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AAFE: absolute average fold error

ADME: absorption, distribution, metabolism and excretion
AQ: aldehyde oxidase

BCS: biopharmaceutics classification system
BrW: brain weight

BW: body weight

CL: clearance

CLint: intrinsic clearance

CLst: total clearance

CSPE: cross-species parameter estimation
ECCS: extended clearance classification system
FCIM: fu corrected intercept method

FMO: flavin-containing monooxygenase

fup: fraction unbound in plasma

fup: fraction unbound in blood

IVIVE: in vitro-in vivo extrapolation

logP: log of partition coefficient

LW: liver weight

MLP: maximum life-span potential

MW: molecular weight

NAT: N-acetyltransferase

OATP: organic anion-transporting polypeptide
OFV: objective function value

PBPK: physiologically-based pharmacokinetics
PE: parameter estimation

PXB-mice: chimeric mice with humanized livers
Qn: hepatic blood flow

Rb: blood-to-plasma concentration ratio

RMSE: root mean squared error

ROE: rule of exponent

SA: simple allometry

UGT: UDP-glucuronosyltransferase
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AIEEIZIBW T, HOmmWBHRLEY OIS 2 WX ERIRRER D22 H O MIER IR0
HEBST L0, 7V T T (CL) R MAEREFEO MEYEIRE T A — % — % Eff
WZTPHT2ZEIFEETHD, LLRB6, REH 7 G REOIEMERRIZBIT S
AP O bNDLGE, 2O OEMZ2 T ZKNEE L 95 (Huang and Riviere, 2014), il
ZOMB LRI REZ: CL THIFELS LT bILH SN TW D08, b MFHia R
FEHZ IS N2 in vitro D05 In vivo ~D#M§E  (In vitroin vivo extrapolation; IVIVE)
Thod, LnLians KL EEdE LTARWEA 2 VT 7 o 22 F oG (K Clint
BB 2B\ TIE, BRTEE MR ATRE 72 A % 2 N— 3 g ISR IS & 7 )
W22 ZENTET, FRERICEDSWZIEMZ CL PHIIREECH 5, i, I
FIZBIT DRIHER— b7+ ) A HD 51K CLint (LEHOEIEITH 30%ICE THMLTE
V. IVIVE Z@EH T&E R\ LITABKICR T 2 A2 TH 5 (D1 and Obach, 2015;
Hultman et al., 2016), Z DO RICIL, B MCBWTERARTHYRIBREEZSH 72012,
ADME 27 U == ZIZB W THREINICLERMLEM ZTE L TWDH 2 ENRRELSFEL
TuW% (Bergstrom and Lindmark, 2019),

RS T = = v 7 AL F L0 AEE S T D EERERRIFRE~ T A M
fazBf Lzt MiFF AT~ X (PXB~UA) (X, v 7 AFMIEO 80%LA L5t AT
JalZEH SN TR Y, JRfgt MUOEMREIHERL O N T v AR —F — 2 T L
TNDZ ERFE S TS (Ohtsukietal., 2014), Z D7, PXB ~ 7 A LMD
L. v b CLZ TR 2AM28mET L EEZ BN TS (Sanoh et al., 2012),
F 7=, single-species allometric scaling 7 7 u—F |2 K-> T, & b CL Z&EBEICTFHIL
72 %% (Miyamoto et al., 2017; Sanoh et al., 2015) 2/l % . AFl#&? organic anion-
transporting polypeptide (OATP) %/ L 7-#aik % 21T LAWK o Bk s
W~DIGHHARETH 5 Z L s ST 5 (Miyamoto et al., 2019; Sanoh et al., 2020)
LorL7e3 b, b MFHRAHERERIC W T, B RIS 2R S 22 WE CLlind (b EW D
FRREEIL N E THRIES LTV, DFE D | K Clin {bA#IZ IVIVE %3 T & 7200
LI LT, PXB ~ 7 A& W5 2 & CTRIEMRIE N ATRETH D MITFEIES T
AN

& CLint [t & DRI, HIRCEDOREBEEREDO — D> THD Z L6, in vitro Tl
FIEOLRITZ RIS TS, FHRAHEERIC BT, BERIEME AR TRB 20 1 3%
2= g VIFENEWZ L AR LR A BERTEME A RRFEAMER L. BOAERBOS & &
IR AT BE 72 HUREL X° Hepatopac %5 O JIFfifadbEs 58 > A7 A% T4 (Chan
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etal., 2019; Hultman et al., 2016) , 2415 @ in vitro> A7 L% b7 v — A P450(CYP)
DRENEMETZ T T2 < I CYP OREHEME S 1 ERMER T 5 Z LIZEPIL TV DA, KV
EWOA v F 2= g URFRIDRETER S N7 U AR — 2 —JEMHICEE L RERIZ
IVIVE O FRIKEEEICKT LT ED K 5 IZHET 2 0IMFES TV (Kratochwil et al.,
2017), —H T, PXB~ U RIZBWTIL, invitro ¥ A7 LA OREBUKTER 2 TG VIR T IX

RO LT, WU RRMFEM A ET HZ & TCLARSICHERRETH D, F72., Invitro
TAT DRV TL, BRI ESOHRME R~ E W ORE G 2 B L7217 X CL o Tl
il N 2 BN RS STV A, PXB v 7 RAIZBW T, Z0D L9 2illRE2#
T 5048372y (Chanetal., 2019), L7=23-> T, PXB~ U A% H\Wz Tl LT
vitro ¥ A7 N DWW DD OiREE IR T E D ATREMEDN & D 72D . ARBFZE T, AKX CLint
ILEVOTRFIEIZEBIT 5 PXB ~ U A0 AMEMEE LT, £/, b MO
fEJ % retrospective (ZAFAT L 72 WF7E #5512 L % & | CLline S @EVMEEI D 573, in vivo Clin
/NPT DA N RS ST 5 (Hallifax et al, 2010), & 512, o dLEz % o
7 L@ Hepatopac (28T 4, FBEOMA A HE ST % (Chanetal., 2019), PXB ~
7 Az Mz CL FPRIZHEWT, REEOMAGERD 515 D ThHIUL, K CLin {LAMIC
PXB~UADT Fu—F 2t 52 L ORLUMNREED Z &M 5, CLine O @R THIKE
EIZED LI ET LN ERET D5 Z SITEETH D,

PXB ~ 7 2 & W= FHIF1EE LT, I single-species allometric scaling 2345 X 41
TWDHR, ZAUTERE & e AW o CHiZ2 RTH Y | ABYHNEREFHLE
DTV, AP T, AP 5 (Physiologically-based pharmacokinetics;
PBPK) (C#o%, m()lu@r%’fﬂfﬁ%ﬁﬁfot EOAEFERER 2 VTR OIRNEhRE & 55
ACFRR U, K0 BERAvIC e MIAME (FE A 7 — Y 7)) T FEEME LT, DF 0,
PXB ~ U ZDFEOKE /373 8 MIFMIICE#R S TWD a7 M-S | IFad
720D CLint2’t & PXB~ U AOMTHETH D EAE L A —1 v 7 %17 o7z,

DFFE LT, PXB v U R &b M TRENEET D AT MLiiE 0N E &5 O AP 2RE
WAaEMAAINLD Z & T (Espie et al., 2009) . single-species allometric scaling & ¥ & IEf#
72 CL P ZFEBLCTX 5 lRetE &5 2 7o,

t NOMFEFREHERSZ THT 5 7-90120%, CLIZIMA, SAFMEE ERECTHTHZ &
MEETH DL, HAREOTHFIEE LT, $imoEYEhET —212H-5< allometric
scaling X°, FEREGTLD AL D D W MTAHAREC S 12 31T 2 Fif] 0 [R] %t A RUE L 72 Fli ] A
=1 T EAT O FENRBE I TS (Berry et al., 2011; Hosea et al., 2009; Obach et
al., 1997), L2 L2RR 5, ZAbOTFRFIEL, EHFIRE T B A FE ORI
U TTBY ., L DILEMBRLHEOHEEZ T Z & %%FET%) LB b ODIf[L;xqu)i%E?E
Bz BRI TR 2Rl FIEL I AR, 22T, AHPHET ) 0 7&y Iab—
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a DY 7 77 ThbD Simeyp simulator (Certara) W\ T, 7 v b, £ X LY L
DIEMBNRET — X b & MO B Z THIT 2 FENHE I N TS (Shimizu et al.,
2019), B D PBPK E7 VA FEEM%, 15 OAVZHAIIE-SE | insilico DWEALTFH /T
A—Z—Td % logP O K O MAER SEARE DT VT Y XL ZEIRL, 2 b Off
WA —U 7 %475 2 & TEMMDOHEEZ RITLEYO e MR EHER 2 BT
HFEECH D, L L6, 2 O I mBEE R DR 2 Fr b &9 ORGER R T
&Y | ARPBEE PR A A D LY IRFE R R A RO AT I 1T D T HIRG EE 1T REE
STV,

Simcyp simulator (Zi%, LAY OWEULFHINT A —F —ThH D logP L fup & HW
T, AR M AER BRI A R TS 3 MO 7 L= U X A (Method 1, Method 2 O
Method 3) 2SN TN D, ZHET, 8O PBPK £ 7 /L 25 L TR LR L2
5. Method 1 & % id Method 2 Z3#IR L, M2 7 —VU 7 %1757 70 —FOFHIKE
PEIIRRGE S LTV A DY, Method 3 OFHMEIIRKRFETCH S, £z, ZOT7Fe—Fik, 7
v M AXKOY LD 3 R TOT =X ZIEH L TS0, Bl 5 Tk
FEIIRMFECH 5, £ 2 TAMIFETIE, ik ma B E Lzt iR EHER PRI ORE A
M -4 B, IREL R R 2 FrORGE L& % VT Method 3 DA FAMESCEN)FEEIZ 51T
5 PR & 5l L. Simeyp simulator % V7= B8 1) T4 O B 58 M OV R F I8 & BESR
L7,



