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Az, R ROKPTEA LIRS L 2O ERATRL A AGERIZLLTOEY ThHo.

AAFE : Absolute average fold error (it V-3 7 HIFE2)

AFE : Average fold error (*V-35) T HIFRAS)

AGP : al-acid glycoprotein (al FEENE 2 > /X7 F

AL : Albumin (7 /L7 X V)

AUC : Area under the plasma concentration time curve (4% FH 5 B -RF ] B T mf)
AUCo : AUC from time 0 to t

AUCy., : AUC from time 0 to infinity

AUMC : The first moment of the area under the plasma concentration—time curve (L% H1 2 FE - R fH]
RO 1 KE— A > b T )

BA : Bioavailability (447 H9F H )

BCRP : Breast cancer resistance protein

BMP : Bone morphogenetic protein

CAT : Compartmental absorption and transit

CES : Carboxylesterase

CLuin : Hepatic unbound intrinsic clearance (FEfE G HULEMONFEH 27 V7 F > R)
CLUint, in vitro  in vitro CLuyint

CLuint, in vivo : i1 vivo CLuint

CLin : Hepatic intrinsic clearance (JF[E A2 U 7 7 > X)

CLint, in vitro = in vitro CLint

CLint, in vivo = in vivo CLint

CLy : Total body clearance (225 7 U 7 7 > R)

CYP : Cytochrome P450

Cmax : Maximum concentration in plasma (Fz & L5 HH R )

Ciissue : Concentration in tissue

DMSO : Dimethyl sulfoxide



D : Dilution factor

ECCS : Extended clearance classification system

Fa x F, : Intestinal availability VN7 XA Z U 7 1)

Fy : Hepatic availability (JT7 <1 Z U 7 1)

Fui : Unionized fraction

En : Hepatic extraction rate (JF-fliH =)

GAPDH : Glyceraldehyde 3-phosphate dehydrogenase

GER : Gastric emptying rate (5 NP HE B

GFR : Glomerular filtration rate (GRERIA A g )

IQ : International consortium for innovation & quality in pharmaceutical development
Kpiissue : Tissue-to-plasma partition coefficient GREAkFEA T14:)
Kptissue,corrected © Kptissue corrected by the scaling factor

LC-MS/MS : Liquid chromatography-tandem mass spectrometry

MRT : Mean residence time (*F-#J3ii 84 IRF[id])

Nap;HPOy : Disodium phosphate (U »FE/K5E 7 R U 7 A)
NaH,POys : Sodium dihydrogen phosphate (U “ g —7K5E T KU 7 A)
NaCl : Sodium chloride ($ft7F N VU 7 )

OATP : Organic anion-transporting peptide

OAT : Organic anion-transporter

OCT : Organic cation transporter

P-gp : P-glycoprotein

PAMPA : Parallel artificial membrane permeation assay plate system
PBPK : Physiologically-based pharmacokinetics (4= BE 51 4738 & 3
PBS : Phosphate-buffered saline

PCR : Polymerase chain reaction

PEPT : Peptide transporter

PK : Pharmacokinetics CEK# B HE)

PLR : Plasma-to-liver albumin concentration ratio

PXR : Pregnane X receptor



P. : Permeability coefficient (fi 8 6% %5X)

Q : Blood flow rate (It 35 )

R? : Coefficient of determination (V& EF%R %)

Rgp : Blood-to-plasma concentration ratio (L {Z/ 5 B k)

RMSE : Root mean-squared error (.3 -3 AR A )

SAR : Structure-activity relationship (f & 154 AHED)

TGF : Transforming growth factor

Tumax : Time to the maximum concentration in plasma (Fx s L5 A FE 21 2 IR

UDP : Uridine diphosphate

UGT : UDP-glucuronosyltransferase

VD3 : 1,25-dihydroxyvitamin D3

Vplasma : Volume of plasma (IfL#E 7 F%)

Vs : Distribution volume at steady state (i€ 5 IR HE D 7377 25 FH)

Vs, invitro = Vs In rats obtained from in vitro study

Vs, rat: Vs obtained from rat PK study

Vs, simulation, rat - Vs 1N rats obtained from the simulation

Viissue/futissue : Volume of distribution for the unbound drug (FE#E & AULAW) D 43 AR B FH)
Viissue © Volume of tissue (A% 25 %)

cAMP : Cyclic adenosine monophosphate

fup, fuplooa : Unbound fraction in blood (IfiLifg 1 % /37 FEfE A 3)

fuine : Unbound fraction in hepatocyte incubations (AT {22 EERIIZ 361F D & /37 FEfE
B )

fusiver : Unbound fraction in liver (JFfigith % > 737 FERE G 2R)

fum : Unbound fraction in muscle (Fi A # > 737 FERE S 3R)

fup-app : Apparent unbound fraction in plasma (43 T AULEW D IHER & 2 X7 JERE G 2)
fup, fuplasma : Unbound fraction in plasma (M4 H % > /37 JEREGHR)

fue, fusssue : Unbound fraction in tissue GHfkH & > /X7 FEREG3R)

hiPSCs : Human induced pluripotent stem cells (£ I iPS @)

hiPSC-IECs : hiPSCs derived intestinal epithelial cells (& bk iPS i F /NGl )



Ka, app : Apparent permeability coefficient (5,717 D WL IHE %K)

Ka, invivo © in vivo permeability coefficient (in vivo Wl FE & 4)

ke : Elimination rate constant (Y5 238 & & 4%)

k: : Transit rate constant

logP : n-octanol water partition coefficient (7K /7B AR%ER)

mRNA : Messenger ribonucleic acid

pKa : Negative log of the acid dissociation constant (BB &%)

r : Correlation coefficient (fHES£%%)

ti2 : Elimination half-life of plasma concentration (I H = BE =I5
Velim : Elimination velocity in the liver (T {315 )

u : 95% confidence interval (95%f7 X [t])



FEEOBFEIX 9 - 17 4 (Mori, 2014) L EWIMZZEL, ZOREIfEFIX 1/10,000 (Shanti et
al.,2018) -1/30,000 (Mori, 2014) LAV, BIFEMFZE MO CREESE & 705 —[R & LT, FEEE
IRBEBE DERFMT TR T, AL BB DRERIRA HIVEZ 9~ 5 72 0 OFHiE 7" 1 & AR R7Z+
TN EMFETF HID. PRFERMIZETIL, high-throughput screening 1572 E1ZfRFE S5 in
vitro FRERIZ X o TILAWRIE 2 3Rl 2,  FEBREN 2 FH VO THANRAR M OV MR 2 S i
T 5. —HOFY A 7 VbR LN DIERIL, LAY ORELEED T % E D % 721
EHSND0, WTFROFER S EREHL b b HREREZ W2l ESnW Tk Dy, B b
BT B EMENRE (PK) Z I LI ClIZaw. £7-, BERZE TR SN IZALLEY
EEEIREBRIZ I SN D23, FEREMW & b N OARNEENCHEEZDN RO b5 bEaWwix, R
AR CHIRF SN ORREZ G TE T, HERABORBCENR L5605, MG, AR
TiE, & P TEWAMMER L2 AT 2baW ORI Z BN L LT\ A, RENFZET
X, © k PK OIF# % BT LA G OIS R b-CE R A FPE O W2y TE TWh7gwn. o
2T, AFKOWMEMETH D lead optimization stage (2B W CHUENOFEEE TE F PK &
HIFEE & ZeduiX, & b PKIFHICES < {bEM oGl A2 EBTE 5. £/, 1ERDOH
SKWFZETIE, #akER T 72 PK EM A BRICEDH EX0Z 2l L Cnvs 2y, kB b PK
THUE SN DA MK Otz B BRRA Ve 2 HIWT T RE & 72 3556, B ofEiZEIC
LR 5 B IR A PR ORI OGRS MR 722 Z 2006, Br¥EBFE O = m FICER 5
LEZLND.

bt PK & T 5 I7EE, BBRETRITFE & BRI T RITFEIC KR S 41 5. single species
scaling 7% (Dedrick, 1973) <> Allometric scaling i% (Boxenbaum, 1982; Mordenti, 1986) (Z{%#
SNDBBRPITRFEL T v b, A XK VEE QW TAANERERBR OGO D 28
7 U7 T A (Cli) £RITEFKREBONMEF (Vs) DEL E M 2B 0REWHEOKE
OMME R & OMBIBfR A I, B N CLq £7213E N Ve 2 TIT 5 FETHS. LnL, Z
D X 2 BRI T R FEL, R ENESY U fEERICEYEEDNRD NI HE, &
N I SE PR EEHERS O T IR L AMIK< 72V (Horiuchi et al.,, 2018), SEHILL 2 ff AN OFFHIZ A
HALEMOEIG D 50%AT M & 70D 2 ERHE X TU D (Lombardo et al., 2013). 7=, #%



BRI T TR, A XV NV EOERBM LR T2 L9 Rtk L, (RNBI BB IV 2 e
{EAERED ) 100-200mg & 72D, 6~ T, &R THIFIEL, & h PK O THRIENRZ
LWAIZINZ T, FHMlEOTGEMES 2 2 S OBLE» D b, B CILHT 5 2 & N EEE )
Echd.

Thicx L, BEHEM TR FIEE, EEFNEYEER  (Physiologically-based
pharmacokinetics; PBPK) &7 /L& Ak L L, b M ORI GRS, MifdE 72 &)
R UTo ik = X — M AV N EBETERET LVCRBLT S5 Z LT, ARICBIT H1kE
Py A R B HERS A BRER IS T 2 71 Td D (Teorell, 1937). EHEABAFEICIBNT,
PBPK £ 7 /WZHES< b b PK /8T 2= O TRIMEE OFHIIEHEL, (LEH ORI R0
THRVMEEME R E, ERIEL 2 (N E R T RERH D &, B R OB R BERE
M A% R S 4172 International Consortium for Innovation & Quality in Pharmaceutical Development
(IQ) PBPK working group (23 W CTHERETE Y (Jones et al,, 2015; Sager et al., 2015), PR3
BT O Y FHGEE R CIX, ZORMEEMEZ R - T 858120 PBPK 7 /L% - E%
23A[HE & 725 (Shebley etal., 2018). b NaEL & FVN7Z in vitro 3RS 55 2 BB €T LT
AJ13 % Fik (bottom-up PBPK 1) 1%, FEARMIZRIRERI THITFIE & 1380, (KN RERHE
DFEAEMNE b PK /T A—Z O TSI 5 2 L3722z, Flry o T A
BT D, £, A XV NVEEZHOTRNBIERBR O RE L 72 5720, FHMOTEMER
A METOMEITVRNWEEZBND. L, KEREEOMFE (Poulinetal.,2011) T
1, BEENTERDY AL b T 2 AR — 52— D582 T 7 WRERE KU L &% 2 I TERIR
NE O A 5%O e M mETRERES Z Tl L7256, & b PK/XT A—X OTlfEL5E
HIE & bl U Tty 3 - 4 5 OTBENFRO AL TEHR Y, £ < OWFFEFE D bottom-up PBPK %
(€K™ bottom-up PBPK %) Z V72 & MMAEFREHER O FHIMEZHREE L TV 525, AlEE

DB TIEH CTZ 21O THIIEE 215 5 u7ev (De Buck et al; 2007; Poulin, Kenny et al.,

ASSY

2012; Sayama et al., 2013; Horiuchi et al., 2018). F£7=, {RHNEEAULAY & bl U CHEME A4
ANZEE 2 R THD A b T U AR =2 —DIEE L D bAmTIE, ERICBIT5HY A
R FE 2 FELATBE 7R in vitro BR FIEIC O W T SN TEH Y (Shitara et al., 2013;
Mathialagan et al., 2017; Liang et al., 2020), JTH#& Q&I 5 B3 28GR b T AR—Z —
DIEEMEZ R TG E HWT, 2F0Offk= 2 /Y"— A M4 F7T 2 bottom-up PBPK



B 20 TREESEZ R S oG BIT . 22T, FEIE, ABEORZEMEICHENT
b N OAERNZEENC IS LA OREE i {00 FEBL K OB R A M 0 b1 7 4] e 2 Bk
THZLEAME LT, Ml EE TRENEAELA M O v bl iR EHER 2 Tl
AIRE & T OFTHFIEOME L Hig LT,

Bottom-up PBPK V£ % BLIZ#RIRIN B OV 1 % 5-4% D A Wl BEHERS 22 T3 2 72 121,
{EEWMEARD/XT7 A—42 L LT, FFREHE (veim), 6% & M2 2ILEPDIREL TH
D MMFEATIE (Kprissue) K OTHAGAE W 2 323 AL 1T OISO TEEL (Ko, app) 2VLEE L& 72
% . HEKA bottom-up PBPK 52T, veim 1%, MIEFICHFELET D X v /X7 FERES TSR
DHFEA~BATT D L0E L (7 U —HE&, Lin 2006; Trainor 2007), fRUE#HEREZ THI4 D1,
FERRIZEA U 7o 36 ML, AR M A AR Ce) ZHE R - PR S D 2 & TRk T O i
JENR—TE LD EWVIRE (well-stirred 7 /L) (2D X 2H L5407 5 (De Buck et al;
2007; Sayama et al., 2013). fifli= > /S— b A FOARICER L, 7V —HH M O well-stirred
ETNVEIIS, 25 ORFERERAULEMOE MFZ V7 7 A (CLy) &2 THIL 725G, Mkt
V) TRIFRE (AAFE) R OVFERILE 2 f5LANIZ A 2EI7 (% within 2-fold error) 1%, ZiLE4L
2.6 N 48% & A XA T 5 (Poulin, Kenny et al., 2012). F 7=, #E#M bottom-up PBPK {4
(280, 16 ORFBIHRIULED D CLin & T L 723556, AAFE K U%% within 2-fold error 13,
TNEN 4.6 BN 18.8% & Wi SN Cu5 Z & 225, 1QPBPK working group 23289~ 2 R
WL IERE & LT2E, #E3RE bottom-up PBPK 1412 X 2 fREHE B2 o T JIPE TV
(Horiuchietal.,2018). 7 U —BEmlIAADOILE R A EXTH5RMEE LT, VVIBEZ ElD &
THMEBENAICHE L TWAZ LI L, mMEROF 7 EFEERULEHD 5 B oy
FHRIO B PR Z FH T 5 & 5 BEe (pH /2ELKER, Shore et al., 1957; Yu et al., 1996;
Youdim et al., 2003, Fig. 0-1) 2V #&E STV 5. 25 OEHTERAULEWIZ SV T pH S ER
AR LT well-stirred ©F /W2 LY CLy, 2 T L7384, AAFE &% within 2-fold
error N LN 2.3 LN 52%TH Y (Poulin, Kenny etal., 2012), 7 U —Flis & bl L CTHED
RN SPIIREE N ST D (Berezhkovskiy, 2011) & & 238 ST\ 5. %72, Poulin KO
Kenny 5 DOHF%E (Poulin, Kenny et al., 2012) 2B\ T, MEHFTEICT LT I ISHEAT 5
Hp K OV L &%) (Kragh-Hansen et al., 2002; Ghuman et al., 2005) 1%, #HEiM(bAM & bk
LT CLy O FHRIMEAME S, SEAIE 2 8/ Nl 2 ic b o7z, 7 v 7 2 0, A O/ S



PA MIEEWNET I VB THLIERATF VR DU E2El b, AICHET DM
L A A MM EAER 2R3 2 & A3 STV D (Burezynski et al., 2001; Elmadhoun et al.,
2001). HiZ, TAT I UREEIALEWIE, MREBOIHIIB W TT VT I L O R E
BUTEN 2 AL AT, 7 U —BEe<° pH /Bl 2 55 < S h & ik U CRIAN ~53 il &
NHEEHDOEIENENT 5 Z ENMESNTEY, (7T NP LT, Tsaoetal.,
1988, Fukuchi et al., 2017; Riccardi et al., 2017; Miyauchi et al., 2018; Bteich et al., 2020, Fig. 0-1),
Poulin &1, IFMIAKIEIZIIT 27 V7 I AT Y T v ROBREENMRRED 20T, T

FEMBEA L MRS T2T7 V7 I VREER (PLR) 2 REICHPATES2 2 2R 0L
(Poulin, Hop et al., 2012; Poulin 2013; Poulin et al., 2016). % Z C, F#HIE, EHA bottom-up
PBPK JAIZ8B\N T CLi XY CLy O PHEIPEAMERVERR 2,  f b R O 2 B0 266
Doy TRy E R O & 77 X v DM BEAERICHE S & 2 R0 BREETU A Y O Tk
RO EBETE TN LITEKRT 2 LB X, Clw @ THIEOLFEIZIL, PBPK E7
IVORERRT A =B THD Velimn DFEHABEEIZ, pH WEGE L NN T VT 2 I 4T O
W (Fig. 0-1) ZAHIAT M EED B D & ARFINL Tz,
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Fig. 0-1. Schemes of compound penetration into hepatocytes based on pH partition hypothesis

Ionic interaction

and albumin-mediated hepatic uptake.



%72, bottom-up PBPK {EIZ LV b MMEHREHER 2 THIT 5720120, SHlfik= o3
— F A2 M Kpisswe AT 20D B 5. $EKA bottom-up PBPK £ TId, tissue
composition-based equation (Rodgers et al., 2007) (ZX VD FHIS 72 b Kprssue XL I 4L 5.
Tissue composition-based equation (%, AW DOWELFRONMEE (FRMREEELC pKa, HKAEL
1245 logP) % K&\, FHERERR Y ALY & OBUFINE 2 BRI HENT T 5 2 & T, Kpdssue &
H5HETHSD. Lo L, Rodgers © DELESHTIZ K D FPRHIPEDRGEIZ LU, logP 23 3 LA
AR AW K OSBRI L BB T, MRk O T IRR A N TR A BA A A0 |2 4
KL, TEHKE bottom-up PBPK JEIZ XY TSzt b Vi, FHIEIREMEIEED I W
T, FERIE bl U CTROR 133 (50 THRIBRZENFRD H LTV % (Rodgers et al., 2007). 2,
tissue composition-based equation % &2, 4 ORFHHELAULEMIZONWTE N Ve & THIIL
723554, % within 2-fold error %, 32% (De Buck et al., 2007), 43% (Berry etal.,2011), 53% (Berry
et al., 2010) % T 60% (Sayama et al., 2010) & HESNTNDH Z &0 6, ERE bottom-up
PBPK {5 Cldt b Ve O FRIMEDMRWNE B X Hfe. —5 T, BUHRERARREBRLIEIZ I\ T
WOTRIRR LA 058200 K OYRI VR I ZE B D B HIHERS O TNV B 40 % top-down PBPK 414,
tissue composition-based equation {Z & ¥ i S 4172 Kprissue Z ERRABR L V55N 5 B RO Vg
THIEET 22 LT, b MUEFIREHE Z &S WHE THIT 2 Z LA RBARTHIFIETH
% (Peters, 2008; Chen et al., 2016, Wang et al., 2016). AIFOEEREMNFTIZIHBNT, B F V& A
FTLZELEIARFARETH LD, 7> b Veld T > MENEIRERERG R 515 61 2 iR
EHR T VIMREROEY BT 5 2 L TEARRETH L. £, (LAY
MIZEAE T /T A =2D 5L, ERERUCEYI DO MEFE (Visuwe/fudissue) 25, & & T
MZBWTIEDOMHBEZRT Z &3S STV 5 (Sawada et al., 1985; Imawaka et al., 2009).
LU E o & Kz, #HE1E, top-down PBPK {5 & [FARIC, Kpiisue D TFE 2 FEBRAEIZ & 0 4
EETDFEICEIRL, 7y b Vi MO AT OREZE 2 AV T Kprisswe ZMIIET 2 Z &12 X
¥, bottom-up PBPK {EIZ X VG 6D Vi O THRIMENSGETE 5 & ARBINL Tz,

Z T, H—ETIL, PBPK E7 /LA T 2 NFRH & O TR ER L, (bEY
DANRNZE) A S L T2 vetim & O Kpiissue D FHRITFIEIZ DUV TRETT 5. velim TIE, ERIET
Hnoind 7 ) —BEsIcfio Y, pH BEURHL O V7 X RS HERFRBAT O FF &2 B8 L
TR 515 %, Kpiissue Tl TERIETIEMH S5 tissue composition-based equation (2
Z, 7 v MENBEIRERBR L V551D Vi (Vesm), KT > b &t MIBIT D Visue/futissue D



FACES HHAEN T EL, ThZEtd 2. M2 T, BT 2 vaim KT Kprisue DE
HIE AL 2 5 9 bottom-up PBPK ¥ (BT bottom-up PBPK %) % VT, 4 OfHHE AU
BWOWTHEIRNIR G% Ot MISETREHB MO PK AT A—Z 2 TFHIL, HFohT
B P 2 FEAR A, TSk KUY 1Q PBPK working group 23S 3 2§ AL E & 45 = & T,
Vetim BT Kpiissue D AT HFIED THRIMESCE~ D FF G- & BT TilliE & L Cof M4 il
T5.

Bottom-up PBPK %47 L CRED S5 # O b MISEFREHER 2 T3 5 72 D121, velim
O Kpissue (CHN 2, THAGAE 7> & ORI Z [k LT85T A —% T2 Kaapp & PBPK E7 /1
DI s kA MCANTHUER DS, GEFT bottom-up PBPK 151235V T, Ko ap
1%, & MZBIT DIOEEARI (Pe,invivo) D3BEHIT o DDA 2 F Tl iR 2
FHEL, Peinvivo & EEZIEMEFER L VG- FEMREL (P) ZBEME LT, THXZEOE
MNZADUNT Pe 23D Pe,invivo & FLIIE, Pe inwivo ETHILE FREFEZILICHEE SN D (Peters etal.,
2008; Poulin etal., 2011; Horiuchi etal., 2018). ZH £ T, Peld, FEEHEEORILMILTSH D
Caco-2 ffllfi (Peters, 2008; Poulin et al., 2011) <° A T (parallel artificial membrane permeation
assay plate system; PAMPA, Kansy et al., 1998; Horiuchi etal., 2018) %% i\ TRl S T & /2.
Caco-2 #iflE, LRZMifakkOEEZ RL, HBEREZ AT 5720/ 5 LRZET VL LTA
HAEND0, EWHEES O cytochrome P450 3A4 (CYP3A4) @ mRNA FEHLE LA D/
R & bl LT L <RV 29 (Kacevskaetal., 2008), /MEIZI T AR O %S &2 & E
T& 72\ (Akazawaetal,2018). F7=, BKMET 4 V¥ =2V UIREZEA L, AEEICE
LU 7= BB % PR R L 7= PAMPA |, SZ WL ORI O A3 FIHE & 72 % (Kansy etal., 1998).
LarL, b FOEETIE, CYP3A4 OHEAIPEM R Z o AR —% —d P-glycoprotein (P-gp)
AW OREFERMET S U CTHiRed TEHREREFIZ K72 L TNAH72® (Kacevska et al., 2008),
Caco-2 il e OF PAMPA & FlW T B ERRER I, R T AR —F —D % 5%
GH L EBEMEOFHMENNETH D . F72, Ko ap OFtFIBECTHERNRT A =X THD
Pe,invivo 1, B N DZEIGITALITTRA T2 2 DD/ b— UL AW E AT ORETR IR 2 58 L,
BRI E ENMLEMEOBAEN SR E412 (double balloon V4: Takamatsu et al.,
1997; Lennernis, 2007). Double balloon {5 Tl, (LA DORRRFH 72 IZEE) % in situ CREART
TN, REBRICBATT DALEW 2T T <, /NG EEARIIC IR E 7213 T 2168 b

10



WIS D EARET D72, (LG OWRIE: K ORI H FE E 5 2 i KEEAN 3 2 FTRENED &
5.

