = p—p— (CYP3A H'E

- 1 N =
AUCR = e R CReuTRee (P-gp X O CYP3A FLE) (3-42)

F 75T L 72 BB L IR E 7L COFHIEN R TH . Ao ATOM % Hv 72 Tl
Fo 2% 0.9 K> CYP3A J:H (alfentanil, buspirone, felodipine, lovastatin, midazolam, nifedipine,
simvastatin) X U8 CYP3A 7z & TNC P-gp @ dual substrate T& % cyclosporine D Fl 8 FEH % FE R
L7z, F7-BHEAIARASZEAEICEE L C clarithromycin OF5- 813 250 mg L% E L& B CTHW
72Dl 7= LTEHIN T HRHFIFNTH 2 2 & 2R L 72, RBMHFANIEHE &
[FIRFR G- (BRI G) & Lo, &AM CRPERE A ICB 1T 2RO “"Tc-DTPA EHEH 7>

iz d LIk l & N2 IBUEE e & IS S ENEE (Figure 3-3A) % AW TEHT L 72,

3.2.15 YLEET A DEHE ST

B s 2 e (R, B BRI, PR, AP, PR R = v s — R A v by e )
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12 3 D DIEMRIERM D TR, FHEA M VK 8) % 7 - 72 AR 7 v i3 FDM[253]% FWw T
AR I N, FRELEERD v 7 X v FEUTEHRRE 2 Z R L T 40 & i%7E L. Danckwerts’
closed boundary condition ZfH L CEIE L 7z, 3 _XCOEL I AV FRPIT Vo N—F XAV PIC
B BEMEIX. Y EIRE O F{EfF#T 7 e 777 L CT&H % Napp(Numeric Analysis Program for
Pharmacokinetics, version 2.31)% fii ] L -C Runge-Kutta-Fehlberg method % F\» T L 72[253],
NZ X =z g#EA L ICB L Cid 3T Napp € 52 % & 11 72 Broyden—Fletcher—Goldfarb—

Shanno(BFGS) 2 ¥ — A Zfifl L 7z #E= 2 — b ViKIC X o THEEL 7=,
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3.3 R

33.1 ATOM IZ¥ 1 B IEHUEBKR CEEIRIEDRE & BEOFELZZE L I LEEEN

9MTe.DTPA iy I 2L —3 a3 vV ~DInH

ATOM I YEHUER & BENRIE 2 308 L 2 IhEE T L TH 0| M2 a0 7o/ NEERNON

BV OEMEZB) % BT % 7o 0 & DYRECE R & R L D P 13/ NG E EN O .Y o34 %

T 2720 R TH %, Haruta b DIRE[248]1C X 5 & IEIN MY < 5 PmTc-DTPA

IHERT TlE G 2 RN ICZE G 20 7- L. % 0% a3 ic TEZEmIcBE L 2 2 < 2 I

MIfREF SN2 7 v 7 7 4 L &IR L T % (Figure 3-3A, C,E, G)o —F CHEARETEE 2L D

BEHGEIE 1IN 2 T/NBN O NEY D ZEE 25EIE L, % O—E13#%5 3 FiilE T b 205 IC PR T

& LT\ 7= (Figure 3-3B, D, F, H), 5 Ial#ERE A 1B L CIZIEEUE R & (LB RTFIICEE L 72

(BEDEFE L EE L 72)E 7 v Cld/h B o Sl 78t & 2 oo TEIcEs T 2 NED DR

fi% 5 % CHBLL 7228 (Figure 3-3A), JABUER E BEEL ZEE L 27 A CIHBT 3

& DT E e p o T2 (Figure 3-5), — /7 CHERE A ICB T 2R T, KUY © 1 L (#EEE B)

LB T AR T % o CITHE T O/NMGEREN “"Tc-DTPA ZEENICEE L T3, (LEMKRTFH 72k

BUERITIN 2 <, FEEICIRE T 2 BB E 2 3E T 5 2 & THILT 5 2 L ITI) L 7z (Figure

3-3B, C, D, Figure 3-4),

332 CAT #H W7 HLEEREN P "Te-DTPA 0fiv I 2L L —v a v

CAT 2 v ¥— b} A ¥ FHEIZ—HEHOD transittime Zi%E L 72 ECT—XEERX 2 T, /NG
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WONAEYOEN % 2 HHT2ETALTH 2, D transit time ICO WV TiE TN TICEAH
INTWVE[262], LALAEADLINDD transittime ZHH L CFHEIL 728556, /NG EEEC#
KIT/NG FERCIE/NCEHIE L T3 2 &2 5 P"Te-DTPA DEEN I HiZFHIRT 2 2 L i3
T & 722> o 7z (Figure 3-6) % D7z ® CAT D transit time IC 2\ T *"Tc-DTPA 7347 % > C
oA % R THRET 24T 5 7245, PTe-DTPA D43 AR 134 B K B R T e, FRc /MG TR
BWTHIHTE 72 o 7z (Figure 3-3E, F, G, H), £72 CAT %#ffHlL 723 _XCD> 2L —v

T DWW TR 2 BRERIDANIC KIGIC AR L T 0 . JERICHILE 2 b o2 R v o

LB I NI,

3.3.3 ATOM & CAT DWINERL DI T B3 2 Mgt

YN E B S /MG E RIS 2 I BB T 5 720, Mg RN o 3 A
FEREh OSBRI ICECFEIND L E LN, £ T T ATOMEKFHI 72 D, & &
D M, %) & CAT(E#EIL & L7z transit time % )% W CHER T I 51 2 /05 _E A
FOEYNRELZY IaLb—Yavl, METAMOECEEEL 2, @0 WIEY

TIFE T NVEOEYPIICIHE nE BB I Wb o /2720, Ay T2l —va v TlliE

P DK FEY)(midazolam & HEE L TR 1/50) % i L CTRRET L 72 (Figure 3-8), % DiEHE,
CAT TlIfk 5 0.5 Il & 2 R < i3/h G LR OB 23 @ < 7 o 7225, 6 IFfEIERIC 1322
Wi 2> & [l 12 KER > 3 FEAT L 720 2 & I3 IR ATOM TP 542 0.5 IifEl D g i ¢

TTICEGICBE LIGD, 6 FHICs T EYOREIRD bz, RIT/NGDEERD D>
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SMIRICELE ST 2 BREEMIBEAEHE L7728 2 A, CAT TlEIZ & A E YA FERZERs TIRIY
INFZDITHT L, ATOM TlEFIC TEZEG THINA A U 2 2 & 3HATEIC 72 > 7= (Figure 3-9).
L 72235 T ATOM Tl CAT i~ il & /NG TR~ BATHE S IEF 1cm <. £ hic

L o TUNG EFCOEYRINAINMZ N TWEbDEFEZ LN,

3.3.4 ATOM K Uf CAT (i B 1F % midazolam D IFFREPINIED FHl & /M5GIc B 1T 5 CYP3A
AR D

SR 0N EEAIIIC BT 2 KBRS O P 7 v AR =X —DKn & D b EVHA,
AR N 7 VAR =2 —1380M13 5, Z D7z /NEEREN O 3P 258 23 M AL E IR
ICED X HICHEST 5 H%F~X 5 72 ® 1T, midazolam D FaFg O HEKFEMEIC DT ATOM X
O CAT % F\WTHRGEEL 72, Mt Fic BT, 0.1 mg @ midazolam %51 D FaFq 13 ATOM,
CAT O /f CH L TH o7z, ImgicBIL TiZ0.1mg & B L T CAT Tidbd 2L 7=
—H T, ATOM TREB L 72> >72, £ L T 10 mg TlZ FaFg THIEDE 2 R  BHE 1TR
X N7z (Figure 3-10A), Ml X T midazolam ® FaFg D¥REE X CAT X b & ATOM @ FllfiEi & it
WZ o BTER I N7z, KIC 10 mg B 50/ EEAMIREIC 3515 2 RS A REEYIRE 2 i€ 7
M THE L 72 (Figure 3-10B) & & 5. ATOM IC 51 2 it SRS IR (4.53 pg/ml) & Bk L
T CAT Tt X 0 EWIERARIREE (14.36 pg/mL)23 7~ & #1172, midazolam @ Kmcypsau (X 1.08
ug/mL TH 5[14]Z L 2>H ATOM £ Y b CAT THii{ CYP3A 2dfIL Tk 0, il T

NED FAFGIEDE W ZA U 2 HERTH 5 £ E 2 bz, F 72 midazolam D FoFg IR T X
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D HIER T DS HBMES 5 72(Figure 3-10A), < NWIFFERIREED /NG R Mlfa b o JEfS & A
MK < (Figure 3-10B), & T T CYP3A OfufitEas5 w2 & & —HL Tk, L7zdoT

ATOM Tl CAT & B L CIERIEMED T < . T2 T ATOM 28 X 0 FERERICIT W IERE 3R 8)

mb

R AR 2 RR L 72,

33,5 ATOM & TLM [# D Fgfifl D AR
ATOM (3/NGOREE R EYPIN 7' 1 & R EE DK S K DARER G ZR ATV E Z e h b,
TLM ZIRRL72E TV TH 5, £ TLM 272D Fo O FHIEIZBERD Fo & Bif7
FEAMZ /R LT 3[14], % ZCATOM & TLM IZ X % Fo FHlfE# i+ 5 2 & ¢, WET
N DHD O FLERIET R O AR FER L 72, % OFEF. ATOM % i L < Filll & hurz
FFHEN R TH 2 TR COFEANCOWTTIM ZFHW T TR E 72 FeD 10%ANTH Y |
55D FHIME %R 3 C & A3HERD & L7z (Figure 3-12, Table 3-7), L 72728 o TAFER I ATOM &

TLM DL E RIS B33 A T3 2 L 2R L T2,

33.6 ATOM %#ffifH L 72 CYP3A £ 7213 P-gp Z N L 72DV Ialb—v a3V

ATOM (X TLM %2$EIR L 72 T A TH 555, TLM ZWIGHALZ 1 D L 3E L T 5 7208k
PRI DI & 2 ab—v a Y EIT) T B TE b o7, —J7 CHIKRMIZIX CYP3A & P-
p IEHCERIICBI L T% < DEfIR DI 2335 S LT\ 3 729[43, 177, 263]. % DMHAAEH
OEEZIEMICTHT 2 2 & 3IFFICEETH S, L >T CYPIA ORKRIRIEE L L

T midazolam, P-gp DREH72IE & L T digoxin Z1E R L. Z N Z 4L CYP3A & P-gp DR
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17 FHEAI T % itraconazole & clarithromycin & fifH L 72F%® DI IC2\»T ATOM % T

TFH L7z, £F5EIERL 7ZHEHTH 3 itraconazole X ¥ clarithromycin (Z 2> TIMAE R

APl LER coMmPBE 2R TE T\ 2 & 2 L 72(Figure 3-14), X I midazolam

& digoxin D IMAEHIREIC D W CHFHIGFHAKRHC B 1T 2 RBE LA 253 X AU 72 (Figure 3-13),

midazolam @ DI ICBH L Tid 50 mg @ itraconazole 5K IO TG B E R I NTnirnd

D D midazolam D MAZEFIERE FA 258 KGN X 2 {ER A EI5 X /-, —75 T itraconazole D

EHEEHE X, RO ESE 1T 7Za 72 ® midazolam DIMAEHIRE 57 2358/ N FE

fligh7zdoeEz N, EEFFHRFD digoxin @ Fa & X midazolam @ Fg #EAiZ.

ZNZEN 125215258 F L HEE X WINIZBICE T 2 DIBPKE REGF 52 H®D 5 2 LR

2 X 17z (Table 3-8),

3.3.7 MEIRRE & B AIRREIC 51T % midazolam & digoxin D IMAEHIEE D E W ICBE 3 2 BigT

/NG TOEYIZEE)IMET EBAET TR 5 Z L 55 Figure 3-3A & U Figure 3-3B CTHUS

I NHEECE R & BEIESE % L <. midazolam & U digoxin O IMIFEHIRIEICE 2 2 BFHD

B BRI L, X OfER, mZEA & S ITHRTICT Coox DETRY tn DIEIEZ RN L 72

(Figure 3-15), Z DOifEHRILERIK CHI%E X 1172 midazolam & digoxin D HEYENEIC KIT T BFD

BB —EL 72[231, 264],

3.3.8 FHET L DA HET

AWFFECld ATOM T DI Flll % FEHi L 7223, §iy R OC#jry € 7 Vel < DI Pl of R 235
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%52 EIFLEE LR, ZZTCHE EHOFNET VL DEEMICOWT, HET AL EH
WTEH 72/ DI I X 5 AUC ZILF(AUCR) % TEEICHRET L 72, 2 OfER., #ETL
= 8 A D 5 B 4 KT 1.5 fFLAN. 7 FHAIT 2 5L O FHIMEDSR & L7z (Figure 3-16), %
72 2 5L L R AR L 72 D 13 felodipine TH % 23, ATOM IC 51 % Fo A MGMEL D dFE L
KW T & A 6 (Table 3-6, ATOM % 72 Filll F i 0.02, 5 FofiEi 0.53), EiYET LT

FHEME B RICHED SN TLE > a[ReEERH 5 L FE 2 b iz,
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3.4 =5

/N b B e o SRR FE o 1ERE 7 TN /N IC B 1 5 CYP3A IC & 2 U B O P-gp (i
X 2 ARG T 2 BRI 5 O DI 2 {EET 2 20 I3 RAIRTH B, LB
PIREE 13/ b BRI R B 1 BB S 2 e o L /NN O SRS B & EfEIC RS 5 C &
FIEFICEETH S, SO ICAYOEIUT, W, pH. MR, K OSEYBENICE % K&
1337265, 266, 26715, FHICIRMEZ 2L ¢ 5 2 Lic X » YR IEICHE2 5.2 578 &
EWOMEBRITKE CBI5 T %, Haruta & (3B R CEHA T T ¥ Te-DTPA DHLE N
ZEH) 2 B L/NGN O FEYIREITEIC DO W THEHE L 72[248]143, — 77 CIEME R/ NEGN ORENIE %
EZERLEHEEET VI INT TICHE SN TR,

ATOM (1 iHALE N DAL I3 2 BRHCE R & RN RAE 3 2 BB & Ry e 7 v
TH Y, P Tc-DTPA DEWEN i % TS 5 & L I L 72(Figure 3-3, 3-4), /NEICE T 5
Y DL E 13 % O LEBNE D S O IEH ITHEMET B 5 [255], EFRICEREF D " Te-DTPA
81T, IEHUER & BT & [E L 72 7 A CRFHRT 2 & L 235C & 7 o 72 (Figure 3-5).
T 7 PARIICIB R T IC O W CHEBUE B OB L & STk A I 2L & 8 72 & 7 v & Beat
L7223, ARBFTE T L 72 & 7 0V (T IRAFHY 7 L HOE B0 ORI A7 1 7 B B s ) & HLik
T2 e XOHBMEIRS > T, Lo T, BRICEIT 2 EYZEH 2 3HT 5 DI,
IRFRE KA A BB EE 3 BT B & 5 2 b Tz,

INETIE—IEEEBKR T 72 4 L% - CEREN O SEYI2 8 & 1IERE < SR HEIC L

72 GITA model 235 X #172[247, 248, 268123, GITA model T 13 A PR AR E 23 s e & 41T s
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72\, — /T CAT. ACAT Wi TMIC ADAM TIEZNOLBFEINTWE b DD, KifFETit
CAT |3 transit time % Bt L 721C b o3, EREF D “"Tc-DTPA 73 2 fHE$ 5 2 & A3
T & 72 %> o 7= (Figure 3-3, 3-6), /1 2 T CAT (% midazolam D FxF % AN L. FHI{E 2810
i & v b a3 2 i %7~ L 72 (Figure 3-10), CYP3A O R = I3I/NG EHCcEW 2 & 23 ME
INTHY[269]. /MMe EE T OEYZEH) L HE BRI THNIC & > CTIFFICEE TH 5, CAT
I3 ATOM & H#E L C/NG S DR E W2 & 225, CYP3A DRI < WALE I % R
Bb2bDeFE2OLNG, INbOfERIT, HLE OREYEEE 2 HHC & wiHLERINE
T NATEEY) O IR & FLER 2 v R 235 5 C & R L 7z,

¥ -ROR %O /NGNOEYIRE ZE 729, /WNNEICET 5 CYP3A KU P-gp #Ah L 7=
DI IFAE LT WEEZ LN B[T71,270], £ 7FHT/NEN D DI 1355V CYP3A FHEA D Hf I
ICIZIFNE D DI D352/ E { AUC D EFI3/NNETD DL ICkEGE I NS 720, 2D FHllTE
HCH B[271], TALFE TIC CYP3A XU P-gp %/ L7 DI 12 PBPK 7 L% T Tl d 1
T3 23272,273] WA BT H /NG O FEYRE DY IEIC O W TRIEERE 5D <
Yl e oiEmI N TRy, FRTIREL, 2—m vy X0 ROHAD DI 74 XV R
[28, 29, 30]iC BT, /NEGERENOZEYRE ZHEE T 2 01358 % /K7 = (250 mL)ThR L
TEEST2HDAPBERINTVE, ZRIFIFFICHIBDTHY DI YRZ <A T AV PITK
SOT 7R —FTHLELDD, PBPK ETAD X5 AR EE L -BH kIR,

