VF 270 75 vore tIERIERYEIRE 2 il 5 AT

SEYIRE T 7 L OREEE L S



(D

V> 27U S5 o b IR E) e R4 B B
YR E T T L ORESE L S H

SRR R B3R AR A i 7 R
Rl ZERL AT
T EYNRIE MR E

FEERT 1429012015
K% BER W
FTIEEREY g Rk



Sy O S - e =TSO 2
BB LB P oottt 3
E2E HBIRNBEBOY F7) FF o 0ABENEMEERTT VOBE 6
B LE S s 6
B2 T e 8
BB AR 19
BEABT BB 30
BI3E BIRNERUOEROELEHDOV F 7 U FF 0 PBPK ET/IVOMEE..... 35
B LB S e 35
BE2H TR e 36
B 3 38
BEATI BB s 51
F4E FIRNEROBROESHOY 7D FFo 0O PBPK EFVOIGH...... 54
B LHT S e 54
B2 T 55
B BB AR 56
BEATI BB s 62
B D B B s 64
YU o ] (=10 1= o 1 ST 66
BIFISTBR oot 74



BEAOERLS R

-2LL -2 log likelihood

AIC Akaike information criterion

AUC Area under the curve

Chyp s e T I E PR

CLa+ PRABE WED D IRABE ~DIVT T A
CLinth JFEA 7T F A

CLsec PRANE DD IRANE PE~D WV T T2 A
Cup FERG B T AT R R

Cv Coefficient variation

DPP-4 Dipeptidyl peptidase-4

foie AT TP PR SAREHE R O G F T T DI P PR O b
feo-24n e 5-1% 24 Wi £ CO SR PR

fup Mg P IERE AT R

GFR Glomelular filtration rate

Ki BAFIPEDRE B EBAL DR A E K

K> FHEIFAVED i & EAL O & EEK

Kd fiRE Al 2

Kehe WBITEBR S — B A b i 3K
Km Michaelis-Menten constant

Kp FHAg~D S Bl AR 2R

ks B A YR A

kt B 2 v 8= h AV b COBATIHE ERK
Ni BAFIPE Dl B FBALD P

N2 FHEAFAVE DS G FBAL D BE

PBPK model Physiologically-basedpPharmacokinetic model
Pefr /NGO EREL

P-gp P-glyco protein

Rs I PR EE LR oA i R L b
TMDD Target mediated drug disposition

Vimax Maximal velocity
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F1E Fim
UFINTFFr (FTEBE®) 1T _TFVNAATF X —F -4 (DPP-4) PHEHITH

0,2 BB SRR 2 ES L C 1 B 1 [E 5 mg O A EMECTRRESN TS (Sarashina
et al., 2010; Thomas et al., 2008), ftfi> DPP-4 [LEHILF/20 VT VT F AT EIR
ZALRE L CHEPIC YRS, JR PRI T~ A — 7o BRI K T D (Golightly et
al., 2012), — 77, 2 BUBERIG B E N F VT F oL =0T o PF T T ILR A
TR ER EOF B G T HET VT IR K OB R E A A B TS
ZEDHAEZITEY (Groop et al., 2013), U7 V7T OB igir#EIER BN RIBS
TWD, UFH T VT F o OB FR R FER) ThD DPP-4 1% 2 O CTHET S
(Rasmussen et al, 2003), 1 DIFEFE G CTHY | B OB @ FELL IO R T ik
ICHRREEIZRBIL TWD, $9 1 DIXA[EAL (Abbott et al., 1994) ThHY | Il HEFHER
L. VTV F %G T DPP-4 [HERILFEA LSS,