T4, Caco-2 #lfllX° PAMPA (2% b MELE EZIEMEOR MR L LT, & K iPSHldh
SK/NGHIIE (hiPSC-IECs) OF ML G &4 Cuv 5. hiPSC-IECs 1Z, AR TORT AR
R L, bR A AT 5 K iPS #Mifd (hiPSCs, Takahashi et al., 2006; Takahashi et al.,
2007) 225, PIMREE R OVINGHRIERMIG 2 #2 ClaEE 2 2k S8 5 2 L THLN, (LEawD
THALAE i | B 2 A B & J 7 3t ne e OSEM e 2 iR 8L 2 /i & L THIRES
N TW% (Finkbeiner et al., 2012; Ogaki et al., 2013; Iwao et al., 2015; Uchida et al., 2017). L7
L, CYP3A4 KU P-gp Dt i a3 B L, invivo DIELE WM Z 8L L 72 hiPSC-IECs |3
HEINTELT, BEHROSEIIEIZ L 0 15 5372 hiPSC-IECs Tld, CYP3A4 % O P-gp mRNA
FEENE MR ANE L L CENER 1274 KON 1/11 LIKEA R (Akazawa et al.,
2018). CYP3A4 (Coumoul et al., 2002; Luo et al., 2002) % O* P-gp (Huwyler et al., 2006) 1%, \»
TN HENZEIRD pregnane X receptor (PXR) /1 L Tl s b Z LR E I TERY,
hiPSC-IECs {23V T % rifampicin & 721X 1,25-dihydroxyvitamin D3 (VD3) ¥4 5 Z & T,
CYP3A4 mRNA 23 ENZH 9.8 5K 95 f5ihE SN D Z &AL T D (Negoroetal.,
2016). L b a2z, FEX, BEFOSMEFIEIC L > TH 472 hiPSC-IECs TéH - T
t, CYP3A4 KON P-gp OFEAIZWET 5 & T, YK OSEYEILELESL, in
vivo [ZB 1T DI ERINMEZ Bl L7l R 2 e cE b L& 2 T,

ZIC, HIETIE, £, Caco-2 MlaS° PAMPA TIEHHLT 5 Z & BNEETH - 7=k
BRILME A2 TR 572012, CYP3A4 & P-gp OFFEAITH 5 rifampicin M T8 VD3 A ALE L
7= hiPSC-IECs Z{& ] L 72 oEm il 2 Efi L, 1567z P. 2t MNET XA T8 U T 4
(Fa x Fg) & L3 % Z & T, hiPSC-IECs OF ML #im < 5. %l T, double balloon %
I &9 hiPSC-IECs DEHERIR L V1SN D Pe D Ko app & FLHT B 72012, /NG THIE]
I F % 52T DR 2 ORBEHEIBEULEMITOWT, Fa x Fy & ERIREERD B 1572 in vivo %
IR TERE (Ka, in vivo) & OFIBAMEZ T2, HIZ, hiPSC-IECs KV 5D Ko app Z HTH
bottom-up PBPK {ED/NME= v/ X— KA MZAS L, /MG THIRLE®ED R EZ T 52 D
REH AU BT OV T e MIETIREHER 2 T %, 1551072 PK /3T A — 2 O Tl
JE A FRRE & LT, fESkiE K& OV 1Q PBPK working group 23EME 3~ 2§ A E & i35 = & T,
RORG#O e MENBEIEAZ THIT 2B F L LT hiPSC-IECs OFBFHE L 0 557
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5B & B bottom-up PPBK {EIZHLAIAT e EFRICHOW Timih 5.

BB L O _ECHRETT 5 PBPK €7 A EAIBEOERIFIETHW LGS, ek A7
V==V ZIETIEHEBATRETH 72t b PKIZEED < HEETEMEFEES (SAR) Off # 21
LIk orsERsE kN FEBRE L 72D, £z, RBELENE, # 7 fE RO ER
PEEIC OV, [EEDOfEE PBPK T /LICAAI L, b MSEPREHBZ TR+ 5 2 & T,
AR NZ M2 WL TE D PK /N7 A—F2 O HIEMEAZFREIRIICERE T 2 2 L 23l HE
725, L, b4 28 bottom-up PBPK 1%, FHRNZ G M O D& 5% 0 g
HIREHER 2 T 2720127 » MEANEERER 2 Ehi - 2 LER H 5D, —iKIT, TSR
BT DRBEOBEBEHIETIE, T v MEEZRWTERNEIRERRI in vitro IRBRO %12 FEHE X
LD, in vivo RERDFER 215 L 72 8H#l bottom-up PBPK {£(%, A7 U —=1 7% HILL
FeCOREMATRE L 72 % . ARIZ, invitro ABRFEMiR, HHIZE bIIETIREHER 2 T W He
Lol e, t b PRGOS £ TICBET S 28 2 2 & T SAR 1F# & 1 iC
BAFTE 570 Th<, b MuERREHER O TR LB LA WA R E O S 7HE
720, b MEREHERICE S S ABEDOINELICHERTE 5. 1€- T, AIFEOERRIITEIC
BN THH bottom-up PBPK 1ED A M A 1] B S8 5121%, in vivo ilBRE L3 E L7RWHTH
t b PK PRIGEOHEENEE CTHDH LE 2 Hiiz. HH bottom-up PBPK #:TlE, 7 b
ENENRERER LV 55N D Vi ra & Kpiissue DFHEMEE L TR LTV, Vg id, EFIREE
23 1T D AL D Kpdssue ([CAHAESTE (Viiswe) & CTCEOFITER S, Berry B, 36 D
ETMUEEMIZONWT T v MIBIT S 14 OFHE (16, W, O &, WK, T5h, BOE,
MalR, Ik, REHL, TNE, RN, VMR, ) O Kpise & ZRENEEEL, FHIA, O,
R B % ORI O K pissue 23 Viss, rat & FLERHY B AT 22 FHBARILR 27”7~ [DREFREL (R?): 0.542-0.652]
ZEEHRE LTS (Berryetal,2010). £7o, (LAWOFMEFEITIED pH S0EUGELIZ K - T
EFRSINDHE, Kpiswe (3, (CAEVIO3 TSR, MHEKR OHERET 2 o 37 ERE G R BE
BR[RE L 72 % (Yuetal., 1996; Youdim et al., 2003; Poulin 2015). #(Z, AEKIZHD B likasD H
B, K ORMEEHND EHYD (Rowland, 2013), tissue composition-based equation & ¥ 757-
IEEMOFHRABITE Kpmuscle) (2 BAHFEARI 2R U2EIX, Vi EPT2 2 &0 @®ESH
TV 5 (Rodgersetal.,2007). LLED@HEZILIC, FHIX, invitro iRBR % HEIT Vs pa DI
T A =4 (Vesinvino) ZFHT D720I21F, Kpmusce DEERRT- L7225 LF 2, pH EG

12



IZHESLGE, R 2 U7 IEREG R (fuy), IR X 37 EREAE (fun) KOS
Doy FRGy % AT, Kpmusele & FHTE D ARG Tz,

Z T, BEETIE, fun ORI G EZRER, pH BRI EE S E R SN2 Kpmusce
D Vs inviro ZFBH L, 7 v MENBIERBR L V551D Ve & OMHBERIMRZ 32 =
& T, in vitro RERD HAFHIVD Vs, in vivo DA FMEZRFTT 5. HIZ, B b Kprissue DHLHIH
FRIZHBIT D Vis rat & Vs, in viro (ZEH L T2 556 OF B bottom-up PBPK {£13, il 4 DREHHTHA
BULEWIZI T 2 FRIRN M O A ¢ 5-1% O U IR EEHERS )t O PK N T A —Z Ok
fRAEIZ, 1Q PBPK working group 2M2ME 3 2 EAAYE & thile 5 Z & T, in virro #BRAE R D
FHa I LT P FE L LTCORYMEm U D, MA T, (LB ORI 2 77 FTEE
71 extended clearance classification system (ECCS, Varma et al., 2015; Varma et al., 2017) % 228
T2 28T, REELEUL AW % TRIESEEPE & 92 818 bottom-up PBPK 1D AIFEIZ 51
DIEMFNRZ R L, ## bottom-up PBPK Z7EH L 72 AR R FIEOG HEZFm L 5.

AWFZE TREETT D 1A K OB bottom-up PBPK 75D 5L, Rk~<— ? Table (27”7,
LIF, ABFZECOMRNE & 3 iml 5.

13
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Table 0-1. Conventional and novel bottom-up PBPK approaches for predicting human PK profiles after intravenous and oral administration.

Velim Kptissue ka, app
) ) . Caco-2cells
Assumption / Tissue composition-
Free drug theory ) PAMPA
Component technology based equation
Double-balloon method
Conventional PBPK approach CLint, in vivo logP p
fuine pKa ¢
Input parameters Pe, in vivo
fup, (human) fuy, (rat, human) «
Rgp (human) Rgp (rat, human) e
) - ) Tissue composition- hiPSC-IECs
Assumption / pH partition hypothesis

Component technology

Albumin-mediated hepatic uptake

based equation

Correlation between F, X Fg and

Novel PBPK approach

Species difference of Viissue/fUtissue | Ka, in vivo
CLint, in vivo IOgP
fUine pKa P.
fup, (human) fuy, (rat, human) Fa x Fq
Input parameters
Rgp (human) Rgp (rat, human) Ka, app

pKa
PLR

Vs, rat (For chapter 1)
fum (For chapter 3)

a, in vivo

CLint, invivo: In vivo intrinsic clearance, fuinc: unbound fraction in incubation, fu,: unbound fraction in plasma, Rgp: blood-to-plasma concentration ratio, logP: n-octanol water
partition coefficient, pKa: negative log of the acid dissociation constant, PLR: plasma-to-liver albumin concentration ratio, fum,: unbound fraction in muscle, Vg, rat: Vs

obtained from rat PK study, Pe: permeability, Pe invivo: in vivo permeability, Fa. x Fy: intestinal availability, Ka, i vivo: i vivo permeability coefficient



AR R R 7 L O R R OFIRN G O & b iR EHERS o T

ARETIE, RBNEREUCE Y O ERNZE) 280 8L L7 PRI IE T 27201,
PBPK E7 /VZMET D veim M Kpriswe DHTRGTHR T IEZ R L, RISV SR Z R
FTRENE RO 12 (LEMEET MEAEY E LT, HERR L OHHEL bottom-up PBPK 5% J
2, BLEMOFIRNER G %O IETIREHEE R O PK N7 A—22THIL, Foilk
PK /3T A —Z O PHIREE 2 & LT, velim & O Kprissue 005 H 7O B & OV FHPEC
SOWTHHI L7Z. PBPK 7 /L&A 24k = o /3— b A > M, well-stirred &5 /LI
D&, ERNDITIER - BRI D Z & THMRME T OEMIREN —E L 0D LIE LT,

7EHM bottom-up PBPK 75 THWE velim &2 TN Kpissue 13, F4LE 7 U —BEa (Lin 2006;
Trainor 2007) K U\ tissue composition-based equation (Rodgers etal., 2007) 23SV TEHME L7=.

FHL bottom-up PBPK {5 T, veiim DFFHIBFEIZIBWNT, MIEHF COEREZ > 7 EHRN
TNT 2L DALEWIE pH 3 BCGR (Shore et al., 1957; Yu et al., 1996; Youdim et al., 2003)
W2 CT AT 2 N EIFEAT (Tsao et al., 1988, Fukuchi et al., 2017; Riccardi et al., 2017;
Miyauchi etal., 2018; Bteich etal., 2020) O#/7%, 7 /7 I L LPIMIFERT 21LEWIX pH 7
B AR (Shore et al., 1957; Yu et al., 1996; Youdim et al., 2003) TN ZENEE L, LAY O
BHURTBEIE CTEREFIEICX VAR L. £72, #HH# bottom-up PBPK JEIZHT 5
Kprissue 14, F£ 7 tissue composition-based equation (Rodgers et al., 2007) % #1277 » b Kpiissue &
T v B Vi (Vss simuation, rat) & PRI L72. 0T, Vs, simutation, rat X OFRIRN R 5500 F kil
B IR EEHERS 2 & 7 VIFKAF R DS R LG RT3 2 &L TRTE Vo ZHWTT v b
Kpissue ZFIE L7z BIZ, 7 v FE B MIBIT D Visue/fuissie DFHBIRILR (Sawada etal., 1985)
ZHZ, T v B Kpiissue 25 E b Kpissue Z FLH L7z, TEREL K OV BL bottom-up PBPK (235
T AFEMZ2 B B Kpiissue © THIFNAN, Fig. 1-1 1T
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91

Novel Method

Conventional Method

Compound-derived parameters
pKa, logP, human fu,

b Tissue composition-based equation

Human Kptissue

Compound-derived parameters
pKa, logP, rat fu,

b Tissue composition-based equation

Rat Kptissue # Vss, simulation, rat Vss, rat obtained from rat PK Study

t Correction by the ratio between V guation. rat ad Vigg, 1ot

Corrected Rat Kpjique

b Rat fuy, free drug theory

Corrected Rat fu;ge

b Species difference of Vi;/fUisue

Human futissue

b human fu,, free drug theory

Human Kptissue

Fig. 1-1 Calculation schemes for human Kpssue in conventional and novel PBPK approach.




1-1.EF Y o7& Ialb—a ik

1-1-1. PBPK €7 /L

PBPK E7 /WL, OB EE KITTHM = ~— 2 b (B, HE, T,
Jifi, g, AHAKR O TR SN TRY, 2 ToOMk= v — kA2 MIFIRKE 08k
DMEIEER THEA ST\ D (Fig. 1-2). F£7o, #5%, MRBIT LI bAMIxsMfk= v
/3= b A L MTIBUNTHRREICHRH - #7#R: L, (LSO R R OSRERIKR A1 32 2 AU &
O CEZ 26 DL Liz. PBPK E7/MCHIT DM, HILE, B8RO OMEIN L
R, K11 TREND.

dCtissue _

Cti XRpgp
dt - Qtissue X (Cartery — = (1'1)

Vi X
tissue Kptissue

JC 1-11 —TO j’é Viissue &U QtlSSuC j: Hﬁlj\] (ﬁ'ﬂﬁ%, &f%ifdiﬂ'éﬂﬁ@ﬁﬁﬁﬁi)‘ml{ﬁﬁﬁf

HY, CITENRIM FE 7213 AL AEWIRE 27, Fil T, Mk OB RO E I 0T
FnFEnL 12 KO3k rickEns.

dClung ClungXRpp
Vlung Qlung Cvein - (1'2)
dt KPlung
dCxidney __ Ckidney XRBp Ckidney
Vkidney X dt ledney X Ca\rtery - KPiidney fublood X GFR X KPkidney (1'3)

K 1-3 128V T GFR ITARERIA A T 5. BRI L OFIRMLOEIN L, TnF
NHKI4ALERI5DEHITFHINS.

dcartery ClungXRBP
Vartrey X == Z(Qtissue X Cartery) + Qlung X (1'4)
dt KPlung
dC _ Cti XRpp . . .
Vvein X veln — Z Qtlssue lssu_e - Qlung X Cvein + infusion time (1'5)
Kptissue

JC 1 4 &U\J‘ 1 5 j’é Qtlssuc &U\ Ctlssuc 63: %ﬂ%ﬂ@]%ﬁl&@ﬁ%ﬂ}mﬂ& Td:/\éj/lj;if‘ﬂ
CTHD. £z, infusiontime 28 0 D & &, ALEWNZEFFIRNK G SN2 L2 BT 5.
JElglc 3 T 2 I UL, K 1-6 TERIND.

dCllver CgixRpp

_ Cyj XRpp
- (Qllver Qgi) X Cartery + Qgi Kpgi Qllverggﬁ Velim (1'6)

Vliver

Coi XN Kpgi 1F, ZNZIHILE IZBIT DALEDIRE L OHLEBITETH Y, veim (FIFAR
HHEIGERETH D, X 1-1 B 1-6 TRINTZAMEOUTEAEIX, Microsoft Visual Basic
for Application 7.0 |Z & ¥ Bi{E X & 72 4 kD Runge-Kutta 15 % FL MV =,
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Lung

Skin
Adipose
Kidney
o
Vein Urine Artery
Muscle

Liver

—]

Metabolite

Gastro
intestine

Fig. 1-2. A schematic diagram of the physiologically-based pharmacokinetic (PBPK) model for

predicting human PK profile after intravenous administration.

1-1-2. 3% bottom-up PBPK ik
a)  veim DHE L

Well-stirred &7 /L 2 L 7= PBPK &7 /L DTN I 1T DA 1%, 17 TS
n5.

Velim = CLyintin vivo X Cliver X fUliver (1-7)

Z ZC, CLuint, in vivo X O futiver X TNFZALZE I in vivo (23T D IERESBULEM ONTEA 27 Y
T T v AR ORFg & 2R 7 FERE AR AR T, HERTY bottom-up PBPK £ Tl%, 7 VU —Hig
[CESE, M DZ 37 FEFEETUCE Y O B HRIEER D HARRRIC Bl D & ARE LTz,
ZDEZE, vamld, BLTFTONX1-8 THIND.

fuplood*Rep (1-8)

Velim = C]-‘Uint,in vivo X Cliver X Kor:
Pliver

fuplood S OY Rpp 1, ZFAVLEAVMIEH & 2737 FERGE G 38 K OV R/ e BE bk A 7n . ekl
bottom-up PBPK {£TlE, X 1-8 OEHEIND vem 2 L7=.
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b) t ]\ Kptissuc OD%‘: ﬁjﬂii
Rodgers b DHWAEIZIESWZIGE, Mk & MAEIZI T 2 2 37 IEEGRUL A DIREE L
(Kpiissuew) 13, RFRAERCAK > EALEWEE D/NT A —ZIZFESWTEHFETEZ 5 (Rodgersetal.,

2007). pKa (base) >7 LA E&ZRIALEMID Kptissuen 15, IR TRIND.

_ A+X)xfrw KappX[AP]TxX PxfyL+(0.3XP+0.7)Xfnp
Kptissueu = [( 1+Y ) +few + ( 1+Y ) + ( 1+Y )]

X KOY I ED DA F AGIZEET 53T A =2 Th D (— DB EM LG O%6: X
= 1QPKaPHIW 'y = [ QPKa-pHPL £ X TR P [, ZH N0 FRUL W ORI o D& A R KO
AR EARE 2 7R T7). FAHE 00O TW,EW,NL, NP Jx OV PLIX, N Zruiiiamig, fiust
i, MREPOPYEIRE, Y IRE K OULEZ R T, [AP]r KUY Kaap IZE N EHVARRH O
FAPEY U NEEIREE R O ) IR E IS 26 OBMER Z ~T. £z, ik, Bk
U pKa (base) < 7 DFHEEMEALE O Kpiissuen (TR TR SN D.

(1-9)

1+X) Xf; Pxfyp+(0.3XP+0.7)Xf;
Kptissueu = [(%) + fgw + Kapg X [PR]1 + ( Nt Ty ) NP)] (1-10)

[PR]r I THEIMNE R O T VT 2 U PRE (FRME R OG5 ML G O%E) 7D VR4
VN B (PP EEDOBRE) 2R L, Kap ik, MlAANETOT LT I o E IR RE
VR IZHET DI OBFNES E R T . Kpissue 13, 2 1-11 TE SIS (Poulin and Haddad,
2012).

_ fuplasma

Kptissue = = fuplasma X Kptissue,u (1-11)

futissue
#ERM bottom-up PBPK {5 T, #Fffk= =AM 19225 1-11 KO EHE
nsde bo Kptissue ANl
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1-1-3. ## bottom-up PBPK %
a)  veim DHE T

K17 TREIND fuive PDFEHIZIBNT, EREF O ANTHERT AT I LR DIEEWT
1%, pH BRI %, TvT I N EO AT O %S %58 L= (Poulin, Kenny et al.,
2012). RS O MSE T # 37 IEREE R (fupapp) 13, Henderson-Hasselbalch I H

3< (Poulinetal,,2012) &, LLFDOX1-12 026 1-16 TRTZ LN TE 5.

fup—app (neutral) = fup (1-12)
_ 1

fup—app(monoprotic acid) — fup X 1+(10PH-PKa) (1'13)
fi = f L 1-14
Up_app(diprotic acid) = Up X 1+(10PH-PKal 4 192pH-pKal-pKaz) (1-14)

f =f __r 1-1
up—app(monoprotic base) — up X 1+(10PKa—pH) ( - 5)

fi =f : -1
Up_app(diprotic base) = IUp X 1+(10PKa1-pH 4 1gpKal-pKaz-2pH) (1-16)

B2, METOFE/EX L RTENRTNVT I THDILEDD fupay 1%, K 1-17 TEITZ

L3 TE % (Berezhkovskiy 2007; Berezhkovskiy et al., 2009).

1
fup_app = m (1-17)

L 1-1712BWTC, k=PK THY, PIET AT I VRE, KIIT VT I CHT YOk
BEHRTHD. FHET 77 2 R E i E L HE L C 1/PLR OfE (PLR:13.3) THDH Z &
NG, TIAT I UHESTALEMN T VT I v ORI X > THBNKICBITT 254,
fuliver [ FIRKD XD ITEKFT Z LB TES.