B K VT T RO VT F U ATFRNCEBIT B E M
X A5 <7 20 MM
BIE K7 V7 I A2 LAMDESE

b MIEIRNE S Z OER T — 2 1S TR CL (CLy) 2MEVMEE®, D0 ide b
FHEAIAR-CHF A LS 28 o A 7 B2 H\W T 1n vitro Cling 23 SUHE STV (LA O i)
b, AR CLine TH D I EW 2%k LTz, £72, PXB~ U X% H /= CL 7l &
L T VS S TR Y AFEICB W T, T OMEROFHM 2 MRS 5 7=
THEAENTZNW O DILEMERIR L7z, S HIZ, Clin OEERA TFRIFEEIZED X 51T
AT HPERGET 720, st MFHRZ O REEBROAENT — 2 1 kS5& | Pie
FED CLint TH2HLEME WL OEIR LT, —FH T, WSCREM A ZT 26O in vitro
VAT LOFERIL, RO O 7 v N EOREEZ ST, EBRERREN K E W EARE
INDZENDL, AMFERIZENTIE, F—O5M4 T TREFBRZ1TV, & T CLin DK
ERGET HZ L& Uiz, RIFZECTEIR L2 16 OHIRILEM DL < 1%, ISR O A
HEETHY ., CYP HDVIFE CYP EDOHEIBMDEEFRIZ L > TR E 2T 2 ILEWOHE—
DRI K> TR A Z T 2L G TBISWFHROL & % 3R L 7=, Simple allometric
scaling |2 X 5 FPHIKEMEL 722 —R & LT, JA#Z2GHBE S L T\ o alaetk b s
NCTWn5bZ &5 (Huang and Riviere, 2014), PXB ~ 7 2 & HW\ = MRAEIZEB VLT, (G
(259 DR OECHIEIC OV TIRIA S BEtT 5 Z LITHEETH D, 7o, BMHLEWIE
TNT I NFEES LT < HEMELADIT al - BEEEERICHES LT VW En b, 1BIA
WIBME MR 2 R oAb B 2 IR LT, IR L 7 b O KE IR CR#F S 1 D
7o, ARFFEICE N T, CLelIM CL & RI%TH D LRE LT,

G b M ITRIIE 2 O 7 ARETRER 2 i L. CLint O SRZMRGEE L7z, RASRE 0.1 &5
VW 1 umol/L O#BRME %, 0.125% 7 “1iiE7 /L7 X >, 15 mmol/L HEPES KUY 2
mmol/L GlutaMAX-1 %4t Williams E 55 HIlZ B8 7= FFAIIE & 0.5%108 cells/mL
DOMINILEE T 4 KA o F 2= 3 &2 To7c, KRBT, BE RN E RS
WEEY (<20% D) ZIK CLinfbA# L EZ L7z (Di et al., 2012), —J7C, BFE/R
R BOEZ R LT AL EW Z F-5 CLine kA & EFE LTz, Mt L7z 16 (k& 9{LEWn
& CLint fb &3 S 7z (Table 1), FLEMITIIT D 4 FFEHA o FaX— g D
=% Figure 1 |2/~ L7,



Table 1. Determination of low-CLin: compounds based on human hepatocyte

assays

Compounds

Ionization

Disposition

%remaining
after a 4-h
incubation

Category of
compounds

Reasons for compound selection

Antipyrine

Dapsone

Ranitidine

(9-Naproxen

(9-Warfarin

Tenoxicam

Theophylline

Timolol

Tolbutamide

Bosentan*!

Carbazeran

Diazepam

Disopyramide
Doxazosin

Reboxetine

UCN-01

Neutral*!

Neutral*2

Base*!

Acid*3

Acid*!

Acid*?

Neutral*!

Base*!

Acid*!

Acid

Base*4

Neutral*!

Base*!

Base*!

Base*!

Base*5

CYP1A2, CYP2B6, CYP2CS,
CYP2C9, CYP2C18, CYP3A4

CYP2C9, CYP3A4, NAT

FMO, CYP2C19, CYP1A2,
CYP2D6

CYP2C9, CYP1A2, UGT2B7

CYP2C9, CYP3A4

CYP2C9

CYP1A2

CYP2D6

CYP2C9

CYP2C9, CYP3A4, OATP

AO

CYP3A, CYP2C19

CYP3A4

CYP3A, CYP2D6, CYP2C19

CYP3A4

96

94

83

102

80

96

96

85

89

69

62

71

35

Low CLint
compounds

- Comparison with results reported in other
literature*®

* Multiple enzyme involvement

- Relatively low CLint reported in in vitro study*9.10

+ Comparison with results reported in other
literature*®
« Multiple enzyme involvement

+ Multiple enzyme involvement
- Relatively low CLint reported in in vitro study*9.10

+ Comparison with results reported in other
literature*6

« Multiple enzyme involvement

+ Relatively low CLint reported in in vitro study*9.10

+ Comparison with results reported in other
literature*®

* Multiple enzyme involvement

* Relatively low CLix reported in in vitro
study*7:8.9.10

* Single enzyme involvement
+ Relatively low CLint reported in in vitro study*10

+ Single enzyme involvement
« Relatively low CLint reported in in vitro
study*7.9.10

+ Single enzyme involvement
+ Relatively low CLin: reported in in vitro study*910

+ Single enzyme involvement
« Relatively low CLint reported in in vitro
Study*’i,ﬂ.lﬂ

Moderate-
to high-
CLint
compounds

+ Multiple enzyme involvement

+ Comparison with results reported in other
literature*®

- Single enzyme involvement

+ High human CL

+ Comparison with results reported in other
literature*6

» Multiple enzyme involvement

* Relatively low CLin reported in in vitro
study*7:8.9.10

- Single enzyme involvement
* Relatively low CLint reported in in vitro study*s9

» Multiple enzyme involvement
* Relatively moderate CLint based on in-house data

- Single enzyme involvement
* Relatively moderate CLin based on in-house data

+ Comparison with results reported in other
literature*®
+ Extremely low human CL¢

aNot available in the literature.

OATP, organic anion-transporting polypeptide; AO, aldehyde oxidase; NAT, N-acetyltransferase; FMO,

flavin-containing monooxygenase; UGT, UDP-glucuronosyltransferase.

*1: (Varma et al., 2015)

*2: (Scotcher et al., 2016)

*3: (Ermondi et al., 2004)

*4: (De Sousa Mendes et al., 2020)



*5: ACD/Perceptal4.1.0

*6: (Miyamoto et al., 2017; Miyamoto et al., 2020)
*7: (Chan et al., 2019)

*8: (Hultman et al., 2016)

*9: (Di et al., 2012; Di et al., 2013)

*10: (Hallifax et al., 2010)
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Figure 1. Plots of the percentage of the parent compound remaining over 4 h

of incubation in the human hepatocyte assay. Panels (a) and (b) present the

results for low intrinsic clearance (CLin) compounds with no significant

turnover (<20%) and moderate- to high-CLint compounds, respectively.

10



ol 7 )7 7V AFHOIDOT— sk

CL THNZXE7e in vitro 7T —% KON in vivo 7 — X %W L, Table 2 IZEH LT, t
h, PXB~T A, 7w b, PILROAS XZBT DEIRNEEG% O CL 2z, & hROYT
v MZBIT HMFERIEREERSHE (fup) TR 2 WIEESGREEEZ#ER Lz, 5l
SCOFERT, MR ERHIFEHR L7z, & MITFIAREEBRIC 1T DB OFRGHH EE 2 Tl
KOG Hrh O FEFE B33 CTHEIE L CUFHIIR S 72V @ in vitro CLint, human Z 5 H L7z,
% 7-. Rapid Equilibrium Dialysis Device (Thermo Fisher Scientific) % V7= i AT
FEIZED, B FROT » MIBIT D fup Z20E L, FHE (N=3) ZfFiric vz, PXB~
A, 7y ROV 0.1 mglkg OG- THIRNIC T 7 7 Vi 54% O R 2 B
U, MR 2 E L7z, f3 6 uz miEriR EEHER X, Phoenix WinNonlin version 6.3

(Certara) M=/ ra/X— KA MENTICE D CLe 2R L, SFfE (N=3) %%
Hriz vz,
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Table 2. Summary of in vitro and in vivo parameters to predict human CL; for

all compounds

In vitro parameters In vivo parameters
CLint per
hepatocyte Rut ¢ CLt
Compounds  (,T/min/1 x 106 8 r (mL/min/kg)
cells)
PXB-

Humans Humans Humans Rats mice Rats Monkeys Dogs
Antipyrine ND 1 0.990 0.690 4.60 7.86 11.5 7.22
Bosentan 12.3 0.48 0.023 0.012 8.78 16.40 20.6 1.72
Carbazeran 96.9 1 0.148 0.169 99.67 42.22 87.87 11.5
Dapsone ND 1.04 0.381 0.280 4.40 6.87 5.08 1.21
Diazepam 3.9 0.71 0.036 0.171 42.147 61.51 17.90 46.71

Disopyramide 3.2 1.2 0.161 0.610 28.86 179.46 19 29
Doxazosin 41.5 1 0.066 0.050 34.245 30.00 15.47 11.21
Ranitidine ND 1 1.000 0.900 131.02 99.88 40.23 10.4
Reboxetine 13.9 1 0.041 0.253 17.658 61.51 14.94 22.39
(9)-Naproxen ND 0.55 0.007 0.008 0.556 0.41 0.83 0.04
(9)-Warfarin ND 0.55 0.013 0.005 0.484 0.21 0.102 1.49
Tenoxicam ND 0.67 0.015 0.030 0.2878 0.49 0.061 0.104
Theophylline ND 0.85 0.580 0.400 4.70 1.91 1.08 1.73

Timolol ND 0.84 0.715 0.760 130.05 137.02 13.6 —b
Tolbutamide ND 0.55 0.039 0.049 0.58 0.39 0.0456 0.142
UCN-01 83.5 1 0.003 0.0175 0.0369 77.37 3.36 10.27

aR, was assumed to be 1 for carbazeran, doxazosin, ranitidine, reboxetine, and UCN-01 because of a lack of data in
the literature.

bNot available in the literature.