VF T VT F TR R TE BN RE T 07 7 AV H T %, £3 DPP-4 ~DE#Hif
PEDN S FIFIPEDRE G D728 | BRI EEH PR C AR h 2R PR S S I e A R
(Fuchs, Tillement et al., 2009), SHIZYF 27 V7T O i FF SR B REIX L 1 £ 574
F O IRIN #5514 EHICIERIE CHY , MR- iR FiEfE (AUC) (3 &t
LIF OB /1%7R~4 (Sarashina et al., 2010, Retlich, Duval, Ring et al., 2010), Retlich
BIL. ZO X7 IR O M R EEHER A R FISE B BB 7 /LIS Lo TRIR L T
V% (Retlich et al., 2010, Retlich et al., 2015), V27 V7F o DR A EHER 12D
FERRIEAE DS A Ddu, PR PRI B3 &b DL BN 9% (Sarashina et al., 2010,
Retlich, Duval, Ring et al., 2010), VT 7V7"F DD X572 M4 o K OYR H1 D FE#
FEAEIE DPP-4 ~DOFEA DRIFINCLDL D THDHEHELERIND, LILRND, EMIE
WTHLEE R RSB O FERRIE I S S B RE O IR L D BAMR A 7R 3T B HERD 70 AR
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PITZNETITHBLEN TR, ZDOIDRRPUTY 7V T F o 0 EE TOFEYEE
ZELIZIEREIZIRE T D708 A ThH D725, DPP-4 FLEAID L7285+
BN ORI TEME DK (target mediated drug disposition: TMDD) 0D &4y
REET L OFEF L THENLDEB 2 HID,

WERDAL IN—= R A NET L ISMESI ROk 2 R L TR DI L,
A PR S 3 (physiologically-based pharmacokinetic: PBPK) &5 /L%, 4=
Mg e TE LT ET L CThOHEVOREEH 35 (Kuepfer et al., 2016), Lo
T PBPK E7 /MIVF 7 VT F o DIMIE /2 HE BN HESS TMDD 45tk 35720 FH
RTHHEE 2 BND, AFFED BINZYF 7V 7 F o ® PBPK E7 VAMESEL, M E
PRIV FT T VT F N EITo3 4T Dl TOFE TR 724K K TS DPP-4 LD AH
HAERZREL , 2 ORI B e HER A2 50k 3528, SHITHEEEL 72 PBPK
BT VAL T, MR B3 NS 22 2 O ICBR 525 25
NDMIEPIEEETIRIE DY 2L —2ar 2ITH LTI F VT F o el
BYERNTA—LZDHBEAEEE PBPK T VOISO ENAEE24T52LTh
Do

AW TIL, THHROY 7R =7 TREFES TS PBPK £ 7 /L D LI MDA
IREALIIANTEET N EREGET DO TIH e, MEE/INRE DA AT
PBPK &7 VAEMEE T L LIZLD, VI VT T ORI TENME O FERR I e S B e
FRBRINGRIR T HILER AT, Fio, VI VT T O ERRIITIERIE S
INZ TG ER G RSN TEY (McGill, 2012), £ M #5455 DT — 2 138 M7
PBPK 7 VOO T L2 D W HEWE N E 2 DT . TR 5% 0T

— IO WTET VAR LR, N ERGROT =26 EFD TET IV aE



%D, LV I BN T ARG AT o7, 5 2 BTV T 7 VT F U OFRIRN &
5.4 ® PBPK E7 /WEEEIZOWT, 2 3 ECIXVF 7 VT F U OFRN 5% K Y
% 1 5.4 0D PBPK £7 WAEHIZ DWW TR RS, SHIZH 4 BT 3 ETHEL
72V F 27 V7 F D PBPK 7 VAW THEYENIEICEIE ThHHEE R I/ T A—
BIZONWTHE & R T BT Sl —Tar L, ZRHD/RTA—ZD i
ARSIt P S ONT 22 Ve M OV MR B % S E 3 &8 2 DD U P IERE & T

TERE DB ZOWTERLT-,



B2E BIRNBRGHOY 77 FF 0 OEBFHIEYEERE T VOREE

FHI1E S
VF 707 T2 DI HGR IR E &P TE AR A& RN R ERFN2 A DOSGE

FEAREARDBIR T DIMAE PRSI A2 m PR (Re). Mk ~D 5 EFREL
(Kp) 72&5@% PBPK 7 WAEREHZI — DM EARE T2 L) 72 K Eh RERT /T X
—2GE AR A ROEELZ T HI0—EDEITRSRN, FZTAZE T, £1Y
F VT F o DEFERAFIRE AFRE AR Re B RIETHELMHRL, TD%., +
NEFIRAATE PBPK £ T VOMESEEIT ST, BT S, LT DL BB
WZAT7-o77,