1

fWiyer = — (1-18)
1ver 1+%
KX 1-1712BWT, k ZLEU~BITT 5 &,
— 1 -
k= fup-app—1 (-1
&K%}FZVG% %) Et 1-19 %Et 1-18 /\'fﬁj\‘j‘é k 5 ﬁlliver !i, ykitwcl‘i‘%_ %ﬂ%)
_ PLRxfup_app
fjiver = 1+(PLR—1)xfup_app (1-20)
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U EORER 2L, P TOTHEZ IV ENT VT I o ThHLEMDOBE, Hill
bottom-up PBPK €7 /L COFfii= o 73—k A > FTix, 1712120 S HH L7 fugiver
ERAL TR vam EE VWD Z L & LTz,

Fio, MIEFOTREE X VXV ERT VT 2 o TlERWEawix, k42707 3 Ul
IMEDIFBATORE L Z T B2 NS, £IT, EEAGHX /)7 EN ol TR
T 'E (AGP) Th HIbAEW T, pH SEMEGLOEZZET 572012, F1-8 O fu, x Rep
DOHEER1-12 HR1-16 VB DIND fupap ICE XWX T, vaim ZHH L7,

b) t ]\ Kptissuc OD%‘: ﬁjﬂf

B bottom-up PBPK £ TI, 20 1-9 & O 1-10 T S 415 tissue composition-based equation
O, T MENENERER KX V1572 Vi e XOT > b E B MZEIT D Viissue/ fuiissue DFHEIEA
REIEITE B Kpiswe 25 L7 £, Vi & Kpussae 1370 121 OFERDRL Y 325,

Vss = Vplasma + 2 (Viissue X KPtissue) (1-21)
Vilasma VEMAERFEZ R L, Viisswe V2 11 #0A% (IENG, &, M6, TEASE, GO0, B0, TP0RE, i,
A, B2 R K OYMid) oA %R~ 22T, 1905 1-11 ZREICHH L7727 ¥ b Kprissue
ERI2LIEANTLIET, 7 Ve OTHETH D Vs, simutation, e ZFF72. LT, T >
MMAWNBENREEABR L V1572 Ve, rat & Vs, simulation, rat DL EZMHEREE L, GO0 T-MEREZ,
tissue composition-based equation & V15727 v & Kpissue (23 U722, 7 1-11 22T » B
fuise ZHM L7, Z22°C, 7y bEE MIBTD Visee/ftisue 121F, 3 1-22 TRIAHBIRS
fRM3E% D 37> (Sawada et al., 1985).

it 1-22 &i, ﬁltissuc, human %EEL:%IEj—é & Tit 1-23 W—-%ﬂéf% 5.

_ (m)ogm 1-22)

human futissue/ rat

fugissue 0.951
futissue,human = (V - ) X Vtissue,human (1-23)
tissue / gt

ﬁltissuc,rat &Uﬂ%fﬂ@ﬁiﬁiﬁl‘j/\c ? 7< “—& VC‘&) é Vtissuc %%W—‘, it 1-23 c]: D ﬁltissuc,human %%Hj
L7z, ’/f%“ LTz futissue, human %30 1-11 Kfﬁﬂ L, t 3 Kptissue %%Hﬂ L7-. %ﬁ/i\/% bOttOIn-up
PBPK {£ClE, Z Z T2t b Kpusue & PBPK ET VO =/ — R X MZAS L

7.
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1-2. BB OV TJ /3T A — 2 OEH )51k

b EY

PBPK &7 /LC LV kN G% O b RERERS 2 T 5720 0T LEY
E LT, IFIgIcE D 2723 (CYP, glucuronosyltransferase, N-acetyltransferase,
reductase) |Z &> TR Z=1T 5, 12 DEFN (alprazolam, diazepam, diclofenac, linezolid,

meloxicam, sildenafil, bisoprolol, haloperidol, nicardipine, quinidine, tamsulosin A& T tramadol)

PIRE L, RBRICITHIRE RS -

HARAE 5% o b b AR EHER O TRICHW T — 2

b NAEFREHER O PRI, MmiEF & X7 IEREEE (fuy), FFAIRAETZE & MHEREm
2B DX X7 FEREGER (fune), pKa, logP, IFEAZ V7 72 A (CLin), Rep KOV > K
IRNENRERRER K 0 1572 Ve, e ZEH L7, BUTIZS, FEBRGEE 2T PRIGEAZFHMICEE T
T ILEM DK XT A —H 1L, Table 1-1 (7. BERICHE U 72 3SE R ORI, THARRRR
hZ W2, B MNFHIIRE T v &2 W22 TOMEE, HEBPREIE ) O8I &k
Ot MHBRICBET oM E BRI L > TR STV D.

13RS 2 T B

Pt X OV E 2 R TR TAE AL, EIZT V7 2 TS L (Kragh-Hansen et al., 2002;
Ghuman et al., 2005), HEEEM:Z2 R~ TALAWITTIC AGP IZ#EE 9% (Booker et al., 1996)
ZENHEENTWS. £2 T, pKa(acid) 28 7.0 BLF 2R RIS K O (L A1

TNT I URERTE, pKa(base) 28 7.0 UL EERTALEME AGP fEE TR L ER LT,

1 7%/ 1 B FE B (Ree)

t b Repfil%, BE# (Furaetal., 2008 &% O Uchimura et al., 2010) X VW 5| fHL7=. 7 > b Rep
I%, Berezhkovskiy & ®DJ5{k (Berezhkovskiy et al., 2011) (Z#E U TRl L 7=.
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X o8 JERE AR

Dimethyl sulfoxide (DMSO) (ZIAfE X H 7= T b EM & EE & b (Kohjin Bio Co., Ltd.)

% 721% Sprague-Dawley 7 v b (7 -9 B, P, Charles River Laboratories Japan, Inc.) @ Ifil
TEWZERIN L, FIRE 2 ng/mL O IyEY > 7V &R0 Uiz, SE#nENTT /S A A (EC-0, Sanplatec
corp.) (T4 By F-HAY 12,000 — 14,000 DZEHTIE (Spectra/Por® 2 Dialysis Membrane Standard
RC Tubing MWCO: 12,000 to 14,000, Spectrum Laboratories, Inc.) ZHlE L, gt A
AD RF—NZ 450 uL O IEY > 7 v, 727 ' 7% —lZ 450 pL @ 53 mM Na,HPO4, 13
mM NaH,PO, 2 OF 50 mM NaCl % &4 95 phosphate-buffered saline (PBS, pH7.4) ZisiiL
Tz U T VEINGE DOELENTT /34 AL 37°CT 24 FEfA ¥ 2 _X—h L7z, A v Fax
— METH, 30 uL O RF—{lIH 7RO 270 uL OFT 7 &7 & — % 7Tkt LT,
777 PBS KONT T U MifEEZIEI 270 uL KTV 30 L TOWRML, o ic i ebg,
LC-MSMS 2 L TIbaiko v — 7 iz B L. ozt — 7 medtly, Fr—
MKROT 7272 — Y% TNV OFmPERTHIEST 2 2 LIk - T, MmiEh & o7 IR
AR (fuy) ZHEH L. fupld, fu,Z Rep TR Z & THT-.

fuine 1%, (LAWEAF DT A —4 (pKa, logP, fuy) 7 HEFHACE T 2 HENRE Sh
TW% (Poulinetal,2013). BE# (Poulinetal.,2013) TiX, 95 {LAMITONT fupe 2 Tl &
NTEY, FYTHFREE (average fold error: AFE), —F V-3 HIRFR7E (root mean-squared
error: RMSE) 1XZ#4E40 1.08 X030 2/~ L, Ik 1.5 %, 2 KO3 FICALILEY
DEIEIZZENTIN T1%, 85% KD IN%THHZ LRI NTND. EWFEE T fune 2 TH
T& 5 Z LRSI (Poulinetal., 2013). % 2T, ## 1, Poulin & 23# &9 % mechanistic
equation Z FIWNTHM L7z fuine # ENZENDET LA D fuine & LTz,

FRfBEE AR (pKa) - T ELEREL (logP)
MY 7 h 7 =7 Téh 5 ACD/Percepta (Fujitsu Kyushu Systems Limited.) Z U CFHIL

7= pKa XL WV logP %, ZNZNDET LA D pKa KN logP & L7T-.

HFEA 27 VT 7 > A (CLin)

b AR (Lot. HC5-23, XenoTech) % William’s E 51 (Thermo Fisher Scientific Inc.)

(2 1x10° F721% 1% 10 cells/mL THERE L 72, 15 6072 IR & #ZIZ 0.1 £7213 0.5 pmol/L
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DRI TET LA MERM L, 37°CT 0.25 FEfEN 5 8 BEMIRE L. o 7 rdhofk
BWIEE 1L LC-MS/MS (2 & » THIE L7=. EF MbAW o BEFEFRIT, Bs 0 Ko+
YT DETEDA ¥ aX— MERIZBIT 5T MG O ©— 7 g & F
L7=. In vitro fFEAH 27 V7 F 2 A (CLint, in viro) 1%, FEEFRAFRO HIRSEIEZ A o F 2
—Ya VRRICRI LT ey ML TERZEROBEE OGN A HEKEEEROHEA L
72. CLing inviro (%, mL/min/10° cells D HNL TR S 41, AT A2 E MR 5~ D I HFr 2R
IAE G GTORIREICE SN\l E 725, £ 2 C, CLing invino & fume THRITZ E12L Y, JE
fiti & TALE WP CLint, invitro (CLUint, inviro) 2 5 L72. CLuUint, inviero 13, NEE 1 kg 2472 V) DR
& (24 g liver/kg body weight) M OVl 1 g 247- 0 OAFHIIE & (135 x 10 cells/g liver)
(Houston 1994; Bonn 2016) @ SCHAME CTHIIE L, invivo [IZHB T D2IEEARFEAG 2 VT 7 A
T& % CLuUint, invivo Z1F72.

7 vk Gzﬁaﬁéiﬁ%ﬁé@%%ﬁ@% (Vss,rat)

Sprague-Dawley 7 » b (8 ilffis, HEME, Charles River Laboratories Japan, Inc.) (ZE 7 /Mb&
0.5-5mgkg ZHIRNE G- L7z, {bEWEE%, 0.033, 0083, 025, 05, 1, 2, 4, 6 &
O 8 BRI, 0.89 M ethylenediaminetetraacetic acid }2 T8 20% (v/v) ~/SU > F N U 7 AER/ Y
U > 2% A TERMRA B iR 200 pL 2 BRE L7z, SR L 72 g 205 00 B (3000g, 15
5y, 4°C) T2 Z Lic kv imiEEE. Son-migicE TN DIEAWIREIX LC-MS/MS 12
IV ERE L. FRNEG#%O PK /N7 A—Z 13, 150 iEHiRERHR 2 T 7 VIR
B FEGRIANTT 5 Z & T2, Ve i 1, CLio (O FHHEIEE (MRT) 205 2 &
THEH L. CLo 1%, #5 &% BIRR £ Coo i - dhfR FiEfE (AUCo) ThR
FZ & T, MRT %, MErppe-refidhito 1 ke — 2 > b FiifE (AUMC) % AUCo., T
T2 ETENTREH L2, AUCoK O AUMC 13, Z LB HVEIRIN 514 o i 4 b i HE
BaRICBIEC Lo THRIE L.

SR ENHE S RUIENT
CLtot; Vss &U AUCO-w@%tEIji‘/f\‘&j:, %ﬂ’b%\ﬂ%—ﬁ 5 “/ ]‘@l%ﬁ'éﬁﬁ%ﬁﬁ@ﬁj\fﬁ@
FE (Vesrar) OIEIZFOHE L7-. Bt £ Co e i -re i b TEfE (AUCo) 1%, BIFIE
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WX RE U, AR R (tn) (X, 0.693 % ke (ke: & HARAED MAE IR EEHERS O
& X0 AR E TS ChRIHZETRHLE.

T O R Aff

PK /37 2 —% O VIR, [RMSEJ, [AFE], 2F7 W LAEMIZIIT 55D T
BETH D TAAFE)] KOVTFRMEZS FZHME & bk L C UX 206 X (ST Db e oflis
%54 1% within X fold error] % (2 SEME & el 3% 2 & TREAfi L7-. AFE OfE2N 1 %
EFlS 72854, PKXT A—X ZiKeHli L, AFE 231 % FlEl-72481%, PK /3T A —X
/NS 5 2 & AT 5. RMSE, AFE MO AAFE 1%, #2124 72530 1-26
TRIND.

Log predicted value—Log observed value
RMSE = ( d d val b d value)?

- (1-24)
1
AFE = 10;2(10gF01d error) (1-25)
1
AAFE = 1O;Z|103F01d error| (1—26)

nlE, ETZULEMOETHS.
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Table 1-1. Summary of preclinical parameters for 12 drugs.

Main Human Rat
Generic pKa pKa
bmdmg LOgP fUpC RBP CLim‘ in vivob fUinc fUpC RBP Vsse Metabolic enzymes
Name (acid) (base) )
proteins?® (mL/min/kg) (L/kg)
Alprazolam AL 2.50 0.32 0.78 0.027¢ 0.79 0.33 0.96 1.8 CYP3A4, CYP3AS
Diazepam AL 291  0.011 0.58 4.2 0.60 0.14 0.55 3.7 CYP2C19, CYP3A4
CYP1A2, CYP2C9, CYP2C19, CYP3A4,
Diclofenac 4.0 AL 4.06 0.0050 0.71 152 1.0 0.0060 0.71 0.47
UGT1A9, UGT2B7
Non-enzymatic reaction,
Linezolid AL 0.30 0.69 0.45 2.1 1.0 0.68 0.45 0.59
Amidase, N-acetyltransferase
Meloxicam 4.1 AL 3.43  0.0060 1.2 1.7 1.0 0.010 0.56 0.16 CYP2C9, CYP3A4
Sildenafil AL 2.75  0.032 0.64 49 0.68 0.050 0.64 1.9 CYP2C9, CYP3A4
Bisoprolol 9.4 AGP 2.14 0.85 0.58 2.0 1.0 0.84 1.1 3.5 CYP2D6, CYP3A4
Carbonyl reductase, CYP1A2, CYP2D6,
Haloperidol 8.3 AGP 3.01 0.17 0.81 12 0.68 0.10 0.81 13
CYP3A4
Nicardipine 8.6 AGP 5.13  0.0030 0.71 208 0.043 0.0054 0.80 3.6 CYP3A4, reductase
Quinidine 8.8 AGP 3.44 0.19 0.92 13 0.63 0.33 1.4 5.8 CYP2E1, CYP2C9, CYP3A4
Tamsulosin 8.4 AGP 2.24  0.0091 0.53 18 1.0 0.19 1.2 1.9 CYP2D6, CYP3A4
Glucuronosyltransferase, Sulfotransferase,
Tramadol 9.3 AGP 2.51 0.91 0.69 8.8 1.0 0.90 0.69 3.1

CYP2B6, CYP2D6, CYP3A4

AL, albumin; AGP, al-acid glycoprotein, CYP; cytochrome P450, UGT; UDP-glucuronosyltransferase



LC

AL-binding compounds (alprazolam, diazepam, diclofenac, linezolid, meloxicam and sildenafil) and AGP-binding compounds (bisoprolol, haloperidol,
nicardipine, quinidine, tamsulosin and tramadol) are listed in alphabetical order, respectively.

2Acidic (pKa (acid) < 7.0) and neutral drugs was defined as albumin binding type, and basic drugs (pKa (base) > 7.0) was defined as AGP binding type (Booker
et al., 1996; Kragh-Hansen et al., 2002; Ghuman et al., 2005). For each drug except for bisoprolol and tramadol, the main binding proteins assumed by acid
dissociation constant are consistent with the experimentally determined results reported by Poulin et al. (Poulin P, Hop et al., 2012) and other papers (Stalker et
al., 2003; NIH, 2020; EMEA, 2005; Procyshyn et al., 2003; Routledge, 1986; Franco-Salinas, 2010). Poulin et al. estimated AGP/albumin binding ratio by
equilibrium dialysis of albumin and AGP solution which are spiked with test drugs, and they suggested that the AGP/albumin ratio determined from the area ratio
of analyte greater than -0.6 is AGP binding drug (Poulin P, Hop et al., 2012).

SCLint, in vivo was defined as CLuint, in vivo multiplied by fuinc. The metabolic assay was evaluated in duplicate.

°The errors between the samples were all around 20% to 30%, representing it is reliable regardless of fu, value. The protein binding study was performed in
duplicate.

dAlprazolam was very stable in metabolic study using human hepatocytes with a substrate remaining rate of 99.9% or more after incubation for 2 hours. Since
CLint, in vivo value of alprazolam was calculated to be 0.027 mL/min/kg assuming metabolic stability as 99.9%, PBPK modeling analyses was performed using this
CLint, in vivo value.

°The rat PK study was performed in duplicate.



1-3. 55 5

BEAF M OB bottom-up PBPK VAIZ K 2 &R G- 00 b b i i EHERS o0 1]l
TEARIY J OV bottom-up PBPK 15(Z L 0 Pl Sz &7 /LG ORIRNIE GO b
MAERIREHRERS & Fig. 1-3 12, MAEHRREHER LV G o7 PK X7 A —F OFERER T
BMEOFRE 7 7 v k% Fig. 1-4 12, FLEWD PK /8T A —Z DT A% Fig. 1-512, F
B B DR FHEAT # S % Table 1-2 I2E 4R T. i bottom-up PBPK 7412 L 0 Tl L 7=

AUCo.0, AUCos, CLiot, tin XN Vs D AFE 1, THEH 1,17, 0.96, 0.85, 1.23 21 0.96 TH
Y (Table 1-2), WTID/NT A —HZ|ZDOWT HHEHRA bottom-up PBPK 14 & Fhifig LT 1123
UWMEZ 7R L2 (AUCow: 1.87, AUCo.: 1.54, CLioi: 0.54, tin:1.29, Vi:0.67, Table1-2). %7z,
A bottom-up PBPK 5% S (2 HH L7z AUCow, AUCos, CLit, tin TN Vs @D AAFE 1X, %
I 1.63, 130, 1.63, 1.84 KN 1.59 TH D Z &5 (Table 1-2), HiH bottom-up PBPK 74
TIL, ET/MEEMDE h PK /NT A—HZ 2GR & i LR 2 5N TTRIFTRETH 5
T EMRENTZ. — T, $ERA bottom-up PBPK 75 CTlX, AUCow, AUCos, CLin tin KON
Vs @ AAFE NZE 24222, 1.88, 2.22, 2.11 KT82.10 Z7~x L7 (Table 1-2). #H}H bottom-
up PBPK V52 L » T TPHI L7724 PK /3T A — % D% within 1.5-} O 2-fold error (AUCo.: 75 -
92%, AUCq: 92 - 100%, CLioc 75 - 92%, ti: 58 - 67%, Vi 50 - 75%) 1, Wi du b fEskA!
bottom-up PBPK £ FlfEH: (AUCox0: 25 - 50%, AUCo: 33 -42%, CLit: 25 - 50%, tin: 33 -
67%, Vss:33-42%) & H#E L CREfE% /R L7z (Table 1-2). 5t~ T, #Hfl bottom-up PBPK
1%, TR bottom-up PBPK 1 & bbile U C, FRRINEG-% O b b EH R EHER & O PK /X
TA—H @ ORETTRITE S Z LAVRIR S L.

i x DET IALEMIZONTE R PK XT A =X O TRIFEEARBE LT L 25, - K
OB bottom-up PBPK 1412 & » Tl L 72 meloxicam @ CLi 1%, SEHIfE & Lbi LT 1/10
LFOMEZER L, ZHUSEE AUCh M O tip D FHIMEIE, FEHIE & el LC 10 (52 oo fE
Z o~ L7z (Fig. 1-4, 1-5). F 72, 768 & OSF# bottom-up PBPK 7412 & - T Tl L 7= diclofenac
DOFEH% 6 FE O MmAEF IR, FEHIE & g LT 10 5L EE iz~ L7z (Fig. 14, 1-5).
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Fig. 1-3. Predictions of plasma concentration-time profiles after intravenous dosing of 12 drugs

to humans.

Solid line, novel PBPK approach; Dashed line, conventional PBPK approach; open circle: observed
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Fig. 1-4. Correlation between the predicted and observed pharmacokinetic parameters of 12

drugs.

Closed circle, novel PBPK approach; Open circle, conventional PBPK approach; Dashed line: 2-fold

errors between predicted and observed parameters.
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Fig. 1-5. Fold errors for human PK parameters of 12 drugs.

AL-binding compounds (alprazolam, diazepam, diclofenac, linezolid, meloxicam and sildenafil) and
AGP-binding compounds (bisoprolol, haloperidol, nicardipine, quinidine, tamsulosin and tramadol)
are listed in alphabetical order, respectively. Closed circle, novel PBPK approach; Open circle,
conventional PBPK approach; solid line, unity; Dashed line, 2-fold errors between predicted and

observed values.
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Table 1-2. Statistics for the predicted human PK parameters using conventional and novel PBPK approaches.

Percentage within

Parameters Methods MSE RMSE AFE AAFE

1.5-fold error 2-fold error

Conventional PBPK 0.20 0.44 1.87 2.22 25.0 50.0

AUCo Novel PBPK 0.12 0.35 1.17 1.63 75.0 91.7

Conventional PBPK 0.11 0.33 1.54 1.88 333 41.7

AU Novel PBPK 0.01 0.12 0.96 1.30 91.7 100

Conventional PBPK 0.20 0.44 0.54 2.22 25.0 50.0

Cho Novel PBPK 0.12 0.35 0.85 1.63 75.0 91.7

Conventional PBPK 0.19 0.44 1.29 2.11 333 66.7

e Novel PBPK 0.19 0.43 1.23 1.84 58.3 66.7

Conventional PBPK 0.14 0.37 0.67 2.10 333 41.7

Ve Novel PBPK 0.05 0.23 0.96 1.59 50.0 75.0




1-4. %%

PEFT bottom-up PBPK % (De Buck et al., 2007; Poulin, Kenny et al., 2012; Sayama et al., 2013,
Horiuchi et al., 2018) TiZ, Tl TORBIHKIEELDOFERIEIZINT, 7V —Him 2 RE
LTWg . RENEIEREE, METREHEEOWHRIEOME ZIRET 2R TH L, &

Z CLit X2 t1p O TRIFERE IC 8% -2 5. 5EKA! bottom-up PBPK £ TliE, THIE 472 CLl
® AFE O AAFE 3 ZNEHL 0.54 LR 2.22 Z2oRmd 2 &mb, 7V —HERIc S0 Tl
FIEIZE>THEBILD CLio (&, FERMEE LT 2 FLL /Nl 2 2 &R ST
(Table 1-2). &7z, tin D AFE N AAFE 1, ZNEH 129 K211 23T 2 0D, tih @D
TR, FERIME & bl LT 2 fFLL KRRl % 2 & 23R Shu7z (Table 1-2). FFiC
diazepam &% O sildenafil 1%, CLi ® fold error 231241 0.37 T} 0.35, t12 D fold error 23%
ALEI 297 KDV 235 &, BEHEA Y ONFEE & g U TRl 2 7= L7 (Table 1-3).
Thbb, 7 —HEma BIOFRENEREE AR LG G, 77 I U a R e orh

UL, T S AT iR R EEHERS OO SR SRR RIS R & TRBE L, SRR E AR T
ABRbDHLEEZLND. —FHT, HM bottom-up PBPK {5 TlE, 7/ 7 2 VB EALEHD
FFARRIE I 2 BT 5 72012, K 1-12 225120 TH 2 Hiviz pH BRGLL VT L
T I UVENEDITBAT 2 IS LTz, T DA, BOIVE fue (X, 7 U —85a% HIC Lol
LR L CEEZ T 2 & D, Hill bottom-up PBPK 1AIZ X 0 Tl S U7z i R EEHERS
1%, TERT bottom-up PBPK ¥4 & Lhl L CRIRRIEIARZ RT 2 & L 72 %, Hill bottom-up
PBPK %% FV T diazepam M () sildenafil O MAE T EHER 2 T L 72854, 55172 CLlu
O fold error (X Z4 0.71 KON 1.48 & FEREL 1.5 FLANO PRIFRE AR L, LB O ty
® fold error & ZALEFL 1.08 KN 1.11 & FERUEITITEIS 2 THIHS RA3GF S 4v7c (Table 1-3).
RIS, TAT 2 UAEBIALEW Td 5 alprazolam, diclofenac & X linezolid (28T, #Hf
Hi bottom-up PBPK #£1Z L ¥ Tl & 7= CLi @ fold error (alprazolam; 0.95, diclofenac; 0.52,
linezolid; 0.71) 1%, TEHKIED THIFERE (alprazolam; 2.66, diclofenac; 0.23, linezolid; 0.37) &
g L CkET DAE RS DALz (Table 1-4). LLEX O, 77 I DO IFAT & O pH
SrBCARER 2 FE 1T L7288 bottom-up PBPK {5 TiE, 7V —Bim% 2 L721E3% bottom-up
PBPK {£ &t L C, 77 X UREGTALE Y ONFIRIZ 31T 2 AHHHE R e O T IME 2 o
TEX DI ENRENTZ. £72, #HH bottom-up PBPK i TlE, AGP #EATALE Y O I
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FKEEOR BT, pH EGRZiEG LTz, DR, AGP #EK 6 (kamd H b,
bisoprolol, nicardipine, tamsulosin } O tramadol @ ti (%, 7 U —EGH & H 1 L 729635 bottom-
up PBPK 74 & g LT v s TR 23 2% L7 (Figure 1-4). B2, H# bottom-up PBPK
1L, CLot LDV tip @D AAFE 73 1.63 KTV 1.84 TH D Z LD, CLio LD tip & FERIHLFE 2
ELAN T THIRTRE CTd o 7= (Table 1-2). it » C, pH S BRI 2 212 L 72 #13 bottom-up PBPK
HETIE, 7V —HGR & AR U220 bottom-up PBPK 7% & Hel L C, AGP #E&ALEM D
JHEZ 35 ) 2 AREHE R O THIPEZ BGE & 5 2 VR ST,

Table 1-3. Fold errors for CL and ti/; in diazepam and sildenafil.