CLint, intrinsic clearance; Ry, blood-to-plasma concentration ratio; fu,, fraction unbound in plasma; CL:, total
clearance; PXB-mice, chimeric mice with humanized livers; ND, not determined because of the absence of significant
turnover (<20%) during a 4-h incubation in the human hepatocyte assay; OATP, organic anion-transporting
polypeptide; AO, aldehyde oxidase; NAT, N-acetyltransferase; FMO, flavin-containing monooxygenase; UGT, UDP-

glucuronosyltransferase.
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B3 v N U T T URTFH

%18 In vitro in vivo extrapolation (IVIVE)

HiRE v MR O 7R CE O RS 7- 9 @ in vitro CLint, human 2. 2\
(D) g, FERE (LW), KE (BW) K ONFHIRER B O L 7R /T A —4 — (Table
3) Z M\ T Scaled CLint, human (22 #2 L7= (Hosea et al., 2009), CLt human 2. #h (2) 1T
eV, JHFIFEEE (Qn) KOG oAE67- e Mg/ mAEHFREL (Ry) IZESEH N
L7 g IR AR 3 (fuy) ZHWT, B L7,

Scaled CLj,(mL/min/kg) = CLj,; per hepatocyte (mL/min/1 X 10°cells) x

LW (g)/BW (kg) X hepatocellularity (1 x 10°cells/g liver) (1

4a
(1+a)2exp[ ] (1- a)zexp[—

CLp = Qn[1 - a+1]] (2

2Dn

In Eq. 2, Dn = 0.17, and Scaled CLjp; = 3}]’)(3 D) . (Roberts and Rowland, 1986)
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Table 3. Scaling factors for the IVIVE and physiologically-based scaling using
PXB-mice

Hepatocellularity
Qn Liver weight  Body weight
Species (1 x 106 cells/g
(mL/min/kg) (2 (kg)
liver)
Humans 20 1470 70 120
PXB-mice 91.3 1.977 0.02 168

IVIVE, in vitro—in vivo extrapolation; PXB-mice, chimeric mice with humanized livers; Qu,

hepatic blood flow.
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F2TH HEEWE %A A\ 7= allometric scaling

Rule of exponent (ROE) } ! fu corrected intercept method (FCIM) (Z & 5 T, CLthuman
% T#] L7 (Mahmood and Balian, 1996; Tang and Mayersohn, 2005), ROE [Z7£V>,
Z v . KOS XD CLy Z{AE 2% LT Simple allometry (SA, X (3)) 2k,
MBAr—n EiZ7 ey b LT BbnfmiBEIic S 7r A F Y —NGEE(3) . N (4),
X () IZL 2T Clthuman Z FHIL72, ZHHOHFRAUTENT, a, b KW ld7 A |k
V—ROBEETHY | x. y KOz [ THEE L L7z, MLP I3, %80 BrW XU BW % i
T, X (6) 1TV L7z, FCIMIZ &% CLthuman PHIE, X (7) IZEWVREH L2, K
AITBIT D alZ AKEITHT D CLeOXE T vy "B LNIUR Th 5, £72 Rfup i3,
7y FEOE FD fup b TH %,

CL, = a(BW)* (3)
CL, = 20 (4)
CL, = SEREEh (5)
MLP (years) = 185.4Brw%-636gW—0225 (6)
CL, = 33.35 X (%W)O-77 (7)
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H3H PXB ~ 7 X% A\ 7z single-species allometric scaling

Single-species allometric scaling (PXB-SSS) (2&k - T, & (8) 12V, CLthuman & T
HIL7= (Miyamoto et al., 2017; Sanoh et al., 2015), t F XU PXB ~ 7 ZAD{K&E (BW)
L. FNZEN 70 kg X T0.02 kg E%E LT,

CLthuman = CL¢px X (Bwhuman/BWPXB)0'75 ®

16



45 PXB ~ 7 X % H\ 7z physiologically-based scaling

Physiologically-based scaling (PXB-PBS) (2L > T, WL DD AT v FITHE,
CLthuman & I L 7= (Figure 2), F7=. Table 3 1Z/8 L7= Qu KT fup ZEDAFLRA)RT X
— X —% T, dispersion model (X (2)) 12XV, CLypxs 5 scaled ClLint,pxs % 5 H
L. FHifa & 720 @ in vivo Clintpxs Z R L7, PXB ~ U 2 DJFl&O KE 4325 B Nl
ICEH SN TV a7 MIESE | FledH 720 @ Cline i3 & b & PXB ~ 7 A T
HEThokEL (N (9), MEAFr—V 7 %iTo7, £, fup. RR AT Qu OV TH
FIEEDE Z#H L7- (Luttringer et al., 2003; Sanoh et al., 2012), & 5{Z, Table 3 {Z
N LT BB R T A — 2 — % T, dispersion model (3 (2)) (25 Y. CLthuman & #
E LT, 728, CLipxe 2 Qu B 2 DALEMIZEB W TIE, CLiZ Qn® 90% & L7= (Sanoh
et al.,, 2012),

CLint pxp per hepatocyte (mL/min/1 X 106cells) = CLint human per hepatocyte (mL/min/

1 x 10°cells) 9)
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PXB-PBS

CLT . CLt,human
(mL/min/kg) (mL/min/kg)

C_onver_t by Convert by
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Assume the same

Figure 2. Outline of the physiologically-based scaling using CL; in PXB-mice
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AR TR E DR

IVIVE, PXB-SSS. PXB-PBS, ROE ¥} FCIM O %7 7' v —F T #| =172 CLthuman
Z SEIME & iz U7z (Figure 3), F£7-. THME & ERIEORRZ2E L LT, fold error ZH Hi L
7= (Table 4), PXB-SSS ®ii3X (Miyamoto et al., 2017; Miyamoto et al., 2020) O#EHE &
g3 5720, WwE STV D CLlihuman PHME % Figure 3 (272w kL, Table 4 (2% D
Bl 27k L7z, 1K CLint b &%), H-i5 CLint (b &R O BALEW O3 BTN T, FEHl
ED 2 o HWE 3 FLLAOKE Tl s =FIAITmZ, & (10) 2V, absolute
average fold error (AAFE) #H MM L7= (Table5), oz T —XIZHES&, £ HEMT
O TR Z g L7z, 7235, 1K CLine (bG35 Tl PXB-SSS, PXB-PBS, ROE K&
NFCIM 07 7a—F TPl L7223, H-FE CLind{fb AW T, IVIVE 2842 To
TETTRILTZ,

Observed
Zllog (Predlcted)I

AAFE = 10 (10)

Antipyrine, Dapsone, (S)-Naproxen, (S)-Warfarin, Carbazeran, Diazepam & (O} UCN-
BT DAL TR B 4172 PXB-SSS @ CLthuman PHIEIE. £ 241 0.59, 0.60, 0.072,
0.062, 12.8, 5.68 }2 1} 0.005 mL/min/kg TH ¥ | Fa CHEMEIX., £ 0.71, 0.45, 0.08,
0.051, 23.16, 7.93 %X T*0.003 mL/min/kg THH7=Z LD, WTHOIEEIZENTEH 2
FUNDIRETH H Z EPNHERI NI, DFE D | M CHREEICHBMERH 5 Z L AR S
2o ABFFETHWIZ PXB v 2D b MFHIIZEIARIL 89%~91%TH V| 511 L7zimL D
b MM ESREL 856%~95% Th D Z Lnb, Dlel b 85%LA LoD T E ik
ZFFOPXB~ U A N5 Z & THEMERSHERBEOND Z LRSI,

F 7=, _EFE® Antipyrine, Dapsone. (:9)-Naproxen & UNS)-Warfarin {2/l 2 . Ranitidine,
Tenoxicam. Theophylline, Timolol, Tolbutamide % & ¢ ¢ CLint [ A2 T, FEHNE
D 2 fFLINOREE T PRI S HEIG X, PXB-SSS & T PXB-PBS DWW\ D HiEIZ DN T
%, Tolbutamide #fx< 89% CThH V. AAFE (IZNZ4 1.51 LV 1.46 ThoTz, F7=EH
D 3 ELINORE TTHISLDEEIE, WTOHIETS 100%THh>72, —J57 T, ROE
[ZBWWTlE, Antipyrine, (8)-Warfarin & O Tolbutamide THHME & FHIMELC 3 fFLL =D
BN Z8 D B, FCIM 128\ T, Antipyrine, Dapsone M ONS)-Warfarin ~C3HIfHE &
THMELZ 3 FELL EOTEREDFRYD Hivlz, 72, ROE XU FCIM @ AAFE (3, Th£h 2.58
KON 250 &EEARLT-, EF® Carbazeran, Diazepam & ' UCN-01 (21 % .
Disopyramide, Bosentan, Doxazosin & O} Reboxetine % & #eH1 -/ CLint [LEMICIUVT,
EHED 3 LN ORSE TRl S b EIA 1L, PXB-SSS T Disopyramide } Uf Diazepam
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% [r< 71%, PXB-PBS T Disopyramide, Diazepam, Doxazosin } T} Reboxetine % [ <
43%, IVIVE T Bosentan, Doxazosin & TF UCN-01 #fr< 57%. ROE T Carbazeran,
Disopyramide, Diazepam, Reboxetine }2 T8 UCN-01 %% < 29%., FCIM T Carbazeran,
Disopyramide, Diazepam, Doxazosin &) UCN-01 %#[r< 29% Ch-7-, F7-. PXB-
SSS. PXB-PBS. IVIVE, ROE kO FCIM @ AAFE (%, £ <4 3.23, 3.50, 4.07, 10.84
KN T752 Thole, 2FV, PXB-SSS kU PXB-PBS O7 7'r—F(IEkdD ROE K}
FCIM &t UC PHIEEE ILEW S, IVIVE ERIRBEOREE TH D Z LRIz,