B D BEOFNRN K O O 5% O M BIT ARy Bie T — 2 NHiE S
TV DA (Sarashina et al., 2010, Retlich, Duval, Ring et al., 2010), K ZE TIiXE 7T FHR
WG DT — 2N CTET VEREE L, DI, VFTVTFUoNFITHHT
L& ana BIRL . &512 DPP-4 ORHIFHMZ ML, Mg, A, K&, B
DPP-4 LDIEMIEIRAE B HAAIIANTE B2 T LV CIIRR O & 5% O T — 4
LR T BT END, WIIZES 532058 DT WO ER = /X — R A R, SCHRIC
PEo TREAIA TR, AR G- 1% DHEARTETT /L (iv base model) ZHEFEL 7, iv base
model T = IRANE 25 JRANE JE~D 5y WD FrZARE L T= B Mg T 7 L Tl R Bk

it B DOIERIEEE + 3 | REIR R T 72D | 61T 2 DOBIRET VA RRETL

7"/;
—o



ZI[CYEFR L 7=V 7 VT T B MIER RN $E 5-1% D~ AT A3 BRI D

O R R OFE R PR T — 2% AW T, ENTOEITFIEER ICBE T 5/ T A—%

ZEEL. BN fEZ2 VT final iv model ZAEZEL7-, UL FIZHAIRN I 5% D

PBPK €7 /L (final iv model) #ZLBFEDFEMERT,



E2H Hik
2-2-1. fETT —Z b

B A A ROMFHNE Fuchs O RO T —H 23S TiT-7= (Fuchs, Tillement

etal., 2009), PBPK &7 /L DFRESIFEFE RN IR ELTZVF YT F2-0.5,2,5. 5
F Y 10 mg E RN 5-# 05 —4 (Retlich, Duval, Ring et al., 2010) & O\[4C] T
LI T T VT F 5 mg e fRIRIN R 512 D~ 23T 2588k (Blech et al., 2010) @

T =2,

2-2-2. AV Ea—F—YT7 =T BEIOET VEH

ET IREE B IO T2 —a(E Phoenix Winnonlin® (Version 8.1, Certara,
USA, Inc, Princeton, New Jersey) ZH\\\CTiTo7-, T /NVOZHBMEITET MICK
DT HMEEERNED 7 4T 42 7 B R HNZGHE 952 & OV Akaike information

criterion (AIC) [ O*-2 log likelihood (-2LL) OfEIZIDFHAML 7=,

2-2-3. Re DVF V7V TFF L RER O RES

VI 7 V7T DIERIE DE A AL A1 Fuchs HO 3K (Fuchs, Tillement, et al., 2009)
\ZHSE 1 SO OFEEENLE 1 DOIERFIMEDOFE A EN AR E LTZLL FD

UZL-o TRk L7z,

_N1-K1-Cu,p

Cpp = + (N2 -K2)- Cu, 1
b» = Tr KT Cup ) Cup )

ZZTC Cop MO Cup lTFEBTE XUIFERE STV F 7V T OIMmBFERIRE . N1 LT N2

(TRAFOMESUIIEEARIPEDORE G ERALORREE Ko KO Ko (ZEIFIE SO IEEIFIPE D



EHALOR & E R AT MAEFIRE T DM A IRE DO (Re) (ZELTFOXT

SR L7=,

Rg = 1 + Hematocrit X (fu,p X p—1) 2)

ZZTplIIERE A O IR O L IR IR T2 M ERF R E D AR T, X (2)
(RENDINTHIEFIEREETE D H (fup) 1LE AR DI TZDYF 7V
F L DPRE KT T D720, RebUT 7V T F AR E K F T D, ABFZETlEpdE
1T [“C] BERRL T2V F 7 V7T U AR RN G- LT DRI 05 7 VAR EURE 250D
1 H 3 ZONMAE R B A VTR LTI E B LTz, ~~ 27Uy MiiF0.458 L

7’9
—o

2-2-4. BT NAEE
2-2-4-1. FARNEEE % DY F 7Y 7FF L O PBPK £ 7 /UIBE AT

BT UG FE A Fig. HCEAILTZ, P EEMAZRELTFFIRN 5% 0 1L

BEHR IR e OVR PRI RERI HERS L Z RS\ T ERIRINE 5-1% D FL AR L 72 5PBPKE
7L (base iv model) ZHEEELTz, &7 MIIMEML NIRRT A=K N AR —
4 — B H R Caco- 2 DB ME LV > 7zin vitro T — 4 AZBREEI) /8T A—H & N2
(Table 1, 2), =D, R PP EOFIRZ e b 3572 OE T AMET EMCEBIT
BV ANT U AR T — 2 AT IR R SAREHHE RO S FHI 9 D IR Tk
ML (foie) O LIRFRZFR TEIRN 5% OPBPKET /L (final iv model) %
WEELTz, TOBROBAKEHZDOT =26 EZ DI 7 WEGLERRICEL TI3EHE3=
WRAD, IR G52 E 7 VSR FR O FEMN 32-2-4-2507252-2-4-5 T I RL L