Fold errors
Conventional PBPK Novel PBPK
CLiot tin CLiot tin
Diazepam 0.37 2.97 0.71 1.08
Sildenafil 0.35 2.35 1.48 1.11

The fold error is calculated by dividing the predicted value of each parameter by the observed value.

Table 1-4. Fold errors for CL¢ in alprazolam, diclofenac and linezolid.

Fold errors
CLiot
Conventional Novel
PBPK PBPK
Alprazolam 2.66 0.95
Diclofenac 0.23 0.52
Linezolid 0.37 0.71

The fold error is calculated by dividing the predicted CLi: by the observed one.
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PERAY bottom-up PBPK {ETH W55 Kpiissue (3, tissue composition-based equation (=X 1-
9, 1-10) ODAZKICHHEND. ZOHA, 120FT MEEMD 5 B, T{LEY (haloperidol,
linezolid, tamsulosin, tramadol, nicardipine, bisoprolol }2 U} alprazolam) TPl S 4172 Vi 28
e 2 5L BTl A2 R U (Fig. 1-5), BE# & RO THIFEE [% within 2-fold error: 32% (De
Buck et al., 2007), 43% (Berry et al., 2011), 53% (Berry et al., 2010) & T* 60% (Sayama et al.,
2010)] TH D Z &M D, tissue composition-based equation {Z K > THH 4172 Kprissue D EER
0, BESR & RIEE, SEHIME & TlEd 2602 H 72, —J7 THHE bottom-up PBPK #: T,
7 v FEMHWT Kpiswe DEFRAE & RHUMEOTEBEE 2 F N, 7> MLt ORI
T DRI Z FEIZ B b Kpisue 155 Z & & L7= (Fig. 1-1). Z OFESR, #i3 bottom-up PBPK
ETIE, ER% bottom-up PBPK % & Fh# L C, haloperidol, linezolid, tamsulosin, tramadol,
nicardipine, bisoprolol }2 O} alprazolam @ V % &V Vi B C I ATHE & 72 o 7= (Fig. 1-5). £ 7=,
##l bottom-up PBPK {5 T, FHIE I Vi D AAFE, % within 1.5-%&% (Y 2-fold error 28 % 41
ZH1.59, 50%M TN 75%&E, HEKRM bottom-up PBPK 1% T/& HL-#EHE (AAFE : 2.10, %
within 1.5-fold error: 33.3%, % within 2-fold error: 41.7%) & Fbils U C T IR A3\ 1 L 7=
(Table 1-2). fE41E K% O bottom-up PBPK VAIZ L W FHlS 7=t k Vi@ AFE |X, Z %
T 0.67 LR 0.96 Z"9 2 LD (Table 1-2), FERIETIX, FHTHIEE L TE |k Vg
iR/ NS A EmIC o 7. & TRIE (Fig. 1-1) 2R PRS- 7 uvbamoe b
Kpissue DFARI 7 1 F % Fig. 1-6 (TR 7. EOFER, 7 v MANERERBR I DV HE L7 Ve
rat & FERRELE LTV 2 HT8 Kprissue O T 5T, adipose #BR < 6 D DFFKIZHB T,
PERIEL Y bEEZ R THIAICH 0, GERIEICE D FRIS T Kpise & LT 3 524 E
D EEZE R TEGIIEED 42.9% Th 7=, 1> T, #HHl bottom-up PBPK JEIZ3\ Tk b
Ve O T RIPED S U2 BREE, B L7728 e N Kpiisse DF T IEIZIBUNT, adipose % B
< AHEHED Kpissue 23, FERIE L LR L TREVMEICHIIES LD Z LICERT 2 & EZ 261
7-.
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Fig. 1-6. Correlation of Kpiissue predicted by conventional (Eqs. 1-9 to 1-11) and novel methods

(Egs. 1-9 to 1-11 and 1-21 to 1-23).

Solid line, unity; Dashed line, 3-fold errors between conventional and novel methods.

12 DET MAEAEMIZHOWT, Bkl bottom-up PBPK % AW CTEHIRNZ 5% 0 b b i
B 2 T L7254, 5D AUCo @ AAFE } 0% within 1.5-% 0% 2-fold error 1%,
ZTNZI 130, 91.7% K TN 100%TH Y, 2 TOET IALEWHMERIL 2 [5LIN O TR
Z7x L72 (Table 1-2). Z AU, TERE bottom-up PBPK 752 L » T FHI & iL7z AUCy O Tl
)% (AAFE: 1.88, % within 1.5-fold error: 33.3%, % within 2-fold error: 41.7%, Table 1-2) X
D HEWTHIFEE TH 7=, - T, B bottom-up PBPK 75 Tl, AUCo & Te4 TP PK
IXT A= DT RNHEFE D30E A bottom-up PBPK 15 & Filig L Cik#EL TRV, 2»2>4TD PK
PRI A=HZITERE LT 2 FUNOTHREEZ R LI Z eI bMNE o7, LibED
BRFHFEFR LV, PBPK E7 VO 73— h 2 v MBI 2 REHEIGEE O F 715K 0%
KAk = 28— b A U T DA TIE O FH R 4 S R L 728 # bottom-up PBPK {413,
b MERREHEE LS THT AR TRFETHD LB BNLD.

35



—JC, ARETHH L7 2 FHEO bottom-up PBPK % Tl%, meloxicam @ PK /3T A —#
(CLtot, AUCq0}2 OF tip2; Fig. 1-4, 1-5, Table 1-5) & O diclofenac D $&5- 6 K[ o i #E Hhii
OFHUE (Fig. 1-4, 1-5, Table 1-6) 7%, FEHIME & g LT 10 {500 ETeBfE L 7-fE2 R L7-. #
IRINFE G- % o e b P EHER (Schmid et al., 1995) % J&IZ meloxicam @ CLuint, in vivo &
well-stirred &5 /L Tt L7284, 30.7mL/minkg 7/~ ZOXMEIEX, b bAFMIEAHZ
TEPERER KV 155372 CLuing invivo (1.7 mL/min/kg) & el L C 10500 B A /R L2 2 &
5, meloxicam @ CLiot, AUCoM O tin D FRFREIR, EA 27 VT T 2 AD invitro #HlRIZ
EXT 2 EZEZ N, BOWRLEREL R TEYONER 2 VT 7 225 HT 5720
DRl & LT, HepatoPac®23% % (Chanetal.,2013). HepatoPac®l%, ~ v AfEIEHMAD &
b MFMRLO LRI L0 IFREBER OTEE L HEFr cE, RS RFME=421 7
THZENARERFME R THD. LarL, Hutzler & OHFFE (Hutzler et al., 2015) Tid,
HepatoPac®|Z & % meloxicam o [Tl i A 2 & HEREA O 5 SR 2> 54572 CLuint, in vivo 1 4.6
mL/min/kg TV, ABFIE TGS S & R, invivo 3Bk % I H L 72 CLuing invive &
bl UG/ el L 72, 56> C, BIFE, AR CIEA S W2 EEHER T, @R
TEMEZ R ITAEAEWD Clio &/ NaEAT 3 2 FIREMEDN S 5. E 72, diclofenac 1%, & RAFMALIZ
LTS CYPIA, 2C KON 3A 1 FEIC L > TR 22T 2 2 ERHE SN TEY (Smith,
2012), diclofenac @ CLint, in vivo (152 mL/min/kg, Table 1-1) (%, AT (21 mL/min/kg) %
ERIDEZTRT. T Cling invio 1%, B MFIZ 1Y —A%FEHER E LT diclofenac /KL
B O FE G AT X 0 457~ 85l [315 mL/min/kg = 453 pL/min/mg protein x 29 mg protein/g
liver x 24 g liver/kg body weight; Tang et al., 2000] & 2.1 {FDOTHETH 722 e, FFH
EA 27 VT 7 A%, mERRERERO THRRRZEO FERER TRV ESB X b, T,
diclofenac %, organic anion-transporting peptide (OATP) 1B3 (Kindla et al., 2011) A TF organic
anion-transporter (OAT) 2 (Kimoto et al., 2018) OIEE TH D Z EBNHEINTWD. K- T,
diclofenac Dt NS IREEHER O PRI 2 ST 2 72121, JFIRD iAZ R 7 v AR —
2 —DFFEEZBE LI T TIEZEET 20 E N H 5. Watanabe © 1%, JFEUD iAA NT
AR—H—DIHETHY, MmitdE & 722 pravastatin OIMIEFTIREHERS 2 TR 572D
PBPK £ 7 /L& L T\ 5 (Watanabe et al., 2009). L7 L, HFHAEZ HZEL D 3A BaklBR
ZIRICEH SN IAA 7 VT T R, in vivo SRR B ONDEE T 5729

(Jones et al., 2012; Shitara et al., 2013; Izumi et al., 2018), H(V iAZ kT AR —Z —DHEA{l

36



Ao SETRERR Z THIT5720120%, invivo VAR )T T A= BBLAHE
R R O N EE L EZ b,

Table 1-5. Fold errors for CL¢x, AUC and ti2 in meloxicam.

Fold errors
Conventional PBPK Novel PBPK
CLot AUCo tin CLot AUC- tin
Meloxicam 0.10 10.5 13.7 0.08 12.4 20.0

The fold error is calculated by dividing the predicted value of each parameter by the observed value.

Table 1-6. Fold errors for plasma concentration in 6 hours after intravenous administration in

diclofenac.

Fold errors of Cgp?

Conventional PBPK Novel PBPK

Diclofenac 19.7 16.7

The fold error is calculated by dividing the predicted value of each parameter by the observed value.

Ceh: plasma concentration in 6 hours after intravenous administration

P-gp D HE T % nicardipine (Kimura et al., 2007) X° quinidine (Fromm et al., 1999) o ifi#
HR EEHERS 2 78 bottom-up PBPK 1EIZ L 0 PRI L7255, 55647z PK /N7 A —% (AUC,.
w CLiot, ti2, Vs OV AUCo.) (FSEMIE & bLlge LT 2 5 LA (Fig. 1-5) Th o7, P-gp i,
FATTHAGE DRl FFx R, FTlg o> B MARAE I, i ik BA P9 oD 1 & PN B2 e Mo OV g oD sl PR
AE DT T D 7V AR—F—Th v, EEREYDERIN~DYEMI-CEEE DR
B & B ST D E 28 5 (Staud etal., 2010). Doran 5%, #AAI~ 7 2L P-gp / v
77U b= AIZ quinidine & &5 L AUC % bl L7=fE R, BE~T AL Pgp / v 7
T R AD AUC HIE 1.1 TH Y, P-gp DIEICBWTH MIEPIEHER 2645 P-gp
DEGIIMD TEETH o722 L 2 LTV 5 (Doran et al., 2005). AHFFEICHBNTH,
P-gp D% 5% & & L 72\ PBPK £ 7 /L C P-gp EO MAEHREHRE O THILXAIRETH D Z
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LR EN, D &S MAETRERHER O TR P-gp ODFBEIFARETHL Z EBREIN
7.

AW TIZ, Z o7 A O e MR Z EHERBRIZS N T, 1HEEmETY
2 BIOfEZEFH L, PBPK €7 /L (K 1-1 - K 1-6) AN LTS, 2T, ZHHD in
vitro FHI & 0 37 EHEICRT T 5T —Z DXL E N hD PK 78T A — X OFFHTHE R~
B2 5B ER L. £7, fu,(1956 ) Ot FAFHIIRMEZEME (976 #) 122\ T,
FRENR - EEE R TEE LA ORBRAE R i U, & 2R 2 185 E 2
BT RAZ B HE, 95%EHEKH (v 2572 (EREmE W RAERT —2). i
W, fu, F0 e MNFMRBABRLEEE w OFEKR T vy Mk LU CIHERER/D L
(XLAit software, ID Business Solution) (28 W iTPIHi#R A 572 & 2 A, RZBZEZE1 09983 K&
U8 0.9992 & BAFZRFABINE 2R RIRET VG b (R EWE W e RaRK T —42)
TG, EBREOERZEBIRET VICED &R L 7.

ET ULEY) (Table 1-1) ® 9 5, fu, DFKAEZ 787 tramadol (fu, = 91%) & OV /M %
759 nicardipine (fup = 0.30%) (ZOWTC, [EUFET L ZIECEAEHOD fu, D p ZHH L&
=%, tramadol |3 84% < <97%, nicardipine THE 0.20% < n<0.41%& 7257 fup i3, MFHE
L X—hA U (KN 1-6) ROEMBITE 19 - K 1-11, K121 - K 1-23) ORERE
RTHDHZ LMD, fu, DFEBRIAEIL, I CLiw, Vs KO tip Tk L TREZ KIFT EEX
HiLb. & 2T, HiH bottom-up PBPK 75 % J&(Z, tramadol } OF nicardipine @ CLiot, Vs 2O
tiy D THFERIZR T2 p OFBEELZR M L. ZO/RE, fu, OEBRFAEIZE Y, tramadol
D CLiot, Vs 2O tip DT HUELE, ZIEN£1.7%, +5.7%K O%+5.5%, nicardipine ® CLi, Vis
KOty DFRNEIE, FHEN+8.8%, +23%, +20%ZH) L7 (Table 1-7). #- T, W TH
W NI REGRERITEEMTIE, fu, DEBRIRZEITER L, Ve KO tip O THEIZIBNT
BR T 20%FEHE D TRIFEENAE U 5 AIREMEDVRIR S L7223, PBPK £ /UIZEBWT 30%A
O FHFAEITHR & T D5 (Sager et al,, 2015) (ZHS< A, B b PK THIOEEM %
KL FPRRREIZITER G RNEBZ 2O,

BN T, BEHEAWEED 9 B CLin, in vivo D Ee KA Z 77§ nicardipine (208 mL/min/kg) M O}
/M % 759" meloxicam (1.7 mL/min/kg) (Z2WC, [EFTT /L& BICEALEW D CLint invito

DOprEHEH L E Z A, nicardipine Tl 199 mL/min/kg < u<218 mL/min/kg, meloxicam TlZ
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1.4 mL/min/kg < n<2.0 mL/min/kg & 725 72. CLing invivo 1%, Veiim (X 1-7) OHERREFETH D Z
ED2 5, CLint inviro PTEMB DO ARIE, FIT CLi IZx L TREEZKITT ERALND. £
T, CLint, in viro D FEFRFRIEIZHA L CLlie D THIREZEZ R L2 & 2 A, nicardipine Tl
+1.7%, meloxicam Tl3+6.3% & 72> 7= (Table 1-8). Ti-> T, CLint inviro D FEERFRFAEIL, fu, D
FERRAE & I U TP~ RIT 52 BDB T H ¥, CLio D FHIFAEITRK T 6% 2
EDLZENRHALNE ST,

Table 1-7. Prediction errors of PK parameters based on the 95% confidence interval of fu, in

tramadol and nicardipine.

Prediction errors

CLtot Vss t1/2
Tramadol +1.7% +5.7% +5.5%
nicardipine +8.8% +23% +20%

Table 1-8. Prediction errors of PK parameters based on the 95% confidence interval of CLin¢, in

vitro iN Nicardipine and meloxicam.

Prediction errors

CLtot
Nicardipine +1.7%
Meloxicam +6.3%

F—ETIL, T bottom-up PBPK {£D T I & F I SHP 25t 2 Z L 2 Hig L
LT, CLint in vivo 2% 0.027 mL/min/kg (alprazolam) - 208 mL/min/kg (nicardipine), fu, 2% 0.0030
(nicardipine) - 0.91 (tramadol) & WEAVMANENRERFE 2~ T E 7 LA MIZONT, IR
H#ov ERRERHER 2 Tl L7z, B8 bottom-up PBPK V5 CIE, TR JHE D H
HIBREIZ B W T, MR O EREA X R ENRT IV T 2 L2 DALEWIE pH 3Bl M O
TR DT 7 I v OIREABRUIEDS IFATZ, EMEaZ " TERT VT I L
SOAEIE pH HEUMGR 2, TNENEE L. B, MHfBITHEORHER TIX, itk

7 bottom-up PBPK £ CHU 5415 tissue composition-based equation (21 %, 7 » MANELEE
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RBREVBEOND Ve, ra LT v LB MIBIT D Visue/fudssee OFABBREIEH LZ. %
DFER, HiHl bottom-up PBPK 151, fup, 2N EIEZ R TILEMITIBNT Vi LT t1p D FHIFRE
DK 20%4E C 255G 083550, P-gp OREE 23 MRENHAEEMIZ OV T, #lRNES
#Bov bImEPEEHER 2 0K bottom-up PBPK 1K VW bW THIMEZ R L, PK 73T A
— X OTRIFEEE DS EBPIE & bl U TP 2 (FLUNTH 5 2 LR EnTz.
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[
hiPSC-IECs % {5 Ff] L 7= /L& @l L REA K OB bottom-up PBPK % & OFAA HHIZ X
LRk OEESHOE N EHER O T

BOETIE, kG ROe MSEREHER 2 THIT 572012, hiPSC-IECs Z v 7o
B2 I PERRER DOFE S DI E ZEMEDFRIE CTH D kaapp ZHH L, BT CTHia L7
bottom-up PBPK EIZHLZMAT Z & & L7z, HieWVC, LB THIRN@EEN R 252 T HH% D
AU EM ZET Ve e L, ARG %O e METREHE KL PK /3T X —
& % TRI%, 15 5T TRIREE A2 0ERk1E & OV 1Q PBPK working group 23 #2872 S AL &
b9 % Z & T, hiPSC-IECs & AW 72 B2 R & U 4572 Ka, app 2 FTHL bottom-up PBPK
BT ZRAT BRI DWW Tim U7z,

hiPSC-IECs %, Akazawa 5 ik (Akazawa et al., 2018) [ZHEV> iPSCs 70 5 23 fb %,
rifampicin & (8 VD; Z /L& 95 Z & T, CYP3A4 J2 O P-gp mRNA D& 25l A 7=, il C,
iR 9 % 2 FOFEEHK] & ALE L7z hiPSC-IECs % T, CYP3A4 K U P-gp DIE # & tr 14
DET ILEWORREEEMEZ TN L, 155i7 P & BRIKGER L U 15 b7 Fax Fy & i3
% 2 & T in vivo IHLERINPED TR I51F % hiPSC-IECs DA HIMEZ #a L7z,

hiPSC-IECs Dz itk 2\, PBPK E7 VDL =1 73— F X h~D AR T A
—HTHD Ka app ZHMT D721, BRRGBRE RS S TWD 27 OEFETMEEIIC
DUWNT, Fax Fy & ERARER X 01572 Ke, invivo ODFHBIBAMR Z AT L 7. BT, CYP3A4 KU P-
gp WHEEET 10 DT ALEWIZ OV T, hiPSC-IECs D BGFEIEIEREM &V 1572 Pe 225 k,,
ap T, 13 5N72 keapp & PBPK ETF L OHLE 28— F A MTAS L, BRO&KE
#%oe MSEPREHESR K O PK N7 A —X 2Tl L7z
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2-1. EBRAE R OV hiPSC-IECs #7EH L=t ML e O 7 15

hiPSCs (TkDA3-4) |, Kt B (UL RZERSEVIZEA) L0 EEENZ. B FARAN
E AT 3 @ pooled total RNAs (5 KJ—, 20 - 61 i%) (%, Clontech (Palo Alto) X W EEA L
7-. Caco-2 fif&l%, American Type Culture Collection (Rockville) X v i A L7-. hiPSCs % H
WA TONZEE, BRI (k) ot MERA DT AFRICET oM EERIC K-
TAREIN TS, BRI U7 R OIS, & TilRsfkdn 2 iV .