{& CLine (b & X U= CLing (b GO TFRREE LT 5 L. WTFhOFEIZE VTS
AAFE [ZEDRRO LN Z &5, Cline D EiRIE CL O TS EIZEET 5 2 L AVRIBE S
iz, FRIZIK Clin [bAWIZH T, PXB-SSS XU PXB-PBS O THIFEEA @2 & 3
ke ots, £12, K CLin bAWIZEB W T, FRIED 3 (5LANOREEE T Tl X5 E|
EBRVTNOHETEH 100% Tho7zZ b, HEOMEIZL> TR#FEZT D
Antipyrine, Dapsone, Ranitidine, (S)-Naproxen } ON9-Warfarin % &ie{b SRE & B
—DEFIT X - TG 2% ) 5 Tenoxicam., Theophylline, Timolol } O Tolbutamide %
BTALERED TS B 7R 23580 DL o 7z,

ETOIEMZBN T, BHMED 3 [FLINOREE CTHI SN2 EA KON AAFE X, £
Z1 PXB-SSS T 88% & TF 2.11, PXB-PBS T 75% /2 1 2.14, ROE T 47% & O 5.04, FCIM
T 47T% M 4.18 THY, PXB vV AEZAWET 7o —F 3 b PHBER®E W Z & &R
L7z, 2%V, PXB-PBS X, invivolZEBITHFflla&H 720 @ Clint, fup XO'Ru23E K &
PXB v~V AR TCRIETHDH Z LIZMA, QuiFEEF~T AL PXB vV AMTRIZETHD &
WO WL DOMDIENRH DIZHEDL O T @D PR E 27~ L=, £7-.PXB-SSS & ' PXB-
PBS % HW TP #ll L7z CLghuman 1%, Table 4 & O¥ Figure 4 |2/~ 9380 . {LEW O3 FEIZEY
R, IRIE—B LT,
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Figure 3. Relationships between observed and predicted total human clearance
(CLthuman) for low intrinsic clearance (CLint) compounds and moderate- to high-CLint
compounds. Panels (a), (b), (c), (d), and (e) presents the results of single-species
(PXB-mice), a

physiologically-based scaling using PXB-mice, in vitro-in vivo extrapolation, rule of

allometric scaling from chimeric mice with humanized livers

exponent, and the fu corrected intercept method, respectively. Solid and dotted lines
represent the unity and 3-fold error, respectively. The compound numbers are as follows:
1, Antipyrine; 2, Dapsone; 3, Ranitidine; 4, (S)-Naproxen; 5, (S)-Warfarin; 6, Tenoxicam;
7, Theophylline; 8, Timolol; 9, Tolbutamide; 10, Bosentan; 11, Carbazeran; 12, Diazepam;
13, Disopyramide; 14, Doxazosin; 15, Reboxetine; 16, UCN-01.

*1: (Miyamoto et al., 2017; Miyamoto et al., 2020)
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Table 4. Comparisons of observed and predicted CL¢human for all compounds

Observed Predicted CLi human (mL/min/kg) Fold error (predicted/observed)
Category of -\ pounds CL PXB PXB Litera PXB PXB.
 human - - - -
compounds (mL/min/kg) sss PBS IVIVE ROE FCIM ture ss8 PBS IVIVE ROE FCIM
Antipyrine 0.64 0.59 0.71 ND 3.32 3.31 0.71 0.92 1.10 ND 5.19 5.17
Dapsone 0.48 0.60 0.67 ND 0.91 2.01 0.45 1.24 1.40 ND 1.90 4.19
Ranitidine 9.6 16.9 16.4 ND 5.4 11.1 NA 1.76 1.70 ND 0.56 1.16
(9-Naproxen 0.11 0.072 0.085 ND 0.051 0.189 0.08 0.65 0.77 ND 0.46 1.71
Low-CLin . - -
(9-Warfarin 0.055 0.062 0.074 ND 0.417 0.330 0.051 1.13 1.34 ND 7.58 5.99
compounds
Tenoxicam 0.03 0.039 0.044 ND 0.029 0.085 NA 1.29 1.46 ND 0.98 2.83
Theophylline 0.86 0.60 0.72 ND 0.68 0.91 NA 0.70 0.84 ND 0.79 1.06
Timolol 8.5 16.8 13.7 ND NC NC NA 1.98 1.62 ND NC NC
Tolbutamide 0.21 0.074 0.088 ND 0.040 0.107 NA 0.35 0.42 ND 0.19 0.51
Bosentan 2.1 1.18 1.39 0.68 1.68 5.37 NA 0.56 0.66 0.32 0.80 2.56
Carbazeran 37.6 12.8 16.4 15.5 8.6 7.6 23.16 0.34 0.44 0.41 0.23 0.20
Diazepam 0.38 5.68 7.52 0.69 12.46 2.53 7.93 14.94 19.80 1.82 32.79 6.67
Moderate-
to high- . . - —_—
oL Disopyramide 0.9 3.72 4.63 1.24 7.36 4.56 NA 4.14 5.15 1.38 8.17 5.06
int
compounds
Doxazosin 1.6 4.61 5.65 5.62 3.93 6.20 NA 2.88 3.53 3.51 2.46 3.88
Reboxetine 0.82 2.39 2.79 1.37 9.52 1.82 NA 2.91 3.40 1.67 11.61 2.22
UCN-01 0.0037 0.0050 0.0056 0.6186 1.5640 1.3765 0.003 1.35 1.52 167.20 422.70 372.03

CLint, intrinsic clearance; CLghuman, total human clearance; PXB-SSS, single-species allometric scaling using chimeric

mice with humanized livers; PXB-PBS, physiologically-based scaling using chimeric mice with humanized livers;

IVIVE, in vitro—in vivo extrapolation; ROE, rule of exponents; FCIM, f. corrected intercept method; NA, not

available; ND, not determined because of the absence of significant turnover (<20%) during a 4-h incubation in the

human hepatocyte assay: NC, not calculated because of a lack of data.

*1: (Miyamoto et al., 2017; Miyamoto et al., 2020)
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Table 5. Comparative evaluation of various prediction methods

PXB-SSS PXB-PBS IVIVE ROE FCIM

Low-CLint compounds
Number of compounds 9 9 ND 8 8
Within 2-fold error (%) 89 89 ND 50 50
Within 3-fold error (%) 100 100 ND 63 63

AAFE 1.51 1.46 ND 2.58 2.50
Moderate- to high-CLint

compounds

Number of compounds 7 7 7 7 7
Within 2-fold error (%) 29 29 43 14 0
Within 3-fold error (%) 71 43 57 29 29

AAFE 3.23 3.50 4.07 10.84 7.52

All compounds

Number of compounds 16 16 7 15 15
Within 2-fold error (%) 63 63 43 33 27
Within 3-fold error (%) 88 75 57 47 47

AAFE 2.11 2.14 4.07 5.04 4.18

CLint, intrinsic clearance; PXB-SSS, single-species allometric scaling using chimeric mice with
humanized livers; PXB-PBS, physiologically-based scaling using chimeric mice with humanized livers;
IVIVE, in vitro—in vivo extrapolation; ROE, rule of exponents; FCIM, f, corrected intercept method; ND,
not determined because of the absence of significant turnover (<20%) during a 4-h incubation in the

human hepatocyte assay; AAFE, absolute average fold error.
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Figure 4. Relationships between predicted total human clearance (CLthuman) for each
PXB-mouse method for low intrinsic clearance (CLint) compounds and moderate- to high-
CLint compounds. PXB-SSS is a clearance prediction method based on single-species
allometric scaling using PXB-mice, and PXB-PBS is a clearance prediction method based
on a physiologically-based scaling using PXB-mice. Solid and dotted lines represent the

unity and 3-fold error, respectively. PXB-mice, chimeric mice with humanized livers.
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HofT BRESWICLDEENRT A —F —D®R

PXB-PBS O A #F A ERAiE % R % | CLthuman O THWEIZEE /2T A — X — 2 RETHT-
D, fup. Rb L Qu DRSE3HT 2 Fhi L 7=, 1K CLincfbEHDRFE L LT (S -Naproxen,
H-& CLinc fbAM DR F L LT Diazepam D% T — X v &2 HWT, fup, Ro L O Qu 2%
CLthuman @ THUEIZ ED X DB L T D0 it Lz (Figure5), &/37 A —X—%
LS HTH BT Clibuman % simulated CLghuman & % L. CLthuman @ THRIMENEE N
L7 aida (1) 128V, Clihuman O FRMEDNED L7IZ8551350 (12) 1250, CLthuman
DTFRUE S D2 b E % Fli L7~ (Tang and Mayersohn, 2006), ZiL 6 DXy, /XF A —
A — %S ETH LN Clihuman PE(LEZIELADETH —ORETERIL,
CLt, human O FEREIZEAD & T, (AW TR — DO RE TFHAET 57201z, B FED
PXB~TUAD fupld, & FOEHED 3%, & N PXB ~ 7 AD Rp & 0.5~2, PXB ~+
7 AD QulE 90~180 mL/min/kg, t h® QulE 18~23 mL/min/kg D& T, B PR/ NT
A= —L LTSN DM SRS EICE SO TREST 2% L=, PXB~7 XX E
FD fup HREWIGE, TR CLt, human [FHM L7223, i OHEIZ THI CLthuman (X4 L
2o ZOZLDOFEE X Diazepam £ Y 4 (S -Naproxen TRKZX)o7, — 5, & k& PXB-
VU AD fup [CHERENRONGE, EHLOEAEMIZEVTS, Tl &2 CLthuman 1T
fup DIEIZED BT —ETH o7, Ro L Qu i, ET S 72N T A —F —DO#FiPHIZIB W T,
CLthuman ([ZEZE L 220 T,

Simulated CL¢hyman—Predicted CLthyman

x 100 (11)