¥ 72 ARWFSE Tl midazolam & digoxin @ DI Z/NMEDEF GIC X > CTRE S Lz 2 &

%> & (Figure 3-13, Table 3-8). CYP3A KU P-gp ICBAL T/NGTAEL 3 DI 0 EHEMIIREB I N
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72+ I Z T itraconazole AR EF © midazolam D MM ERE FFICOWTIZZ L DRER LR I NT

¥ Y itraconazole DHYIIC X 3 DI DBI5-238H 5 221 7% o T 5[273,274,275]25, /MG TD

DI OREEICOWTIdiEimdlEA TW iy, NG B O GHYIRE R AHTH 5 2 &

ING DAEYEE IR OEE X D W & A6, ATOM % 72 midazolam @ DI ¥

I 2 L —¥ 3 vITIT itraconazole DCEHWNIC X ZHEM IZHAA T I TRV, Z IS H e

b b KfFFETlE ATOM I3 itraconazole D/NGICE T % DI el KICHED 72, D

=OFERIZNGICE T 2 DI OFLG2FHMICHEIC T 2720 DML BETH L LEZLLN

%

¥ 7z digoxin OFEYIENREICEI L ¢, —#%IVIC P-gp 1T X 2 FHE 1Z/MG 72T T < Al & Bl

THHZ V15 5([276,277), £ D7z P-gp ZNL72DI ¥ I 2L —va VI L TP &

DB B 1T X580 5 BB 5 03 AFFECTIIAHAA L IR & 7 h> o 72, —77 T Figure

3-13 B DR 1T clarithromycin #:5-1C & % digoxin O IMIFEHRE LR O K %A TEZ CTH

D BT T B P-gp (HE DR % T3 2 EHEMW: %7~ L 7z, —J7 T cyclosporine %° saquinavir

75 ¥ D Pogp HEE O WL WILPETA X BE O WA & TMEDS B > 72 (Table 3-6), <kt 17D

2 A DG IS P-gp DEIMZGIERI LT3 ARENSH 5720 L F 2 D

N7zo 72 TLM Z W72 f#HTIC X Y verapamil, fexofenadine, talinolol S U digoxin 5@ P-gp

FEITOWT 100mg &\ o 72 EHE T, P-gp DRI L Y DI DY 27 B3I/ T 3

% &) HiE[278]1 & Sl D FER I —E L T\ 7z,

/N RN o SEYIIREE % IR ICHEE 3 2 7 0 1T iZ/NBFE RN o S B il 2 <. B
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JEREIC 350 2 Bt A R 2 A H 5, TNE TS S N MHEERIE T LX)
B HFIRICE 2 £ Cicid EEMIIEE W 2 v X=XV R I OREINTHWEDATH
%, BEJERE O Y@@ AT DG A . NG EECE BTN T B &, MR A 5/ T
i EIC R S N 2B E 2ME L B, SN E TIEYIRIIC KIE T IR O # 2 5 am &
TV BITh 2hb b 37245,246,279,280]. MK 2 iH LB BRI 2 EBH 3 5 ICE > Tz
WEEZLNS, ZOMERAERT 51X, TLM ¥ ATOM TiE L7z X 9 icfilik=a v v —
FAYFRONGD 3 v o8—F A b BCERFIICZ N Z SIS 2 L8 H 2
LEZLND, X LICTHE O E @M & 137 U IR 0 & @Y & Sl 2 SR D B,
BRI REE R E T H % A3, iPS MIAE[36]%° CYP3A4 FENEG EEAMIE[R37) R & D%
BEREMIIE > 2 7 L 2 L GEIRMIAER 7213 7 v 2 £ vHdlT e &b 2 2 & ciligi
DHREHATE 2 L) 2R D2 L EX LN,

%72 in vivo IC B 2 BIR % IEFEICHIN S 3 72%. PBPK E 7 3 in vitro & in vivo [H D ¥
Yy TERMD B0 DEMD AT — ) v 77 02— EBEE L DT A -2 THEKE N
T3, 7277 LILEBRINE T L OEE, RICZAT—) v 277 727 2 —3LERINIC 51
LME OBIRMEOBER X 2N 2 HID AT I L2 D THNEZ DORIMEE KV
72\, Takano 5 1% CYP3A @ Vau KT 2R -V v 770 2—-%fHT52&LT
midazolam DIEFHERINIE % FHI L 72[249123, AT =V v 77 7 7 2 —o@EyEIc>»Tik
HimE T WD o 72, AWFZE T ATOM IC X > T midazolam D IERIEIRINYE (352 8% &

P-gp RMBICEAT 2 AT =V v 777 7 2 =DA% H»TTHlX L7 (Figure 3-10), Z D5
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EEELTH ATOM ZEFRGFAFKZ I Lo L Lizfc k27— TOREYBHRETHI 0 H 1

CCHERAT 7u—Fickhd L ffE 2,

CHERINICIRYBREE T AICEB T 2 Y0 2 ) T T v Ak, Y OHHEE IR & KR
WDZ VT 7 vRICE > THRIEZINS[252], ATOM & TIM Z 2N O DEDEL 72 X H i
At I N T 5 720 2 OHLE I ICBE 3 2 THlIMEREICE W (372, Figure 3-12 % Table
3-7 DFER D E 2 ATOM & TLM O LE I HIPE X ACAT R & ot S ERET L &
R TH B L EZHNB[14, 139, 282]55. ATOM IZ B W THLERINICEI T 2 e T L & D
B IREEHCE T v, T2BUR T P-gp KX 2EEEE 2 S ANAF TR, ) 7
4 % THF 5720 E e in vitro ¥ 7 A — X ITEERECEAENT 2 2 L3S LT 5[282]
e, BHEEDD D invivo ICEBIT D FARUPFED AL TWB[283]1mA2 0, XV EED
EOCHLERINE T 28RS 2 103X b A2 MRBBETH L L E LN D,

Nz THYPIN D@ FE Tl BF oA, FRCIRATE & 72 D REEO (L AYIcBI L <
ITIEMREE S K& FHIMICE T 2, BRI E © K< (pH : 1.5-5.0), LB ERECIR
THEICEATT 2 ICONTIHRAIC ER T 2(pH : 5.0-7.4) L WO HLEND pH 707 7 4 LR
JEHICRE B L5 2 5[284], BHFFHTIZATOM il Fito 7o v 23T hTE LT,
ETOHEFDPKICATAETH 5 &I HHE CHTZ2iTo T b, L7z >TE VL DLEY
DFHIi %75 720, Zb D7 v X EMAIAA T ATOM ZILKR L, % O#EAHFHZ AT 5
VERD 5,

fitiam & LTy T L SRR S 72 IHILEPIE 7 v ATOM 13/NEGETPER 0 JE4) 26 8) % 1AL
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L. 220o/NRORTF =Y v 77y 7 2—%EHT 5 ¢ CHEYFEL I 2L —F L, K

) DU O CYP3A K U P-gp % /v L 72 DI % A FRICHFIN G % & & ZA[REIC L 72, FFK,

3 L BEFCEER I 31T 2 IRFAETEIC ATOM 2555 a3 2 e i an s,
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3.5 /NG

AL CIEHTRLH L E WINEI R € 7 v ATOM IZD W T, AP OAIR 2157,

v HTHBIRIELE RN E 7 v ATOM % FI T BREER AR Y 72 IEHOE 205 IR MR RY 75

BENEEZRET 5 2 & THRERER T OFLENORYZEE 2 HIH T 5 & L I12l)

L7,

v HALEN OV A XY O HALERIMNE 7 e 7 7 A M EE 5 2 Tk ), ATOM

V3 2 & TIRRIEE R S FHlCE 2 alREE 2R L 7,

v’ ATOM X CYP3A MU' P-gp /AL 72Dl ¥ 2 alb—ya VYAARETH % 2 L BHER S L

7‘4
o

v ATOM & Fr#lFI I E 7 v IicBI L /MG IC 1T 5 CYP3A XU P-gp %4 L 7z DI Tl

fi e b WICHIIRD > 3 2 b—v a VEFERIIBIA—EL TE Y, i OREATEIZH

FCEaEEMELEVEEZ BN,
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Table 3-1 Optimized parameters for intestinal water movement in ATOM

Parameter Value Unit
Kes 114.41 /h
Kuwater,sto 0 /h
Sewater,sto 88.63 mL/h
Kuwater,abs 881.26 /h
Sewater,abs 1500.00 mL/h

kes: transit rate of drug (or water) from esophagus to stomach, Kwatersto: Water absorption rate in stomach,

Sewatersto: Water secretion clearance in stomach, Kwater,abs: Water absorption rate in lumen, Sewater,abs: Water

secretion clearance in lumen
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Table 3-2 Optimized parameters for transit rate from stomach to intestine, dispersion constants and

intestinal flow rates using *™Tc-DTPA distribution in the lumen in ATOM

Subject and Kso () D, (h?) M (h'h)
fasted/fed A B C D tiag E
Subject A 4.27 816.59 0.082 11.34 0? - 12
fasted
Subject B 5.23 584.19 0.044 15.00 0.92 1.05 1.01
fasted
Subject A 1.29 524.22 0.028 16.90 0.98 2.35 3.43
fed
Subject B fed 0.89 201.76 0.031 12.50 0.91 212 1.82

These parameters were obtained by fitting analysis using ***Tc-DTPA distribution in the lumen reported
by reference 248.

a: Constant flow rate (D=0 and E=1) was adopted because AIC values were similar with the simulated
results by ATOM using time-dependent flow rate.

k! transit rate of drug or water from stomach to intestine, D,: location-dependent dispersion number,

M;: time-dependent intestinal flow rate
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Table 3-3 Reported and optimized transit times in CAT using **"Tc-DTPA distribution in the lumen in

both fasted and fed state.

Parameters Value Unit
Reported Optimized
Subject A Subject B Subject A Subject B
fasted fasted fed fed
Ksto 4.00 4.17 3.45 1.11 0.77 /h
K1 3.85 3.03 1.33 2.94 62.50 /h
Kt 1.08 3.03 208.33 357.14 2.33 /h
ki3 1.35 3.03 2.86 31.25 14.08 /h
Kia 1.72 0.81 1.64 9.09 0.65 /h
kis 2.38 0.81 13.16 2.94 0.58 /h
K6 3.45 0.81 0.68 0.20 58.82 /h

Each transit rate was calculated using the equation, Transit rate = 1/ Transit time. Reported transit times

were referred from the previous report [262]. Optimized transit times were obtained by fitting analysis

using observed distribution of *™Tc-DTPA in the lumen [248].

kso: transit rate of drug or water from stomach to intestine, ki : transit rate of drug or water from nth

compartment in the lumen
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Table 3-4 Pharmacokinetic parameters of compounds

Parameter Value Unit Reference and comment
midazolam
Papp,caco-2 0.117 cm/h 14
pKa 14 (acid), 4.57 (base) - ADMET Predictor® ver. 9.5
pKa 6.15 (base) - 285
(reported)®
fo 0.056 - 14
Fent 0.056 - Assumed to be equal with f,
Vmax,cvp3a 0.44 pg /h pmol 14
CYP3A
Km.cvpsau 1.08 pg/mL 14
Ko liver 6.96 - 286
Rs 0.55 - 139
CLint 587336 mL/h 256
Optimized using plasma
concentration after intravenous
dosing
CLr 0 mL/h Assumed to be 0
Vcentral 99888 mL 256
Optimized using plasma
concentration after intravenous
dosing
k1o 0.288 /h 256
Optimized using plasma
concentration after intravenous
dosing
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k21 0.0042 /h 256
Optimized using plasma
concentration after intravenous
dosing
ki2® 0.288 /h Assumed to be same with ki»
Kot 0.0042 /h Assumed to be same with kz;
digoxin
Papp,caco-2 0.00396 cm/h 168
pKa 14(acid), 1(base) - ADMET Predictor® ver. 9.5
f, 0.75 - 167
fo 0.697 - Calculated as fo=fy/Rs
Fent 0.697 - Assumed to be equal with f,
Vmax p-gp 1.0 X 107 pg /h pmol 257
P-gp Optimized to the range of
reported Fa values
Km,pgp.u 57 ug/mL 287
Kp.liver 1.35 - GastroPlus® ver. 9.7
Rs 1.08 - ADMET Predictor® ver. 9.0
CLin? 4793 mL/h 288
CLrpgp 4080 mL/h 38
Assumed from the CLg change
in P-gp inhibitor administration
CLR,nonpgp 7560 mL/h 38
Assumed from the CLr change
in P-gp inhibitor administration
Veentral 11800 mL 38
K2 2 /h 38
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Optimized using plasma
concentration of digoxin in
intravenous administration

K1 0.029 /h 38

Optimized using plasma
concentration of digoxin in
intravenous administration

ki3 2 /h 38

Optimized using plasma
concentration of digoxin in
intravenous administration

Ka1 0.432 h 38

Optimized using plasma
concentration of digoxin in
intravenous administration

ki 2 /h Assumed to be same with ki»
Ko" 0.029 /h Assumed to be same with kz;
kis® 2 /h Assumed to be same with kis
Kar™ 0.432 /h Assumed to be same with ks;
itraconazole
Papp,caco-2 0.0245 cm/h 289
pKa 14 (acid), 4.57 (base) - ADMET Predictor® ver. 9.5
pKa 3.7 (base) - 290
(reported)®
fy 0.0034 - Calculated as f,=f,/Rg
fo 0.002 - 273
Fent 0.0034 - Assumed to be equal with f,
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Vmax,cypsa 0.0114 pg /h pmol 273
CYP3A
Km.cyrsau 0.0313 pug/mL 273
Kp,liver 6.67 - 258
Rs 0.58 - 258
CLint 14700000 mL/h 258
CLr 0 mL/h Assumed to be 0
Veentral 59200 mL 258
Kicvpaa 0.212 png/mL 211
clarithromycin
Papp,caco-2 0.0138 cm/h 291
pKa 13.1 (acid), 8.2 (base) - 292
pKa 8.99 (base) - 293
(reported)®
fo 0.32 - 292
fent 0.32 - Assumed to be equal with f,
Vmax,cyp3a 0.013 ug /h pmol 294
CYP3A
Km.cypsau 36.43 pg/mL 295
LogP 2.3 - 296
Rs 0.74 - 292
CLint 68504 mL/h 75
Optimized using plasma
concentration of clarithromycin
after oral administration
CLr 6000 mL/h 297
Veentral 25193 mL 261
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Optimized using plasma
concentration of clarithromycin

after intravenous administration

Kicyrsa 4.52 pg/mL 295
Kipgp 324.61 pg/mL 298
K2 8.91 /h 75

Optimized using plasma
concentration of clarithromycin

after oral administration

Ko1 251 /h 75
Optimized using plasma
concentration of clarithromycin

after oral administration

a: The value was calculated using the number of hepatocytes (1.2 X 10® cells/g liver) and the weight of

the liver (25.7 g liver/kg) [259].

b: In this study, in silico pKa values using ADMET Predictor® were used.
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Table 3-5 Physiological parameters used in ATOM and CAT

Parameter Value Unit Reference
Qpro 18000 mL/h 14
Qpv 37170 mL/h 286
Qn 107100 mL/h 286
Qna 69930 mL/h Calculated as Qna= Qn- Qpv
Ves 78.5 mL Assumed a column with 1 cm radius and 25 cm
length
Vsto 48.92 mL GastroPlus® ver. 9.7
Vo 70 mL 286
Viiver 1687 mL 286
Veae 50.49 mL GastroPlus® ver. 9.7
Veol 53.55 mL GastroPlus® ver. 9.7
Vi 105 mL 300

Qpro: blood flow of the blood capillaries in lamina propria, Qpy: blood flow in the portal vein, Qu: blood
flow in the liver, Qpa: arterial blood flow in the liver, V: volume in the stomach, Vp: volume in the
portal vein, Viier: volume in the liver, Ve,: volume in the caecum, Voi: volume in the colon, Vii: volume

in the small intestine
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Table 3-6 Dataset for Fg prediction about CYP3A or P-gp/CYP3A substrates and predicted or reported Fg values

Compound Dose Km,u Vmax Papp,caco-2 fo pKa? Fe
CYP3A P-gp CYP3A P-gp acid base | ATOM | TLM | Reported
nmol pg/mL | pg/mL pg /h pg /h cm/h
pmol pmol P-
CYP3A ap

alfentanil 7220 9.51 - 0.542 0 0.105 0.137 - 6.72 0.76 0.72 0.60
alprazolam 1290 81.9 - 0.074 0 0.0918 0.341 - 3.01 0.99 0.99 0.99
buspirone 4150 3.08 - 0.401 0 0.0914 | 0.062 - 7.16 0.56 0.51 0.22

cisapride 16100 1.49 - 0.245 0 0.108 0.020 11.2 7.30 0.63 0.56 0.55
cyclosporin | 474000 1.68 0.0682 0.040 1.66x10° 0.0286 0.014 - - 0.99 0.99 0.35
felodipine 26000 2.04 - 2.86 0 0.0151 0.068 | 10.95 | 0.51 0.02 0.02 0.53
lovastatin 49400 3.16 - 9.23 0 0.0522 0.030 - - 0.04 0.04 0.09
midazolam 9200 1.08 - 0.440 0 0.117 0.056 - 4.57 0.39 0.36 0.48
nifedipine 28900 3.81 - 0.502 0 0.0846 0.066 | 11.06 1.28 0.63 0.60 0.74
nisoldipine 12900 0.815 - 3.75 0 0.072 0.003 | 11.2 0.68 0.03 0.03 0.11

rifabutin 177000 9.23 - 0.286 0 0.0342 0.483 6.92 8.12 0.94 0.85 0.21
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saquinavir | 1490000 | 0.201 0.579 0.731 1.66x10° 0.0497 0.038 | 10.83 6.40 0.94 0.92 0.18
sildenafil 52600 7.13 - 0.480 0 0.0922 0.063 9.38 7.60 0.78 0.77 0.54
simvasatin 95500 1.42 - 5.95 0 0.0245 0.025 - - 0.02 0.02 0.19
trazodone 202000 116 - 1.64 0 0.0871 0.070 - 7.15 0.93 0.90 0.83
triazolam 729 29.2 - 0.090 0 0.101 0.161 - 2.85 0.98 0.98 0.45
zolpidem 16300 43.0 - 0.057 0 0.115 0.105 - 4.99 0.99 0.99 0.81

Dataset of each compound, predicted (TLM) and reported Fg values were referred from the previous report by reference 14.

a: Obtained from ADMET Predictor® version 9.5 (Simulations Plus Inc.)
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Table 3-7 Predictive performance of Fg values using ATOM and TLM compared with reported Fg

values
Parameters ATOM TLM
Within +£0.3 (%) 65 71
AFE 1.06 1.10
RMSE 0.373 0.357

AFE: average fold error, RMSE: root mean square error
AFE and RMSE were calculated using the following equations. Parameter N represents the number of

drugs.