L7,



Source data for model development

Rat
Saturable biliary Physicochemical in vitro Physiological
protein T parameters data parameters
binding
data \
iv model development Base iv model

] Optimization to describe amount excreted in urine ‘3 possible models were tested

Human [
Mass balance Optimization of fbile in human |

data {}

Final iv model

Application tooral data @

Addition of stomach compartment ‘
data ]

‘ Optimization of parameters for whole data [

U

| Final iv-po model |

Fig. 1 Aframework for the model development in the present study

The base iv model was first developed with linagliptin saturable protein binding data, biliary excretion
data in rats, iv data in humans, physicochemical parameters, in vitro data, and physiological parameters.
After optimization of the kidney component of the PBPK model, the final iv model was developed by
further optimization of the ratio of biliary excretion to sum of biliary excretion and metabolism (fyiic)

value using human mass balance data. The stomach compartment was incorporated into the final iv model,
and the blood concentration and urinary excretion profiles after oral dosing were then simulated. The final
iv-po model was then built by re-estimating the parameters including those related to the gastrointestinal

absorption process using both iv and po data.
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Table 1 Linagliptin related parameters used in the PBPK model
Parameters Values Unit Reference
Physicochemical values 2 (Pharmaceuticals
pKal 8.6 and Medical
pKa2 1.9 Devices
logP 1.7 Agency)
Partition coefficient 2
Kpu,liver 1.54x 103 (Rodgers &
Kpu,gut 812 Rowland, 2007)
Kpuidney 1.69 x 10°
Kpu,muscle 516
Kopu,skin 445
Transporter (P-gp)
Michaelis-Menten constant (Km,pgp) | 187 uM (Ishiguro et al.,
Maximal velocity (Vmax.pgp) 17.7 nmol/h/cm? | 2013)
Permeability in Caco-2 cells 3.56 x10°% cm/s (Pharmaceuticals
and Medical
Devices
Agency)

3 Partition coefficient values were calculated based on the equation reported by Rodgers and Rowland (Rodgers &

Rowland, 2007) using physicochemical values
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Table 2 Physiological parameters

Parameter Value Units References
Transit rates
Duodenum transit rate constant (kt1) 4.07 h! (Guo et al., 2013)
Jejunum transit rate constant (kt2) @ 1.62 h™!
Ileum transit rate constant (kt3) @ 2.19 h!
Radius of small intestine
Mean duodenal radius (r1) 2 cm (Guo et al., 2013)
Mean jejunal radius (r2) 1.63 cm
Mean ileal radius (r3) 1.45 cm

Volumes of organs

Blood (Vblood) (Guo et al., 2013)

Renal tubules (Viubule) P
Renal duct (Vduet) °

5.2 L
Duodenum wall (Vawi) 0.021 L (Guo et al., 2013)
Jejunum wall (Vow2) 0.063 L (Guo et al., 2013)
Ileum wall (Vaws) 0.042 L (Guo et al., 2013)
Portal vein (Vrv) 0.070 L (Guo et al., 2013)
Muscle (Vimus) 35 L (Davies & Morris, 1993)
Skin (Vskin) 7.8 L (Davies & Morris, 1993)
Liver (Vn) 1.5 L (Mano et al., 2015)