Percent change (%) = Predicted CLopomo

Simulated CL¢hyman—Predicted CLt hyman

x 100 (12)

Percent change (%) =
g (/0) Simulated CLthyman
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(a) (8)-Naproxen (b) (S)-Naproxen (C) (S)-Naproxen
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Figure 5. Sensitivity analysis of total human clearance (CLthuman) predicted using the
PXB-PBS approach. The impact of fraction unbound in plasma (fu;), blood-to-plasma
concentration ratio (Rb), and hepatic blood flow (Qn) on predicted CLthuman value was
examined using a dataset of (S)-naproxen as a representative of low intrinsic clearance
(CLint) compounds and diazepam as a representative of moderate- to high-CLint
compounds. Sensitivity analysis was conducted for each fup value in humans and PXB-
mice within a 3-fold range of human fup, for each Ry value in humans and PXB-mice
within a 0.5-2 range, and for each Qu value within the ranges of 90-180 mL/min/kg in
PXB-mice and 18-23 mI/min/kg in humans. The simulated CLthuman was defined as the
clearance generated by changing each parameter, and the impact of these parameters on
predicted CLthuman was evaluated as the percent change (%) calculated according to the
following equations: ((simulated CLthuman — predicted CLthuman)/predicted CLithuman) X
100% for an increase in predicted CLthuman and ((simulated CLthuman — predicted
CLt human)/simulated CLthuman) X 100% for a decrease in predicted CLthuman. Panels (a),
(b), and (c) present the results obtained using fup, Rb, and Qn for (S-naproxen as
variables, respectively. Panels (d), (e), and (f) present the results obtained using fup, Rb,
and Qn for diazepam as variables, respectively. PXB-mice, chimeric mice with humanized

livers; PXB-PBS, physiologically-based scaling using PXB-mice.
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SF6HN /INE

HEECEN ) FE 2 U 72 allometric scaling (2355 < ROE <° FCIM & b LT, PXB <~
ZERWET Fu—Fid, 2kt LTEOTMREE %R L, %72, CLin O#iEA CL 0
TRAEEIZED L D ITEET D0 EMRGE LT R, -8 CLindfb &% & et LT, % CLin
{EEZIBWTIERIZ b\%{ﬁlﬁﬁ%r? ERALMNE ST, ZOZEND, PXB ¥

7 A%, K CLinc (bE DO TFRNZHHIZHERHTH D Z E RSN, AIFERN— N7+ U A28
W, 115% CLinc (LA H3H8 0 L“Cb‘Z)H’IEA IVIVE MK CLint {LEWICHEH T 7202 LT
BIERIZB T DIRZN B TH o 7203, AFFEICB W T, PXB v~V AEZHWAHZ Lk %

®%%ﬁ&#ﬂ%ﬁﬁéik%%bto

PXB vV 2 &AW 7 70 —F 3 K CLin (LA BV TRW TR E 277475 T,
H-& CLint [ A% T& 5 Diazepam,. Disopyramide, Doxazosin, Reboxetine (233 T,
2 RELL EOBRTRARO Bz, DFED | ALEMD CLline A@EWVIEE R TFRIVEE S
AIREME mVMEIC H o 72, FFIZ Diazepam OB AK THIIW K OO X CTHE S TR
0. AFERICENTHEW AAFE ICHF 535 2 i a7z (Miyamoto et al., 2017;
Sanoh et al.,, 2015), Z#H 5 DOHEIX, PXB ~ 7 ZADONRICIEFET 5~ 7 A H ko
RENEPED WK FRNZF G LTV D AEEMEZ RIE L TV DAY, BIFEIZIZARE S v Tunzan,
ARFFEC, ARHNCBE 5T 2 BRE ORECHIC W TR, TR EICHEF I B L o722
EERBEZ DL MARTH AR TRFE LTI, DA ORI NS LT\ 5 ARtk
MEESTLEZBEZONDL, ~UABBIHB L7 I EA6E ) A% 57— (FMO)
2% Benzydamine (23517 % CLthuman DK THIZ 5 & Z L7z FH O L 512, FHGEHLS
DN THRE ORI Z b 72 b TR bRE SN T 5 (Sawada et al., 2020), H1-15
CLint [EEWZINT, HFELSORE DY CLe IZF 5T 203 2 D ThiE, in vitro
CLint 23@WMEEM D A3, in vivo CLin Z i/ NI 2 #HE (Hallifax et al., 2010) & %
BET D, AEIZENTH, 2O L) RIFRELS OFEED, F-5 CLind (LEWIZIIT D
THIEE DK TIZFHG LIRS 720, 5. SORIRFANDMLETH D,

t MR Z 72 IVIVE (X, Diazepam @ CLthuman & BfgE I THIT 5 2 E AR EN
e bt 7T e 7 7 A G L T PXBY U A2 W=7 7 —F 5 5 WL IVIVE
ZHIEAIICEIRT 5 Z L IFR B 2 b, IVIVE Tik, A< &b 2 FOIERHKRSE)
WFEC in vitroin vivo BB ZHERRT 5 Z LIV . THIOIEFEMEE & DS TRE I
TW% (Wilbyetal, 2011), L2 L7225, BT PXB ~ U A2 W7 70 —F Ol
SRS 2 AT T 2 B2 H BTV, 5% R TRNCBEES 5 K02 b DR+

B Z 2T DALE M ORHEE REIC T 5 2 & T, @MU THERIE 2 B RS 50, HDHWIE
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ETOEMIH LTEWTAKSE 2R T FEZHET L ENEETH D,

PXB-PBS CT#ll L 72 CLthuman I, {LEHOHEICEAR 2 <, PXB-SSS (2 L % Tllfii &
EIE—H L7, PXB-SSS I3AEL LK EZHW-HMlie 7o 2 M) —XTHDHZ &b,
Z ORI, S 720 O CLint, fup XY Ry 28 PXB v 7 A L b kTR &\ 9 BIFRIE
ERIL WD EEZ BN, 72, PXB-SSS OE W FHKEE L, FIESH 729 @ Clint,
fup 2O Ry DREZMEICER LTV D ATREMEAR R STz, S BITEEDITORE RN S| fup
(31K CLint (LB D CLthuman THUCKE <HBEL TV D Z LAVRIR S -, PXB-PBS 785
WTPHRE 2R 2 2BETHE. ZOZ LiL, fup ORSHEZERS IFTLEEZ2HN
7oo EBIZ, PXB v U 2O MAEFIIE, MERARSICEET 28 F 77 IRk b al-
PRPEFEE AN DM SN TEY . 2L OMLEWT fu , OFET 3 [FLUANTH DL Z ERHRES
NTCW% (Miyamoto et al., 2020; Tateno et al., 2015), L2>L72n 6, ~ 7 AfFlgHE kD
TNATIrbe NPT I EIFT L2 ERREIN TS (Landry et al., 2022), %
7o. U AN KD al-BEMEREE A & B b ol -EEPEREER A b RERIC 32 ATREMEAN S 2.
Hiv, TNHDIFETFTlpll EDO LI ITHEL T DNIRRES N TN RN L &
%, SORDIMMBLETH D, £72. fupiE Clihuman O FRIEIC K E <S55 T,
Ro XL Quid RESEELRWZ RSN, EBE PXB~Y 7 AD Ry 2 WL Qu & IE
EICHERE L7e & 1370 <L /3T A —F —ICHEREEITI RV ERET I D 258\, £0
Loz EZDL L. ZNHD/RT A —4 = CLthuman O THMEIZKE <L 720
EWVWIHRIE, PXB~ U AZ AW THEZERTSH ETHERTH D,
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253% Simcyp simulator AWM OMEZR LHH L ML
SRR IREAHES TR TFIEORSRE
B MO MEBERE Lce FRPREEBRTROLD DT —F
L)

7w b, P A XK MIFIRNE 5% O AR EHER L O fup Zia X0 DI L
7= (Shimizu et al., 2019; Yahata et al., 2020), BIZEDOEZ V7 4 BEET HH, K0T
2B T AR~ RFHBE RO A WITX G TE % X 512, biopharmaceutics classification
system (BCS) IZBWTRBESEMEICOEIND Y 7 A 3 KDY T A 4 PRGHEAEWIZE
FDHZ L EMERR LT (Bergstrometal., 2014), F7-. extended clearance classification
system (ECCS) 2B\ TH, REHEMEICHEINDZ 7 A 3 KT T A 4 PRGHES
WcEEns Z & 2R L= (El-Kattan and Varma, 2018; Varma et al., 2015), F AL
AWIZEB N TIEL, Phoenix WinNonlin version 8.3.5 (Certara) ZMH\\ T, 2 =22 /3— K X
¥ NET VRN 2 SN L, Simcyp simulator (ZA )T 5729 @ CLy #HEE L7, F7= logP
KO pKa %, ACD/PerceptaV14 (Advanced Chemistry Development) % F\C in silico
THEE L7z, MGG OW BRI E % Table 6 [Z7R L7,
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Table 6. Physicochemical property of tested compounds