AFE = 102log(reported/predicted)/N’ RMSE = \/E[(predictedl\;reported)Z]
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Table 3-8 Summary of AUCR ratio and Fg (midazolam) or F4 (digoxin) changes during DIs

midazolam?
inhibitor AUCR ratio Fe changes
(predicted AUCR / (Fe,p/Fa controt)
reported AUCR)
50 mg itraconazole 1.19 2.15
200 mg itraconazole 0.63 2.50
400 mg itraconazole 0.58 2.58
digoxin®
inhibitor AUCR ratio Fa changes
(predicted AUCR / (Fa,p/FAcontro)
reported AUCR)
500 mg clarithromycin 1.64 1.25
(250 mg twice daily)

AUCR: AUC ratio, Fap: predicted Fa value of the substrate with the perpetrator, Fa contor: predicted Fa
value of the substrate in the control, Fgp: predicted Fg value of the substrate with the perpetrator,
FG control: predicted Fg value of the substrate in the control

a: AUC,r was used according to the report with the observed values [95].

b: AUCy.24 was used according to the report with the observed values [75].
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Figure 3-1 Structures of ATOM (A) and CAT model (B)

z shows the position at which its volume from inlet equals to z (0 =2z= Viym=1). CLcn: intestinal

metabolic clearance by CYP3A, CLiy: hepatic intrinsic clearance, CLg: renal clearance, D.:

location-dependent dispersion number, fi: hepatic unbound fraction, kcoi: transit rate from the
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ileum to the caecum/colon, ke: transit rate of drug from the esophagus to the stomach, Kreces:

transit rate from the caecum/colon to the feces, kni: transit rate from the nth peripheral

compartment to the central compartment, Ks: transit rate of drug from the stomach to the

jejunum, ki n: transit rate from the nth compartment in the small intestine in CAT, kiy: transit rate

from the central compartment to the nth peripheral compartment, M;: time-dependent intestinal

flow rate, PS,in: permeability clearance from the lumen to the enterocytes in the apical

membrane, PS, . permeability clearance from the enterocytes to the lumen in the apical

membrane, PSyin: permeability clearance from the enterocytes to the lamina propria in the

basolateral membrane, PSyou: permeability clearance from the lamina propria to the enterocytes

in the basolateral membrane, PSen: overall clearance in the basolateral membrane, Qx: blood

flow in the liver, Qpa: arterial blood flow in the liver, Qpro: blood flow rate in the lamina

propria, Quyv: blood flow rate in the portal vein
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Figure 3-2 Definitions of apical and basolateral permeability

Sabs,api and Sabs bas represent the surface area of apical and basolateral membrane, respectively. P,

P,, P3 and P, represent the passive permeability from the lumen to enterocytes, enterocytes to

lumen, enterocyte to lamina propria and blood capillaries and lamina propria and blood capillaries

to enterocytes, respectively. Ppgp represents the active transport permeaility by P-gp.
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Figure 3-3 Simulated movements of *"Tc-DTPA in the gastrointestinal tract by ATOM (A, B, C

and D) and CAT (E, F, G and H) in fasted and fed state.
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The observed *™Tc-DTPA distribution in the lumen was taken from a previous study [248], which

reported its distribution in two subjects. Simulated results of *™Tc-DTPA distribution of subject

A in the fasted condition (A and E), subject A in the fed condition (B and F), subject B in the

fasted condition (C and G), and subject B in the fed condition (D and H). The left (A, B, C and

D) and right (E, F, G and H) panels show the simulated results by ATOM and CAT, respectively.

Open circles, closed circles, open squares, and open triangles represent the observed distributions

in the stomach, upper intestine, lower intestine, and caecum/colon, respectively. The lines

represent the simulated *™Tc-DTPA distributions in each organ. In ATOM, distributions at 40

locations were simulated, and the upper 24 segments were assigned to the upper intestine and the

other 16 segments to the lower intestine corresponding to CAT model using the index of the length

from the inlet in the intestine. CAT model assumes that the small intestine is divided into six

portions, as shown in Figure 3-1.
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Figure 3-4 Optimized change of location-dispersion number (A and B) and time-dependent flow
rates (C and D) in the small intestine in ATOM.

Each dispersion number and flow rate were obtained by optimization using the observed **™Tc-
DTPA distribution reported by reference 248, as shown in Figure 3-3. Solid and dotted lines
represent the obtained profiles of the dispersion number or flow rate using **"Tc-DTPA
distribution of subject A and subject B, respectively. Panels A and C show the obtained dispersion
numbers and flow rates in the fasted condition, while panels B and D represent those in the fed
condition. The equations for calculating the location-dependent dispersion number and time-

dependent flow rate are shown in the Method.
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Figure 3-5 Simulated movements of ™ Tc-DTPA in the gastrointestinal tract by ATOM with fixed
dispersion number.

In panel A, open circles, closed circles, open squares, and open triangles represent the observed
distributions in the stomach, upper intestine, lower intestine, and caecum/colon, respectively. The
observed *™Tc-DTPA distribution in the lumen was obtained from a previous report by reference
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248, which reported its distribution in two subjects. In this analysis, the observed **™Tc-DTPA

distribution in the small intestine of subject A in the fasted state was used. The lines represent the

simulated **™Tc-DTPA distributions in each organ. In ATOM, distributions at 40 locations were

simulated, and 24 segments were assigned in the upper intestine and the other 16 segments in the

lower intestine corresponding to the CAT model using the index of the length from the inlet in the

intestine. In panel B, the fixed dispersion number was optimized by fitting analysis using the

luminal *™Tc-DTPA distribution of subject A in the fasted condition. The fixed dispersion number

was optimized as 0.812.
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Figure 3-6 Simulated movements of *™Tc-DTPA in the gastrointestinal tract using CAT model
with the reported transit times to the observed distribution.

Reported transit times were referenced from a previous report by reference 262, as shown in Table
3-3. Open circles, closed circles, open squares and open triangles represent the observed *™Tc-
DTPA distributions in the stomach, upper intestine, lower intestine and caecum/colon,
respectively, as reported by reference 248. The lines represent the simulated **"Tc-DTPA

distributions in each organ. CAT model assumes that the small intestine is divided into six portions.
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Figure 3-7 Prediction of intestinal water profile in the stomach and small intestine after a water
intake of 240 mL.
Open and closed circles represent the observed water volume in the stomach and whole intestine,
respectively, as reported by reference 254. Initial values in the stomach and small intestine were

also obtained from the same report. Optimized parameters in this analysis are shown in Table 3-
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Figure 3-8 Demonstrative simulation using ATOM and CAT model of drug concentrations in enterocytes in the small intestine at 0.5 h (A), 2 h (B)

and 6 h (C) after oral administration.

Solid and broken lines show simulated results by ATOM and CAT model with optimized transit times, respectively. The model compound has the same

physiological and pharmacokinetic parameters (molecular weight, pKa values, Km cyr3a and unbound fractions in plasma, blood and enterocytes) as

midazolam, except for its apparent permeability in Caco-2 cells (Papp,caco-2) and Vimax,cypsa, set as 0.002 cm/h (approximately 1/50 compared with

midazolam) and 0 pg /h pmol CYP3A, respectively. The dispersion number and flow rate in the intestine obtained in the analysis shown in Figure 3-

3A using *™Tc-DTPA distribution of subject A in the fasted state as reported by reference 248 were adapted. Dose was set to 1 ng.
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Figure 3-9 Demonstrative simulation of cumulative drug absorption by ATOM and CAT model.
Solid and broken lines represent cumulative drug transfer into the portal vein simulated by ATOM
and CAT with optimized transit times, respectively. The simulation was performed using the same
model drug, which was absorbed only by passive diffusion with low permeability, as shown in
Figure 3-8. The dispersion number and flow rate in the intestine obtained in the analysis shown
in Figure 3-3A using *™Tc-DTPA distribution of subject A in the fasted state as reported by

reference 248 were adapted. Dose was set to 1 ng.
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Figure 3-10 Simulation of dose-dependent FaFg change of midazolam (A) and comparison of

simulated unbound drug concentration in enterocytes between ATOM and CAT with optimized

transit times (B) in fasted and fed state.

In panel A, closed circles represent reported FaFg values according to reference 14 and 231. Black
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bold, black dotted, and blue bold lines represent the predicted dose-dependent FaFg profiles of

midazolam by ATOM in fasted state, by CAT in fasted state, and by ATOM in fed state,

respectively.

In panel B, the maximum unbound concentration in enterocytes was reached in two models at

0.16 h after oral administration. Black bold, black dotted, and blue bold lines represent the

predicted unbound concentration of midazolam in enterocytes by ATOM in fasted state, by CAT

in fasted state, and by ATOM in fed state, respectively. The red line represents Kmcypsau of

midazolam (1.08 pg/mL), as reported previously [ 14]. In this analysis, the dispersion number and

flow rate in the intestine obtained in the analysis shown in Figure 3-3A using **"Tc-DTPA

distribution of subject A in the fasted state as reported by reference 248 were adapted.
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Figure 3-11 Effect of fe, on the cumulative absorption of midazolam into the portal vein in linear

conditions.

Red, blue, black and green lines represent the cumulative absorption of midazolam with fen = 1,

0.5, 0.1 and 0.01, respectively, into the portal vein versus time simulated by ATOM. As shown in

the plot, these lines are almost overlapped. Dose was set to 1 ng. The simulation was performed

in the same condition with the one used in the analysis of Figure 3-10.
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Figure 3-12 Comparison of F values using ATOM and TLM.

Fc values of 17 CYP3A or CYP3A/P-gp substrates (alfentanil, alprazolam, buspirone, cisapride,
cyclosporin, felodipine, lovastatin, midazolam, nifedipine, nisoldipine, rifabutin, saquinavir,
sildenafil, simvastatin, trazodone, triazolam, and zolpidem) were evaluated using ATOM. The
dotted and solid lines represent 100 % and 90 - 110 % of the predicted F values obtained using
TLM, respectively. Fg values predicted by TLM were obtained from a previous report by

reference 14.
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Figure 3-13 Demonstrative simulation of CYP3A (A) or P-gp (B) mediated-DI using ATOM.

In panel A, open circles, closed circles, open squares, and open triangles represent the

concentration of midazolam in plasma with 0, 50, 200, and 400 mg itraconazole, respectively.
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The observed plasma concentrations of midazolam by reference 95 were used in the simulation.

Itraconazole was administered once daily at 50, 200, or 400 mg during the study (from t=0 h).

Midazolam was administered 4 h after the administration of itraconazole.

In panel B, open and closed circles represent the plasma concentration of digoxin with 0 and 250

mg clarithromycin twice daily. Observed plasma concentrations of digoxin by reference 75 were

used in the simulation. Clarithromycin was administered twice daily (250 mg each) during the

study period (from t=0 h). Digoxin was administered 24 h after the first administration of

clarithromycin. In both analyses, the dispersion number and flow rate in the intestine obtained in

the analysis shown in Figure 3-3A using **™Tc-DTPA distribution of subject A in the fasted state

reported by reference 248 were adapted. The symbols and error bars represent the mean

concentration in plasma and SD, respectively.
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Figure 3-14 Plasma concentration of itraconazole (A) and clarithromycin (B) in DI simulations.

In panel A, solid line represents the predicted plasma concentration of itraconazole after oral

administration of 100 mg twice daily. Solid and open circle symbols represent the mean plasma

concentration of itraconazole reported by reference 259 and 260, respectively. Error bars represent
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the standard deviation (SD). In panel B, solid line represents predicted plasma concentration of

clarithromycin after oral administration of 250 mg twice daily. Solid circle symbols and error bars

represent the mean plasma concentration of clarithromycin and the SD reported by reference 231.
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Figure 3-15 Plasma concentration of midazolam (A) and digoxin (B) after oral administration in

fasted and fed state.

Solid and broken line represent the plasma concentration profile of midazolam (A) or digoxin (B)

in fasted and fed state, respectively. Doses were set to 2 mg (midazolam) or 0.75 mg (digoxin).
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The dispersion number and flow rate in the intestine obtained in the analysis shown in Figure 3-

3A and 3-3B using *™Tc-DTPA distribution of subject A in the fasted and fed state as reported by

reference 248 were adopted. Predicted Cpax values of midazolam in fasted and fed state were

0.0225 and 0.0164 pmol/L, and those of digoxin in fasted and fed state were 3.51 and 1.51 ng/mL,

respectively. Predicted tmax values of midazolam in fasted and fed state were 0.86 and 1.35 h, and

those of digoxin in fasted and fed state were 0.96 and 1.20 h, respectively.
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Figure 3-16 Correlation of predicted AUCRiy between static model and ATOM

Seven CYP3A substrates (alfentanil, buspirone, felodipine, lovastatin, midazolam, nifedipine,

simvastatin) and cyclosporine (a CYP3A/P-gp dual substrate) were selected for the evaluation.

AUCRy values by the static model were calculated as 1/(1-CRgmIRgm) for CYP3A substrates

and 1/(1- CRaxIRax-CRgmIRGMm) for cyclosporine, respectively. AUCRin values by ATOM were

calculated as Fg change for CYP3A substrates and FaFg change for cyclosporine, respectively.

Clarithromycin were selected as inhibitors for the evaluation. Dose of clarithromycin was set as

250 mg, respectively, because it was within the dose range evaluated in the static model. Gray

solid, black dotted and black solid line show the 1-, 1.5- and 2-fold line from observed values,

respectively.