0.1 L

0.1 L

N N
~ W

Blood flows

Enterocytic blood flow rate in the duodenum (Qent1) 2.7 L/h (Guo et al., 2013)
Enterocytic blood flow rate in the jejunum (Qent2) 10.4 L/h (Guo et al., 2013)
Enterocytic blood flow rate in the ileum (Qent3) 6.12 L/h (Guo et al., 2013)
Muscle blood flow rate (Qmus) 45 L/h (Davies & Morris, 1993)
Skin blood flow rate (Qskin) 18 L/h (Davies & Morris, 1993)
Liver blood flow rate (Qu) 87 L/h (Davies & Morris, 1993)
Hepatic artery blood flow rate (Qua) 18 L/h (Davies & Morris, 1993)
Portal vein blood flow rate (Qpv) 69 L/h (Davies & Morris, 1993)
Renal blood flow rate (Qx) 74.4 L/h (Davies & Morris, 1993)
Urinary flow rate (Qu) 0.0 L/h (Hall, 2016)
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Glomerular filtration rate (GFR) 7.2 L/hr (Rowland & Tozer, 2002)
Expressed amount of P-gp ©
Duodenum (Fpgpl) 0.64 (Guo et al., 2013)
Jejunum (Fpgp2) 0.84
Ileum (Fpgp}) 1
Total area of the intestine ¢ 2.00 x 10°cm? (Sugano, 2012)

2 The jejunum transit rate constant (k) and ileum transit rate constant (k) were defined by multiplying ka by the ratio of reported value of ke and ks to ku, respectively. !

b The duct volume (Vauer) was calculated by multiplying the sum of the volumes of glomeruli, proximal tubule, distal tubule, and collecting duct per nephron with the number of
nephrons. (Alpern, Hebert, Seldin, & Giebisch; Barrett, Boitano, & Barman, 2010; Beresford; Samuel, Hoy, Douglas-Denton, Hughson, & Bertram, 2005; Zimanyi et al., 2009) The
volume of the renal tubules (Vwbule) Was calculated by subtraction of Vauet from the total kidney volume (0.28 L). (Davies & Morris, 1993)

¢ The expression level was normalized to that in ileum.

d The areas of the duodenum, jejunum and ileum were each set to one third of the total area of the intestine.

13



2-2-4-2. Base iv model D {ERX

RN 5% DV 7V FF D PBPK 5 /L OREE% Fig. 2 IRT, oL /3—

FANOE UL 0L Supplement (27172, Base iv model 1% 3 DD FE = /N—h

AU PR 7S =R A R 3 DD BR A /SR A b M= S —= R AR T

gz 7 R—=b A AT SR A R, BFAL R =AY 2 DOFE= /N

—RARNBZRY Har X—RAVNMIE Do T (Fig. 2), ZOERETIE, Blgo

FRANE e /R— R A R EFRANAE 1o 7R — R AL N R D36 R e ~ D 45 Wb

IVT T A (Clsee) ZFAFIAATED IRAE WEDGIRHIE ~D 27V T Z A (CLdx)

1T AIA F72 D T (Fig. 3), 2@ base iv model % model 1 £L7= (2-2-4-3 THZHR),

ARG, 2N |G IBEE . PR S — A NG 7R DRIGEFEDE T VL Guo

H & (Guo et al.,, 2013) O kA . IFHFFEERIZES LTI Yoshikado © @ STk

(Yoshikado etal., 2016) & FEIZE TV 2MEEE LTz, BIEE T /L 1T Sirianni & O 3CHER

(Sirianni & Pang, 1998) Z# & TZAHL LI=ET VA MWz, VF 7V FFrnE

AT Dl & T T T E DT (Fig. 2), IEIEREAMEAE MR, iR, BE K

OB gz 7S —=F A M AIA T, Ko 13 2lgds TR —SfOEL , mAEH N, A

EF] (Nlmus)\ &F% (lekin) &Uﬁéﬂﬁiﬁ (le) @%/El\%lgﬁz/)%g6iﬂﬁ%§%:i’)‘(5ﬁ:~f£6k

{}jﬁ;bf:o f:fib\ %Eﬁ‘é/\aﬁfﬁ&ik%Yﬁ%ﬁ‘f:&) Niskin {F Nimus c:%%&:iﬂ"@‘é
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FZJ& D DPP-4 {EVED A FUHZEIZI-TREA L7 (supplement ), R TODIL

BREDS 22372120 | 2D 2 D Dligi#i D DPP-4 EMED LITHEZE NN EUEL , T

VN COSCHERE A FH U7, fRE A2 4 & (0.5.2.5.5 %OV 10 mg) DVF 7V

T2 HERIRIN B 5% O 1A% R FEEHERS ) OVR R & (Retlich, Duval, Ring, et al.,

2010) KL CET AZ Y TUIDHHZ LTI EEMEAICET 537 A—% (K1, Ni,

Nimus, Nik, &% NoeKo), FFEA 27V T 7 A (CLinth). BI& CTO B WMIVT T2 A

(CLsec) W ONZHGHFIEER 2L 7R — R AL OB E FE T (kene) ZHET LTZ, AP

Pete EREH O G FHI T2 TP O (foie) (37 MO BRI k7 —#

(Pharmaceuticals and Medical Devices Agency) 755 HL72 0.595 IZ[E & L7z, F7-.