Compound MW In silico logP In silico pKa Tonization™4 BCS ECCS
Diazepam 284.74 1.91 pKa (Base): 3.4 Neutral 1 92
Reboxetine 313.39 2.82 pKa(Base): 7.7 Base 1 P
Tamsulosin 408.51 2.24 pKa (Acid): 10.2, pKa (Base): 9.2 Base 1 a
Doxazosin 451.48 0.65 pKa (Base): 7.5 Base 9 9%
Bosentan 551.62 1.15 pKa (Acid): 4.9, pKa (Base): 2.6 Acid 9 1B
Oxprenolol 265.35 2.29 pKa (Acid): 13.9, pKa (Base): 9.5 Base 1 92
Midazolam 325.77 3.93 pKa(Base): 6.1 Neutral 1 92
Telmisartan  514.62 7.73 pKa (Acid): 3.3, pKa (Base): 6.2 Acid 92 1B*2
Diltiazem 414.52 3.63 pKa (Base): 7.8 Base 1 9
Raloxifene 473.58 6.8 pKa (Acid): 8.7, pKa (Base): 8.1 Base 2 a
Acebutolol 336.43 1.95 pKa (Acid): 13.2, pKa (Base): 9.5 Base g1 2
Amitriptyline 277.4 4.92 pKa (Base): 8.8 Base 1/2%1 9
Azithromycin ~ 748.98 3.33 pKa(Acid): 12.6, pKa(Base): 9.5 Base 2% 4%
Chloroquine  319.87 4.69 pKa(Base): 10.7 Base 1% a
Chlorpromazine 318.86 5.2 pKa(Base): 9.2 Base 1/2%1 a
Dofetilide 441.57 1.56 pKa(Acid): 7.6, pKa(Base): 9.0  Zwitterion a 4%2
Enalaprilat ~ 348.39 1.54 pKa(Acid): 2.0, pKa(Base): 7.9 Zwitterion a A2
Flecainide 414.34 2.9 pKa(Acid): 13.5, pKa(Base): 9.7 Base a a
Folinic acid ~ 473.44 -3.19 pKa(Acid): 3.3, pKa(Base): 2.2 Acid 3% a
Ketanserin 395.43 3.21 pKa(Acid): 10.0, pKa(Base): 7.2 Base a 9
Nateglinide  317.42 4.21 pKa(Acid): 3.3 Acid a gAH2
Quinine 324.42 3.44 pKa(Acid): 11.8, pKa(Base): 8.6 Base 1/3%1 2%2
Ranitidine 314.4 1.23 pKa(Base): 8.2 Base g1 4%
Tegaserod 301.39 2.91 pKa(Base): 9.8 Base a a

aNot available in the literature.

BCS, biopharmaceutics classification system; ECCS, extended clearance classification system

*1: (Bergstrom et al., 2014)

*2: (Varma et al., 2015)

*3: (El-Kattan and Varma, 2018)

*4: Acid: acid pKa<8.4, Base: base pKa>6.4, Neutral: acid pKa > 8.4 and base pKa< 6.4, Zwitterion: acid pKa<8.4 and

base pKa>6.4 (Mathew et al., 2021)
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280 81D PBPK &7 /ViEH

Simcyp simulator ZH\ T, & PBPK €7 VA HEHET 5 AT v 7O % % Figure
6 R LTz, FALEmDy 15, logP LU pKa HEDOWEYLFH /T A —2—|ZMx, T
b RO ATE RN G-1% O PR EEHERS . CLe, fup T Rp % Simceyp simulator
WAL,

Simcyp simulator (213, (LA OWEMLFHI /ST A —5 —Th % logP K fup Z HNT
FHAR- MR PR 2 3R 5 3 RO 7 LT X ARERH STV 5, Method 1 13,
Poulin & O Theil 523828 L7=7 /L2 U X A2 Berezhkovskiy (2 KX A& 1E %2 THF X
M7= (Berezhkovskiy, 2004; Poulin et al., 2001; Poulin and Theil, 2000), 4% K O #H 5%
X, FERRE. R VIREL KROF R DIREWTH Y | FERT OISO A A Ak
IEBERET ., (LEWITSNEE L KD THEL S5, Method 2 13, Rodgers } O* Rowland
ODARRR L7 AT Y XA THY | ORI & ORISR I BL S 4L, & 5
WZERME Y B E SNBSS TV (Rodgers et al., 2005; Rodgers and Rowland, 2006)
HaAR—= AL MIBITIEMDA T A EER L, FHA A SR 2 @3 5,
Method 3 IZ, Method2 ® 2>t 7 MMz, MEED /> RE %[ L T\ 5 (Fisheret al.,
2019), EE ., MIEPNITHIESMIR L CROEMIZH D Z &b, B TF 4 OMENBEITE
REL, 7=F L OMaNBITEHIRT 5, 702 ) XAmIC, mIgEfREfEE L Kb X<
FiAT 5 logP & 5\ MX Kp scalar % Simceyp simulator @ parameter estimation (PE)
—VEHWTHEE L7z, 7238, Kpscalar #HEE T 556, & TOMHERD Kp THMEN %
(R ST, BEEOT — 2 &2 W T logP & 5\ I Kp scalar Z#E 457 7 o —F
Wz, 3 EMFE DT — & % [RIRF I AT~ % cross-species parameter estimation (CSPE)
D=L HWT, [FEEIC logP & %5\ X Kp scalar Z#EE L7z, T O, 3 FE O -1
SEM SRR SR DR R T ED T, i b objective function value (OFV) O/hEW7 2l
A L% best-fit method & EFE L7,

CSPE O — /L% W THERE S 4172 logP K OV Kp scalar % Table 7 {27~ L. fix b objective
function value (OFV) O/ W7 LT U X AZKETHERR LT, logP scaling 123\ T,
AL AP D best-fit method 134T Method 3 Th 7=, — 5T, FHLEY., FHEME L
B R OBNEA A ALE D best-fit method X, FFEDT /L TY XAIZIRESIND Z &I
Tpinoic,
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Animal PBPK modeling

- ivPK
— i - PE (logP or Kp scalar)
@ . L g Method1, Method2 and Method3

Physicochemical
rameters s iv PK .
(23] __\HL e PE (logP or Kp scalar)

. g"g - Method1, Method2 and Method3

* logP

Modification of logP
- v PK : or Kp scalar that best
L & s Emdl ;Etﬂoglfl’ C;\;IKiﬂ sgglar) e describes animal

"Ry ehodl.Velocs dand Melho plasma concentration-
time profile

- CSPE (logP or Kp scalar)
- Method1, Method2 and Method3

- CSPE (logP or Kp scalar)

- Best-fit method with lowest OFV
Figure 6. Scheme for animal PBPK modeling with in si/ico logP or Kp scaling
MW, molecular weight; logP, log of partition coefficient; fup, fraction unbound in plasmas;
Rb, blood-to-plasma concentration ratio; PE, parameter estimation; CSPE, cross-species

parameter estimation
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Table 7. Summary of CSPE-optimized logP and Kp scalar. The highlighted method was
the best-fit method with the lowest OFV in animal PBPK modeling.

CSPE-optimized logP CSPE-optimized Kp scalar
Tonization Compound ACD/logP  Method Method Method Method Method Method
1 2 3 1 2 3
Diazepam 1.91 3.22 3.21 3.32 8.96 14.40 18.11
Neutral
Midazolam 3.93 3.26 3.31 3.49 0.33 0.23 0.34
Bosentan 1.15 4.07 6.24 6.37 11.79 48.54 48.70
Folinic acid -3.19 2.48 6.15 6.41 6.70 13.83 20.67
Acid
Nateglinide 4.21 3.27 7.19 7.34 0.24 9.27 9.44
Telmisartan 7.73 18.25 8.19 8.32 0.82 2.91 4.01
Acebutolol 1.95 2.79 4.33 4.19 2.64 5.20 1.55
Amitriptyline 4.92 4.43 5.07 5.08 0.88 1.36 1.26
Azithromycin 3.33 27.72 5.26 5.19 4.04 7.65 2.84
Chloroquine 4.69 36.24 7.73 -9.38 14.05 20.00 6.77
Chlorpromazine 5.2 5.24 5.58 5.45 1.06 1.59 0.89
Diltiazem 3.63 5.36 3.78 4.02 1.49 1.21 2.03
Doxazosin 0.65 3.81 3.29 4.14 13.49 1.87 1.28
Flecainide 2.9 2.72 4.49 3.95 0.86 2.21 0.77
Base
Ketanserin 3.21 4.00 4.19 4.71 4.52 2.62 2.27
Oxprenolol 2.29 2.87 4.25 4.47 2.20 3.05 0.85
Quinine 3.44 2.91 3.42 4.38 0.44 0.95 0.70
Raloxifene 6.8 4.72 4.78 5.51 0.48 0.019 0.045
Ranitidine 1.23 17.40 3.57 8,78 15.89 6.94 2.72
Reboxetine 2.82 3.11 2.93 3.63 1.48 1.12 1.15
Tamsulosin 2.24 2.69 -3.73 4.69 1.88 0.89 0.33
Tegaserod 2.91 31.60 6.74 3.91 24.05 4.77 1.09
Dofetilide 1.56 2.81 3.80 4.14 4.68 1.30 0.62
Zwitterion
Enalaprilat 1.54 2.64 8.13 -2.19 3.81 1.49 0.56
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3 b homRHREHER TR

Simcyp simulator # H T, & b OMAEHREHERS 2 Tl 2 27 v 7O % 4 Figure
TR LT, 80 PBPK 7 LV 2HE L, #EE S 417z logP & 53 Kp scalar IZH1Z
t h® CLt, fup & Ry % Simcyp simulator (ZAJ) U, #HG%- AT SRR 2 5HHE T2 3
FEEOT VT A L% HNTE FOMEFIREHER Z TR L7, 8 IcHEE 47z logP
H 5T Kp scalar Z W57 7 u—F 3EWFEOFEIRFENT (CSPE) (Z LW HEE I
logP & %I Kp scalar & V% 7 7' —F K Of 3 Binfl O FIRHENTIC (CSPE) X 0 H#EE
STz logP & 5N Kp scalar Z W5 Z &2z, &b OFV O/ S0 best-fit method
ZIFEINT 27 7m—F 2O TR L, & h O MmSERREHERS 4 I L 7=, 7235, population
D % 7E 1L healthy volunteer & L . I I8 EHER 13 Z @ population D 1% % fE

(representative value) & L T¥ I =l — 3L,
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Simulation

Modified logP or Kp scalar that best Interspecies scaling
describes plasma concentration toh
based on the animal PBPK model 0 humans
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Results of CSPE with logP for telmisartan as a representative example
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Figure 7. Scheme for human PBPK simulation with modified logP or Kp scaling

logP, log of partition coefficient; CLk, total clearance; fup, fraction unbound in plasma; R,

blood-to-plasma concentration ratio; CSPE, cross-species parameter estimation
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AR TR E DR