150



EIUE R
AEFFETIR/NGIC BT 5 CYP3A X P-gp A L 72 1AL E I 72 & Whic DI Tl % H

1) & L 72 HiiE) e 7 0 OB E 7 v OfEEZRE L. U TOMRA 257,

v IR E 7 v KUY ATOM 1 2HALE © CYP3A KU P-gp DFH 5 % S

52 L, MiFEZNL DI FHICIEHEETH 5 2 L3R STz,

v OBTEEHRIRE 7TV IE XD Doy T X — 2 TIEBEEFIR O AUCR < t.R %

ZNZh—HECHEETE %,

v\ ATOM TR AY 2 M, FEEFRIER I ol G&FEC

DY Ialb—ya v RUDI FHIRAEETH 5,

v BTV, BINET L E DI ENE NRFEDE R B 720, RIITIE U TN

ST B 2 TR PERN TR AREE E Z oD,

AWFFEIC B THESE L 22T ERE T L R OB T VB L T, Stk X 0 ZhRm

R AL % Of DI Pl 72 9 Il & 5 L ORI 2 S 2 F Es 3,

151



AW, TEERFPRAGER I AT FEE AR - Ml 1 o = I E PR 2

ORMEH LN TIRE, THFEICXVERLZZDbDTY, ZZICHATEH#HOEEER

LI,

AW # D B 1IH -0, FENCIHEERVCEERIYE L WA Wi TERYEK

FHERRARSEER I EME B - Bl AL, TIER PR GRS A0 e =5

i+ PEREFESE L 70 & NS FAIZCETIE B OB HOTICHR L £ 77,

AWFFERHAN 7 7 —< R ath  EYBEM RO N 2R/ TSN DT

T MRDOWEZ G A T2 & £ L EYBRENT AR - SRS, RIEFAFERE

BkER & - PO E B, VBB FAREEME v — 7 ) — &2 — - IR

HifE L %2 13 U o Y BEIIFEER OB AR ICER CRGHEL L £ 97, £/, RIS T wi

2T R REITIEES  PRREIEIIE v — 7 ) — X — - FilifeiatEt, Y B REt

FehR  BAFAEBNRENTTE 7 v — TWIFER - INRE A KR OME 4 RiETRICE CfLE Lk

JFET,

¥ 7 AR OHEMED 72 D CYP3A4-CPR-HAC/Caco-2 M # SIS L C F X nE L

T IR AR R T2 e 2 v 2 —HE B - BHREE LI LR L BT £ 5

2 ENZWTFERFEE AN HARBRITZERASERRS (AMED) D RIS Joln Bl SC Ikl 7 7

v b 74— 2L (BINDS)IC & % S3HRREH 5 JP21am0101124) I L P £ 9,

152



RBITETT L ) XA TS Nzl ey o BsF W tse iz sk L T3t

2 NDFHHITIEHEL £ 97,

153



51 R SCHR

1. Homayun B, Lin X, Choi HJ (2019) Challenges and Recent Progress in Oral Drug Delivery

Systems for Biopharmaceuticals. Pharmaceutics. 11(3):129.

2. Saravanakumar A, Sadighi A, Ryu R, Akhlaghi F (2019) Physicochemical Properties,

Biotransformation, and Transport Pathways of Established and Newly Approved Medications: A

Systematic Review of the Top 200 Most Prescribed Drugs vs. the FDA-Approved Drugs

Between 2005 and 2016. Clin Pharmacokinet. 58(10):1281-1294.

3. Zhou S, Chan E, Li X, Huang M (2005) Clinical outcomes and management of mechanism-

based inhibition of cytochrome P450 3A4. Ther Clin Risk Manag. 1(1):3-13.

4. Schelstraete W, Clerck L, Govaert E, Millecam J, Devreese M, Deforce D, Bocxlaer JV,

Croubels S (2019) Characterization of Porcine Hepatic and Intestinal Drug Metabolizing

CYP450: Comparison with Human Orthologues from A Quantitative, Activity and Selectivity

Perspective. Sci Rep. 9(1):9233.

5. Couto N, Al-Majdoub ZM, Gibson S, Davies PJ, Achour B, Harwood MD, Carlson G, Barber

J, Rostami-Hodjegan A, Warhurst G (2020) Quantitative Proteomics of Clinically Relevant

Drug-Metabolizing Enzymes and Drug Transporters and Their Intercorrelations in the Human

Small Intestine. Drug Metab Dispos. 48(4):245-254.

6. Mouly S, Paine MF (2003) P-glycoprotein increases from proximal to distal regions of

154



human small intestine. Pharm Res. 20(10):1595-1599.

7. Stephens RH, O'Neill CA, Warhurst A, Carlson GL, Rowland M, Warhurst G (2001) Kinetic

profiling of P-glycoprotein-mediated drug efflux in rat and human intestinal epithelia. J

Pharmacol Exp Ther. 296(2):584-591.

8. Stader F, Kinvig H, Battegay M, Khoo S, Owen A, Siccardi M, Marzolini C (2018) Analysis

of Clinical Drug-Drug Interaction Data To Predict Magnitudes of Uncharacterized Interactions

between Antiretroviral Drugs and Comedications. Antimicrob Agents Chemother. 62(7):¢00717-

18.

9. Lund M, Petersen TS, Dalhoff KP (2017) Clinical Implications of P-Glycoprotein Modulation

in Drug-Drug Interactions. Drugs. 77(8):859-883.

10. Agoram B, Woltosz WS, Bolger MB (2001) Predicting the impact of physiological and

biochemical processes on oral drug bioavailability. Adv Drug Deliv Rev. 50 Suppl 1:S41-67.

11. Jamei M, Turner D, Yang J, Neuhoff S, Polak S, Rostami-Hodjegan A, Tucker G (2009)

Population-based mechanistic prediction of oral drug absorption. A4PS J. 11(2):225-237.

12. Cong D, Doherty M, Pang KS (2000) A new physiologically based, segregated-flow model

to explain route-dependent intestinal metabolism. Drug Metab Dispos. 28(2):224-235.

13. Gertz M, Harrison A, Houston JB, Galetin A (2010) Prediction of human intestinal first-pass

metabolism of 25 CYP3A substrates from in vitro clearance and permeability data. Drug Metab

155



Dispos. 38(7):1147-1158.

14. Ando H, Hisaka A, Suzuki H (2015) A new physiologically based pharmacokinetic model

for the prediction of gastrointestinal drug absorption: translocation model. Drug Metab Dispos.

43(4):590-602.

15. Ohno Y, Hisaka A, Suzuki H (2007) General framework for the quantitative prediction of

CYP3A4-mediated oral drug interactions based on the AUC increase by coadministration of

standard drugs. Clin Pharmacokinet. 46(8):681-696.

16. Ohno Y, Hisaka A, Ueno M, Suzuki H (2008) General framework for the prediction of oral

drug interactions caused by CYP3A4 induction from in vivo information. Clin Pharmacokinet.

47(10):669-680.

17. Hisaka A, Kusama M, Ohno Y, Sugiyama Y, Suzuki H (2009) A proposal for a

pharmacokinetic interaction significance classification system (PISCS) based on predicted drug

exposure changes and its potential application to alert classifications in product labelling. Clin

Pharmacokinet. 48(10):653-666.

18. Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, Farrar K, Park BK,

Breckenridge AM (2004) Adverse drug reactions as cause of admission to hospital: prospective

analysis of 18 820 patients. BM.J. 329(7456):15-19.

19. Wienkers LC, Heath TG (2005) Predicting in vivo drug interactions from in vitro drug

156



discovery data. Nat Rev Drug Discov. 4(10):825-833.

20. Furberg CD, Pitt B (2001) Withdrawal of cerivastatin from the world market. Curr Control

Trials Cardiovasc Med. 2(5):205-207.

21. Estelle F, Simons R (1999) H1-receptor antagonists: safety issues. Ann Allergy Asthma.

83(5):481-488.

22. Zhuang X, Lu C (2016) PBPK modeling and simulation in drug research and development.

Acta Pharm Sin B. 6(5):430-440.

23. Sager JE, Yu J, Raguencau-Majlessi I, Isoherranen N (2015) Physiologically Based

Pharmacokinetic (PBPK) Modeling and Simulation Approaches: A Systematic Review of

Published Models, Applications, and Model Verification. Drug Metab Dispos. 43(11):1823-1837.

24. Ke AB, Nallani SC, Zhao P, Rostami-Hodjegan A, Unadkat JD (2012) A PBPK Model to

Predict Disposition of CYP3A-Metabolized Drugs in Pregnant Women: Verification and

Discerning the Site of CYP3A Induction. CPT Pharmacometrics Syst Pharmacol. 1(9):¢e3.

25. Huang SM, Abernethy DR, Wang Y, Zhao P, Zineh I (2013) The utility of modeling and

simulation in drug development and regulatory review. J Pharm Sci. 102(9):2912-2923.

26. Yoshida K, Budha N, Jin JY (2017) Impact of physiologically based pharmacokinetic models

on regulatory reviews and product labels: Frequent utilization in the field of oncology. Clin

Pharmacol Ther. 101(5):597-602.

157



27. Wagner C, Zhao P, Pan Y, Hsu V, Grillo J, Huang SM, Sinha V (2015) Application of

Physiologically Based Pharmacokinetic (PBPK) Modeling to Support Dose Selection: Report of

an FDA Public Workshop on PBPK. CPT Pharmacometrics Syst Pharmacol. 4(4):226-230.

28. Guideline on drug interaction for drug development and appropriate provision of information.

Pharmaceuticals and Medical Devices Agency.

29. In Vitro Drug Interaction Studies — Cytochrome P450 Enzyme- and Transporter-Mediated

Drug Interactions Guidance for Industry. U.S. Food and Drug administration.

30. Guideline on the investigation of drug interactions. European Medicines Agency.

31. Christians U, Schmitz V, Haschke M (2005) Functional interactions between P-glycoprotein

and CYP3A in drug metabolism. Expert Opin Drug Metab Toxicol. 1(4):641-654.

32. Wacher VJ, Wu CY, Benet LZ (1995) Overlapping substrate specificities and tissue

distribution of cytochrome P450 3A and P-glycoprotein: implications for drug delivery and

activity in cancer chemotherapy. Mol Carcinog. 13(3):129-134.

33. Tod M, Goutelle S, Bleyzac N, Bourguignon L (2019) A Generic Model for Quantitative

Prediction of Interactions Mediated by Efflux Transporters and Cytochromes: Application to P-

Glycoprotein and Cytochrome 3A4. Clin Pharmacokinet. 58(4):503-523.

34. Tod M, Bourguignon L, Bleyzac N, Goutelle S (2020) Quantitative Prediction of Interactions

Mediated by Transporters and Cytochromes: Application to Organic Anion Transporting

158



Polypeptides, Breast Cancer Resistance Protein and Cytochrome 2C8. Clin Pharmacokinet.

59(6):757-770.

35. Ohta Y, Kazuki K, Abe S, Oshimura M, Kobayashi K, Kazuki Y (2020) Development of Caco-

2 cells expressing four CYPs via a mammalian artificial chromosome. BMC Biotechnol. 20(1):44.

36. Kabeya T, Mima S, Imakura Y, Miyashita T, Ogura I, Yamada T, Yasujima T, Yuasa H, Iwao

T, Matsunaga T (2020) Pharmacokinetic functions of human induced pluripotent stem cell-

derived small intestinal epithelial cells. Drug Metab Pharmacokinet. 35(4):374-382.

37. Takenaka T, Kazuki K, Harada N, Kuze J, Chiba M, Iwao T, Matsunaga T, Abe S, Oshimura

M, Kazuki Y (2017) Development of Caco-2 cells co-expressing CYP3A4 and NADPH-

cytochrome P450 reductase using a human artificial chromosome for the prediction of intestinal

extraction ratio of CYP3A4 substrates. Drug Metab Pharmacokinet. 32(1):61-68.

38. Ding R, Tayrouz Y, Riedel KD, Burhenne J, Weiss J, Mikus G, Haefeli WE (2004) Substantial

pharmacokinetic interaction between digoxin and ritonavir in healthy volunteers. Clin Pharmacol

Ther. 76(1):73-84.

39. Ohura K, Nozawa T, Murakami K, Imai T (2011) Evaluation of transport mechanism of

prodrugs and parent drugs formed by intracellular metabolism in Caco-2 cells with modified

carboxylesterase activity: temocapril as a model case. J Pharm Sci. 100(9):3985-3994.

40. Drug Development and Drug Interactions: Table of Substrates, Inhibitors and Inducers.

159



https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-

table-substrates-inhibitors-and-inducers. U.S. Food and Drug Administration.

41. Katneni K, Pham T, Saunders J, Chen G, Patil R, White KL, Abla N, Chiu FCK, Shackleford

DM, Charman SA (2018) Using Human Plasma as an Assay Medium in Caco-2 Studies Improves

Mass Balance for Lipophilic Compounds. Pharm Res. 35(11):210.

42. Lindell M, Karlsson MO, Lennernds H, Pdhlman L, Lang MA (2003) Variable expression of

CYP and Pgp genes in the human small intestine. Eur J Clin Invest. 33(6):493-499.

43. Galetin A, Gertz M, Houston JB (2010) Contribution of intestinal cytochrome p450-mediated

metabolism to drug-drug inhibition and induction interactions. Drug Metab Pharmacokinet.

25(1):28-47.

44, Crespi CL, Penman BW, Hu M (1996) Development of Caco-2 cells expressing high levels

of cDNA-derived cytochrome P4503A4. Pharm Res. 13(11):1635-1641.

45. Brimer C, Dalton JT, Zhu Z, Schuetz J, Yasuda K, Vanin E, Relling MV, Lu Y, Schuetz EG

(2000) Creation of polarized cells coexpressing CYP3A4, NADPH cytochrome P450 reductase

and MDR1/P-glycoprotein. Pharm Res. 17(7):803-810.

46. Yamaura Y, Chapron BD, Wang Z, Himmelfarb J, Thummel KE (2016) Functional

Comparison of Human Colonic Carcinoma Cell Lines and Primary Small Intestinal Epithelial

Cells for Investigations of Intestinal Drug Permeability and First-Pass Metabolism. Drug Metab

160



Dispos. 44(3):329-335.

47. Takenaka T, Harada N, Kuze J, Chiba M, Iwao T, Matsunaga T (2014) Human small intestinal

epithelial cells differentiated from adult intestinal stem cells as a novel system for predicting oral

drug absorption in humans. Drug Metab Dispos. 42(11):1947-1954.

48. Gutmann H, Hruz P, Zimmermann C, Beglinger C, Drewe J (2005) Distribution of breast

cancer resistance protein (BCRP/ABCG2) mRNA expression along the human GI tract. Biochem

Pharmacol. 70(5):695-699.

49. Zhang L, Zhao J, Liang C, Liu M, Xu F, Wang X (2017) A novel biosensor based on intestinal

3D organoids for detecting the function of BCRP. Drug Deliv. 24(1):1453-1459.

50. Oswald S (2019) Organic Anion Transporting Polypeptide (OATP) transporter expression,

localization and function in the human intestine. Pharmacol Ther. 195:39-53.

51. Strassburg CP, Kneip S, Topp J, Obermayer-Straub P, Barut A, Tukey RH, Manns MP (2000)

Polymorphic gene regulation and interindividual variation of UDP-glucuronosyltransferase

activity in human small intestine. J Biol Chem. 275(46):36164-36171.

52. Fritz A, Busch D, Lapczuk J, Ostrowski M, Drozdzik M, Oswald S (2019) Expression of

clinically relevant drug-metabolizing enzymes along the human intestine and their correlation to

drug transporters and nuclear receptors: An intra-subject analysis. Basic Clin Pharmacol Toxicol.

124(3):245-255.

161



53. Tapaninen T, Backman JT, Kurkinen KJ, Neuvonen PJ, Niemi M (2011) Itraconazole, a P-

glycoprotein and CYP3A4 inhibitor, markedly raises the plasma concentrations and enhances the

renin-inhibiting effect of aliskiren. J Clin Pharmacol. 51(3):359-367.

54. Rebello S, Compain S, Feng A, Hariry S, Dieterich HA, Jarugula V (2011) Effect of

cyclosporine on the pharmacokinetics of aliskiren in healthy subjects. J Clin Pharmacol.

51(11):1549-1560.

55. Rebello S, Leon S, Hariry S, Dahlke M, Jarugula V (2011) Effect of verapamil on the

pharmacokinetics of aliskiren in healthy participants. J Clin Pharmacol. 51(2):218-228.

56. Vaidyanathan S, Camenisch G, Schuetz H, Reynolds C, Yeh CM, Bizot MN, Dieterich HA,

Howard D, Dole WP (2008) Pharmacokinetics of the oral direct renin inhibitor aliskiren in

combination with digoxin, atorvastatin, and ketoconazole in healthy subjects: the role of P-

glycoprotein in the disposition of aliskiren. J Clin Pharmacol. 48(11):1323-1338.

57. Kharasch ED, Vangveravong S, Buck N, London A, Kim T, Blood J, Mach RH (2011)

Concurrent assessment of hepatic and intestinal cytochrome P450 3 A activities using deuterated

alfentanil. Clin Pharmacol Ther. 89(4):562-570.

58. Kharasch ED, Walker A, Hoffer C, Sheffels P (2005) Sensitivity of intravenous and oral

alfentanil and pupillary miosis as minimally invasive and noninvasive probes for hepatic and first-

pass CYP3A activity. J Clin Pharmacol. 45(10):1187-1197.

162



59. Kharasch ED, Bedynek PS, Walker A, Whittington D, Hoffer C (2008) Mechanism of

ritonavir changes in methadone pharmacokinetics and pharmacodynamics: II. Ritonavir effects

on CYP3A and P-glycoprotein activities. Clin Pharmacol Ther. 84(4):506-512.

60. Yasui N, Kondo T, Otani K, Furukori H, Kaneko S, Ohkubo T, Nagasaki T, Sugawara K (1998)

Effect of itraconazole on the single oral dose pharmacokinetics and pharmacodynamics of

alprazolam. Psychopharmacology (Berl). 139(3):269-273.