ING D FE IR EL Pe) XV T 27U F D Caco-2 Ml DFE M T —

(Pharmaceuticals and Medical Devices Agency) ZH\ T, Sun 523 L7220 (Sun

etal., 2002) (ZHE->CTEHILT= 0.237 emvh (ZEE LT,
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qQ, Qy Blood <: DF!SE
A e

, om“aH %
Enterohepatic CLyje

circulation-1 < va
ko v Liver € Portal vein
QET3
Enterohepatic ¢C|—mt.h'CLbule Qent1 Qunt Qurta \\
circulation-2 atl 2 Qents
benc v : Gut wall-1 Gut wall-2 Gut wall-3
Enterohepatic Kehe

circulation 3 \ ka1 4 ,I, Clog ka2 ,l, Clyga ka3 4 ,l, Clogps
I o k e ke
Dose : /S, Duodenum —J) Jejunum  |=—>| lleum |jr—

Fig. 2 Schematic representation of PBPK model for linagliptin after intravenous
administration

The shaded box including the stomach compartment was incorporated only in the final iv-po model. ks is
the gastric emptying rate; kai-3 the absorption rate constant in duodenum (ka1), jejunum (ks2), and ileum
(ka3); ki the transit rate constant from duodenum (ky), jejunum (ke), and ileum (kg); Kene the transit rate
constant for enterohepatic circulation; CLygp1, CLpgp2, and CLypgps are the clearances for basolateral to apical
transfer in duodenum, jejunum, and ileum, respectively; Qena-3 is the enterocytic blood flow between gut
wall 1-3 and portal vein compartment; Qpy the portal vein blood flow; Qu the liver blood flow; Qua the
hepatic artery blood flow; Qx the renal blood flow rate; Qmusie the muscle blood flow; Qskin the skin
blood flow; Q, the urinary flow rate; CLiy.n the hepatic intrinsic clearance; fii. the ratio of biliary excretion
to sum of biliary excretion and metabolism; GFR is the glomerular filtration rate; CLse the clearance from
tubule to duct, and CLq. the clearance from duct to tubule. Note that CLy,, was assumed to be saturable in

the present study (see Supplement).
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2-2-4-3. BlgET NV DE#E{L

WIT 4 HEOFIRNEEG5-% OR PRt &4 508 32572012, BligT 7 V2 mET
THZLELT, VT VT TF o OIFRIGIRR TR T — 245018 975729012 Model 1
M 3 FTO 3 DOFTIIVEZRHHILE (Fig. 3), Model 1 Tl CLsec DAZEFEL,
CLa [T BE L7273 572, Model 2 TiE CLsec X N CLat A B &L | FIERE AT D 2 HMMeA
BT DEMEL ., CLadIIRME NN DOIESTRIRE D7) T T AL L TERLIZ,
Model 3 T% CLsee X X CLa4 & EL ., ZOTT /LTI A TEO B E A E T 5
iE L, CLat [ZRMEWENSDFREGTRIRED IV T T ALL TER LI, FET L
1% Retlich BN L7- AR AL 4 A& (0.5, 2.5, 5 KTV 10 mg) DUF 7 V7T
ZERIRN A 5- U7 1% O e i BEHERS K VR HR kT & (Retlich, Duval, Ring, et al.,
2010) 274y T4 7T HIEIZIVHEEL, ZNHDO N eET LA BRI

7’9
—o
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1) Without clearance from duct to tubule (model 1)

| GFR ¢ Clee. Q,-GFR ¢ I Qu-Q,

|
GFR ¢ -GFR ¢ .
I CLSEC Qk | Clk Q.u
|_____%'I______|
Q,

Fig. 3 Schematic representation of the kidney models included in the PBPK model
All models included GFR and CLg., whereas models 2 and 3 also included the clearance from duct to
tubule of unbound and bound linagliptin, respectively, to describe the nonlinear urinary excretion of

linagliptin.