LAY

3ODTN—TIHFENDE 38 IEWEEM L=, Group 1 (n=14) %, /MEIZENT
{RE & OREBNIE DB A 2T DALGWEETH Y, hiPSC-IECs % FW 7 st R Al & 0

1372 Pe (cr/s) & invivo iRBR E V1§ BT Fax Fy OFHREMEZ FEAMT 32 72O v 7z, Group
2(n=27) 1%, FaxFg & Ko invivo DFABAMEZ TG T2 72 DI HTZ. Kayinvivo DIEZ BT 572
WIZ, Group2 DALEMITLLT D 4 SOBEN ST Lz, 1) #B T CORKMRENIE S
NWTWD, FITEFEROZEN L MEEY, 2) BARRBROWRELR N 6 LU L, 3) W
LB WA AN VA i FEAHE Cld e < EFHMAIR & 72 DILAEW,  4) Ka invivo DIEVEMRZEE Ka,invivo
DEIMETER L7 (EEVREL: 0.5 DL CEALZREEREDN & 2 LHIE) 23 0.5 Rl Dl % B
HALEW. Clocacillin (Ky, in vivo = 2.95 £ 2.17, Spino et al., 1984), digoxin (K, in vivo = 0.89 £ 0.75,
Kobayashi et al., 2005), midazolam (Ka, i vivo = 1.61 £ 1.01, Chen et al., 2006) % X prednisolone (ka,
invivo = 5.62 £ 5.78, Magee et al., 2001) 72 & D Kq in vivo (K X 72EH AN ZEDE O HILHILEMIL
Group 2 ([Z& £ 720,

Group 3 (n=10) I%, HAKGEOE MFETREHEZOFHICHNTALEMRETH Y,
CYP, glucuronosyltransferase }2 O* reductase 7 & D ZAk 72 Rtz m S UL A &
%P L72. Group 3 |21, P-gp Z5E (amitriptyline, bisoprolol, domperidone, nicardipine, quinidine
L O sildenafil) M OVINIG TR &2 52 1 2 EHK 0 (amitriptyline, domperidone, nicardipine,
quinidine, sildenafil, tamsulosin &% O\ tramadol) 23& £4.%. Group 1 7>5 Group 3 (& £
DALAM ORI, Table 2-1 ([CHED 7=,
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BOEGHOE N PK 707 7 A VOTFRNCHV T —X

t b PK 7o 77/])/1/0>%{EI“:&i, fup, fUine, pKa, 10gP, CLint, Regp, Vss,rat))—llo{ ka, app%f
FER L7, Ko app RS BFEANT A—HZ1F, H BT LIZHIECECTGEHMELZ. €7
MEEWDFFERT A —42 1%, Table 2-1B IZ7R L7z,

Transwell (Z351F % hiPSC-IECs @ B J#E155%

hiPSCs 7% hiPSC-IECs ~?®53{b. % OF hiPSC-IECs D HLEREF& 1%, ILRAFIEH S L7z
J71% (Akazawa et al., 2018) |ZfE>7=. hiPSC-IECs (%, 0.5 mg/mL @ laminin 511-E8 (iMatrix-
511; Nippi) T3 —7 « > 7 S {17z 96-well Transwell (AR 7 %4 A 1 um; Corning Inc) D fL
BHARY T AT VEIZ 3.0 x 10° cell/em? D% CTRERE L 7=. hiPSC-IECs (%, 10 uM Y-27632
(Wako) &7 intestinal epithelial cell (IEC) maintenance medium (Thermo Fisher Scientific) C 3 H
%, Y-27632 #4A IEC maintenance medium [ZEEHIAZHA L, 2 B £721% 3 HEICEEH
AL T 18 HIEEEEE L=, K538 18 H AT, #5H#14 10 uM rifampicin (Sigma-Aldrich) & O}
10 nM VD3 (Toronto Research Chemicals) & IEC maintenance medium (ZA3H#2 L 72, il C,
554 21 H HIZ 10 pM rifampicin & T} 10nM VD3 & A IEC maintenance medium % wash out 1%,
75 H a7z hiPSC-IECs (Zkf LHEMARHBER KL O F T o AR —4% —D mRNA FEBEMHT O
B i PR ER A Ik L 72,

HERBIIEFE LN T o AR —Z —D mRNA FEH &M

hiPSC-IECs (Z F& 8l 4 2 3 ¥ (G % 58  [CYP3A4, carboxylesterase 2 (CES2), UDP-

glucuronosyltransferase 1A1 (UGT1A1)]}2 TN s 7 > AR — & — [P-gp, breast cancer resistance
protein (BCRP), peptide transporter 1 (PEPT1)] @ mRNA &%, BE# (Akazawa et al., 2018) (T

7€ - T quantitative polymerase chain reaction (7€ &J PCR) {EIZ L Y f#dT L7=.
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Table 2-1A. Summary of permeability in hiPSC-IEC monolayers and human in vivo parameters in Group 1 and Group 2 drugs.

Groups for creating P Fo x Fy Ka, in vivo
Generic Name Reference
calibration curves (x 10" cm/s) (1/hr)
Group 1 Acetaminophen 14.0 1 4.8°¢ Varma et al., 2010, Renner et al., 2007, Wright et al., 1983
Group 1 Antipyrine 24.1 1 - Varma et al., 2010
Group 1 Atenolol 1.06 0.5 0.50° Varma et al., 2010, Wojcicki et al., 2003
Group 1 Digoxin 1.4 0.7 - Varma et al., 2010, Edwards et al., 2017
Group 1 Doxorubicin 0.0111 0.12 - Varma et al., 2010
Group 1 Famotidine 1.15 0.38 - Zhao et al., 2001
Group 1 Furosemide 0.819 0.52 0.8 Varma et al., 2010, Klausner et al., 2003
Group 1 Hydrochlorothiazide 1.23 0.6 - Akabane et al., 2010
Group 1 Lisinopril 0.554 0.25 0.40¢ Varma et al., 2010, Saenz-Campos et al., 1996
Group 1 Pravastatin 0.823 0.27 - Varma et al., 2010
Group 1 Propranolol 3.22 0.78 - Akabane et al., 2010
Group 1 Ranitidine 1.29 0.65 0.70° Varma et al., 2010, van Hecken et al., 1982
Group 1 Saquinavir 0.127 0.15 - Varma et al., 2010
Group 1 Sulpiride 0.879 0.27 - Varma et al., 2010
Group 2 Acetaminophen 14.0 1 4.8¢ Varma et al., 2010, Renner et al., 2007, Wright et al., 1983
Group 2 Alprazolam - 0.9 1.9¢ Varma et al., 2010, D'Souza et al., 2001
Group 2 Amitriptyline - 0.65 1.1° Varma et al., 2010, Nam et al., 2015
Group 2 Atenolol 1.06 0.5 0.50° Varma et al., 2010, Wojcicki et al., 2003
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Table 2-1A. Continued.

Groups for creating P Fo x Fy Ka, in vivo
Generic Name Reference
calibration curves (x 10" cm/s) (1/hr)
Group 2 Bisoprolol - 0.91 1.0° Varma et al., 2010, Li et al., 2012
Group 2 Chloroquine - 0.87 1.8 Varma et al., 2010, Obua et al., 2006
Group 2 Cimetidine - 0.69 0.60° Varma et al., 2010, Vaithianathan et al., 2016
Group 2 Diltiazem - 0.45 0.60°¢ Varma et al., 2010, Shum et al., 1996
Group 2 Doxycycline - 0.94 1.7 Varma et al., 2010, Saivin et al., 1988
Group 2 Furosemide 0.819 0.52 0.8 Varma et al., 2010, Klausner et al., 2003
Group 2 Ketorolac - 1 4.9 Varma et al., 2010, Mandema et al., 1996
Group 2 Levofloxacin - 1 4.8 Varma et al., 2010, Alsultan et al., 2015
Group 2 Lisinopril 0.554 0.25 0.40¢ Varma et al., 2010, Saenz-Campos et al., 1996
Group 2 Metformin - 0.52 0.80° Varma et al., 2010, Homsek et al., 2010
Group 2 Methotrexate - 0.71 1.5 Varma et al., 2010, Wang et al., 2017
Group 2 Metoprolol - 0.82 0.85 Varma et al., 2010, Sirisuth et al., 2000
Group 2 Metronidazole - 1 2.4 Varma et al., 2010, Lau et al., 1992
Group 2 Nicardipine - 0.2 0.30° Varma et al., 2010, Yamashita et al., 2015
Group 2 Quinidine - 0.88 1.4° Varma et al., 2010, Li et al., 2002
Group 2 Ranitidine 1.29 0.65 0.70°¢ Varma et al., 2010, van Hecken et al., 1982
Group 2 Rosiglitazone - 1 3.1¢ Varma et al., 2010, Kumar et al., 2008
Group 2 Sildenafil - 0.68 0.70° Varma et al., 2010, Muirhead et al., 2000
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Group 1 and Group 2 compounds are listed in alphabetical order, respectively.
aThe transcellular transport study using hiPSC-IECs was performed in duplicate.
"Human F, x Fy and Ka, in vivo values were taken from the following references.
°To determine Ka, in vivo, Ket and Tmax Were estimated from human PK profiles after intravenous or oral administration. Next, using the following equation as
proposed by Gertz et al. (Gertz et al., 2011), Ka, in vivo Was calculated from the PK parameters.

In (£>

T = il

Ka —Kel

When estimating human k., app value of group 3 (alprazolam, amitriptyline, bisoprolol, nicardipine, quinidine sildenafil tamsulosin, tramadol) drugs from the

correlation between F, X Fg and ki in vivo, @ standard curve excluding the drug from group 2 was used.
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Table 2-1B. Summary of preclinical parameters for the Group 3 drugs.

Humans Rats
Main
fUBd CLint,in vivod fuine Ped ka, app fUBd Vssd P -gp mediated
Generic Name  Polarity®  Binding  LogP Metabolic enzymes
(<106 transport
Protein® (mL/min/kg) (1/hr) (L/kg)
cm/s)
Alprazolam  Neutral AL 2.5 0.41 0.027¢ 0.79 132 1.8 0.34 1.8 CYP3A4, CYP3AS No
CYP2C19, CYP2D6, CYP3A4,
Amitriptyline  Base AGP 49 0.090 2.8 036 2.00 09 0.034 12 Yes
Glucuronosyltransferase
Bisoprolol Base AGP 2.1 1.0 2.0 1.00 171 0.8 0.75 3.5 CYP2D6, CYP3A4 Yes
CYP1A2, CYP2D6, CYP2BS6,
Domperidone  Base AGP 4.5 0.081 29 0.44 0.298 0.3 0.031 3.9 Yes
CYP2C9, CYP3A4

Meloxicam Acid AL 3.4 0.0049 1.7 1.00 19.6 1.8 0.018 0.16 CYP2C9, CYP3A4 No
Nicardipine Base AGP 5.1 0.0042 208 0.04 0.745 04 0.0068 3.6 CYP3A4, reductase Yes
Quinidine Base AGP 34 0.21 13 0.63 126 0.5 0.23 5.8 CYP2E1, CYP2C9, CYP3A4 Yes
Sildenafil  Neutral AL 2.8 0.049 49 0.68 3.60 1.5 0.078 1.9 CYP2C9, CYP3A4 Yes
Tamsulosin Base AGP 22 0.017 18 1.00 0.754 04 0.16 1.9 CYP2D6, CYP3A4 No
Tramadol Base AGP 2.5 1.0 8.8 1.00 3.06 14 1.0 3.1 CYP2B6, CYP2D6, CYP3A4 No

AL, albumin; AGP, al-acid glycoprotein

Group 3 compounds are listed in alphabetical order, respectively.
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aDrugs showing pKa (acid) < 7.0 are defined as acidic drugs, and drugs showing pKa (base) >7.0 are defined as basic drugs.

bAcidic (pKa (acid) < 7.0) and neutral drugs was defined as albumin binding type, and basic drugs (pKa (base) > 7.0) was defined as AGP binding type
(Booker et al., 1996; Kragh-Hansen et al., 2002; Ghuman et al., 2005).

°Alprazolam was very stable in metabolic study using human hepatocytes with a substrate remaining rate of 99.9% or more after incubation for 2 hours. Since
CLint, in vivo value of these drugs was calculated to be 0.027 mL/min/kg assuming metabolic stability as 99.9%, PBPK modeling analyses were performed using
this CLint, in vivo Value.

4The protein binding assay, metabolic study, transcellular transport study using hiPSC-IECs and rat PK study were performed in duplicate.



hiPSC-IECs % V7= % i 5

Group 1 & O Group 3 DE7T /ULEW (lisinopril: 10 uM, Z DOMET UALEY: 2 uM) %

Transwell @ apical il ~FM L7=. WTFHROET ALAEMITEBNTH P-gp OEIEREDfFN %
[BDkES 5 728012, apical I~OAL AWML, P-gp O KB & el U THMEWRE &
L7-. Transwell \IZ/bEGW % @sIN#4, 37°C, 150 531 % 2~X— K L, apical ffll & OF receiver
RO EWIRE Z LC-MSMS THIE L7z, b NIAbEMIRE 2 I, X 2-1 1206V Pe &
B L.

_do 1

Pe = dt 7 AxC,

2-1)

dQ/dt 1%, hiPSC-IECs HEREDHIRELTH Y, A > F 2~— MEEHIZ3T 5 receiver il D2
FEBHBEOEEICL - TERSINAMETHD. A IFHBEEOERRM (033 cm?) THY, C
I apical IIZHIN L7AL S OPIIIRE TH 5.

R MF OWIGHREE EH (Kaapp)

Group 1 DFEFEEMEFEAM L 0 4572 Pe & Table 2-1A (27”3 3CHR L W 272 Fa x Fy O[] g
R ONENERE, #HEHENT Y 7 b =7 (XLAit software, ID Business Solution) (2 X ¥ FERE i
INCFEE FHWTEM Lz 567 [ml@A L Group 3 OB MERFM K 0 1572 Pe & 21T,

Group 3 D F, x Fg ZHH L7z, %\ T, Group 2 {22V TC, Table 2-1A 2777 CHk E 72 13BE

WOT AR 2— 3 ¥ (Gertzetal., 2011) % HEIT Ko mvive 2 FH L2, #5372 Group
2 @D Ka, in vivo & Table 2-1A 12787 Fa x Fg 205, FERIE R/ 5L (XLt software) Z HW T
[ AR R ONER R A B Uiz, o nzmleit, ¢ “REAEREZ LI, ¢HEE AR
KHE 0.05 DA (yPo0s) LHBET 22 & T, W E LTRUTH D Z Lol Lz, &t

2, oz BEYFA O Group 3 @ Fa x Fy 2 512, Group 3 D ko app & L 72
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22. EF VL&Y I ab—a ik

PBPK E 7 /L

PBPK E7 /WL, VuIZFBDOH Dk 3— A & (50, WAL, TP, I, B,
AR ORE) THLS TR Y, & TOMM = > /73— b A > MIEIRE O RO Mg ISR
THEAINTWD (Fig. 2-1). £, RAORGHZOILEWIX, /G & ORI T HE]EE 0 F
EZITHLOL L, KMk 8= b A hABATH, BRERCEEE - S, ROV
ERIK A IZ L » TERNDLHEIES D & D & L. PBPK 7 /WCBT DR, T, A,
hE, AR OBE OWEINCE, F-EOX -1 6 1-6 TRIND.

/7 Lung

Skin

Adipose
Kidney
—
Vein Urine Artery
Muscle
Liver

Metabolite
Gastro

intestine

— e
& Administration

Fig. 2-1. A schematic diagram of the PBPK model for human PK prediction after oral

administration.

EER THOW O FEIE, B FIICLERM R R E L 2720 Tl <, BRI oM
RO BAR 7 E OBENL G 3 IR S D . — 05, RO TIE, TENLT 7 ARWERE
o & DG EMERT 5 Z NN Lo h, FRKI DAY OBIRRIEZ IR 5
ZENARFRETH D, £ 2T, AT, (LB OR KRGS LI el 2@ kT
L0, BAKRGHRDOET /MMEAEWIE, BN TT XTEMT 5 LIE L. 22T, PBPK
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ETNVOHEE L N— A ME, 1 DOFRAEa L X—=RA N, TO0/NMENEE=
N=RAVRED 1 DOKRGAPET /73—~ A2 N THEL S5 compartmental absorption
and transit (CAT) &7 /L& L7- (Yuetal, 1999). HWEE= 78— Kk X > s OB
1%, 22 TREND.

% = —GER X Agtomach (2-2)

Astomach &U\ GER &i, % W@'ﬂﬁé%%&(ﬁ% V‘Jﬁ%ﬂlfﬁjﬁg%ﬂ?? %WH%ﬂ VN— }‘ 7( Ve
2B < ANMBRIEDE 1 23—k A2 FOWEINAE, K23 TRIND

ClAintestine,l _
dt = GER X Astomach - ka,a\pp X Aintestine,l - kt X Aintestine,l (2'3)

kelX, /NBNIECBIT DILEWOBEFE 2L, FHEXTO 1L, MEOHE 1 a3
— " A NTHDZ EERT. HBSMHIZBWT, kiX0.0853 (I/min) T2 (Rowland,
2013). /NMERNEERIOSE 2 2265 7 23— K A 2 hOWEIN AL, 24 TRIND.

dAintestine,i _

dt - kt X Aintestine,i—l - ka,app X Aintestine,i - kt X Aintestine,i (2'4)
TfrEXF0ilE, BEiar X—hAL M THDLZEERT. HILEDDDILEHDOWIL
X, NERNEEa S N—= R A BRI D E LGS, Mz =R A2 M, KX2-5
TRINS.

dCintestine _ Cintestine XRpp 7
Vintestine X dt - Qintestine X Cartrey - + Zi=1(ka,app X Aintestine,i)

Kp,intestine
(2-5)
Vintestines Cintstines  Cartrey L ¥ Qintestine (3, THEIIMEEE, /N LEWRE, Bk 1L
BRI M OV NG LR FE 2 7R3

S BhREAET

AUCo KON AUCoolE, ENEIVER M504 O IS P IR EEHERS 2 SIS BRI K - TR
L7z, B IRE (Comax) Mo OV LA R BE BRI (Tonay) (X Z LR DR 5-1%
OIMAEFREHER L 0 57-. AW ERRIHE (BA) 1, SRR G- o M i EHER &
Y 1372 AUC)ol 253 2 Al —$e -8 31T 5 #% 1 #2515 o0 MR FEEHERS 1 0 4572 AUCo-..
DLV EH L.
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T B D FEATG
PK /RT A —Z OFHFEE L, 20K 1-24 75 1-26 THE I D RMSE, AFE, AAFE

K % within X fold error % 234 L 7-.
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2-3. FES

hiPSC-IECs |28} 2 W REREEZ MO K T AR — ¥ — O mRNA ¥ H &

Rifampicin % 7213 VD3 Z 55 H 2 HSIN L 72 hiPSC-IECs @ CYP3A4 mRNA 81, #i
FIFERIN O & el LT, 2RI 56 (£ 721 121 0% 7R L7z (Fig. 2-2A). [HihE
2 ¥ L 7= hiPSC-IECs (2351} 5 CYP3A4 mRNA F Bl &%, Caco-2 flific & bhilk LT 373 i
D%~ L7z (Fig. 2-2B). %72, hiPSC-IECs ® CYP3A4, CES2, UGTIAl, P-gp, BCRP,
3 L OVPEPT1 OB FHBLL~ULiE, B MERA/MEG & Bl L C, 224 1/22, 1/40, 1/3.8,

1/3.5, 1/17 ¥ 1/7.2 DfEiz R~ LTz (Fig. 2-2B).

A) 200 A

150 -

100 -

Relative CYP3A4
gene expression (Control = 1)

50 A

Control +Rifampicin  +VD;

Z

LOE+0 ~ OHuman intestine O Caco-2 OhiPSCs ®hiPSC-IECs
1.0E-1 -

10E24 | | mm |

" 1.0E-3
: 1.0E-4 -

Gene expression level
(Normalized by GAPDH)

1.0E-5 -

1.0E-6

CYP3A4 CES2 UGTIAI P-gp BCRP PEPT1

Fig. 2-2. Relative gene expression level in hiPSC-IECs.

A) Control; hiPSC-IECs without rifampicin and VD3, +Rifampicin; hiPSC-IECs treated with 10 uM
rifampicin, +VDs; hiPSC-IECs treated with 10 nM VDs.

B) Gene expression level of metabolic enzymes and transporters that were normalized by the
expression level of glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The gene expression level
of human adult intestine, Caco-2 and hiPSCs were referred from our previous literature (Akazawa et
al., 2018). White bar; human adult intestine, dotted bar; Caco-2 cells, gray bar; hiPSCs, black bar;

hiPSC-IECs treated with both rifampicin and VDs.
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hiPSC-IECs DGl & 0 1572 P & & b Fo x F, OAHBIEAR S O b Fa X Fe & Ko invivo
DOFEBIEIGR

Group 1 DE T ALEMINZ ST, hiPSC-IECs DfFE M 2 i, 15 57z Pe L OBEH
(Zhao et al., 2001; Akabane et al., 2010; Varma et al., 2010) £ D #5372t [ F, x Fy OfE & OFHEE R
f%% Fig. 2-3A 12, Group 2 DET MEEMIZEIT D E b Fux Fy & Ka, invive DFHRIPEZ Fig. 2-
3B IZ/RT. Group 1 D Pe & & b Fox Fy Off1E, R? 723 0.8934 & BAf72HBARIfR 47~ L 7= (Fig.
2-3A). £7z, Group2 Dt k FaxFg & Kainvivo DEIE, R27%0.8488 & RAFRFBIRAR A R L
7= (Fig.2-3B). Group 1 ®DE 7 /MLEMIZ DOV T, Caco-2 & W 7= BEEEMEFER (Cruciani et
al., 2000, Li et al., 2007, Gertz et al., 2010, Takenaka et al., 2016) & Y %372 Pc X, & K Fax Fy®
fill & R? 7% 0.6973 OFABMEA 7~ L 7= (Fig. 2-3C).

A) 1 B) 12
.08 o 1
= x 0.8
=0.6 L‘lﬂ
= = 0.6
o =1
E 0.4 E 0.4
= =
02 02
0 4 ‘ 0 . r . : .
: 100 00 10 20 30 40 50
hiPSC-IECs P, (<106 em/s) Human K, j, iy, (1/hr)

Human F, x F,
©c o o
4 (=)} oo

o
to

(=

0.1 | 10 100
Caco-2 P, (x10°5 cm/s)

Fig. 2-3. The correlation of P, human F, x F; and human Ka, ix vivo.

A) Standard curve for estimating human F, X Fg from P. in hiPSC-IECs. The sigmoidal curve
was calculated by XLfit software according to the following equation ; humanF, X

_ 1-217.02XA —10.09-Pe

Fg — A=e 18 B) Standard curve for estimating human Ka, in vivo from human F, x Fq.
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The curve was calculated by XLfit software according to the following equation; human F, X

_ 4’-86Xka,in vivo

F,= — 3.77 C) Correlation of Caco-2 permeability and human F, x Fg. The curve was
g 0-073+ka,invivo £
calculated by XLfit software according to the following equation; human F, X F, = %,

a—0.52xP;
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REOEEG%O b b iR R o 1

Group 3 IZ2UVVT, Table 2-1B (/" § /37 A —4& % PBPK 7 /L (Fig. 2-1) IZAJJL, i
M R AL & TRAKGHO e bERRERHER 21572 (Fig. 24). RA&5%
DM AE IR EHERS 2 5 B L 72 PK /T A — & O FIE & O FIE O AR B BIf% % Fig. 2-512,
HTHL bottom-up PBPK ¥5(C K W 15 5H472 PK /3T A — X O FHIME K Ok ERIER T2 K D66k

7 bottom-up PBPK #: DO FEAE & (Poulin et al., 2011) % Table 2-2 |2 Z AL ZEALRT .