61. Greenblatt DJ, Wright CE, von Moltke LL, Harmatz JS, Ehrenberg BL, Harrel LM, Corbett

K, Counihan M, Tobias S, Shader RI (1998) Ketoconazole inhibition of triazolam and alprazolam

clearance: differential kinetic and dynamic consequences. Clin Pharmacol Ther. 64(3):237-247.

62. Boulenc X, Nicolas O, Hermabessiére S, Zobouyan I, Martin V, Donazzolo Y, Ollier C (2016)

CYP3A4-based drug-drug interaction: CYP3A4 substrates' pharmacokinetic properties and

ketoconazole dose regimen effect. Eur J Drug Metab Pharmacokinet. 41(1):45-54.

63. Mazzu AL, Lasseter KC, Shamblen EC, Agarwal V, Lettieri J, Sundaresen P (2000)

Itraconazole alters the pharmacokinetics of atorvastatin to a greater extent than either cerivastatin

or pravastatin. Clin Pharmacol Ther. 68(4):391-400.

64. Jacobson TA (2006) Comparative pharmacokinetic interaction profiles of pravastatin,

simvastatin, and atorvastatin when coadministered with cytochrome P450 inhibitors. Am J

Cardiol. 94(9):1140-1146.

163



65. Prueksaritanont T, Tatosian DA, Chu X, Railkar R, Evers R, Chavez-Eng C, Lutz R, Zeng W,

Yabut J, Chan GH, Cai X, Latham AH, Hehman J, Stypinski D, Brejda J, Zhou C, Thornton B,

Bateman KP, Fraser I, Stoch SA (2017) Validation of a microdose probe drug cocktail for clinical

drug interaction assessments for drug transporters and CYP3A. Clin Pharmacol Ther.

101(4):519-530.

66. Seidegard J (2000) Reduction of the inhibitory effect of ketoconazole on budesonide

pharmacokinetics by separation of their time of administration. Clin Pharmacol Ther. 68(1):13-

17.

67. Kivisto KT, Lamberg TS, Neuvonen PJ (1999) Interactions of buspirone with itraconazole

and rifampicin: effects on the pharmacokinetics of the active 1-(2-pyrimidinyl)-piperazine

metabolite of buspirone. Pharmacol Toxicol. 84(2):94-97.

68. Kivistd KT, Lamberg TS, Kantola T, Neuvonen PJ (1997) Plasma buspirone concentrations

are greatly increased by erythromycin and itraconazole. Clin Pharmacol Ther. 62(3):348-354.

69. Miick W, Ochmann K, Rohde G, Unger S, Kuhlmann J (1998) Influence of erythromycin pre-

and co-treatment on single-dose pharmacokinetics of the HMG-CoA reductase inhibitor

cerivastatin. Eur J Clin Pharmacol. 53(6):469-473.

70. Gouin-Thibault I, Delavenne X, Blanchard A, Siguret V, Salem JE, Narjoz C, Gaussem P,

Beaune P, Funck-Brentano C, Azizi M, Mismetti P, Loriot MA (2017) Interindividual variability

164



in dabigatran and rivaroxaban exposure: contribution of ABCB1 genetic polymorphisms and

interaction with clarithromycin. J Thromb Haemost. 15(2):273-283.

71. Delavenne X, Ollier E, Basset T, Bertoletti L, Accassat S, Garcin A, Laporte S, Zufferey P,

Mismetti P (2013) A semi-mechanistic absorption model to evaluate drug-drug interaction with

dabigatran: application with clarithromycin. Br J Clin Pharmacol. 76(1):107-113.

72. Hartter S, Sennewald R, Nehmiz G, Reilly P (2013) Oral bioavailability of dabigatran etexilate

(Pradaxa(®)) after co-medication with verapamil in healthy subjects. Br J Clin Pharmacol.

75(4):1053-1062.

73. Rodin SM, Johnson BF, Wilson J, Ritchie P, Johnson J (1998) Comparative effects of

verapamil and isradipine on steady-state digoxin kinetics. Clin Pharmacol Ther. 43(6):668-672.

74. Gurley BJ, Swain A, Williams DK, Barone G, Battu SK (2008) Gauging the clinical

significance of P-glycoprotein-mediated herb-drug interactions: comparative effects of St. John's

wort, Echinacea, clarithromycin, and rifampin on digoxin pharmacokinetics. Mol Nutr Food Res.

52(7):772-779.

75. Rengelshausen J, Goggelmann C, Burhenne J, Riedel KD, Ludwig J, Weiss J, Mikus G,

Walter-Sack 1, Haefeli WE (2003) Contribution of increased oral bioavailability and reduced

nonglomerular renal clearance of digoxin to the digoxin-clarithromycin interaction. Br J Clin

Pharmacol. 56(1):32-38.

165



76. Gurley BJ, Barone GW, Williams DK, Carrier J, Breen P, Yates CR, Song PF, Hubbard MA,

Tong Y, Cheboyina S (2006) Effect of milk thistle (Silybum marianum) and black cohosh

(Cimicifuga racemosa) supplementation on digoxin pharmacokinetics in humans. Drug Metab

Dispos. 34(1):69-74.

77. Gurley BJ, Swain A, Barone GW, Williams DK, Breen P, Yates CR, Stuart LB, Hubbard MA,

Tong Y, Cheboyina S (2007) Effect of goldenseal (Hydrastis canadensis) and kava kava (Piper

methysticum) supplementation on digoxin pharmacokinetics in humans. Drug Metab Dispos.

35(2):240-245.

78. Kirby BJ, Collier AC, Kharasch ED, Whittington D, Thummel KE, Unadkat JD (2012)

Complex drug interactions of the HIV protease inhibitors 3: effect of simultaneous or staggered

dosing of digoxin and ritonavir, nelfinavir, rifampin, or bupropion. Drug Metab Dispos.

40(3):610-616.

79. Penzak SR, Shen JM, Alfaro RM, Remaley AT, Natarajan V, Falloon J (2004) Ritonavir

decreases the nonrenal clearance of digoxin in healthy volunteers with known MDR1 genotypes.

Ther Drug Monit. 26(3):322-330.

80. Jalava KM, Partanen J, Neuvonen PJ (1997) Itraconazole decreases renal clearance of digoxin.

Ther Drug Monit. 19(6):609-613.

81. Jalava KM, Olkkola KT, Neuvonen PJ (1997) Itraconazole greatly increases plasma

166



concentrations and effects of felodipine. Clin Pharmacol Ther. 61(4):410-415.

82. Saruwatari J, Yasui-Furukori N, Niioka T, Akamine Y, Takashima A, Kaneko S, Uno T (2012)

Different effects of the selective serotonin reuptake inhibitors fluvoxamine, paroxetine, and

sertraline on the pharmacokinetics of fexofenadine in healthy volunteers. J Clin

Psychopharmacol. 32(2):195-199.

83. Shimizu M, Uno T, Sugawara K, Tateishi T (2006) Effects of single and multiple doses of

itraconazole on the pharmacokinetics of fexofenadine, a substrate of P-glycoprotein. Br J Clin

Pharmacol. 62(3):372-376.

84. Shimizu M, Uno T, Sugawara K, Tateishi T (2006) Effects of itraconazole and diltiazem on

the pharmacokinetics of fexofenadine, a substrate of P-glycoprotein. Br J Clin Pharmacol.

61(5):538-544.

85. Shon JH, Yoon YR, Hong WS, Nguyen PM, Lee SS, Choi YG, Cha 1J, Shin JG (2005) Effect

of'itraconazole on the pharmacokinetics and pharmacodynamics of fexofenadine in relation to the

MDRI1 genetic polymorphism. Clin Pharmacol Ther. 78(2):191-201.

86. Uno T, Shimizu M, Sugawara K, Tateishi T (2006) Lack of dose-dependent effects of

itraconazole on the pharmacokinetic interaction with fexofenadine. Drug Metab Dispos.

34(11):1875-1879.

87. leiri 1, Tsunemitsu S, Maeda K, Ando Y, Izumi N, Kimura M, Yamane N, Okuzono T,

167



Morishita M, Kotani N, Kanda E, Deguchi M, Matsuguma K, Matsuki S, Hirota T, Irie S,

Kusuhara H, Sugiyama Y (2013) Mechanisms of pharmacokinetic enhancement between ritonavir

and saquinavir; micro/small dosing tests using midazolam (CYP3A4), fexofenadine (p-

glycoprotein), and pravastatin (OATP1B1) as probe drugs. J Clin Pharmacol. 53(6):654-661.

88. van Heeswijk RP, Bourbeau M, Campbell P, Seguin I, Chauhan BM, Foster BC, Cameron

DW (2006) Time-dependent interaction between lopinavir/ritonavir and fexofenadine. J Clin

Pharmacol. 46(7):758-767.

89. Gupta S, Banfield C, Kantesaria B, Marino M, Clement R, Affrime M, Batra V (2001)

Pharmacokinetic and safety profile of desloratadine and fexofenadine when coadministered with

azithromycin: a randomized, placebo-controlled, parallel-group study. Clin Ther. 23(3):451-466.

90. Sanofi. Allegra (Fexofenadine Hydrochloride) Oral Suspension. Labeling. U.S. Food and

Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2006/021963s000 LBL.pdf Accessed 5

Sep 2019

91. Lemma GL, Wang Z, Hamman MA, Zaheer NA, Gorski JC, Hall SD (2006) The effect of

short- and long-term administration of verapamil on the disposition of cytochrome P450 3A and

P-glycoprotein substrates. Clin Pharmacol Ther. 79(3):218-230.

92. Yasui-Furukori N, Uno T, Sugawara K, Tateishi T (2005) Different effects of three

168



transporting inhibitors, verapamil, cimetidine, and probenecid, on fexofenadine pharmacokinetics.

Clin Pharmacol Ther. 77(1):17-23.

93. Kivistdo KT, Kantola T, Neuvonen PJ (1998) Different effects of itraconazole on the

pharmacokinetics of fluvastatin and lovastatin. Br J Clin Pharmacol. 46(1):49-53.

94. Azie NE, Brater DC, Becker PA, Jones DR, Hall SD (1998) The interaction of diltiazem with

lovastatin and pravastatin. Clin Pharmacol Ther. 64(4):369-377.

95. Templeton I, Peng CC, Thummel KE, Davis C, Kunze KL, Isoherranen N (2010) Accurate

prediction of dose-dependent CYP3 A4 inhibition by itraconazole and its metabolites from in vitro

inhibition data. Clin Pharmacol Ther. 88(4):499-505.

96. Backman JT, Kivistd KT, Olkkola KT, Neuvonen PJ (1998) The area under the plasma

concentration-time curve for oral midazolam is 400-fold larger during treatment with itraconazole

than with rifampicin. Eur J Clin Pharmacol. 54(1):53-58.

97. Ahonen J, Olkkola KT, Neuvonen PJ (1995) Effect of itraconazole and terbinafine on the

pharmacokinetics and pharmacodynamics of midazolam in healthy volunteers. Br J Clin

Pharmacol. 40(3):270-272.

98. Olkkola KT, Backman JT, Neuvonen PJ (1994) Midazolam should be avoided in patients

receiving the systemic antimycotics ketoconazole or itraconazole. Clin Pharmacol Ther.

55(5):481-485.

169



99. Liu B, Crewe HK, Ozdemir M, Rowland Yeo K, Tucker G, Rostami-Hodjegan A (2017) The

absorption kinetics of ketoconazole plays a major role in explaining the reported variability in the

level of interaction with midazolam: Interplay between formulation and inhibition of gut wall and

liver metabolism. Biopharm Drug Dispos. 38(3):260-270.

100. Shin KH, Ahn LY, Choi MH, Moon JY, Lee J, Jang 1J, Yu KS, Cho JY (2016) Urinary 6p-

Hydroxycortisol/Cortisol Ratio Most Highly Correlates With Midazolam Clearance Under

Hepatic CYP3A Inhibition and Induction in Females: A Pharmacometabolomics Approach. 44PS

J. 18(5):1254-1261.

101. Halama B, Hohmann N, Burhenne J, Weiss J, Mikus G, Haefeli WE (2013) A nanogram dose

of the CYP3A probe substrate midazolam to evaluate drug interactions. Clin Pharmacol Ther.

93(6):564-571.

102. Krishna G, Moton A, Ma L, Savant I, Martinho M, Seiberling M, McLeod J (2009) Effects

of oral posaconazole on the pharmacokinetic properties of oral and intravenous midazolam: a

phase I, randomized, open-label, crossover study in healthy volunteers. Clin Ther. 31(2):286-298.

103. Chen M, Nafziger AN, Bertino JS Jr. (2006) Drug-metabolizing enzyme inhibition by

ketoconazole does not reduce interindividual variability of CYP3A activity as measured by oral

midazolam. Drug Metab Dispos. 34(12):2079-2082.

104. Eap CB, Buclin T, Cucchia G, Zullino D, Hustert E, Bleiber G, Golay KP, Aubert AC,

170



Baumann P, Telenti A, Kerb R (2004) Oral administration of a low dose of midazolam (75 microg)

as an in vivo probe for CYP3A activity. Eur J Clin Pharmacol. 60(4):237-246.

105. Chung E, Nafziger AN, Kazierad DJ, Bertino JS Jr. (2006) Comparison of midazolam and

simvastatin as cytochrome P450 3A probes. Clin Pharmacol Ther. 79(4):350-361.

106. Lam YW, Alfaro CL, Ereshefsky L, Miller M (2003) Pharmacokinetic and

pharmacodynamic interactions of oral midazolam with ketoconazole, fluoxetine, fluvoxamine,

and nefazodone. J Clin Pharmacol. 43(11):1274-1282.

107. Tsunoda SM, Velez RL, von Moltke LL, Greenblatt DJ (1999) Differentiation of intestinal

and hepatic cytochrome P450 3A activity with use of midazolam as an in vivo probe: effect of

ketoconazole. Clin Pharmacol Ther. 66(5):461-471.

108. Stoch SA, Friedman E, Maes A, Yee K, Xu Y, Larson P, Fitzgerald M, Chodakewitz J,

Wagner JA (2009) Effect of different durations of ketoconazole dosing on the single-dose

pharmacokinetics of midazolam: shortening the paradigm. J Clin Pharmacol. 49(4):398-406.

109. Friedman EJ, Fraser IP, Wang YH, Bergman AJ, Li CC, Larson PJ, Chodakewitz J, Wagner

JA, Stoch SA (2011) Effect of different durations and formulations of diltiazem on the single-

dose pharmacokinetics of midazolam: how long do we go? J Clin Pharmacol. 51(11):1561-1570.

110. Saari TI, Laine K, Leino K, Valtonen M, Neuvonen PJ, Olkkola KT (2006) Effect of

voriconazole on the pharmacokinetics and pharmacodynamics of intravenous and oral midazolam.

171



Clin Pharmacol Ther. 79(4):362-370.

111. Hohmann N, Kocheise F, Carls A, Burhenne J, Weiss J, Haefeli WE, Mikus G (2016) Dose-

Dependent Bioavailability and CYP3A Inhibition Contribute to Non-Linear Pharmacokinetics of

Voriconazole. Clin Pharmacokinet. 55(12):1535-1545.

112. Ohashi K, Tateishi T, Sudo T, Sakamoto K, Toyosaki N, Hosoda S, Toyo-oka T, Sugimoto K,

Kumagai Y, Ebihara A (1990) Effects of diltiazem on the pharmacokinetics of nifedipine. J

Cardiovasc Pharmacol. 15(1):96-101.

113. Niemi M, Backman JT, Neuvonen M, Neuvonen PJ (2003) Effects of gemfibrozil,

itraconazole, and their combination on the pharmacokinetics and pharmacodynamics of

repaglinide: potentially hazardous interaction between gemfibrozil and repaglinide. Diabetologia.

46(3):347-351.

114. Niemi M, Neuvonen PJ, Kivisto6 KT (2001) The cytochrome P4503A4 inhibitor

clarithromycin increases the plasma concentrations and effects of repaglinide. Clin Pharmacol

Ther. 70(1):58-65.

115. Kajosaari LI, Niemi M, Neuvonen M, Laitila J, Neuvonen PJ, Backman JT (2005)

Cyclosporine markedly raises the plasma concentrations of repaglinide. Clin Pharmacol Ther.

78(4):388-399.

116. Cooper KJ, Martin PD, Dane AL, Warwick MJ, Schneck DW, Cantarini MV (2003) Effect

172



of itraconazole on the pharmacokinetics of rosuvastatin. Clin Pharmacol Ther. 73(4):322-329.

117. Kantola T, Kivisto KT, Neuvonen PJ (1998) Erythromycin and verapamil considerably

increase serum simvastatin and simvastatin acid concentrations. Clin Pharmacol Ther. 64(2):177-

182.

118. Krishna G, Ma L, Prasad P, Moton A, Martinho M, O'Mara E (2012) Effect of posaconazole

on the pharmacokinetics of simvastatin and midazolam in healthy volunteers. Expert Opin Drug

Metab Toxicol. 8(1):1-10.