W CHEE S 407 logP & 5N & Kp scalar Z# W57 7' —F 3 BYHE D [RIRFAEHT

(CSPE) XV #E Sz logP & 5\ & Kp scalar # W57 7'a—F KON 3 #hipfad
[FIRFAENT (CSPE) (2 X 0 H#EE S 417 logP & 5 WX Kp scalar # VW5 Z &2z, &b
OFV O/NSW best-fit method Z#IRNF 57 Y —FIZL > T, it bEHRE
He A4 T L7z, Simeyp & W TRl Sz iR EHER O R, ZMMEoEAkE &
DB L L, 2 33— AV METIUVIRITIC L - T, S MAR & IEFECHEE TE 220
EMHLRED BT, Liziso T AMIE TIEO0 A A FE O FHIFSE % root mean squared error

(RMSE, K (13)) Z81E L U Cilili L 7=, MEE k& 2351F 5 RMSE OfER % | Figure
8- LT, B TR E OB 5 RMSE O -4 %, Table 8 1278 L7z,
CSPE (Z & » T Method1, Method2 } Of Method3 M%7 /L= X AT L 7= logP % %
nNENe MR A 7r—Y 7 L, &bzt e R EHER O T RIE & SR O g
IZOWT, FIE(LEY, BRI E . EEMALE Y KR ORNEA F A& O REEWIC
ST Figure 9 (2R LT2,

RMSE = \/% > .(log (Pred;) —log(0bs;))? (13)

logP scaling DfRFffE S & LT, FHALEMIZBWTE, MEfLzWnWT o T Fe—FT
HLEWPHNSE 2R Lz, £BEbawcs v Cix, 3z vz Method 3 07 71—
FRELEWTPHKEEZ R LT, DF V., CSPE 2L > CHE 7z logP X OFV M3
H/NE 0 best-fit method #8457 Ve —F L0 b @WTPHIEEZ R L7z, — /T, &
HEMAEAEWIZIBWTIE, CSPE 2L % OFV 23 b /h S0 best-fit method %382 7 7
2—F0, kbEmWTHEEZR L, BEaHta®mEo RMSE Ofi R 66, CSPE I X
% OFV 73 & /N S0 best-fit method 28 RNT 57 7' o —F 2B\ T, BEIC RMSE 285
WML BT DL o 7o, BEA U ALECB N TIE, BWTHNEE 2R3 7
7 —F IR T E ) o7z, Kpscaling OfEHRIE, logP scaling K ¥ & &R T HIFEEE
DMV ME TR 238D BT,
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Figure 8. Summary of individual RMSE for each compound
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Table 8. Summary of mean RMSE for each ionization state

Best-fit
Method 1 Method 2 Method 3
method
Scaling Tonization
PE PE PE
CSPE CSPE CSPE CSPE
Rat Dog Monkey Rat Dog Monkey Rat Dog Monkey

Neutral 0.138 0.098 0.148 0.113 0.139 0.095 0.159 0.104 0.160 0.123 0.199 0.154 0.111

Acid 0.378 0.386 0.514 0.355 0.350 0.372 0.555 0.260 0.321 0.337 0.473 0.243 0.321

logP Base 0.402 0.561 0.592 0.699 0.407 0.445 0.388 0.384 0.444 0.609 0.425 0.599 0.335
Zwitterion  0.533 0.547 0.493 0.555 0.538 0.504 0.547 0.533 0.551 0.524 0.536 0.536 0.536

Overall 0.387 0.492 0.534 0.581 0.386 0.409 0.410 0.352 0.409 0.516 0.424 0.497 0.331

Neutral 0.195 0.136 0.210 0.119 0.164 0.103 0.176 0.113 0.209 0.161 0.229 0.166 0.164

Acid 0.388 0.404 0.500 0.326 0.381 0.375 0.684 0.344 0.383 0.384 0.587 0.324 0.380

Kp Base 0.417 0.627 0.526 0.618 0.432 0.422 0.441 0.563 0.438 0.857 0.476 0.517 0.386
Zwitterion  0.545 0.577 0.503 0.552 0.561 0.574 0.524 0.435 0.480 0.642 0.474 0.450 0.489

Overall 0.405 0.545 0.494 0.522 0.412 0.400 0.467 0.479 0413 0.702 0.474 0.450 0.375
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Figure 9. Predictability of plasma concentration-time profiles

In human after

intravenous administration of representative compounds using the CSPE approach
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SE6HN /INE

ARG HBE 25 3t P S0 RN A A S D K0 R e R A RO MR L A &2 FH VT Simeyp
simulator | X 24k 2B Lo b iR EHERS T ORE 2 MEE L 7o, PP bE
MZBENTE, AR TR LW ThoOTY 7 —F THEWTHRAKE LR L2 Lnb,

ABKICIWT, 3 BT X COEYENET — % 2 UG T 2 MBI/ W ATREMES R S Tz,
T2, BRI EEWIZE O TE, P UIZ LD Method 3 D7 7' —F Mg b &\ THIKEE 2 7R
L7z, M bE & RfkIC, H—0@mfEDT — 2 Z HW T TPRITTE 2 AR RZ I
ZED, Atk BERRO replacement ZHEE L7 AIEKOEBLCHFFTE 5, AHIET
X, 3EWHLL D WVITHE—EWTEO T —F 2 W7 T o —F ZMGEEL 72, CSPE Y —
N Z LT FIZIET v b 1 EROKREY 1 DT — 2 OFRRFENT S AT Th 2,
TRIKEE O 1a)_E K 0@ 525k O replacement DA T, S L2 5 MAETEETH D, £,
@O PBPK £ 7 /L 2RI b & LT I LG D best-fit method (42T
Method 3 Th o722 &7 H, Method 3 73FfH] Jil CEAMEAL A4 D AR IR EHERS 2 5 b
F<HHATLHLEEZ BN, DFE D, Method 31X, MMALEMOMMOHAZE LIz b
MAEFREHRE THNICAE A CTH 2 Z & DR STz,

RSO Kp THIZ, Method 2 1A HTH L Z E3@lEIL TS (Rodgers et
al., 2005; Rodgers and Rowland, 2006) , A#FZEIZ3 T, Method 2 12 & DM ML
MOTRREEDS, ftho> Method &V & A mWMERICH 72, LaL7e3 6, CSPE 1T X
% OFV 23 &/ S0 best-fit method ZiEIRT 57 o —F 03, kbEWTFHIEEZ R L
7. B PBPK £ 7 /L& HEELRED best-fit method 73, Method 2 |Z[RE S22 & 5
5 Y, AL S OB 2 BB Lo b b iE R EHERS 7123 Method 2 O A TIEA
+3ThHDHZ EEREL TS, FHEMEEEDIE, BIEY VIRE~OSE, VY Y —A KT
v B2 7 M OWEEN 21T L A BF e E4E O MlaBh e 2 /3 Al EEME2 N 5 (Fisher et al.,
2019; Rodgers et al., 2005), Eh# PBPK &7 WAL 5 R 25T el 72 kA k- 1 4%
BRI DT VT XA LZBIRT 5 &0, 20K 5 RAEHERERRZ R EW O T
IR TH D Z LR ENT,

Kp scaling I%, logP scaling & g U CRARMIC TR E MRV MERNICH > 72, DD
logP D575, FEMAr—1 U ZIZBWNWTEYRNTA—=Z—ThHDH I LRI, B
¥ ® PBPK £ 7 WAEEEIZ X 5 logP OFFEE1THT . in silico DIEDO I TTRIT 2551
Ay D AT R BEHERS & j(%/ﬂﬂ&@lﬂ’)?(ﬂ@ﬁﬁ# O LD Z & 75>$&iéh“(lﬂ

(Shimizu et al., 2019), > F v, EWFER] CTIiHE L7z Kp scalar DN RN#ETH D Z &
R LTS, —hH T, logP MEAMOWEMLFHIME TH Y . BREIZ MR < 3t
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LTWbHZ e, GEMRFERTHIEEZEZ BN, L LAERL, 5%, logP I2L%
THEENR G A BEEIND Z &, Kp scaling 13, TD X 9 RG5O RBETFEL L
TIEHTE 5,

BHEA A AMACEZBNT, BN THREZRT T 7 e —FIXRHE R o722 &0
Ete. AN TR TFEOBRRBE R MLETH S, Simeyp simulator (ZHEH ATV 2 FH K- 14
M ERE E T2 SEEO 7T LI Y XA, W bRESR SRS L ZE L TR 51,
FTGEEHEEMITIBNTED L 5 REEOFEL A TH D, L7 > T, 2D X9 ehEE)
TSRS TR E DIR N ICH G LIZATREMER BV | 4%, S ORIMHFADBRLETH D,
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AT A

b N OEMEE TR TIEIHZ BB INTWDER, AIER— 71 ) F2B0 T, K&
CLint (LB D ED HFNIE N X TWDHIES | in vitro IZEBWTIEA VFaX— g Tk
HARHBHNEEDOIR T, in vivo IZBW TCITFEZAIC L 2 TRIBE IR TARE Z2BEETH - 72,
AT TIL, invitro Y in vivo D EH 6 DGR TE L A[REMEO & 5 PXB v 7 A2
HEH L, Z20GAMEZBGEE L 72/ER, K CLinn (kWO CL & @R EIC FHIFEETHD Z &
Ll DF VD AR CLine (bEWOEH in vivo TRIFIEDBHIEIZHI LTz,

— 5, A CIXEICTFRETL O A &2 DT TRNE L 2 GE L7272 BaR, 8
HHEE & 2V ITIFAMGEE ORI 27T 2bEO TR EIZ DWW T, & 672 DRGEEN
VETH D, ZOX I REREHRIESTDHEFL LT WIS Z RV HERITEETH D
TEML, B RTAT IR b al- EEEREE B O WAERE SN TE Y (Landry et al.,
2022; Miyamoto et al., 2020; Tateno et al., 2015), b hD X LRI FEEREZFETEX 5
PXB ~ 7 20O HMEIZHIfR TE 2,