Fr#i bottom-up PBPK 15 T 7l 4172 Cimax, AUCo X TN BA @ RMSE I, 24 0.19,
0.23 & TN0.19 %71 L, $ERA bottom-up PBPK {2 C4#372 Ciax, AUCo 2 N BA @ RMSE (Cpax:
0.66, AUCo.:0.68, BA:0.56) & Lhi L CIRfE % 7~ L7=. ¥l bottom-up PBPK {EIZ K- T ¥
M E 72 domperidone @ BA I, FEHME & R LT 2.6 f5OfEA R L, amitriptyline & Y
sildenafil O IR FEHER £ 0 1572 AUCo. O FHIMEIE, EHME & bl L T2 3.2 fi%
F N 124 OfEizR U2, BESHTIZ LD sildenafil @ fujve % 0.1 EF%E LI2H4A, MmiEd
IREHERIIRAF 2 THRIMEA R L, AUCo O PRIMEIZ, SEHIE KL T 1.2 FofEE R LT
(Fig. 2-6). Group 3 D2 TOILAMEEIZI\NT, Hilil bottom-up PBPK {512 L » T Tl sz
Cmax, AUCo« & ONBA @O AAFE (%, ZNEH 147, 1.52 LTV 1.39) THY, B2 FLIND
ETH-o7-. ZD AAFE 1L, HEkEL V1572 AAFE (Cnax:3.58, AUCo.:3.90, BA:2.85) L ft
e L IR A7~ L7-. £7=, #H bottom-up PBPK #: TH7= Cimax, AUCo4 }2 Y BA D% within
2-fold error K OF 3-fold error (Cmax: 90 - 100%, AUCo.: 80 - 90%, BA: 80-100%) 1%, HEHEIZ
L0 PR L7 Coax, AUCo 2 T BA (Cnax: 31 - 54%, AUCo.: 23 - 39%, BA: 46 - 62%) ik L
THfi% " L. 75 C, hiPSC-IECs DB MHEREAMR R L 0 FH L7 ke & ATT LT2HT
H bottom-up PBPK $£IC L 0, ROEEH O MMEFREEHERZ T L7254, PK /3T A
— 2 Z TR 2 fELUN T TPRIFTRETH D, HEREY bottom-up PBPK i & ELiz L T\ Vil
Tt METREHSEZ TRV EETHD Z LDV Sz,
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Fig. 2-4. Predictions of plasma concentration-time profiles after oral dosing of Group 3 drugs to
humans.

Solid line, novel PBPK approach; open circle, observed data.
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Fig. 2-5. Correlation between predicted and observed human PK parameters of Group 3 drugs.
Dashed line and Solid lines represent 2-fold and 3-fold errors between predicted and observed
parameters, respectively.

1; Alprazolam, 2; Amitriptyline, 3; Bisoprolol, 4; Domperidone, 5; Meloxicam, 6; Nicardipine, 7;

Quinidine, 8; Sildenafil, 9; Tamsulosin, 10; Tramadol.
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65

Table 2-2. Statistical analysis for human PK parameters.

Percentage within

Parameters PBPK approaches n RMSE AFE AAFE
1.5-fold 2-fold 3-fold
c This study 10 0.19 0.89 1.47 50.0 90.0 100.0
PhRMA? 13 0.66 0.36 3.58 NA 30.8 53.8
T This study 10 0.33 1.28 1.84 40.0 80.0 80.0
PhRMA? NA
This study 10 0.23 0.99 1.52 70.0 80.0 90.0
AUCo
PhRMA? 13 0.68 0.38 3.90 NA 23.1 38.5
BA This study 10 0.19 1.09 1.39 60.0 80.0 100
PhRMA? 13 0.56 0.78 2.85 NA 46.2 61.5

NA, not available
aThe statistical data based on the conventional PBPK model was taken from the literature (Poulin et al., 2011).
The literature represents the statistical data divided into 2 drug classes (BCS 1 and BCS 2).

In order to sum up the population (BCS 1 and BCS 2), the statistical values described in the cited references were re-calculated based on the Egs. 1-24 to 1-26.



1000 1 Sildenafil

100

10

Plasma concentration (ng/mL)

01 T T 1
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Time (hr)

Fig. 2-6. Predicted plasma concentration-time profiles after oral dosing of sildenafil to humans.

Open circle; Observed data, solid line; predicted PK profile using fuiiver of 0.30, Dashed line; predicted
PK profile using fujiver 0f 0.10. In this study, the main bind protein of sildenafil was assumed to albumin,
and the value of fujiver was calculated to be 0.30 as the fujiver Was determined by the albumin-mediated
hepatic uptake. When the main bind protein of sildenafil was assumed to AGP, fujiver is calculated to
be 0.017 as the value of fujiver was determined by the pH partition hypothesis. Since it has been
experimentally shown that sildenafil binds to both AGP and AL, the actual fujiver is considered to be
lower than 0.30 but higher than 0.017. Therefore, the simulated fuyiver 0f 0.10 is theoretically acceptable.
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2-4, &%

L&D OEAERINNEZ PRI 572012, 2 < OBFFEHE Y hiPSC-IECs Do b 515 % Hdt
L T\% (Finkbeiner et al., 2012; Ogaki et al., 2013; Iwao et al., 2015; Uchida et al., 2017). L 7>
L, in vivo DILE BRI & FFHLC & % hiPSC-IECs % AW /2 fHlRISTEE L7V, &
o 2 O R TEE, Wb LA OWALE FEMEIC K L CEEREE A R
(Kacevska et al., 2008) = & 5, BEEH O hiPCS-IECs TiX, CYP3A4 K UNP-gp DH 5% E &
FINCREME S 2 2 E SEEETH 0, /I BRI 2 WIEL@iE s R 2 ik 5 2 &
MHREETHDH EEZX DR 5. £ 2T, FHIL, hiPSC-IECs (Z81F 5 CYP3A4 X OF P-gp mRNA
OFRBEZE X570 0T4EE LT, hiPSC-IECs D FEZ CYP3A4 M O P-gp DE
#C & 5 rifampicin & TN VD3 Z 800 L, 55384 4 ALE L 72 hiPSC-IECs OF FME A faEt L7z,
ZOFER, rifampicin £721F VD; Z4LETH Z L2 XV, hiPSC-IECs 1231F 5 CYP3A4 O
mRNA &, FEALERE L LLE LT 56-121 (5DfE% 7~ L (Fig. 2-2A), rifampicin & OV VD; %
AL L 72 hiPSC-IECs IZ351F %5 CYP3A4 mRNA # Bl (L, Caco-2 & g L T 373 5O A~
L7 (Fig. 2-2B) Z & /5, hiPSC-IECs | CYP3A4 JE O/ A i8/Na i35 Caco-2
#MfE (Prueksaritanont etal., 1996) & i L C, V(LB @i MO T I B O SGES MR S .
BT,
13, hiPSC-IECs (2B W TRA/NEG D 1/3.5 DIEIZ E TEEET 5 2 LR 6 E e o7 (Fig.

CYP3A4 L[k, PXR (Huwyler et al., 2006) %/ L CiFE X415 P-gp O mRNA FE 5

[

2-2B).

Rifampicin & U8 VD; Z L& L 7= hiPSC-IECs % VT, Group 1 DREE M2 7FMh L 7-.
Group 1 1Z1%, P-gp X TN CYP3A4 DIEH'E (atenolol, famotidine, furosemide, hydrochlorothiazide,
lisinopril, pravastatin, propranolol, ranitidine X O® sulpiride) (ZANX, P-gp #/E (digoxin,
doxorubicin } OF saquinavir) & Y CYP3A4 #'E (acetaminophen, antipyrine }2 O\ saquinavir) 2%
GEND. BEHEMIHE L V57 Pold, B b F,x Fg & R278 0.8934 (Fig. 2-3A) TH
D, Caco-2 flf X v 157= P (R2=0.6973, Fig. 2-3C) & Huils U C BAFARFABME 2R Lz, HEW
T Group 3 IZ& ENL/NEHEZ2 1T 5 5/LAY (amitriptyline, domperidone, nicardipine,
quinidine } O sildenafil) {22\ "C, hiPSC-IECs % i\ 7= ELE i MERFAMG 2 SEhitk, 15 57z Pe
& Fig. 2-3A TRENDMHBIBARZHIL, FbEWDE R FaxF & THILTZ. ZOREE, b

I Fa x Fg O THIfE (amitriptyline: 0.74, domperidone: 0.14, nicardipine: 0.27, quinidine: 0.52,
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sildenafil: 0.87) 1%, W 4L ¥4 [amitriptyline: 0.65, domperidone: 0.24, nicardipine: 0.20,
quinidine: 0.88, sildenafil: 0.68, Varma et al., 2010, Table 2-1A] & [RIZE D% 7~ L7~ (Table 2-
3). BLEL Y, CYP3A4 41X P-gp mRNA %% [ b &7 hiPSC-IECs 1%, CYP3A4 % (X
P-gp FE DIELERIMED FRIICAH T 5 Z L AVR ST,

Table 2-3. F. X Fg values based on the permeation assay using hiPSC-IECs and clinical data

(Varma et al., 2010).
F. x Fyq
Clinical data
hiPSC-IECs
(Varma et al., 2010)

Anmitriptyline 0.74 0.65
Domperidone 0.14 0.24
Nicardipine 0.27 0.20
Quinidine 0.52 0.88
Sildenafil 0.87 0.68

—7J5C, hiPSC-IECs ® CYP3A4 X UF P-gpmRNA ¥H &L, b Mk A/NGE L TN
TR 1/22 BN 1/3.5 OfEiE R Z &5, hiPSC-IECs 1dt Rk A/MBIZEIT 585 75
Bl 2 52 2ICH8 L7 MR TlE7Z2 vy, hiPSC-IECs 12351) 5 CYP3A4 J OF P-gp mRNA & D H
72510 FIZ1E, hiPSC-IECs DOEELALETH D B2 HD . /IO a2 e
F#5 L LT, DNA * F/L{LFEEHA], mitogen activated protein inhibitor X (¥ transforming growth
factor-B (TGF-B) #RBEPHE A2 IR 5558 F1E (Iwao et al., 2015) 23RE SV TUV 51,
cyclic adenosine monophosphate (cCAMP) * 7 /L7 10— & —% =553 575 (Kabeya et
al.,2018) HbHEHATH D EEZXLND. ITH, cAMP v 7 Va1 5728912, forskolin
% hiPCS-IECs [ZALE L7=%56, B At MG & RIS D CYP3A4 K& U P-gp mRNA FHL &4
A9 % hiPSC-IECs % hiPSC 7B /ML AIEE L 72 5 2 & A4S S/ (Kabeya et al,, 2020). L
L, WINOMEITEE AWEGEIZB N TYH, /ME LRl ~D ket E B L LT
bone morphogenetic protein (BMP) 7 F /L& $ifi] 3% 72 D noggin Z WAL TW D Z &
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bax @ ed., 5%IE, a3 A EAMAMEZ WAL L7 hiPSC-IECs D43k Kk UG8 ik
DOHEENLEEND.

F 70, RAFFETIE, mRNA OFBEZTEREL TWD OO, ¥ 2R 7 BGRBLEITHME L T
W72, CYP3A4 TN P-gp D mRNA 8L & & & 2 /37 Bt 56 8 & O FH B EAFR 1L, Watanabe
© (Watanabe et al., 2004) }% T8 Ohtsuki © (Ohtsuki et al., 2012) |2 L > THE STV D.
CYP3A4mRNA HBl&IE, V= AZ 7 ny MEZK D EEINTF 37 RBLE MR
¥ (r)=0.963, Watanabe et al., 2004] L TXLC-MS/MS (12 L W BB ESNT=Z o737 EHax 385
& (R2=0.952-0.97, Ohtsuki etal., 2012) & @EWVHEAMEAZ RS 721F T <, CYP3A4 DAY
HIZE TH 5 testosterone DIGHTENE (r = 0.947, Watanabe et al., 2004) <> midazolam &
nifedipine OHHENE (R2=0.952 - 0.978, Ohtsuki et al., 2012) & BAF72/BMEZE R, —F
T, P-gp ® mRNA F8i & & /X7 B Htxh B s O FEBIME (R? = 0.185, Ohtsuki et al., 2012)
3Z L, Z oy Bgasia L mosE I AR AN D72V (De Lange et al., 2018) Z &
225, mRNA FEHLE L O 237 R ED LEEEHE2HET 2 Z LR EECcCH D Z &
DRI TN D, AAFZETHU = hiPSC-IECs 13X, P-gp mRNA FIHLEI KA D 1/3.5 O
AT HOD, 3FEO P-gp F£E (digoxin, doxorubicin & O saquinavir) % & T Group 1 Ok
BMFEZIB T, FuxFg & PN BAF/2MHBIME (R2=0.8934, Fig. 2-3A) #/~KL, Group3 |Z&
Fi5 5D P-gp FE (amitriptyline, domperidone, nicardipine, quinidine }2 O\ sildenafil) @ F,
x Fy NHRAE & R4S OE% 773 (Table 2-1A) Z &5, P-gp DX 1737 BRI K OV i
BEZHALTWVD EEZBNDA, hiPSC-IECs DA % FICED 572 DI2i%, P-gp ¥
R EOK B R AT OMEN DD EERD.

PBPK E7 /L% VTR N #G-4 O MAE PR EHRE 2 TR 2 7-0120%, H—E TRk
JHF AR SR Je OSEARREATIE O, WAL = 73— b X o M ES T 2 WIS TE 4L 73 4
LD, R, Kaapp 1F, BEERMEER L 0 1572 P D, BEHRE BT Pe,invive & HEET,
Pe, invivo & HALE FEBE X OMLE W EA O IEFRE A FEIZH I 415 (Peters et al., 2008; Poulin
etal.,2011; Horiuchietal., 2018). = Z CTHWHILD Pe o 1%, B bOZERGITNIIZFHA S LT
2 DD — NS E R ORETIR Z 85 L, BERIRPICE 2O &)
SEMHEN S (double balloon #: Takamatsu et al., 1997; Lennernis, 2007). L 2> L, double balloon
BT, IR ISR SN TALA W20 Tle <, /MG ERHIIRIC IR £ 721305 3 21k ad
WZOWTHRININD EIREIND 2D, (LEW DRI &K ORI BE E L A il K FFA 3
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5. T, RBFIETIE, group 1 (14 {EAH) D Pe & Fa x F, OFHRIEAMR (Fig. 2-3A), KO
group 2 Q7 ALEW) D Fa x Fy & BERRERD DIFT2 Ka, in vivo DFHRIBASR (Fig. 2-3B) # iR &t
&L, b MEREREHESE T D00 T LAY (group 3; 10 {LEW) 12OV T
hiPSC-IECs D FEZE MR L 0 4572 P lCHE D& ko app ZHH L72. T ORER, group 3128
75 BA @ AFE, AAFE, % within 2-fold error }2 O 3-fold error i, FiLE41 1.09, 1.39, 80%
KTR100%TH D, HEkA bottom-up PBPK 7% (AFE: 0.78, AAFE: 2.85, % within 2-fold error:
46%, % within 3-fold error: 62%) & H#E LT, W PHIFEE Z 7~ L7z (Table2-2). £72, Kaap
Z ANJ) LT #i# bottom-up PBPK /£ TIE, TS 472 Cmax, Tmax Z T AUCo.t © AAFE (Crmax:
1.47, Tmac 1.84, AUCo.: 1.52) 1£2 Z FEIZSfEAZRL, 4 PK /3XT7 A —X D% within 2-fold
error | 80% - 90%% /< L 7= (Table 2-2). Z DO#EHRIE, 7EHRM bottom-up PBPK 5% H 7235
A (AAFE: 3.58 - 3.90, % within 2-fold error: 23%-31%) & ki LC, B2 PHlEZ R L7,
it~ T, HHl bottom-up PBPK i£1%, it H &G HOMIETREAR N SFELND PK /3T A
— & ZFEREEY) 2 FUANTPRIFRETH Y, (ERIELHKRL TERWTHIEZRT 2 &
DRENT.

— 4T, ##l bottom-up PBPK 5T & - T lll 4172 domperidone, nicardipine, quinidine
KON tamsulosin @ Tiax (domperidone, nicardipine }2 U8 quinidine; 2.0 hr, tamsulosin; 4.0 hr) 3,
FZHME (domperidone; 1.0 hr, nicardipine; 0.5 hr, quinidine; 1.0 hr, tamsulosin; 1.0hr) & ki L
T, mfE%ZR L7 (Table2-4). 2 HDEEWINT N OLIEEMETH Y, Bttt =T H
NTHFREL D, BNTHOFRZRIEEMIE, MBI TENL BRINEND Z &
5 (Schanker et al., 1957), Tmax Q1 KFEAMIE, HLE 22 73— Kk 22 N OWIREEAL 2 /MEIZ
BT Z ENFRTHDLEZEZHXD.
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Table 2-4. Predicted and observed Tnax value in domperidone, nicardipine, quinidine and

tamsulosin.
Tmax (hr)
Novel PBPK Observed data
Domperidone 2.0 1.0
Nicardipine 2.0 0.5
Quinidine 2.0 1.0
Tamsulosin 4.0 1.0

%72, domperidone, amitriptyline &% U\ sildenafil 1, Group 3 (Z5& N D MMOLEWEE & L
LT, #A8G%O M REHER O TN RE Th 7. Domperidone (X, BA D
FURMED FERE & bl U C 2.6 (5D fEE R L, MBEHIREHERS 28 KFHE L7 (Fig.2-4, 2-
5). Domperidone DAF 7 XA Z £V T 1 (Fn) O THME K OSEHMEIL, ZHEH 0.59 KT 0.62
BT Z LD, BADOTPRRAEIL R ICER LenWeEE X Hd. —F T, domperidone ®
b b Fy x Fg (= BA/Fy) OFHIfEIE, FEHIfE (Varmaetal., 2010) & Fiflg L CTHI 2.4 5l %2 R
L, KIZHRT DERMRE MR Z & RN ST D (5.09 ug/mL, Ahmed etal., 2016). LA E X
v, B bottom-up PBPK #:1Z X ¥ domperidone ¢ BA i KiFli§~ % FEFA 1L, PBPK &7 /L
DENEZIBNT, {LEHDOREN A EZID & WIHOREICERT 2 & B 2 bl il
T, amitriptyline @ AUCo. O THMEIE, FEHME & i LT 32 fFmfEZ R U, MR H#E
& KM L 7= (Fig. 2-4, 2-5). hiPSC-IECs D E ML 2 3 (2P| S 7172 amitriptyline
DE K F,x F 12074 THY, WAEIE (0.65; Varma et al., 2010) & [FFREDEZRT Z &
5, AUCo O THREZAIIWHLE ERAFE TIXRWEE X Bz, Amitriptyline (22 C,
FFIRIC 31T B RO FTF 52 2~ I (By) 28 L2AER, BEa O THIE 0.066 %71
L, SEHIE (0.26) LHEEL T 1/3.9 OETH 722 LD (Table 2-5), AUCo O THlFEZE
1%, IR T 2 REHEREZ /NG5 2 S ICEER T 5 &5 2 b7z, Amitriptyline D
IRKBR DOPIRE 1L, WMEANOHERT 7 47 ThDHH (Nametal, 2015), AfEHTE M
SERIREHERS O RN AW FIEIE, AABERO LD TH S, Amitriptyline D FE{RFHFREE
X, Ciodt F w2 L R OFENTIRIBH DI A F AL TH Y, WAREHSUSE CYP2D6 (T &
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S Tt X% (Ghahramani et al., 1997). 77 ATlE, REWHEMOBL L2 THD
CYP2D6"4 3 HEIE1E, NAD 1% THLH—J7, BATIEIABED 12 - 21%75% CYP2D6'4
EHTDH I ENHE SN TS (Ingelman-Sundberg, 2005). it~ T, MR EHER O K
M IE, CYP2D6 DBISFZRIMNEE LT rRMEN A Y, IR FHRBONEALEET D
7o DIZIE, FlE2 O NFEBROMAEZ N in vitro FEATCHE TR OBAR T OIS BLBHE
% B8 LT RER S B REfRNTIE (Aarons, 1991) WA THD LEZ 5.

Table 2-5. Predicted and observed Ejy, value in amitriptyline.

Predicted value Observed value
CLx Fp? En° Fpe End
(mL/min/kg)
Amitriptyline 1.39 0.93 0.066 0.74 0.26

Fy, was calculated by subtracting E;, from 1.
E}, was calculated by dividing CLj, by hepatic blood flow (21 mL/min/kg, Rowland et al., 2013).
°Observed Fy was taken from previous literature (Varma et al., 2010).

4E;, was calculated by subtracting Fy, from 1.