119. Varhe A, Olkkola KT, Neuvonen PJ (1994) Oral triazolam is potentially hazardous to patients

receiving systemic antimycotics ketoconazole or itraconazole. Clin Pharmacol Ther. 56(6 Pt

1):601-607.

120. von Moltke LL, Greenblatt DJ, Harmatz JS, Duan SX, Harrel LM, Cotreau-Bibbo MM,

Pritchard GA, Wright CE, Shader RI (1997) Triazolam biotransformation by human liver

microsomes in vitro: effects of metabolic inhibitors and clinical confirmation of a predicted

interaction with ketoconazole. J Pharmacol Exp Ther. 276(2):370-379.

121. O'Connor-Semmes RL, Kersey K, Williams DH, Lam R, Koch KM (2001) Effect of

ranitidine on the pharmacokinetics of triazolam and alpha-hydroxytriazolam in both young (19-

60 years) and older (61-78 years) people. Clin Pharmacol Ther. 70(2):126-131.

122. Greenblatt DJ, Wright CE, von Moltke LL, Harmatz JS, Ehrenberg BL, Harrel LM, Corbett

173



K, Counihan M, Tobias S, Shader RI (1998) Ketoconazole inhibition of triazolam and alprazolam

clearance: differential kinetic and dynamic consequences. Clin Pharmacol Ther. 64(3):237-247.

123. Luurila H, Kivistd KT, Neuvonen PJ (1998) Effect of itraconazole on the pharmacokinetics

and pharmacodynamics of zolpidem. Eur J Clin Pharmacol. 54(2):163-166.

124. Greenblatt DJ, von Moltke LL, Harmatz JS, Mertzanis P, Graf JA, Durol AL, Counihan M,

Roth-Schechter B, Shader RI (1998) Kinetic and dynamic interaction study of zolpidem with

ketoconazole, itraconazole, and fluconazole. Clin Pharmacol Ther. 64(6):661-671.

125. Saari TI, Laine K, Leino K, Valtonen M, Neuvonen PJ, Olkkola KT (2007) Effect of

voriconazole on the pharmacokinetics and pharmacodynamics of zolpidem in healthy subjects.

Br J Clin Pharmacol. 63(1):116-120.

126. Gomez DY, Wacher VJ, Tomlanovich SJ, Hebert MF, Benet LZ (1995) The effects of

ketoconazole on the intestinal metabolism and bioavailability of cyclosporine. Clin Pharmacol

Ther. 58(1):15-19.

127. Freeman DJ, Martell R, Carruthers SG, Heinrichs D, Keown PA, Stiller CR (1998)

Cyclosporin-erythromycin interaction in normal subjects. Br J Clin Pharmacol. 23(6):776-778.

128. Vanhove T, Annaert P, Knops N, de Loor H, de Hoon J, Kuypers DRJ (2019) In vivo CYP3A4

activity does not predict the magnitude of interaction between itraconazole and tacrolimus from

an extended release formulation. Basic Clin Pharmacol Toxicol. 124(1):50-55.

174



129. Floren LC, Bekersky I, Benet LZ, Mekki Q, Dressler D, Lee JW, Roberts JP, Hebert MF

(1997) Tacrolimus oral bioavailability doubles with coadministration of ketoconazole. Clin

Pharmacol Ther. 62(1):41-49.

130. Sansone-Parsons A, Krishna G, Martinho M, Kantesaria B, Gelone S, Mant TG (2007) Effect

of oral posaconazole on the pharmacokinetics of cyclosporine and tacrolimus. Pharmacotherapy.

27(6):825-834.

131. Imamura CK, Furihata K, Okamoto S, Tanigawara Y (2016) Impact of cytochrome P450

2C19 polymorphisms on the pharmacokinetics of tacrolimus when coadministered with

voriconazole. J Clin Pharmacol. 56(4):408-413.

132. Novartis Pharmaceuticals Corporation. Tektuma® (Aliskiren) Tablets: Pharmacology

Review(s). U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2007/021985s000 PharmR_P4.pdf

Accessed 5 Sep 2018

133. Novartis Pharmaceuticals Corporation. Tektuma® (Aliskiren) Tablets: Clinical

Pharmacology and Biopharmaceutics Review(s). U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2007/021985s000 ClinPharmR_P4.pdf

Accessed 13 Sep 2018

134. ADMET predictor® version 9.0 (Simulations Plus, Inc.)

175



135. Tsukimoto M, Ohashi R, Torimoto N, Togo Y, Suzuki T, Maeda T, Kagawa Y (2015) Effects

of the inhibition of intestinal P-glycoprotein on aliskiren pharmacokinetics in cynomolgus

monkeys. Biopharm Drug Dispos. 36(1):15-33.

136. Meuldermans WE, Hurkmans RM, Heykants JJ (1982) Plasma protein binding and

distribution of fentanyl, sufentanil, alfentanil and lofentanil in blood. Arch Int Pharmacodyn Ther.

257(1):4-19.

137. Meuldermans W, Van Peer A, Hendrickx J, Woestenborghs R, Lauwers W, Heykants J,

Vanden Bussche G, Van Craeyvelt H, Van der Aa P (1988) Alfentanil pharmacokinetics and

metabolism in humans. Anesthesiology. 69(4):527-534.

138. Kharasch ED, Whittington D, Ensign D, Hoffer C, Bedynek PS, Campbell S, Stubbert K,

Crafford A, London A, Kim T (2012) Mechanism of efavirenz influence on methadone

pharmacokinetics and pharmacodynamics. Clin Pharmacol Ther. 91(4):673-684.

139. Gertz M, Harrison A, Houston JB, Galetin A (2010) Prediction of human intestinal first-pass

metabolism of 25 CYP3A substrates from in vitro clearance and permeability data. Drug Metab

Dispos. 38(7):1147-1158.

140. Shou M, Hayashi M, Pan Y, Xu Y, Morrissey K, Xu L, Skiles GL (2008) Modeling, prediction,

and in vitro in vivo correlation of CYP3A4 induction. Drug Metab Dispos. 36(11):2355-2370.

141. Fraser AD, Bryan W, Isner AF (1991) Urinary screening for alprazolam and its major

176



metabolites by the Abbott ADx and TDx analyzers with confirmation by GC/MS. J Anal Toxicol.

15(1):25-29.

142. Pharmacia & Upjohn. Xanax® X-R (Alprazolam) Extended-Release Tablets. Clinical

Pharmacology and Biopharmaceutical Review(s). U.S. Food and Drug Administration

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2003/21-434 Xanax_BioPharmr P1.pdf

Accessed 2 Aug 2018

143. Pharmacia & Upjohn. Xanax® X-R (Alprazolam) Extended-Release Tablets. Clinical

Pharmacology and Biopharmaceutical Review(s). U.S. Food and Drug Administration

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2003/21-434 Xanax_BioPharmr P2.pdf

Accessed 2 Aug 2018

144. Galetin A, Ito K, Hallifax D, Houston JB (2005) CYP3 A4 substrate selection and substitution

in the prediction of potential drug-drug interactions. J Pharmacol Exp Ther. 314(1):180-190.

145. Galetin A, Houston JB (2006) Intestinal and hepatic metabolic activity of five cytochrome

P450 enzymes: impact on prediction of first-pass metabolism. J Pharmacol Exp Ther.

318(3):1220-1229.

146. Pfizer, Inc. Lipitor® (atorvastatin calcium) Tablets. Labeling. U.S. Food and Drug

Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/20702s1r036 _lipitor_Ibl.pdf

177



Accessed 5 Sep 2019

147. Yamazaki T, Desai A, Goldwater R, Han D, Lasseter KC, Howieson C, Akhtar S, Kowalski
D, Lademacher C, Rammelsberg D, Townsend R (2017) Pharmacokinetic Interactions Between
Isavuconazole and the Drug Transporter Substrates Atorvastatin, Digoxin, Metformin, and
Methotrexate in Healthy Subjects. Clin Pharmacol Drug Dev. 6(1):66-75.

148. Wu X, Whitfield LR, Stewart BH (2000) Atorvastatin transport in the Caco-2 cell model:
contributions of P-glycoprotein and the proton-monocarboxylic acid co-transporter. Pharm Res.
17(2):209-215.

149. Dilger K, Fux R, Rock D, Morike K, Gleiter CH (2007) Effect of high-dose metronidazole
on pharmacokinetics of oral budesonide and vice versa: a double drug interaction study. J Clin
Pharmacol. 47(12):1532-1539.

150. AstraZeneca Pharmaceuticals. PULMICORT FLEXHALER® Budesonide inhalation
powder. Prescribing  information. U.S. Food and Drug  Administration.
https://www.accessdata.fda.gov/drugsatfda docs/label/2010/021949s0061bl.pdf Accessed 20 Sep
2018

151. AstraZeneca. RHINOCORT AQUAO® (budesonide) NASAL SPRAY. Labeling. U.S. Food
and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda docs/label/1999/207461bl.pdf Accessed 9 Sep 2019

178



152. Mylan Inc. Buspirone Hydrochloride Tablets USP. Bioequivalence. U.S. Food and Drug

Administration. https://www.accessdata.fda.gov/drugsatfda docs/anda/2001/75-

467 Buspirone.pdf Accessed 28 Aug 2018

153. Bristol-Myers Squibb Co. BuSpar® (Buspirone Hydrochloride) Capsules. Clinical

Pharmacology and Biopharmaceutics Review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2000/21-190 BuSpar BioPharmr.pdf

Accessed 13 Sep 2018

154. Laine K, Ahokoski O, Huupponen R, Hénninen J, Palovaara S, Ruuskanen J, Bjorklund H,

Anttila M, Rouru J (2003) Effect of the novel anxiolytic drug deramciclane on the

pharmacokinetics and pharmacodynamics of the CYP3A4 probe drug buspirone. Fur J Clin

Pharmacol. 59(10):761-766.

155. Miick W, Ritter W, Ochmann K, Unger S, Ahr G, Wingender W, Kuhlmann J (1997) Absolute

and relative bioavailability of the HMG-CoA reductase inhibitor cerivastatin. /nt J Clin

Pharmacol Ther. 35(6):255-260.

156. Bayel Pharms. BAYCOL® (cerivastatin sodium) Tablets. Clinical Pharmacology and

Biopharmaceutics Review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda docs/nda/97/020740 baycol toc.cfm/020740ap_bay

col_clinphrmrp1.pdf Accessed 20 March 2018

179



157. Miick W, Mai I, Fritsche L, Ochmann K, Rohde G, Unger S, Johne A, Bauer S, Budde K,

Roots I, Neumayer HH, Kuhlmann J (1999) Increase in cerivastatin systemic exposure after single

and multiple dosing in cyclosporine-treated kidney transplant recipients. Clin Pharmacol Ther.

65(3):251-261.

158. Miick W (2000) Clinical pharmacokinetics of cerivastatin. Clin Pharmacokinet. 39(2):99-

116.

159. Kivistdo KT, Zukunft J, Hofmann U, Niemi M, Rekersbrink S, Schneider S, Luippold G,

Schwab M, Eichelbaum M, Fromm MF (2004) Characterisation of cerivastatin as a P-

glycoprotein substrate: studies in P-glycoprotein-expressing cell monolayers and mdrla/b knock-

out mice. Naunyn Schmiedebergs Arch Pharmacol. 370(2):124-130.

160. Ducharme MP, Warbasse LH, Edwards DJ (1995) Disposition of intravenous and oral

cyclosporine after administration with grapefruit juice. Clin Pharmacol Ther. 57(5):485-491.

161. Novartis Pharmaceuticals Co. NEORAL® Soft Gelatin Capsules (cyclosporine capsules,

USP). Prescribing information. U.S. Food and Drug  Administration.

https://www.pharma.us.novartis.com/sites/www.pharma.us.novartis.com/files/neoral.pdf

Accessed 10 Sep 2019

162. Boehringer Ingelheim Pharmaceuticals, Inc. PRADAXA® (dabigatran etexilate mesylate)

Capsules. Labeling. U.S. Food and Drug Administration.

180



https://www.accessdata.fda.gov/drugsatfda _docs/nda/2010/0225120rig1s000Lbl.pdf Accessed

10 Sep 2019

163. Hartter S, Koenen-Bergmann M, Sharma A, Nehmiz G, Lemke U, Timmer W, Reilly PA

(2012) Decrease in the oral bioavailability of dabigatran etexilate after co-medication with

rifampicin. Br J Clin Pharmacol. 74(3):490-500.

164. Wiggins BS, Dixon DL, Neyens RR, Page RL 2nd, Gluckman TJ (2020) Select Drug-Drug

Interactions With Direct Oral Anticoagulants: JACC Review Topic of the Week. J Am Coll

Cardiol. 75(11):1341-1350.

165. Ding R, Tayrouz Y, Riedel KD, Burhenne J, Weiss J, Mikus G, Haefeli WE (2004)

Substantial pharmacokinetic interaction between digoxin and ritonavir in healthy volunteers. Clin

Pharmacol Ther. 76(1):73-84.

166. Burroughs Wellcome Company. Lanoxicaps® (Digoxin Solution Capsules). Clinical

Pharmacology and Biopharmaceutical Review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/pre96/18118 LANOXICAPS BIOPHAR

MR.PDF Accessed 11 Sep 2019

167. Roxane Laboratories, Inc. Digoxin Elixir. Labeling. U.S. Food and Drug Administration. .

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2004/021648s000 PRNTLBL.pdf

Accessed 11 Sep 2019

181



168. Lin X, Skolnik S, Chen X, Wang J (2011) Attenuation of intestinal absorption by major efflux

transporters: quantitative tools and strategies using a Caco-2 model. Drug Metab Dispos.

39(2):265-274.

169. Tachibana T, Kato M, Sugiyama Y (2012) Prediction of nonlinear intestinal absorption of

CYP3 A4 and P-glycoprotein substrates from their in vitro Km values. Pharm Res. 29(3):651-668.

170. Lundahl J, Regardh CG, Edgar B, Johnsson G (1997) Effects of grapefruit juice ingestion--

pharmacokinetics and haemodynamics of intravenously and orally administered felodipine in

healthy men. Eur J Clin Pharmacol. 52(2):139-145.

171. Astrazeneca. Plendil® (felodipene) Tablets. Approval Package. U.S. Food and Drug

Administration. Accessed from Pharmapendium Accessed 4 Sep 2019

172. Bedada SK, Boga PK (2017) The influence of piperine on the pharmacokinetics of

fexofenadine, a P-glycoprotein substrate, in healthy volunteers. Eur J Clin Pharmacol. 73(3):343-

349.

173. Sanofi. ALLEGRA® (FEXOFENADINE HYDROCHLORIDE). Pharmacology and

toxicology data review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda docs/nda/pre96/0206250rig1s000rev.pdf Accessed

5 Sep 2018

174. Goodman & Gilman 10" edition (2001)

182



175. Aura Laboratories. Altocor® (lovastatin) Extended-Release Tablets. Labeling. U.S. Food

and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2002/21316 Altocor Prntlbl.pdf Accessed

12 Sep 2019

176. Chen CH, Uang YS, Wang ST, Yang JC, Lin CJ (2012) Interaction between Red Yeast Rice

and CYP450 Enzymes/P-Glycoprotein and Its Implication for the Clinical Pharmacokinetics of

Lovastatin. Evid Based Complement Alternat Med. 2012:127043.

177. Kharasch ED, Walker A, Hoffer C, Sheffels P (2012) Intravenous and oral alfentanil as in

vivo probes for hepatic and first-pass cytochrome P450 3 A activity: noninvasive assessment by

use of pupillary miosis. Clin Pharmacol Ther. 76(5):452-466.

178. Auralis Ltd. Buccolam (Midazolam). EMA assessment report. European Medicines

Agency.  https://www.ema.europa.cu/en/documents/assessment-report/buccolam-epar-public-

assessment-report_en.pdf Accessed 13 Sep 2019

179. Phimmasone S, Kharasch ED (2001) A pilot evaluation of alfentanil-induced miosis as a

noninvasive probe for hepatic cytochrome P450 3A4 (CYP3A4) activity in humans. Clin

Pharmacol Ther. 70(6):505-517.

180. Bayer HealthCare Pharmaceuticals Inc. ADALAT CC® (nifedipine) Extended Release

Tablets. Labeling U.S. Food and Drug Administration.

183



https://www.accessdata.fda.gov/drugsatfda docs/label/2010/020198s0221bl.pdf  Accessed 10

Sep 2019

181. Rashid TJ, Martin U, Clarke H, Waller DG, Renwick AG, George CF (1995) Factors

affecting the absolute bioavailability of nifedipine. Br J Clin Pharmacol. 40(1):51-58.

182. Galetin A, Burt H, Gibbons L, Houston JB (2006) Prediction of time-dependent CYP3A4

drug-drug interactions: impact of enzyme degradation, parallel elimination pathways, and

intestinal inhibition. Drug Metab Dispos. 34(1):166-175.