FABZETIE, THEE OM L2 HIZ PXB-PBS O7 7 u—F &= ICRGE LT,
PXB-SSS O FHINGEEZ LD Z L1 - 720, PXB-SSS O FHIE L IFIEF—HT 52 &
MBI/ oTz, ZOZ D, PXB-SSS THWEHHiZRT 1 2 U —iz, ABFE
BEEGFZ2DLZENTE, 2F0, 720 O Clint, fup KO Ry 23t k& PXB +
U ADMTRIZETH LD %, PXB-SSS OEWTHEEZEH L TV EEZHNT,
ZO X ICAEBHERAEEDD Z LT, PXB v AL E MM A —V 7 %179
MR E D D T LN TE T2, AFZEIL, PXB ~ 7 2B T DAl H 7~ 0 @ CLlin 2 & k
WZRER A — U o 7 LTElRFIOMTETH Y | 5% T OHRIZEE D W23 AHE AR
B TR ORFFE~DIS IR TE D,

t ~NOMAEFREHERS Z EMIC TR 5 72912i%, CL PRI A, SAAEO Tl E
HThHD, Fx R TRFENRAB SN TWVDEN, WTFNLLEFIREBO S AARBIZER LY T
TWAH =), A#FZETlX, Simeyp simulator # W=7 7' v —F 2 MGELT-, AlZEKOE X
UT 4 DERIET 25T, B FIZB O THERA RFFEZ RO EMITHISTE D K D1,
LV IRFR R R FoBEHE a2 MW T, ko e B R Lt MR EHER O T
MR 2 MGE LTz, 72, T V3 U XA TH D Method 3 DA HMESCE )i O Tk
JE 2 RRRIE L7223, LB OMMEIZE S W CHEENICEMFE 2 BIR T & D AlRett 4 R L7,
ZO XD REIRIN 2T T a—F 2D Z LT KRR EIERR D replacement &
e L7 QIR D FEBUZHIFF CTE 5, — 7 T HEM LS O—E0BEA A AbE D X 9
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(2, BEORWTRNNE R r—2AbH 0 Z b, 5%, RRZEHBLHATH S, -,
REENIS O WREME B EEE R T, SORDMAEDBRLETH D,

AR TEONTZT T —F ZABKICBWCEYNERT 52 LT, b FoimiEhEE

HERB D EAGEE 2 TR /IR & 72 0 . BRIRBHZE 1A 7o D\ MEE ) 0 138 8 M OB IR FRBR
DEEHHSHIERIR Y D2 EH T 5 LR TE D,
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KEBROEL
B E B K O #f iR B D HIE

PXB~7U A (N=3, BRX&tE7 == 7 A4 4) 12 0.1 mg/kg DG & THARNIZA
7T NEER L, 514 0.083, 0.25, 0.5, 1, 3, 7, 24 } O 48 R AR 2 B L 7=,
MAEREHINEAEEME CH LT NIV EZEFLTE h= N L THIl L, RiEZ 7~k
757 4 —I% T NEESHEE O CTISE PR 2 JIE Lz, B0 &tt: ot
HIX, Table 9 1278 L7z, 7238, FEBRICH W= PXB ~ 7 A0 b kI E HRIL 89%~91%
Thotr, EBIZ, 7y b (N=3, V¥ 27V« TRT FU— - Dy SUsklath) (201
mg/kg OG- BETEARNIZH 7 7 485 L, $#51% 0.083, 0.25, 0.5, 1, 2, 4, 7, 24 &
O 48 BRI MAERRR 2R L 7=, F72. Bb (N=3, ~A U —#ASH) 12 0.1 mgkg @
PGB TEARMNICH 7 745 L, #5% 0.083, 0.25, 0.5, 1, 2. 4, 8, 24 KU\ 48 B
IR 2B U7, [ARR D M iE 2 W I R R 2 | L=, 9T O in vivo
FBRIE, M ZZE RIS OB TR B DR A 15 T HEM S 7z,
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Table 9. Summary of tandem mass spectrometry for the tested compounds

Compounds Mass spectrometer Tonization Monitoring ion (m/2)
Antipyrine 189.3—56.2
Carbazeran 361.3—-272.1
Disopyramide 340.4—239.2
(9-Naproxen 231.2—185.2
Ranitidine Waters Xevo TQ-S 315.3—130.2
Theophylline 181.3—124.2
Timolol 317.3—-74.2
Tolbutamide 271.3—91.2

Positive ESI

(9)-Warfarin 309.2—163.1
Bosentan 552.2—201.8
Dapsone 249.0—155.9
Diazepam 284.9—153.8
Doxazosin Sciex API 5000 452.1—-344.1
Reboxetine 314.1-175.8
UCN-01 483.1—88.0
Tenoxicam 338.3—121.1

45



BB TE % F\ /= allometric scaling

Rule of exponent (ROE) } O fu corrected intercept method (FCIM) (Z & - T, CLthuman
%Z Tl L7- (Mahmood and Balian, 1996; Tang and Mayersohn, 2005), ROE 2%V,
Z v b, B ROA XD Cly ZRE|Z% LT Simple allometry (SA, = (3)) (ZXo%,
PR r—n EiZ7my b LT BbnfmEBEIic S . 7r A Y —NGEE(3) . AN (4),
A (5)) 12X 5T CLthuman & Tl L7z, SA OFFEEAS 0.565-0.70 DFEriE, SA ZH L
72. Maximum life-span potential (MLP) (Z X 2L, SA OFEEAEN 0.71-1.0 D&
M L7z, SADY 1.0 UL EDSE, MERE (BrW) ([CX2MEZ#EH Lz, 2D )ik
NIZEBNT, a, bEADciT7r A M) —KOBEETHY | x, y XDz iZfEkE L, 7
F ORI 0.25 kg, BrW 1% 0.00174 ke, MLP 1% 4.4 5% & i%7& L=, YL OKEIE 8.75
kg, BrW i3 0.0424kg, MLP 13 18.5 5 & #%iE L7z,  XOEET 12kg. BrW i3 0.0754
kg, MLP [ 20.5 5% & #&& L7= (Mahmood, 2005), MLP |Z. % &##® BrW &K BW %
HnT, 2 (6) ITEWEH L7z, FCIM (2 X % CLthuman THNIE, 2 (7) IZREWEH L7,
AHIZB T2 ald, KEIZKHT D CLeOxE 7 ey Mo &EonUifhThsd, £7- Rfup
IZ. 7> PEOE hD fip b TH S,

CL, = a(BW)* (3)
CL, = 2Pt (4)
CL, = BN (5)
MLP (years) = 185.4Brw?636pw—0225 (6)
CL, = 33.35 X (%W)O-77 (7)
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Table S1. Drug disposition obtained from the literature and Ry, f,p, and CLt
obtained from experiments or the literature

Rp? fup CL: (mL/min/kg)
Compounds Disposition PXB-
Humans Humans Rats Humans Rats Monkeys Dogs
mice
CYP1A2, CYP2B6,
Antipyrine CYP2C8, CYP2C9, 12 0.990 0.6902 0.643 4.60 7.86 11.54 7.224
CYP2C18, CYP3A4!
Bosentan CYP2C9, CYP3A4, OATP5 0.486 0.023 0.0127 2.13 8.78 16.407 20.67 1.727
Carbazeran AO® 1 0.148 0.169 37.69 99.67 42.22 87.8710 11.5%b
Dapsone CYP2C9, CYP3A4, NAT! 1.041 0.381 0.28012 0.483 4.40 6.87 5.0810 1.2113
Diazepam CYP3A, CYP2C1914 0.7115 0.036 0.1717 0.38% 42.147 61.517 17.907 46.717
Disopyramide CYP3A41 1.216 0.161 0.6102 0.92 28.86 179.46 1917 2917
CYP3A, CYP2D6,
Doxazosin 1 0.066 0.0507 1.63 34.245 30.007 15.477 11.217
CYP2C1918
FMO, CYP2C19, CYP1A2,
Ranitidine 1 1.000 0.90020 9.6° 131.02 99.88 40.23 10.42L
CYP2D619
Reboxetine CYP3A422 1 0.041 0.2537 0.823 17.658 61.517 14.947 22.397
CYP2C9, CYP1A2,
(9-Naproxen 0.551 0.007 0.0082 0.1116 0.556 0.41 0.8323 0.0417
UGT2B71
(9)-Warfarin CYP2C9, CYP3A414 0.551 0.013 0.0052 0.0553 0.484 0.21 0.10224 1.492
Tenoxicam CYP2C9%6 0.6727 0.015 0.03028 0.033 0.2878 0.49 0.061 0.10429%¢
Theophylline CYP1A214 0.8515 0.58030 0.40030 0.86 4.70 1.91 1.0831 1.7332
Timolol CYP2D64 0.8433 0.715 0.76034 8.53 130.05 137.02 13.6% —d
Tolbutamide CYP2C9u 0.5515 0.039 0.0493 0.213 0.58 0.39 0.0456 0.14236e
UCN-01 —d 1 0.003 0.0175%7 0.00373 0.0369 717.37 3.36 10.2737
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Ry, blood-to-plasma concentration ratio; fup, fraction unbound in plasma; CLt, total clearance; OATP, organic anion-transporting
polypeptide; AO, aldehyde oxidase; NAT, N-acetyltransferase; FMO, flavin-containing monooxygenase; UGT, UDP-

glucuronosyltransferase.

aRp was assumed to be 1 for carbazeran, doxazosin, ranitidine, reboxetine, and UCN-01 because of a lack of data from the literature.
PThe mean calculated from CL¢ in two animals described in the literature was used.

“The mean calculated from CL; in three animals described in the literature was used.

dNot available in the literature

¢CL calculated from dose, AUC after oral administration, and bioavailability as described in the literature was used.
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