Sildenafil Ti, AUCo D FHMELERIE & g LT 1/2.4 Oz~ L, MR EHES %
/NG L7z (Fig. 2-4, 2-5). hiPSC-IECs DGR & FI2 /372 & b Fa x Fg 13 0.87 T
HY, WEE (0.68; Varma et al,, 2010) & FRIFEDE TH -7 Z L2 5, AUCo D THIFRZAED
FRTEHR2NEBZZOND. Fo, F-EIZBT 2BRFTORE, bottom-up PBPK kiZ k-
T M E 7z sildenafil D Vi, FEHME & TeBEN TR0 Hi/e > 72 (Mayumi et al., 2019).
MZ T, & MZEWT, JREOHEF sildenafil DARZEACRBFED HILR2NZ & M5, sildenafil
%, RRERNEOILEMTH D EE 2 BN D (Muirhead etal., 2002). J 725, sildenafil |2
BT 2 MR EHER O TRIBR AL, FRETEE O RMRICER T2 B2 b2 7. =
YN— R A MCRT 2RENHAREE, B —HEONX 17T TRSNDEY, Civer, CLuint, invivo
O fune lCE > THEENS. Cia ZEETH L 0D, TRREZEICITEELZR V. b
N AR S 22 ENE £ W 1572 CLUint, in vivo 1%, 72 mL/min/kg T3 Y (Table 2-1B), FEH (90

mL/min/kg, Zanelli et al., 2012) E#ERFRIEOEZ R LI, - T, THEEZEDOERIZ, fujve
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EEZ BN fuie 13, MIEH CTOEEE S L BOMEE L EERIHETT 5 2 & TR
HENBH/8F A—FTh%. Sildenafil D pKa (base) 1% 6.8 2757 (Véronique et al., 2000) 7=
9, fuie (50.30) 1X, 74T I UEAMEOIFEAT (X 1-20) KO pH St N 1-12-
1-17) ZFEICEH Lz, Lo, sildenafil 287 /L7 2 L PIS D ImEd 2 L R 7 B & b AT
D%, TNT I N EOIFBATORBIIREE N, ZOHE, fue IIARGCHEA L
Tl & L TR A R, £ 2T, 7T & AGP I S sildenafil DFEA A,
Fsi & R0 A T2 ST B AT (Poulin, Hop et al., 2012) ZJLICEHI L7=. Z DR,
sildenafil ® AGP (ZXIT 27 V7 I U ~DORFE7HRIT 119 Za- L7 Z &5, sildenafil 1%
AGP & b FFET D2 LRIz, KT, sildenafil @ fujver DEITRE L TREEL /34T
o LTAER, fuiver = 0.10 & 72072350, R H G- O MU hii BEHERS 00 TS B3 S &
R LD Z LN BN ER ST (Fig. 2-6). - T, MFEFITHFET H AGP L O L7 2
YO R EITKEET DALEMOYE, TIVT I U ~ORE R E I LT E RN
TNT I VENMEDIF AT E BT 2 FIEAMET 52 L T, mIETREHER O THIMEA
BETEDHEEZ LN

BoETIE, r&bGgor METREHREZ THT 5 2 L2 HE LT, hiPSC-IECs
DT R A B\ S HALE B P 2 RO 7o 1%, 55— T T S L7288 bottom-up PBPK i &
B TMEREHS 2 TR 2 FE BRI Lz, P-gp KT CYP3A4 OIEH 25Tk E
PIREIZ DT, hiPSC-TECs D FEEIBMEREAM & U 4572 Pe1E, Caco-2 DBELE MM &L v 1572
P. &HHE LT, B b FaxFy &E@WAHBIMEZ R L7, iV T, hiPSC-IECs OSgzitE MR &
D HERE LT Kaapp ZFH L, P-gp O8N CYP3A4 DEE % Gl 2 OHHY LU Ao
C, ## bottom-up PBPK VEIZ L W A& G% O v MERREHES 2 FHI L7z, PK /3T X
— 2 OFHMEE, SERIE & e LT 2 (5N O FIRIFEEE 27~ L, 7€k bottom-up PBPK
L U CTEN T TEIPEE R L 2 &G, Fi#l bottom-up PBPK {51, &O#& 5% 0L k
MAEPREHERS 2 SO C TR L R DA MR HETH D Z R aniz. 5%, BiZ
MAEH R EHERS O TRIMEZ UGET 2 72012E, ARSI T 2 REEESE OBE -2 L Y
BD ORI EBEST DM, EENRT VT I VENEIFBITOR N FIEEZEET L2 L
DA THD LELZ SN, FTe, JRIEOUMR LI ONZ 5 00 fr Bl M OVl 2 A7)
FHEZRTHALAE 2 28— b A v D255 2 & T, AERIFE OB BN T, g
FEHER T 2 WAL OB EPMERFTREL 2D & B X2 b5,
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Jipe —= N

o H
in vitro FHIIZ 3D AR ATIETHIT 75 K& USHTL bottom-up PBPK 1% & DfA & (2 &
DR K O A& G- 0 e iR EEHER o T

F=F T, AEBEOTRBIFRIZENT, SV TRIEZ R b MERNENRE P 52 Ui
B TE DRI 2T 572018, invitro ERFER O 215 ] L7278 bottom-up PBPK £
AL, THIS o mSEhREHERS L O PK N T X — X 2R, FEHE &L O 1Q PBPK
working group 2MEMET 5 & RHEAYE L i 5 2 & T, L TRITEOA AR U,
B C, (LA OPEIRRES & Tl AT HE72 ECCS (Varma et al., 2015; Varma et al., 2017) % 28
T5 2 LT, RENERAULE Y & TESHIPH & 3 5 B bottom-up PBPK 4 LT L7zt
M ERIREHERS O TR FIEZ R L, AIBEOBRBEMRICE T 2 A THEDIERERY
im L7z,

95— B K OV 5 C437- bottom-up PBPK 75 Cld, tissue composition-based equation X ¥ %
H L7z Kpiissue DRIIESREE LT, 7 v MANEIRERER L V155172 Vi Z VTN D, B
2T, Vet DREENT A= TH D Vas.invino % invitro BERAH RN SFFHNDHE, invitro
REROHNG & NIEFREHR L O PK NT A—Z 2 THIRREE 70D, Ve lE, ERIREE
(21T DA D Kprissue (CHLBEATE (Vissue) &R CTMEOFITER S, AW EHD 5
WD L, RPEGORMEEHANED S Z &5 (Rowland, 2013), EHH 1L, Kpmusce 23 Vs &
HETL2EERRNFTHD LER, inviro RBRICTED < Kpmusele DFETIEZRFI L2, £
T, Ty P EVBIEBRAET YR — & HOT, FHEREITEIC X D fu, ORI 2 B,
pH Z3EEEL (Shore et al., 1957; Yu et al., 1996; Youdim et al., 2003) [ZHE3 %, fun, fu, X UYL
BYO TR ENS T N Kpmusele R L72. H VT, 7 v b Kpmuscle (CEFRRATE &
FeL DI LT Ve invimo MR, T v MENBIEERBR L V1572 Ve, L HIET D2 & T, in
vitro RN OIGHALD Vs, invio DEEMEEEZLZ LTz, BT, Ve imnviro VT, tissue
composition-based equation & ¥ FHH X417 Kpiissue Z fili IEF2, PBPK E7/LIZATI L, HEEAW
LB 2 7R3 R 2 ORENEREUL AT O T, ERIRN B O 0 % 5-1% oD IfiU 55 Ao i i
Bz TR L7, AEIZBIT D N Kpise QafbfiZe THIFNAIE, Fig. 3-1 12”7,
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Compound-derived parameters Compound-derived parameters
pKa, logP, rat fu, pKa, rat fu,, rat fu,,

b Tissue composition-based equation b pH partition hypothesis

Rat Kptissue . Vss, simulation, rat Vss, in vifro

t Correction by the ratio between Vg ginuiation, rat 04 Vi ivirro

Corrected Rat Kpy;qoue

b Rat fuy, free drug theory

Corrected Rat fuy,.

b Species difference of V o/ TUissue

Human fi'ltis.:sue

b human fu,, free drug theory

Human Kptissue

Fig. 3-1. The novel scheme for calculating human Kpgsue from in vitro studies and tissue

composition-based equation.
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3-1. FBIE KO in vitro RFATGG RIS < FURBEATHE T 515

AL EY

ET G E LT, REHERALE 72 I3RERIEAIC K 0 Bt 252107 25 17 OER
(alprazolam, amitriptyline, bisoprolol, cefixime, domperidone, efavirenz, epinastine, griseofulvin,
haloperidol, linezolid, meloxicam, nicardipine, phenytoin, quinidine, sildenafil, tamsulosin &
O tramadol) M O 14 DEIREMLAY (SNG-01 - SNG-14) & V=, BV IAZ b T AR
— X —DIE ThH 5 diclofenac (Kindla et al., 2011, Kimoto et al., 2018) L ONfEH TT7 /L7 2
NIIMA AGP & bIRWEE S & 7T sildenafil 1%, €7 /LGNSR LTZ. £T LAY
Db, 17 EELITHBRERNZ, SNG-01 725 SNG-14 1%, HE LK kR AL
FEATICB W TARR S L2 b O 2 BRI .

HARN O O 5% 0k b PK 707 7 A VO FRENCHW T —4

7y KO FPK 727 7 A VOFRNZIE, fu, fuie, pKa, logP, CLin, Rep, Vi ras
Ko apps fum 2 L7, fum ZBRS SFRNT A —21%, 8RO 5T L7z HikIc g
U Cakli L7z, BT ULEWDORFE/ T A —H 1%, Table3-1 1R 7. 7235, b MFMEED
7 v e HWIEATOWRIL, BEPRRIE (R o@m Ik e MIMKICET 2 mEEE
RNCE o TEREN TS, BRI U723 R OVAIE S, & CliRsikdn & v 7z,
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Table 3-1. Summary of in vitro parameters to predict rat and human PK profiles for 31 test compounds.

Human Rat
Main
Generic pKa rKa Human PK Observed Rat PK
binding LogP fu,* Rgp CLint, in vivo” fUljne Kaapp" CLint, in vivo" fUljpe fu,* Rgp fuy® Kpumuscle®
Name (acid) (base) prediction rat Vi prediction
Protein

(mL/min/kg) (1/hr) iv po (mL/min/kg) (L/kg) iv

Alprazolam - - AL 2.50 032 0.78 0.027 0.79 1.8 @) O 73 0.79 033 09 0.15 2.1 1.6 O
Anmitriptyline - 92 AGP 492  0.077 0.86 2.8 0.36 0.9 O O 1756 0.10  0.066 1.9  0.022 6.5 12 O
Bisoprolol - 9.4 AGP 2.14 085 0.58 2.0 1.0 0.8 O O 62 0.90 0.84 1.1 1.0 1.8 33 O
Cefixime 2.5 - AL 0.66 - - - - - - - 4.4 1.0 023 087 027 0.39 0.22 O
Domperidone - 9.0 AGP 4.50  0.060 0.74 29 0.44 0.3 O O 97 0.12  0.042 1.3 0.016 52 39 O
Efavirenz - - AL 4.38 - - - - - - - 37 0.047 0.0042 097 0.0016 25 34 O
Epinastine - 11.4 AGP 4.28 - - - - - - - 11 0.37 0.40 24 0.073 12 13 O
Griseofulvin - - AL 225 - - - - - - - 80 0.87 0.24 1.0 0.17 14 13 O
Haloperidol - 8.3 AGP 3.01 0.17 081 12 0.68 - O - 149 0.51 0.10 081 0.017 12 12 O
Linezolid - - AL 0.30 0.69 045 2.1 1.0 - O - - - 0.68 045 1.0 0.68 0.59 -
Meloxicam 4.1 - AL 343 0.0060 1.2 1.7 1.0 1.8 O O 33 1.0 0.010 056  0.12 0.040 0.17 O
Nicardipine - 8.6 AGP 513 0.0030 0.71 208 0.043 04 O O 896 0.040 0.0054 0.80 0.0031 33 33 O
Phenytoin - - AL 2.44 0.17 1.6 0.027 0.81 - O - 90 0.81 0.17 1.6 0.22 0.77 0.90 O
Quinidine - 8.8 AGP 3.44 0.19 092 13 0.63 0.5 O O - - 0.33 14 0.15 4.5 5.8 -

Sildenafil - - AL 2.75 - - - - - - - - - 0.050 0.64 0.070 0.71 1.9

Tamsulosin - 8.4 AGP 224  0.0091 0.53 18 1.0 0.4 O O 213 0.46 0.19 12 0.18 22 1.9 O
Tramadol - 9.3 AGP 2.51 091 0.69 8.8 1.0 1.4 O O - - 090  0.69 1.0 1.9 3.1 -
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Table 3-1. Continued.

Human Rat
Main
Generic pKa pKa Human PK Observed Rat PK
blndlng LOgP fupa RBP CLmt, in vivaa fuinc kzn,appa CLmt, in vivaa fuinc fupa RBPb flflma Kpmusclec
Name (acid) (base) prediction rat Vi prediction
Protein

(mL/min/kg) (1/hr) iv po (mL/min/kg) (L/kg) iv
SNG-01 - 8.3 AGP 3.10 - - - - - - - 27 0.85 0.30 1.0 0.41 1.4 2.0 O
SNG-02 - 7.7 AGP 3.07 - - - - - - - 20 0.62 0.11 1.0  0.078 2.4 1.4 O
SNG-03 - 7.6 AGP 2.58 - - - - - - - 25 0.80 0.23 1.0 0.10 3.5 2.9 O
SNG-04 - 7.9 AGP 2.75 - - - - - - - 70 0.10 0.0073 1.0 0.0053 2.5 24 O
SNG-05 - 7.9 AGP 2.18 - - - - - - - 49 0.27 0.024 1.0  0.010 4.2 4.0 O
SNG-06 - 7.9 AGP 3.72 - - - - - - - 19 0.16 0.013 1.0 0.0037 6.6 7.6 O
SNG-07 - 7.9 AGP 2.86 - - - - - - - 92 0.24  0.022 1.0 0.0089 4.4 24 O
SNG-08 - 7.8 AGP 2.65 - - - - - - - 131 0.79 0.21 1.0  0.089 4.2 3.0 O
SNG-09 - 8.2 AGP 2.72 - - - - - - - 39 0.86 0.29 1.0 0.22 2.7 2.8 O
SNG-10 - 7.4 AGP 1.60 - - - - - - - 81 0.99 0.46 1.0 0.21 2.2 24 O
SNG-11 - - AL 3.79 - - - - - - - 65 0.35 0.12 1.0 0.12 1.0 1.2 O
SNG-12 - - AL 3.06 - - - - - - - 25 0.74 0.20 1.0 0.25 0.81 1.7 O
SNG-13 - - AL 2.10 - - - - - - - 34 0.96 0.32 1.0 0.38 0.83 0.65 O
SNG-14 - 8.1 AGP 2.14 - - - - - - - 144 0.45 0.053 1.0 0.017 6.0 7.8 O

Test compounds are listed in alphabetical order, respectively.
abThe protein binding assay, metabolic study, transcellular transport study using hiPSC-IECs and blood-to-plasma partitioning study for marketed drugs in rats were performed

in duplicate.
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*The errors between the samples were all around 20% to 30%, representing it is reliable regardless of fu, and fun value.

"Uchimura et al. (Uchimura et al., 2010) reported that the average value for human Rgp was determined as 0.89 using 96 compounds, and the correlation between human Rgp
and rat Rgp was observed as following equation;

human Rgp=0.610 x rat Rgp+ 0.279

In this study, rat Rgp for SNG-01 to 14 was assumption of 1.0 from this equation and the average value for human Rgp (0.89) (Uchimura et al., 2010).

°The Kpmuscle Was determined by Eq. 2 using the unbound fraction in plasma and that in 10% muscle homogenate, unionized fraction in plasma and that in muscle.



v b 10%5 A E 32— F OFRE

Sprague-Dawley 7 v & (8 Mfn, HEME, Charles River Laboratories Japan, Inc.) %, A Y 7 /L
7 VB TS TR REIAR LV 2R LBBE S 2. 20%, TR X 0 KERFG 28Ik L,
SBEL 7o KRB 2 B Y X Utk EBICHIRESR T TR Lz, Y 70d, Multi-Beads
Shocker (Yasui Kikai, Co.) (Zd& Y, 3000rpm, 15 FPRE] DT 3 Bl AE %, 9 f5&E D PBS
EUSILT-. 2, SRS > 70X, Multi-Beads Shocker (Z X ¥, 3000 rpm, 60 5
BIOS&MAT 3 BT 52 EICE D 10%fHHREYDR— bl Lz, B o 10%M575RT
Tx— ME, Z U RGBT 5 E T30 CTRE L. R L7 10%A 78 E Y x—
ME, =R TR, Ttk EEY % Shake Master NEO (BMS, Tokyo, Japan) C 1500 rpm,
23R L, 2 o ERBRICE T o v e L.

AT 2287 FEREE R (fum)

DMSO (2R ST T MEAW%E 7 » b 10% AT Y 3 — ML, &KEE 2uM O

0%/ AT R— MU T VZFRR LTz, &7 /31 A (HTD96b, HTDialysis) (247 8]
o7 EH 12,000 - 14,000 OFEHTIEE (Spectra/Por® 2 Dialysis Membrane Standard RC Tubing
MWCO: 12,000 to 14,000, Spectrum Laboratories, Inc.) Z Bl L, EH5EHTT /314 A D RF—
AZ 100 uL D 10%fHRE 31— b7, 77 &7 2 —llZ 100 uL @ PBS Z RN L 7=.
B2 T IVERINE DO SEHETBNTT /A AL 37°CT 24 Bl A > F 2 _X— K L7z, 4 »F2— |k
%, 4uL O R —{F > TV RER36uL DT 7 v 7% —{ll% v Tkt LT, 77 7 PBS
KT 7o I HAREYFR— FEZTNEN 36 uL O 4 uL UL, o ic@bsg, Le-
MSMS 2L THbEisk o v — 7 mfE a2 R Lz, 10%fAREYR— o Z 37 3k
AL, Bonfot—2mfElE NP —REKOT 7 & 72—l o T OFREGE TRl
ETLH2ZEICEoTHEH L. fun lE, 10%FHRETR— MO R JEFEGE RO
DOAEPUEREFLIZ, K 3-1 12K > THH L7 (Kalvass et al., 2007).
©)

(F @

Fui XO'D 1L, ZILEN 10%FH R E TR — MO Z 37 JEEG R R OV 7 O REHE
R

(-1

fuy, =
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LAY DB RBATIE (Kpmuscie)

pH SBEURHUCIES S BA, MIEICIIT 5 & v 7 EREAR - T RUL AR T, ik
DX Ry FEFRESTL « T AULAIRE LS LS 72D, ZOHE, Kpmusde 1%, 3-2 TH
.

K __ Concentration in muscle _ fupXFuip
Pmuscle =

(3-2)

Concentration in plasma  fuy, xFuip,
Fui, X O Fuim 1 ZZNZENMBE R OFHRICE T 25000 RS EERT. 2T,
Henderson-Hasselbalch U225 < &, B3R (Fui) 1%, L& OREMREEEEIZIL U T
3-31HH3-7 TRIND.

l:Ui(for neutral) = 1 (3-3)

. _ 1
FUI(for monoprotic acid) — 1+(10PH-PKa) (3'4)
Fui = ! 3-5
Ul(for diprotic acid) — 1+(10PH-PKal 4 g2pH-pKal-pKaz2) ( - )
Fui =— L 3-6
lll(for monoprotic base) — 1+(10PKa—pH) ( - )
Fui = - 37
lll(for diprotic base) — 1+(10PKal-pH 4 gpKal-pKa2-2pH) ( - )

AR OFFAH pH I, T4 7.4 )R OV7.0 TH D (Roos etal., 1981; Harashima et al., 1984).

Il’l Vitl”() %ﬁgﬁ%%@ﬁ%ﬁﬂl L/f: Kptissue

Visinvino 15, 3-8 TEIND X T, Kpmusce & ALEAFEOTNL D FHH S41 5 (Rodgers et
al., 2007).
Vss,in vitro = Vplasma T KPmuscle X 2 Viissue (3-8)
Viptasma \FMIEARFEZ R L, Visae (3, 11 OFRE (TENG, &, W, HE, OE B T,
fili, FhA, RRE R O OMARZ R, 3-8 1281 D Kpmusce 13, 3 3-2 THIZfEZ
i, £72, =0 1-21 £V, tissue composition-based equation (£ 1-9 2 TV 1-10)
ZHAICFE I SN D EFARBODAMET (Ves, simutation) & Kpussue 121F, 20 3-9 DEIFRDIAK Y 37
.
Vss simulation = Vplasma T % (Viissue X KPtissue) (3-9)

it 3-8 ))—/l()\‘it 3-9 0i, Vplasma %EEL:%IEj—é Z k VG‘, ;Et 3-10 &Uﬂ 3-11 G:%ﬁT% 5
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Vss,in vitro — Vplasma = KPmuscle X 2 Viissue (3-10)

Vss simulation — Vp = X (Viissue X KPtissue) (3-11)
A0 3-10 N 3-11 K D, tissue composition-based equation (=X 1-9 2 ' 1-10) K ¥ 1572 Kprissue
DA IELREL (scaling factor) 1%, Hi3-12 TERIND.

Vssinvitro=Vp _ KPmuscleXX Vtissue (3—12)

Scaling factor = =
g ss,simulation_vp Z(VtissueXKptissue)

T, MIEENZT v b Kpissue (Kpiissue, corrected) 1%, 20 3-13 TR 5.
KPtissue corrected = Scaling factor X Kpyissye (3-13)

5727 > b Kpissue, comected 1F, Z0 1-11IZE Y T B fugeae (CEHFE, K123 TEIN
57w hEt MIBIT D Visw/fudsie DFEZEZ T, T2 b fuhse 22D B B fugse 2 H 1T,
Kpiissue & fuiissue PR X 1-21) ZHITE b Kpessee ZHH L 72,

X 3-13 L V1HE72T v b Kpissue, comectea 15, F—F T/RT PBPK £7 /0 (X 1-1- K 1-6), 12
AL, #lRNE %O T » b ISEFREHEE O FHICHW.. £72, B b Kprise I, &
BN O _FECRT PBPK €7 /0 (X 1-1 - K 1-6, K22 - K2-5) ITAHL, FHIRNED
A FEZO e R EHERE O TR AV .

SR EYBEMEAT Mo O TR 2 D S Al
FIRIN B 5% D Z ~ b ISR EHER, BRI ONR D #EG5-% 0 b bl sEh R EHER 2>
5, FENOEE CEICEHE LS EN e IEIC SO X, AUCow, CLi, tiz, Vs, AUCo

6 Cmav Tmax XOVBA 2B L7-. PK NT A—X O THIHEEIL, F 20X 1-24- X 1-26

THF &N 5D RMSE, AFE, AAFE K 1% within X fold error & 5:1Z 34 L 7-.
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3-2. FES

Vss‘ in vitro &U Vs_s,_mt O)*E Eg F?lg'f;‘?\‘

31 DETFIMMEEIZHONT, R 321X VIR KOS T RIS RE AT 5L

TZ v b Kpmusee ZFHHE, 55172 Kpmusete Z2 3-8 IZATIT D2 L TT v b Vs invino 25
72. F£72, Rodgers b2 #75 L7 tissue composition-based equation (=X 1-9, 1-10; Rodgers et al.,
2007) L VB L7 Kpissue ZZ3-9ICANTHZET, T b Vs simuation 1372, 15 D472
7 v N Vs, invio X Vs, simutation & 7 v MENENRERER L 0 FH L72 Ve e & OFHBIBIRZ
Fig. 3-2 127" 7. Vet &7 ¥ B Vs inviro D R2130.859 TH Y, Vi ra &7 ¥ b Vi, simulation P
R2 (0.566) &Ll L CEfEz /R LTz, - T, X237 FEREARE O pH 3Bl & 0 F
L727 > N Vs, invino I, tissue composition-based equation D Z % 72356 & ik LT, Vi,

rat @%{EUT%Z’))T% < fcﬁ HZ L 75)% é Zf’bf’_

= ]\ Vss ?’YEU /£‘0) tti&*ﬁ?ﬂ—

t b Kpissue I3, 1) tissue composition-based equation &2 N7 & Vi, in vino & D H1E (K

3-8) Dfil, 2) tissue composition-based equation D # % 5 ik (X 1-9 - K 1-11), 3) tissue
composition-based equation &N Vg e & HWV5 1L (35—F; Mayumi et al., 2019, 5 " &;
Mayumi etal., 2020) (2L 0 ZHFNFEH L2, 0T, FTRIFECEVEZE b Kpse &
PBPK E7/WIZATI, B b Ve ZzTRILC. fHohlct b Ve O TR, Table 3-2 (2
TRY. FORER, Vi inviro ZIEREE LTE b Vi 2 I L7234, AAFE, % within 1.5-
fold error &2 ("% within 2-fold error I%, ZiLE41 1.76, 33%M TN 92% ToH Y (Table 3-2), Vi,
rat 2 A IEFRE L U CHWE TRIJTE (Mayumi et al., 2019; Mayumi et al., 2020) & BE2afR%SE D
THIMEE (AAFE: 1.70, % within 1.5-fold error: 67% 5 ("% within 2-fold error: 75%) %7~ L7-.