183. Wu LX, Guo CX, Chen WQ, YuJ, Qu Q, Chen Y, Tan ZR, Wang G, Fan L, Li Q, Zhang W,

Zhou HH (2012) Inhibition of the organic anion-transporting polypeptide 1B1 by quercetin: an in

vitro and in vivo assessment. Br J Clin Pharmacol. 73(5):750-757.

184. BRISTOL MYERS SQUIBB. PRAVACHOL® (Pravastatin sodium). Labeling. U.S. Food

and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda docs/label/2011/019898s0611bl.pdf Accessed 13 Sep

2019

185. BRISTOL MYERS SQUIBB. PRAVACHOL® (Pravastatin sodium). Clinical Pharmacology

and Biopharmaceutics Review. U.S. Food and Drug  Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2000/019898 s037 PRAVACHOL TABL

ETS.pdf Accessed 7 Sep 2018

184



186. Yamazaki T, Desai A, Goldwater R, Han D, Howieson C, Akhtar S, Kowalski D, Lademacher

C, Pearlman H, Rammelsberg D, Townsend R (2017) Pharmacokinetic Effects of Isavuconazole

Coadministration With the Cytochrome P450 Enzyme Substrates Bupropion, Repaglinide,

Caffeine, Dextromethorphan, and Methadone in Healthy Subjects. Clin Pharmacol Drug Dev.

6(1):54-65.

187. Novo Nordisk Inc. PRANDIN® (Repaglinide). Labeling. U.S. Food and Drug

Administration. https://www.accessdata.fda.gov/drugsatfda docs/label/2009/020741s0351bl.pdf

Accessed 4 Sep 2018

188. Astra Zeneca Pharmaceuticals. Crestor® (Rosuvastatin Calcium) Tablets. Clinical

Pharmacology and Biopharmaceutics Review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2003/21-366 Crestor BioPharmr.pdf

Accessed 21 Aug 2018

189. Olsson AG, McTaggart F, Raza A (2002) Rosuvastatin: a highly effective new HMG-CoA

reductase inhibitor. Cardiovasc Drug Rev. 20(4):303-328.

190. McKenney JM, Swearingen D, Di Spirito M, Doyle R, Pantaleon C, Kling D, Shalwitz RA

(2006) Study of the pharmacokinetic interaction between simvastatin and prescription omega-3-

acid ethyl esters. J Clin Pharmacol. 46(7):785-791.

191. Merck and Co. Inc. Zocor® (Simvastatin) Tablets. Labeling. U.S. Food and Drug

185



Administration.

https://www.accessdata.fda.gov/drugsatfda docs/label/2001/19766s45s531bl.pdf Accessed 17

Sep 2019

192. Sandoz Inc. Tacrolimus Capsules. Labeling. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/anda/2009/0654610rigl1s000.pdf Accessed 10

Sep 2019

193. Warot D, Bergougnan L, Lamiable D, Berlin I, Bensimon G, Danjou P, Puech AJ (1987)

Troleandomycin-triazolam interaction in healthy volunteers: pharmacokinetic and psychometric

evaluation. Eur J Clin Pharmacol. 32(4):389-393.

194. Kroboth PD, McAuley JW, Kroboth FJ, Bertz RJ, Smith RB (1995) Triazolam

pharmacokinetics after intravenous, oral, and sublingual administration. J Clin Psychopharmacol.

15(4):259-262.

195. Eberts FS Jr, Philopoulos Y, Reineke LM, Vliek RW (1981) Triazolam disposition. Clin

Pharmacol Ther. 29(1):81-93.

196. Jochemsen R, Wesselman JG, van Boxtel CJ, Hermans J, Breimer DD (1983) Comparative

pharmacokinetics of brotizolam and triazolam in healthy subjects. Br J Clin Pharmacol. 16 Suppl

2:291S-2978S.

197. Lorex Pharmaceuticals. Ambien® (Zolpidem Tartrate) Tablets. Clinical Pharmacology and

186



Biopharmaceutics Review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/pre96/019908 S000 BIOR.pdf Accessed

15 July 2021.

198. Kato M, Chiba K, Hisaka A, Ishigami M, Kayama M, Mizuno N, Nagata Y, Takakuwa S,

Tsukamoto Y, Ueda K, Kusuhara H, Ito K, Sugiyama Y (2003) The intestinal first-pass

metabolism of substrates of CYP3A4 and P-glycoprotein-quantitative analysis based on

information from the literature. Drug Metab Pharmacokinet. 18(6):365-372.

199. Rowland Yeo K, Walsky RL, Jamei M, Rostami-Hodjegan A, Tucker GT (2011) Prediction

of time-dependent CYP3A4 drug-drug interactions by physiologically based pharmacokinetic

modelling: impact of inactivation parameters and enzyme turnover. Eur J Pharm Sci. 43(3):160-

173.

200. Eberl S, Renner B, Neubert A, Reisig M, Bachmakov I, Kénig J, Dorje F, Miirdter TE,

Ackermann A, Dormann H, Gassmann KG, Hahn EG, Zierhut S, Brune K, Fromm MF (2007)

Role of p-glycoprotein inhibition for drug interactions: evidence from in vitro and

pharmacoepidemiological studies. Clin Pharmacokinet. 46(12):1039-1049.

201. Mayhew BS, Jones DR, Hall SD (2000) An in vitro model for predicting in vivo inhibition

of cytochrome P450 3A4 by metabolic intermediate complex formation. Drug Metab Dispos.

28(9):1031-1037.

187



202. Kishimoto W, Ishiguro N, Ludwig-Schwellinger E, Ebner T, Schaefer O (2014) In vitro

predictability of drug-drug interaction likelihood of P-glycoprotein-mediated efflux of dabigatran

etexilate based on [1]2/IC50 threshold. Drug Metab Dispos. 42(2):257-263.

203. Amundsen R, Asberg A, Ohm IK, Christensen H (2012) Cyclosporine A- and tacrolimus-

mediated inhibition of CYP3A4 and CYP3AS in vitro. Drug Metab Dispos. 40(4):655-661.

204. Atkinson A, Kenny JR, Grime K (2005) Automated assessment of time-dependent inhibition

of human cytochrome P450 enzymes using liquid chromatography-tandem mass spectrometry

analysis. Drug Metab Dispos. 33(11):1637-1647.

205. Poirier A, Cascais AC, Bader U, Portmann R, Brun ME, Walter I, Hillebrecht A, Ullah M,

Funk C (2014) Calibration of in vitro multidrug resistance protein 1 substrate and inhibition

assays as a basis to support the prediction of clinically relevant interactions in vivo. Drug Metab

Dispos. 42(9):1411-1422.

206. Mikkaichi T, Yoshigae Y, Masumoto H, Imaoka T, Rozehnal V, Fischer T, Okudaira N, [zumi

T (2014) Edoxaban transport via P-glycoprotein is a key factor for the drug's disposition. Drug

Metab Dispos. 42(4):520-528.

207. Yamazaki H, Nakamoto M, Shimizu M, Murayama N, Niwa T (2010) Potential impact of

cytochrome P450 3A5 in human liver on drug interactions with triazoles. Br J Clin Pharmacol.

69(6):593-597.

188



208. Wang EJ, Lew K, Casciano CN, Clement RP, Johnson WW (2002) Interaction of common

azole antifungals with P glycoprotein. Antimicrob Agents Chemother. 46(1):160-165.

209. Foti RS, Rock DA, Wienkers LC, Wahlstrom JL (2010) Selection of alternative CYP3A4

probe substrates for clinical drug interaction studies using in vitro data and in vivo simulation.

Drug Metab Dispos. 38(6):981-987.

210. El Ela AA, Hartter S, Schmitt U, Hiemke C, Spahn-Langguth H, Langguth P (2004)

Identification of P-glycoprotein substrates and inhibitors among psychoactive compounds--

implications for pharmacokinetics of selected substrates. J Pharm Pharmacol. 56(8):967-975.

211. Prueksaritanont T, Gorham LM, Ma B, Liu L, Yu X, Zhao JJ, Slaughter DE, Arison BH, Vyas

KP (1997) In vitro metabolism of simvastatin in humans [SBT]identification of metabolizing

enzymes and effect of the drug on hepatic P450s. Drug Metab Dispos. 25(10):1191-1199.

212. Moody DE, Liu F, Fang WB (2015) Azole antifungal inhibition of buprenorphine,

methadone and oxycodone in vitro metabolism. J Anal Toxicol. 39(5):374-386.

213. Lempers VJ, van den Heuvel JJ, Russel FG, Aarnoutse RE, Burger DM, Briiggemann RJ,

Koenderink JB (2016) Inhibitory Potential of Antifungal Drugs on ATP-Binding Cassette

Transporters P-Glycoprotein, MRP1 to MRPS, BCRP, and BSEP. Antimicrob Agents Chemother.

60(6):3372-3379.

214. Kosugi Y, Hirabayashi H, Igari T, Fujioka Y, Hara Y, Okuda T, Moriwaki T (2012) Evaluation

189



of cytochrome P450-mediated drug-drug interactions based on the strategies recommended by

regulatory authorities. Xenobiotica. 42(2):127-138.

215. Kis O, Walmsley SL, Bendayan R (2014) In Vitro and In Situ evaluation of pH-dependence

of atazanavir intestinal permeability and interactions with acid-reducing agents. Pharm Res.

31(9):2404-2419.

216. Obach RS, Walsky RL, Venkatakrishnan K (2007) Mechanism-based inactivation of human

cytochrome p450 enzymes and the prediction of drug-drug interactions. Drug Metab Dispos.

35(2):246-255.

217. Wang JS, Wen X, Backman JT, Taavitsainen P, Neuvonen PJ, Kivisto KT (1999) Midazolam

alpha-hydroxylation by human liver microsomes in vitro: inhibition by calcium channel blockers,

itraconazole and ketoconazole. Pharmacol Toxicol. 85(4):157-161.

218. Kamiyama E, Nakai D, Mikkaichi T, Okudaira N, Okazaki O (2010) Interaction of

angiotensin II type 1 receptor blockers with P-gp substrates in Caco-2 cells and hMDRI-

expressing membranes. Life Sci. 86(1-2):52-58

219. Jeong S, Nguyen PD, Desta Z (2009) Comprehensive in vitro analysis of voriconazole

inhibition of eight cytochrome P450 (CYP) enzymes: major effect on CYPs 2B6, 2C9, 2C19, and

3A. Antimicrob Agents Chemother. 53(2):541-551.

220. Park SJ, Song IS, Kang SW, Joo H, Kim TH, Yoon YC, Kim E, Choi YL, Shin JG, Son JH,

190



Kim YH (2012) Pharmacokinetic effect of voriconazole on cyclosporine in the treatment of

aspergillosis after renal transplantation. Clin Nephrol. 78(5):412-418.

221. Novartis Pharmaceuticals Corporation. Tektuma® (Aliskiren) Tablets. Clinical

Pharmacology and Biopharmaceutical Reviews. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2007/021985s000 ClinPharmR_P1.pdf

accessed 14 July 2021.

222. Cilla DD Jr, Whitfield LR, Gibson DM, Sedman AJ, Posvar EL (1996) Multiple-dose

pharmacokinetics, pharmacodynamics, and safety of atorvastatin, an inhibitor of HMG-CoA

reductase, in healthy subjects. Clin Pharmacol Ther. 60(6):687-695.

223. Pharmacia & Upjohn. Xanax® X-R (Alprazolam) Extended-Release Tablets. Labeling. U.S.

Food and Drug Administration. https://www.accessdata.fda.gov/drugsatfda docs/nda/2003/21-

434 Xanax Prntlbl.pdf Accessed 12 Sep 2019

224. Zeria Pharmaceutical Co. Ltd. Zentacort® Capsules. Common Technical Documents.

Pharmaceuticals and Medical Devices Agency.

http://www.pmda.go.jp/drugs/2016/P20160902001/index.html Accessed 26 Aug 2019

225. Gammans RE, Mayol RF, Mackenthun AV, Sokya LF (1985) The relationship between

buspirone bioavailability and dose in healthy subjects. Biopharm Drug Dispos. 6(2):139-145.

226. Stein E, Isaacsohn J, Stoltz R, Mazzu A, Liu MC, Lane C, Heller AH (1999)

191



Pharmacodynamics, safety, tolerability, and pharmacokinetics of the 0.8-mg dose of cerivastatin

in patients with primary hypercholesterolemia. Am J Cardiol. 83(10):1433-1436.

227. Boehringer Ingelheim Pharmaceuticals, Inc. PRADAXA® (dabigatran etexilate mesylate)

Capsules. Labeling. U.S. Drug and Food Administration.

https://www.accessdata.fda.gov/drugsatfda docs/label/2011/022512s0071bl.pdf Accessed 15

July 2021.

228. AstraZeneca. Plendil® (Felodipine). Annnex III Summary of Product Characteristics.

European Medicines Agency. https://www.ema.europa.eu/en/documents/referral/plendil-

article-30-referral-annex-iii_en.pdf Accessed 12 Sep 2019

229. Sanofi. Allegra (Fexofenadine Hydrochloride). Common Technical Documents.

Pharmaceuticals and Medical Devices Agency.

http://www.pmda.go.jp/drugs/2000/g000913/index.html Accessed 26 Aug 2018

230. Aura Laboratories. Altocor® (lovastatin) Extended-Release Tablets. Clinical

Pharmacology and Biopharmaceuticals Review. U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2002/21316 Altocor BioPharmr.pdf

Accessed 12 Sep 2019

231. Bornemann LD, Min BH, Crews T, Rees MM, Blumenthal HP, Colburn WA, Patel IH (1985)

Dose dependent pharmacokinetics of midazolam. Eur J Clin Pharmacol. 29(1):91-95.

192



232. BRISTOL MYERS SQUIBB Co. PRAVACHOLE® (pravastatin sodium) Tablets. Labeling.

U.S. Food and Drug Administration.

https://www.accessdata.fda.gov/drugsatfda _docs/label/2012/019898s0621bl.pdf Accessed 15

July 2021.

233. Sumitomo Dainthon Pharma Co. SUREPOST®. Common Technical Document.

Pharmaceuticals and Medical Devices Agency.

http://www.pmda.go.jp/drugs/2011/P201100017/index.html Accessed 27 Aug 2019

234. Bekersky I, Dressler D, Mekki QA (1999) Dose linearity after oral administration of

tacrolimus 1-mg capsules at doses of 3, 7, and 10 mg. Clin Ther. 21(12):2058-2064.

235. Martin PD, Warwick MJ, Dane AL, Cantarini MV (2003) A double-blind, randomized,

incomplete crossover trial to assess the dose proportionality of rosuvastatin in healthy volunteers.

Clin Ther. 25(8):2215-2224.

236. Greenblatt DJ, Harmatz JS, Shapiro L, Engelhardt N, Gouthro TA, Shader RI (1991)

Sensitivity to triazolam in the elderly. N Engl J Med. 324(24):1691-1698.

237. Astellas Pharma Inc. MYSLEE®(zolpidem tartrate). Common Technical Document.

Pharmaceuticals and Medical Devices Agency.

http://www.pmda.go.jp/drugs/2000/g000903/index.html Accessed 27 Aug 2019

238. Ishiguro N, Kishimoto W, Volz A, Ludwig-Schwellinger E, Ebner T, Schaefer O (2016)

193



Impact of endogenous esterase activity on in vitro p-glycoprotein profiling of dabigatran etexilate

in Caco-2 monolayers. Drug Metab Dispos. 42(2):250-256.

239. Takenaka T, Harada N, Kuze J, Chiba M, Iwao T, Matsunaga T (2016) Application of a

Human Intestinal Epithelial Cell Monolayer to the Prediction of Oral Drug Absorption in Humans

as a Superior Alternative to the Caco-2 Cell Monolayer. J Pharm Sci. 105(2):915-924.

240. Varma MV, Obach RS, Rotter C, Miller HR, Chang G, Steyn SJ, El-Kattan A, Troutman MD

(2010) Physicochemical space for optimum oral bioavailability: contribution of human intestinal

absorption and first-pass elimination. J Med Chem. 53(3):1098-1108.

241.YinJ, Wang J (2016) Renal drug transporters and their significance in drug-drug interactions.

Acta Pharm Sin B. 6(5):363-373.

242. Agoram B, Woltosz WS, Bolger MB (2001) Predicting the impact of physiological and

biochemical processes on oral drug bioavailability. Adv Drug Deliv Rev. 50 Suppl 1:S41-S67.

243. Huang W, Lee SL, Yu LX (2009) Mechanistic approaches to predicting oral drug absorption.

AAPS J. 11(2):217-224

244. Jamei M, Turner D, Yang J, Neuhoff S, Polak S, Rostami-Hodjegan A, Tucker G (2009)

Population-based mechanistic prediction of oral drug absorption. AAPS J. 11(2):225-237.

245. Cong D, Doherty M, Pang KS (2000) A new physiologically based, segregated-flow model

to explain route-dependent intestinal metabolism. Drug Metab Dispos. 28(2):224-235.

194



246. Pang KS, Chow EC (2012) Commentary: theoretical predictions of flow effects on intestinal

and systemic availability in physiologically based pharmacokinetic intestine models: the

traditional model, segregated flow model, and QGut model. Drug Metab Dispos. 40(10):1869-

1877.

247. Kimura T, Higaki K (2002) Gastrointestinal transit and drug absorption. Biol/ Pharm Bull.

25(2):149-164.

248. Haruta S, Kawai K, Nishii R, Jinnouchi S, Ogawara Ki, Higaki K, Tamura S, Arimori K,

Kimura T (2002) Prediction of plasma concentration-time curve of orally administered

theophylline based on a scintigraphic monitoring of gastrointestinal transit in human volunteers.

Int J Pharm. 21;233(1-2):179-190.

249. Takano J, Maeda K, Bolger MB, Sugiyama Y (2016) The Prediction of the Relative

Importance of CYP3A/P-glycoprotein to the Nonlinear Intestinal Absorption of Drugs by

Advanced Compartmental Absorption and Transit Model. Drug Metab Dispos. 44(11):1808-1818.

250. Bolger MB, Lukacova V, Woltosz WS (2009) Simulations of the nonlinear dose dependence

for substrates of influx and efflux transporters in the human intestine. AAPS J. 11(2):353-363.

251. Hendriksen BA, Felix MV, Bolger MB (2003) The composite solubility versus pH profile

and its role in intestinal absorption prediction. A4PS PharmSci. 5(1):E4

252. Roberts MS, Donaldson JD, Rowland M (1988) Models of hepatic elimination: comparison

195



of stochastic models to describe residence time distributions and to predict the influence of drug

distribution, enzyme heterogeneity, and systemic recycling on hepatic elimination. J

Pharmacokinet Biopharm. 16(1):41-83.

253. Hisaka A, Sugiyama Y (1998) Analysis of nonlinear and nonsteady state hepatic extraction

with the dispersion model using the finite difference method. J Pharmacokinet Biopharm.

26(5):495-519.

254. Mudie DM, Murray K, Hoad CL, Pritchard SE, Garnett MC, Amidon GL, Gowland PA,

Spiller RC, Amidon GE, Marciani L (2014) Quantification of gastrointestinal liquid volumes and

distribution following a 240 mL dose of water in the fasted state. Mol Pharm. 11(9):3039-3047.

255. Sokolis DP (2017) Experimental study and biomechanical characterization for the passive

small intestine: Identification of regional differences. J Mech Behav Biomed Mater. 74:93-105.

256. Link B, Haschke M, Grignaschi N, Bodmer M, Aschmann YZ, Wenk M, Kréhenbiihl S

(2008) Pharmacokinetics of intravenous and oral midazolam in plasma and saliva in humans:

usefulness of saliva as matrix for CYP3A phenotyping. Br J Clin Pharmacol. 66(4):473-484.

257. Elmeliegy M, Vourvahis M, Guo C, Wang DD (2020) Effect of P-glycoprotein (P-gp)

Inducers on Exposure of P-gp Substrates: Review of Clinical Drug-Drug Interaction Studies.

Clin Pharmacokinet. 59(6):699-714.

196



258. Kudo T, Hisaka A, Sugiyama Y, Ito K (2013) Analysis of the repaglinide concentration

increase produced by gemfibrozil and itraconazole based on the inhibition of the hepatic uptake

transporter and metabolic enzymes. Drug Metab Dispos. 41(2):362-371.

259. Jaakkola T, Backman JT, Neuvonen M, Neuvonen PJ (2005) Effects of gemfibrozil,

itraconazole, and their combination on the pharmacokinetics of pioglitazone. Clin Pharmacol

Ther. 77(5):404-414.

260. Templeton IE, Thummel KE, Kharasch ED, Kunze KL, Hoffer C, Nelson WL, Isoherranen

N (2008) Contribution of itraconazole metabolites to inhibition of CYP3A4 in vivo. Clin

Pharmacol Ther. 83(1):77-85.

261. Lappin G, Shishikura Y, Jochemsen R, Weaver RJ, Gesson C, Brian Houston J, Oosterhuis

B, Bjerrum OJ, Grynkiewicz G, Alder J, Rowland M, Garner C (2011) Comparative

pharmacokinetics between a microdose and therapeutic dose for clarithromycin, sumatriptan,

propafenone, paracetamol (acetaminophen), and phenobarbital in human volunteers. Eur J

Pharm Sci. 43(3):141-150.

262. Heikkinen AT, Baneyx G, Caruso A, Parrott N (2012) Application of PBPK modeling to

predict human intestinal metabolism of CYP3A substrates - an evaluation and case study using

GastroPlus. Eur J Pharm Sci. 47(2):375-386.

263. Chu X, Galetin A, Zamek-Gliszczynski MJ, Zhang L, Tweedie DJ, International Transporter

197



Consortium (2018) Dabigatran Etexilate and Digoxin: Comparison as Clinical Probe Substrates

for Evaluation of P-gp Inhibition. Clin Pharmacol Ther. 104(5):788-792.

264. Sanchez N, Sheiner LB, Halkin H, Melmon KL (1973) Pharmacokinetics of digoxin:

interpreting bioavailability. Br Med J. 4(5885):132-134.

265. Jantratid E, Janssen N, Reppas C, Dressman JB (2008) Dissolution media simulating

conditions in the proximal human gastrointestinal tract: an update. Pharm Res. 25(7):1663-1676.

266. Kawai Y, Fujii Y, Tabata F, Ito J, Metsugi Y, Kameda A, Akimoto K, Takahashi M (2011)

Profiling and trend analysis of food effects on oral drug absorption considering micelle interaction

and solubilization by bile micelles. Drug Metab Pharmacokinet. 26(2):180-191.

267. Fleisher D, Li C, Zhou Y, Pao LH, Karim A (1999) Drug, meal and formulation interactions

influencing drug absorption after oral administration. Clinical implications. Clin Pharmacokinet.

36(3):233-254.

268. Sawamoto T, Haruta S, Kurosaki Y, Higaki K, Kimura T (1997) Prediction of the plasma

concentration profiles of orally administered drugs in rats on the basis of gastrointestinal transit

kinetics and absorbability. J Pharm Pharmacol. 49(4):450-457.

269. Paine MF, Khalighi M, Fisher JM, Shen DD, Kunze KL, Marsh CL, Perkins JD, Thummel

KE (1997) Characterization of interintestinal and intraintestinal variations in human CYP3A-

dependent metabolism. J Pharmacol Exp Ther. 283(3):1552-1562.

198



270. Lilja 1J, Kivistd KT, Neuvonen PJ (2000) Duration of effect of grapefruit juice on the

pharmacokinetics of the CYP3A4 substrate simvastatin. Clin Pharmacol Ther. 68(4):384-390.

271. Yamada M, Inoue SI, Sugiyama D, Nishiya Y, Ishizuka T, Watanabe A, Watanabe K,

Yamashita S, Watanabe N (2020) Critical Impact of Drug-Drug Interactions via Intestinal CYP3A

in the Risk Assessment of Weak Perpetrators Using Physiologically Based Pharmacokinetic

Models. Drug Metab Dispos. 48(4):288-296.

272. Yamazaki S, Costales C, Lazzaro S, Eatemadpour S, Kimoto E, Varma MV (2019)

Physiologically-Based Pharmacokinetic Modeling Approach to Predict Rifampin-Mediated

Intestinal P-Glycoprotein Induction. CPT Pharmacometrics Syst Pharmacol. 8(9):634-642.

273. Isoherranen N, Kunze KL, Allen KE, Nelson WL, Thummel KE (2004) Role of itraconazole

metabolites in CYP3A4 inhibition. Drug Metab Dispos. 32(10):1121-1131.

274. Prieto Garcia L, Janzén D, Kanebratt KP, Ericsson H, Lennernds H, Lundahl A (2018)

Physiologically Based Pharmacokinetic Model of Itraconazole and Two of Its Metabolites to

Improve the Predictions and the Mechanistic Understanding of CYP3A4 Drug-Drug Interactions.

Drug Metab Dispos. 46(10):1420-1433.

275. Chen Y, Cabalu TD, Callegari E, Einolf H, Liu L, Parrott N, Peters SA, Schuck E, Sharma

P, Tracey H, Upreti VV, Zheng M, Zhu AZX, Hall SD (2019) Recommendations for the Design

of Clinical Drug-Drug Interaction Studies With Itraconazole Using a Mechanistic

199



Physiologically-Based Pharmacokinetic Model. CPT Pharmacometrics Syst Pharmacol.

8(9):685-695.

276. Liu H, Sahi J (2016) Role of Hepatic Drug Transporters in Drug Development. J Clin

Pharmacol. 56 Suppl 7:S11-22.

277.YinJ, Wang J (2016) Renal drug transporters and their significance in drug-drug interactions.

Acta Pharm Sin B. 6(5):363-373.

278. Ando H, Hatakeyama H, Sato H, Hisaka A, Suzuki H (2017) Determinants of Intestinal

Availability for P-glycoprotein Substrate Drugs Estimated by Extensive Simulation With

Mathematical Absorption Models. J Pharm Sci. 106(9):2771-2779.

279. Winne D (1978) Blood flow in intestinal absorption models. J Pharmacokinet Biopharm.

6(1):55-78.

280. Schulz R, Winne D (1987) Relationship between antipyrine absorption and blood flow rate

in rat jejunum, ileum, and colon. Naunyn Schmiedebergs Arch Pharmacol. 335(1):97-102.

281. Yau E, Petersson C, Dolgos H, Peters SA (2017) A comparative evaluation of models to

predict human intestinal metabolism from nonclinical data. Biopharm Drug Dispos. 38(3):163-

186.

282. Bentz J, O'Connor MP, Bednarczyk D, Coleman J, Lee C, Palm J, Pak YA, Perloff ES, Reyner

E, Balimane P, Brannstrém M, Chu X, Funk C, Guo A, Hanna I, Herédi-Szab6 K, Hillgren K, Li

200



L, Hollnack-Pusch E, Jamei M, Lin X, Mason AK, Neuhoff S, Patel A, Podila L, Plise E,

Rajaraman G, Salphati L, Sands E, Taub ME, Taur JS, Weitz D, Wortelboer HM, Xia CQ, Xiao

G, Yabut J, Yamagata T, Zhang L, Ellens H (2013) Variability in P-glycoprotein inhibitory potency

(ICs) using various in vitro experimental systems: implications for universal digoxin drug-drug

interaction risk assessment decision criteria. Drug Metab Dispos. 41(7):1347-1366.

283. Hisaka A, Nakamura M, Tsukihashi A, Koh S, Suzuki H (2014) Assessment of intestinal

availability (FG) of substrate drugs of cytochrome p450s by analyzing changes in

pharmacokinetic properties caused by drug-drug interactions. Drug Metab Dispos. 42(10):1640-

1645.

284. DeSesso JM, Williams AL (2008) Contrasting the Gastrointestinal Tracts of Mammals:

Factors that Influence Absorption. Annu Rep Med Chem. 43:353-371.

285. Walser A, Benjamin LE, Flynn T, Mason C, Schwartz R, Fryer RI (1978) Quinazolines and

1, 4-benzodiazepines. 84. Synthesis and reactions ofimidazo [1, 5-a][1, 4] benzodiazepines. J Org

Chem. 43:936-944.

286. Asaumi R, Toshimoto K, Tobe Y, Hashizume K, Nunoya KI, Imawaka H, Lee W,

Sugiyama Y (2018) Comprehensive PBPK Model of Rifampicin for Quantitative Prediction of

Complex Drug-Drug Interactions: CYP3A/2C9 Induction and OATP Inhibition Effects. CPT

Pharmacometrics Syst Pharmacol. 7(3):186-196.

201



287. Collett A, Tanianis-Hughes J, Hallifax D, Warhurst G (2004) Predicting P-glycoprotein

effects on oral absorption: correlation of transport in Caco-2 with drug pharmacokinetics in

wild-type and mdrla(-/-) mice in vivo. Pharm Res. 21(5):819-826.

288. Neuhoff S, Yeo KR, Barter Z, Jamei M, Turner DB, Rostami-Hodjegan A (2013)

Application of permeability-limited physiologically-based pharmacokinetic models: part I-

digoxin pharmacokinetics incorporating P-glycoprotein-mediated efflux. J Pharm Sci.

102(9):3145-3160.

289. Berben P, Brouwers J, Augustijns P (2018) Assessment of Passive Intestinal Permeability

Using an Artificial Membrane Insert System. J Pharm Sci. 107(1):250-256.

290. Heykants J, Van Peer A, Van de Velde V, Van Rooy P, Meuldermans W, Lavrijsen K,

Woestenborghs R, Van Cutsem J, Cauwenbergh G (1989) The clinical pharmacokinetics of

itraconazole: an overview. Mycoses. 32 Suppl 1:67-87.

291. Nozini¢ D, Mili¢ A, Mikac L, Rali¢ J, Padovan J, Antolovi¢ R (2010) Assessment of

Macrolide Transport Using PAMPA, Caco-2 and MDCKII-hMDR1 Assays. Croat Chem Acta.

83(3):323-331.

292. Yoshikado T, Maeda K, Kusuhara H, Furihata KI, Sugiyama Y (2017) Quantitative

Analyses of the Influence of Parameters Governing Rate-Determining Process of Hepatic

Elimination of Drugs on the Magnitudes of Drug-Drug Interactions via Hepatic OATPs and

202



CYP3A Using Physiologically Based Pharmacokinetic Models. J Pharm Sci. 106(9):2739-

2750.

293. McFarland JW, Berger CM, Froshauer SA, Hayashi SF, Hecker SJ, Jaynes BH, Jefson MR,

Kamicker BJ, Lipinski CA, Lundy KM, Reese CP, Vu CB (1997) Quantitative structure-activity

relationships among macrolide antibacterial agents: in vitro and in vivo potency against

Pasteurella multocida. J Med Chem. 40(9):1340-1346.

294. Rodrigues AD, Roberts EM, Mulford DJ, Yao Y, Ouellet D (1997) Oxidative metabolism

of clarithromycin in the presence of human liver microsomes. Major role for the cytochrome

P4503A (CYP3A) subfamily. Drug Metab Dispos. 25(5):623-630.

295. Hanke N, Frechen S, Moj D, Britz H, Eissing T, Wendl T, Lehr T (2018) PBPK Models

for CYP3A4 and P-gp DDI Prediction: A Modeling Network of Rifampicin, Itraconazole,

Clarithromycin, Midazolam, Alfentanil, and Digoxin. CPT Pharmacometrics Syst Pharmacol.

7(10):647-659.

296. Moj D, Hanke N, Britz H, Frechen S, Kanacher T, Wendl T, Haefeli WE, Lehr T (2017)

Clarithromycin, Midazolam, and Digoxin: Application of PBPK Modeling to Gain New

Insights into Drug-Drug Interactions and Co-medication Regimens. AAPS J. 19(1):298-312.

203



297. Quinney SK, Zhang X, Lucksiri A, Gorski JC, Li L, Hall SD (2010) Physiologically based

pharmacokinetic model of mechanism-based inhibition of CYP3A by clarithromycin. Drug

Metab Dispos. 38(2):241-248.

298. Poirier A, Cascais AC, Bader U, Portmann R, Brun ME, Walter I, Hillebrecht A, Ullah M,

Funk C (2014) Calibration of in vitro multidrug resistance protein 1 substrate and inhibition

assays as a basis to support the prediction of clinically relevant interactions in vivo. Drug Metab

Dispos. 42(9):1411-1422.

299. Watari R, Kakiki M, Yamasaki C, Ishida Y, Tateno C, Kuroda Y, Ishida S, Kusano K

(2019) Prediction of Human Hepatic Clearance for Cytochrome P450 Substrates via a New

Culture Method Using the Collagen Vitrigel Membrane Chamber and Fresh Hepatocytes

Isolated from Liver Humanized Mice. Biol Pharm Bull. 42(3):348-353.

300. Schiller C, Frohlich CP, Giessmann T, Siegmund W, Monnikes H, Hosten N, Weitschies W

(2005) Intestinal fluid volumes and transit of dosage forms as assessed by magnetic resonance

imaging. Aliment Pharmacol Ther. 22(10):971-979.

204



RO L DR X TERARAGH AN TIEA SN TROFELRAIC X VT
bz,

Fh TERFRFEEECGESEY) KAt PR
AlE TRRFRFGERGEAER) KL BEAE

Al TERPFRFGBRCEEAMI) et R —

ARESCIE, ARSI S N7z RO e gL T2 b0 TH 5,
Asano S, Yoshitomo A, Hozuki S, Sato H, Kazuki Y, Hisaka A (2021) A new intestinal model
for analysis of drug absorption and interactions considering physiological translocation of

contents. Drug Metab Dispos. 49(7):581-591.

205