E72, MIEFREE LT Vs inviro £721F Vs e ZHWD FRIGIETIE, & b Ve OERIEL 3
ELL ETBET 21 AR Hiviel - 7. —J5C, tissue composition-based equation A%
Mi=5a, Bohizt b Ve D AAFE, % within 1.5-fold error % 1'% within 2-fold error (%
NEI 2.04, 33% M TV 58% &R L, D 2 SOTHTIE L il LT AAFE (3% i %, % within
2-fold error IFMEfEZ R L7, AT, AFIEIZ KD domperidone K T linezolid D & K Vg D
THMEE, ERE & R L TENEN 32 54030 fEmiEa R Lz, B EofiEREy, X
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3-8 /Cff%';)ﬁ/b}:) Vss,invitra % Vss,rat OD{JQ%ER/Q? A—=7 L LT@%H% LTC%/?I\: ek Vs %%YEU =

B L CFEE 2 (FUN TTRIARETH D, tissue composition-based equation DA% H\Z L7z T
HIGE L L TEWEETE b Ve 2 THIFEETH D Z L VR STz,

Observed rat V (L/kg)

100 +

0.1

0.01

R?=0.859

100 -

Observed rat V (L/kg)

0.1 4
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Fig. 3-2 Predicted rat V versus observed rat Vg for 31 reference compounds.
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100
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Table 3-2 Statistical analysis for human V¢ prediction by the PBPK approaches using three estimation methods of human Kpyissue.

The predictive accuracy of Vs in humans

Calculation methods of human Kpiissuc Percentage within
n RMSE AFE AAFE
1.5-fold error 2-fold error 3-fold error
Scaling factor: Corrected rat Kpissue® 12 0.23 0.88 1.76 333 91.7 100.0
No scaling factors® 12 0.30 1.13 2.04 333 583 83.3
Scaling factor: Observed rat Vi 12 0.22 0.94 1.70 66.7 75.0 100.0

aThe value of Kpiissue in humans were calculated from the rat Kpiissue corrected (Eq. 3-13) and the correlation of Viissue/fuliissue between rats and humans (Eq. 1-23).
"The value of Kpiissue in humans were calculated from simulated rat Kpgissue based on the tissue composition-based equation proposed by Rodgers et al. (Rodgers
et al., 2007) and the correlation of Viissue/fulissuc between rats and humans (Eq. 1-23).

“The value of Kpiissue in humans were calculated from Vs, rat and the correlation of Vigeue/fulissue between rats and human reported in our previous study (Mayumi

etal, 2019).



H RN G- K% OV 1 #5% 5-1% o 1A% Hh i FEHERS D T

27 DET MG E ROWTZEIRNE 5% 0 7~ b sEh iR EHER o TR 5 Fig3-4 12,
12 DET MEEW & RWVIZFIRNE 5% 0 b S ISEPREHEZ O TFRIRBRL 9 0T L
fbamz e AEbEoO v PR EHEZ O TR RIL, £hEh Fig 3-5 XU Fig.
3-6 lR LTz, ¥z, WRMIRG% L O A&G% O METREHER LV G5/ PK /YT
A —Z OFIEPIE L TRMEOFBIREMRIL, Eh L4 Fig. 3-7 X' Fig. 3-8 12~ L, % PK /Y7
A —Z OTFRIFEL L Table 3-3 (IZH#EDT=. T v MIHOWT PSS 72 PK /3T X —F D AAFE

(AUCo0: 1.35, CLtor: 1.35, t12: 1.37, Vi 1.47, AUCo:1.32) 1%, &£TC2 % FlEISZETH - 7-.
F72, THIESI72 AUCow, CLiot, tin, Vs XY AUCo D% within 1.5-fold & OF 2-fold error (Z,
ZIEI 59 -96%, 59 -96%, 70-93%, 52-89%K TN 74-96% T -7z

FRNE 5% 0 v N UEPRERHER 2 TR L72FER, 55172 AUCoe, CLw, tin, Vi
OV AUCo @D AAFE IE, = Z40 1.74, 1.75, 198, 1.76 LT 1.30 & 2 Z FEIHfEZER LT
(Table3-3). F72, THIEH72 AUCow, CLi, tin, Vs &Y AUCo D% within 1.5-fold & V%%
within 2-fold error 1%, Z#EH 83-92%, 83-92%, 75-92%, 92-100%&% T8 100%% 7% L7-
(Table 3-3). L EDOFERD O, #IEREE LTT v b Vi imvino & FAV T Kpissue 215 5 FUEIL,
FIRNEE G- %O Z » F kO e N EFREHER (Fig. 3-4, 3-5) O PK /X7 A —4% (Fig. 3-
7) % EENE & bl LT 2 fEUIN T TPRIFTRE TH L Z LR ST,

RAEGHOE b ISERRE 2 TR U728, 5 572 PK /3T A —42 @ AFE (Ciax: 1.12,
Tmac: 143, AUCo: 1.19, BA: 1.2) X, Wb 1 & ERIZIETH -7 (Table 3-3). X7z,
Tmax 2 B < A2TD PK 737 X —4 D AAFE (Crax: 1.63, Tmax: 2.06, AUCo.: 1.65, BA: 1.54) 14,
2% FEIAMETH Y, Craxs Tmax, AUCo XX BA D% within 1.5-fold error & O} 2-fold error 1,
ZNEITS -89%, 67%, 78 -89%% (N 78 -89% T >7= (Table 3-3). Kt~ T, invitro /X7
A—H DRHEICTR LR D&% O MERREHER (Fig.3-6) L ONPK /3T A —X
(Fig. 3-8) 13, MHEPIRE K O Tmna 28 KA DI 5726 DD, Tonax & i E FEHIE
& Hl U Tty 2 5 LA O PRI B 27k L 7= (Table 3-3)
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Fig. 3-4 Observed and predicted PK profiles in rats after intravenous administration of 27
compounds.

Solid line, predicted PK profiles; open circle, observed PK data.
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Fig. 3-5 Observed and predicted PK profiles in humans after intravenous administration of 12 compounds.
Solid line, prediction results based on the method in Chapter 3; dashed line, prediction results based on the method
in Chapter 1; open circle, observed PK data. The observed human PK profiles after intravenous administration for

amitriptyline and domperidone was not shown as these data could not be acquired from literatures.
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Fig. 3-6 Observed and predicted PK profiles in humans after oral administration of 9 compounds.
Solid line, prediction results based on the method in Chapter 3; dashed line, prediction results based on the method

in Chapter 2; open circle, observed PK data.
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Fig. 3-7 Correlations between Observed and predicted PK parameters in rats and humans after

an intravenous administration.

Open circle, human PK parameters; closed circle, rat PK parameters; dashed line: 2-fold errors.
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Fig. 3-8 Correlation between Observed and predicted PK parameters in humans after an oral

administration.

Open circle, human PK parameters; dashed line, 2-fold errors; solid line, 3-fold errors.
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Table 3-3 Statistical analysis for rat and human PK parameters.

Human Rat Rat and Human
Administration Percentage within Percentage within Percentage within
Parameters
route n RMSE AFE AAFE 1.5- 2-fold 3fold | ™ RMSE AFE AAFE 1.5- 2-fold 3fold | D RMSE AFE AAFE 1.5- 2-fold 3-fold
fold fold fold
error error error error error error
error error error
AUCq. 12 031 1.14 174 66.7 83.3 91.7 27 016 096 1.35 59.3 96.3 100.0 i 39 022 1.00 1.42 61.5 92.3 97.4
CLiot 12 031 0.87 1.75 66.7 83.3 91.7 27 0.16 1.04 1.35 59.3 96.3 100.0 {39 022 099 1.42 61.5 92.3 97.4
tin iv 12 030 1.08 1.98 333 75.0 91.7 27 0.17 1.13 1.37 70.4 92.6 100.0 i 39 022 1.11 1.48 59.0 87.2 97.4
Vg 12 023 0.88 1.76 333 91.7 100.0 i 27  0.20 1.31 1.47 51.9 88.9 100.0 {39 021 1.16 1.51 46.2 89.7 100.0
AUC 10 0.14 1.01 1.30 70.0 100.0 100.0 i 27  0.15 0.95 1.32 74.1 96.3 100.0 {37  0.15 0.97 1.31 73.0 97.3 100.0
Conax 9 0.27 1.12 1.63 55.6 71.8 88.9
Tonax 9 0.39 143 2.06 333 66.7 66.7
po
AUC 9 0.31 1.19 1.65 55.6 77.8 88.9
BA 9 0.25 1.28 1.54 66.7 77.8 88.9
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Fig. 3-9 The schematic diagram for exploiting our PBPK approach in drug discovery.
The ECCS was quoted from the literature reported by Varma et al. (Varma et al, 2015; Varma et al.,
2017) with partially modification. The thresholds of permeability and molecular weight are 5 x 10

cm/s and 400, respectively (Varma et al, 2015; Varma et al., 2017).
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3-3. &%

3-8 L V1372 Vs inviro DB FHTER, MRIAWERE [logP: 0.30 (linezolid) - 5.13 (nicardipine),
fup: 0.0042 (efavirenz) - 0.90 (tramadol), Vi, w: 0.17 L/kg (meloxicam) - 12 L/kg (epinastine,
haloperidol)] Z7~7 31 {LEMERHWTHRIELTZ. 7~ b Vs invine 2557201201, AR
EVR— P EHWTOEEEITEC LY fun ZH T 20BN H D, Berry DR HET HHE
Ux— N OFRHEGVE (Berry etal., 2010) D6, o TV RIHBEHEDN RE T 5720, )
— 7R ARE TR — N OFHRNKEE L 72 B 7200 Tle KR P TEBREN TE 2. £ 2T, AR
FCI, IAERIFE T CHAZ BRI 5 2 & T, MRHE O ORHE RO £ R 4 1]
BEL 7z, iz, HIRAE YR — hOFIRYRE 2 &I E L2 GmA, o N ERE L
% 12 OB RIS REE & 72 0, TR A U, 2 2T, LB E Uik
FEOFHEREY R — Naiat LIEfER, 10%35lEETh s 2 a2 i Lz, VT, fup, fum
B ONpH Z3BRGEE L D T v b Vg invino ZHH L, 7 v MANEIRERER X 0 1572 Vi, e & O
BHRAMR 2 54 L7455, B2 MHEME (R2=0.859) #/r L7-. Z OfESRIZ, tissue-composition
based equation D L D 15727~ N Vi simulation & Vss,rat DFHBINE (R2=0.566) LV & B4FTH
52 EERLTND. 31 DT IUEEMIZAONT, Kpmuscle (S RAITFE (Vinusate) 2L,
WD Hi BT (Kpmusete X Vinusele) ZFH L7225, BRETMMEAND Vs, i (KT 5
Kpmuscle X Vimuscle DFIEIIH) 47.8% ThH 0, SMMEAFEITTT D2 HAREO LD HEE (K
50%, Rodgers etal., 2007) & HERFEMEZ R L7Z. F£72, Kpmusce X Vinuscle & Vs, rat (21E,  BAF72
FEBAPESGRD BTz (R?=0.874, Fig. 3-3). 75T, Kpmusce (CBAMEAE O A T U T
Vs, invitro > Vs, rat & BAF72AEBAMEZ 7R L2 BHIE, ARSI T 2A6E 0500 &S RE D
EQWBIRRICH o727 B2 oD, ULEXY, RENERAULEMIZIB T, invitro 3
Bk KD AFT2 Vg invino 18, Vesra & EWFHBAME AR TZ & 25, bottom-up PBPK {£IZFUN T Vg,
wt O RT A—2 L LTHATHD Z LRI,

In vitro RBR D I % F5\Z L7288 bottom-up PBPK £ Ti, TSNzt b VgD AAFE &
% within 2-fold error 2321240 1.76 LN 902%% /R~ L, I 3 5Ll Lotz ~ 91L&
WREITRRD 72> 72 (Table3-2). Z O FHIFIRIZ, =L OHE _ETHRE Lo kL
F%ELLEDE b Vi O THIEE (AAFE: 1.70, % within 2-fold error: 75%, % within 3-fold error:

100%, Table 3-2) T& D, tissue composition-based equation D #7025 & k Vi 2 THIT D HEK
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7l bottom-up PBPK i (AAFE: 2.04, % within 2-fold error: 58%, % within 3-fold error: 83%, Table
3-2) LHBLT, TRIEOSENRBO LNDFERTH o7, 5T, Vs invim & fHEREE
L THWZHHL bottom-up PBPK 41T, MU "B THH L2 HIEICRD S B MRk
DO TRFETHD Z BRI,

FZ, HH bottom-up PBPK 1£73, Vi LISAD PK /8T A =X IZOWTHEmW Pl E R
, BETLTZ. 27 OFTMEAEWITOWTHIRNESH% O 7 o N e iR 2 Tl L
ToRER, 57 Clwy tin, Ve KON AUC @ AAFE 13 1.35, 137, 147 KTV 1.32 ThH o
7z [FERIS, RN G#ZO e MSETREH#EZ O FRIZIBW TS, &% PK NTA—F 0
AAFE |32 % FRIZfETdH > 7= (Table3-3). - T, WIFNOEWREIZIB W T HEIRNEZ S
B OMAEPREHER I, EHl L i LY 2 FRUNERmWEE CTHIFETHD Z &N
mEN, Fe, RAKGHOE MIERREHEEO THITIE, 554172 Cna Tmaw AUCo.
(X O'BA @ AFE 73 | & LIS fEZ R L, MR EHER I RRHE3 2Emich 7. =
UL, 7 e 7 7 A M NFEZED T 5 amitriptyline, LA OIRMFRFRDS /NG T <A
T VT 4289 5 domperidone X OVHE 76 QW AIRE S 45 55855 LA O T3
RAEIDERT LB bND. — T, PHE7Z Cuaxs Tmax, AUCos XUV BA O AAFE I3,
FHEN 163, 2.06, 1.65, 1.54 27~ L (Table 3-3), T ZFR< 2TD PK /37 A—F TH
L 2 LN & mWEE TTHIFRE Th o 7z

ARETHE LI TRTEERBODO A 7 ) —= 0 TEETEMNT 256, alshk
BHULE DRI IAIR b T P AR—F —DHE TRWZ L 2T 2 48013 & 5. Varma b
23 (Varmaetal., 2015; Varmaetal., 2017) 9% ECCS IZE25< &, (LAEMEA DT A —
Z T D5y, BRREEESR OBZEEME 2 5, (LSO EPEtRR IR 21l 2 2 & 2val
BBTHLN, B UT T A& REKIKAE L REEm LTI piF o 2 enTcalon. BV
TR Lo THRIt SN DA D 5 B, Sy 400 K 2R E LA TR, B
Bl D ITNL IR AN D FLJEREIZ FITES 5D OATs (Ullrich, 1997) % 721% organic cation transporters
(OCTs, Ullrich, 1997; Inui et al., 2000; Launay-Vacher et al., 2006; Ahlin et al., 2008) = X % fE
535 52 F 2 ATREMES EIV. ZUH D ECCS K OVBIBIC H BT DBV A b T AR —
5 — OIERRRIEIC BT 5 W5 & FC, (LA OERNZEB A I L, A Clat L7 Hi
bottom-up PBPK £ & I3 2 72 O Ol FIEZ Fig. 3-9 (2R~ L7c. ZORI U —=r7Tn
—TlE, 2 FEOMEMLFHIME (pKa, logP) & 4 FD> ADME $8: (ARG &1,
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Z Ry IERER S, BEEWEYE, OATP JEEM) BB L 503, Ziub OFMIE high-
throughput fL23FIRETH D Z LITMMZ, WTiLh 1 mg LA DA 72 MEA W& TR A 7T HE
Tho. t>T, ZOMEFIRICIESHNZGE, Bl OmOFHEE Te MRS %
THFARETH L Z LD, BEMHENG b MANEIRBAFEIZE D < SAR [HH A D FTHE
L BT, AR RNRERLOAMICERTEX 2 b0 L EXHND.
— 5T, ML OEBICHEBLT DI AR T v AR—2 —OEEMIL, FHl bottom-
up PBPK /EIC KV b MAEFIREHER Z THIT 2 2 EAREETH Y, £, THOREHH]
bt STV, o, AIBKIZIS T S bottom-up PBPK {EOH MM A HIZHLKR T 57
DIZIE, BVIAR KTV AR—F —HEIZOW T NUFEFREHES 2 79 2 Fika ik
NT DI ENSBROEEZFETHDL LEXOND.

AREETIL, invitro RER % BT Vg ra DIV T X — X ORI G IEE B LIz, EIZ, @A
WMEE R E A T D ERE AU LAY & O TEARIN K O 0 #¢ 5-1% o S i B HERS
ZYRIUTz. ZO8EE, invitro iR L V1572 Ve imvino 1X, 7 v MANBIRERER L 0 572 Vi,
at DRENRT A =2 L LTHEHTHD Z EDPRENTZ. ZD Vs invio 22 N1 LTZHTHL bottom-
up PBPK #£1%, $RMN ML OO E5#% o e g EHER & OV PK /8T A — & Z FZH|
¥ 2 fHFLAN T PRI FTHE (Tmax 2B <) TH Y, 1Q PBPK working group 23273 2 FFAf L %
BEAQ 7= 3 P &2 o~ L7, B2, high-throughput {623 FTAE 72 in vitro T IZ -5 C, bottom-
up PBPK {2 i AT REZ2 AL B RRIE 2 Il L, BIZEOERRITFIZ B W TIEM g2 A 7 )
—=r 7 7u—ER Lle. 2R b ORI, ALEMIRBEOYIIA Y ) —=2 7B T Dl
7RG W) DR & B i LHRIE DR E K ORFRIRFIH EBEOHEEICHIRTE 2 £ 52 5.
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B
TN

AT IE DRI & B O Ea2 Y& LT, dus2oEfE T bk g HE

% T FTHE & 72 5 ##l bottom-up PBPK {EZAEEE9 572912, in vitro iRBR, in vivo 3B &
NZINBDOF—Z ZHET HWEIN LRI HOWTH A OB 21T\, LLTOfS a5,

1.

JHAEHE SR B O BB T, MR OER/EEZ T ERT NV T I &R DAY
WZDWTC, pH Bl OHHIFENAAN DT V7 X v OIREAFRIZE S HFBITZE, £
FEE BTN TNT I LS DILEMITOWT pH SRR E, Z I ENHERE LT,
Z DOREHR, FEl bottom-up PBPK HEIC LV TS L7z E b CLi KO tip 13, MEHICHF
TET 2 2 230 JERE TR DR A~EATT 5 L ARE L7 1EK! bottom-up PBPK 4 &
P U Tl AR Lz,

IbEM OS2 TR 2720142t b Kpiswe (X, tissue composition-based
equation (ZMZ, 7 v MENEHRERAER L V1572 Vi m KOVT v b LB MIBT 2EH G
BUCEY DO AATEOFBRR A BICHE M L=, ZORER, #Hi#l bottom-up PBPK 4IC
LV FHESHTE b Vi, tissue composition-based equation 07 % F\ % HEE bottom-
up PBPK % & b U T PRI 2R L7z,

HEL bottom-up PBPK 413, ##IRNFEGHZO b MILEHREHR LV EL 52 ToO PK
/87 A —4 (AUCops, AUCos, Vis, CLioi, tin) (2T, SEHILT) 2 15 AN O
THIFTRETH 0, R bottom-up PBPK 1% & bl U T FHIMEZ R L7-.

CYP3A4 KO P-gp DIEE # & T/t AMIZ-O\W T, rifampicin M2 O VD53 % 4Li&E L 7= hiPSC-
IECs & W CIREE MRl 21T o 7. OSSR, 50N PdE, B b FaxF, & BAF7R
FABME (R2=0893) MBSz, £72, B D FaxFglX, B b Kaiwo & WA (R
=0.845) ZRL71Z. - TC, HMAOFEHL O Mg REHES &2 TRl 572 01C 08
Ka, app (%, hiPSC-IECs DELH MR 515 55 Z & R STz,

CYP3A4 JL Ot P-gp DR 2 &b A WISV T, hiPSC-IECs DR MEAL L v 155
AUTZ Ko, app &2 PBPK E7 VO{HLE 2L /R— R A MZASL, #RAKREGHZOE ME
HREHEZ TR L. TORE, SO PK/XT A—4 (Cuaxy Tmax, AUCo:, BA)
X, WIS FEREE 2 fFLAN T RIFEETH Y, TERAE bottom-up PBPK £ & thiik
LT, mWPlltEZR LT,
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6. 7 hOMFEROFTHRIZIT D4 37 IEREGHRE pH MG A2 EICRE B L727 v b
Vs, invino 1, 7 v MENENERER L 0 572 Vs, e & BAF72MBINE (R2 = 0.859) /R L7-
ZEMD, Ve DIWERTA =L LTHEHTHDL Z LRSI,

7. T2 b Vs inviro ZHIERE L LTE b Kpisue Z R, 15554072 N Kpiisswe & PBPK E
FITATIL, BRI G- RO%E N 5% 0 b b SR REHER 2 T3l L7z, O R,
Tmax ZFR<ATD PK /87 A—4 (CLiot, Vs, AUCos0, Crmaxs Tmax, AUCou, BA) 1EEH
SR 2 AN TR RE T o 72

PLED X 912, iPSC-IECs DFGE AR A 5 te in vitro 3RS R 415 FH L 7218 bottom-up
PBPK 741, Table 0-1 D FEG 12 55 < €K bottom-up PBPK 1% & LLl U C T HIPEASE L,
1Q PBPK working group 23iX & L7 TIIFEE ORI E A RZEMR A TRETH D Z L3 5
Llroto. IS, invitro BRERSE B I A FEIT L 72 bottom-up PBPK {%(2 X » T, R
TRNCBIT DA S V) —= 0 FTHEERTRE?R 6 O D invitro 737 A —4 (pKa, logP, FFHifx
REPLENE, fup, fun LOWSERIE) 205, b MSEREREHER & I SAR EME BG4 25
ZENHREE fpoTo. 5T, AHFIECHESE L 72 BT bottom-up PBPK J&I%, TGt
HHRTUEEMIZIRON TV D & & BITREMH TORMR AN TH L Z L bR nkE
SNTALEWE, BATEREMRLUNETRIREND E WO RELEWNTWD. o, FHiCH
YR FEGEPEMEE T T EMITBNT, oI EERBROFERIRZED Ve KDt O
THIPEIZRBE LTV, A%, invito iRBGR OREEULIC X 5 FRIMEORm iz, FFlEk
OB I HE LT DD IAA b T v AR —Z —DIEIZHONWT b MEh R EHER 2 T4
% J7 1 D RESL RO MAE PR BEHERS (e - 2 AL oD 5 28 4 E SO LA AT REZR VAL =2 o)
— AV FOTRIET NVOMEIC X0 EARRAZ IR L, BREHEEMTED %< OfEM
LA ONWTHERRIERERILTE D2 P ELHEL LN EE XD, £, BRI,
WA E W% AR E R TH 2720, THIFEOEFEMEMN BI2IE, AR7EZ I &
HRICHES 2 HNERH Y, MkehIC TR RS 2w T 2 NERH 5.
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