2-2-4-4. foie DE B

Model 3 12/ L C[MCHEFHR L=V T 7 VT T2 5 mg ZER RN 5-7% Deh~ AT
ZFRER (Blech et al., 2010) 7HFDITE AR K OFR[CIHERED IR H K UVEE
PRl T — 2% 2 TUED D LI Lo T ER IZBIFR T2 foite & kene DEZ L L

770 ZDBE. foile & kehe LA D TP /3T A—%1F model 3 DAEIZ[EE L=, FE72
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1513 Supplement [ZFEHLL 7=,

2-2-4-5. final iv model DA S

foile 27 2-2-4-4 T THEE LT EIZ[E EL . model 3 21 4 HEOFHIRNZEG% D
I H & ORI —4 (Retlich, Duval, Ring, et al.,, 2010) (234 CTl&d T Ki, N1,
Nimus. Nik. N2eKo, CLint,h\ CLsec. CLg-t &U Kene %EE?ETE?—ZD:&KJ:@\ final iv

model #1577,

EIH MR
2-3-1. Re DI Y 7 ) FF B ERENE

Fuchs 5 & ("Blech HIZE > THRESNTZVF T VT F oD fup e "Re DAl (Blech et
al., 2010; Fuchs, Tillement, et al., 2009) (X2 EKIFHITH 7= (Fig. 4), 1REKLFH)
72 fup DAEZ . Fuchs H O SCIZFLESIL TV in vitro iBRONBE LT/ XT A—H
(N1, N2, TN NoeKo) OfiEi& Supplement D (2) 1IZHASWTEE % 72 Cp 2BV TE
HEI72 Cup % Cp TR DI &I > THEH L7 (Fuchs, Tillement, et al., 2009), 3Lk
THESINTND fup DEIE RO ISR HIN I > TR GRS 7z
(Fig. 4), Re DEIZBAL T p DfE (2.03) 13 (2) LU Blech 5O (Blech et al.,
2010) OF —H0DE U, REKFIIZ: ReOfEIX, Z0 p DIEL O (2) 12X
S>TRSFLIREI (Fig. 4). Re DIEFIEIEILE A A DI L > TSNS

ZEDRIRS T,
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Fig.4 Concentration dependence of linagliptin plasma protein binding and
blood-to-plasma concentration ratio

The closed circles show the observed values for the unbound fraction of linagliptin in plasma (f., [%])
taken from reference (Fuchs, Tillement, et al., 2009), and the open squares show those for the
blood-to-plasma concentration ratio (Rg) calculated from reference (Rowland & Tozer, 2002). The solid
line indicates the simulation based on C., values calculated at various total plasma concentrations by
equation (2) in Supplemental Methods with binding parameters obtained from an in vitro study (N;, Ny,
and N»+K; were 6.35 nM, 1.96 x 10'° M-!, and 3.10, respectively), whereas the dashed line indicates that

based on equation (2).

2-3-2. F#IRNER 5% DPBPKET VDL

2-3-2.1. Base iv model DS

Base iv model | ZAEFERL AT 4 I O F RN £ 512 0 5% i i M QR e
—4% (Retlich, Duval, Ring, et al., 2010) {Z%fL C Supplement |ZFC# L7~ ¥/ I 3 K
U TIDDHILIT I TEEL, IERERE AR A ITNA T, ZRETIcmESn
TWD P-BEE A (P-gp) (ZXD5E /W (Ishiguro et al., 2013) | BBHFIEER (McGill,
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2012) &VOUF T VT F o OFYEREDOFEEE PBPK £ 7 /WIZHLZAATS (Fig. 2),

VFTVFF o NEIZHAL (Fuchs et al., 2009), DPP-4 H 38 CT\\5 (Mentzel,

Dijkman, Van Son, Koene, & Assmann, 1996) (Hasan & Hocher, 2017) Z&h 5, Al

FZT | b IR B B RS A AR AA AT, P C I DPP-4 [ 3ARE N T ELL

THEY (McCaughan et al., 2000) M= 7I—hARETHEL TV LD IER
B ARSI IA ER T,

B Hh PRt — 2 D MR T, B RO AE R EE T — LR Hr Pk T — 2B
DUNT fiite KT kene DEZ [RIRFIZHEE D LIIREETHLZEMND foie DIEIFT Y
INBAFLIVZAE (0.595) (Pharmaceuticals and Medical Devices Agency) (& —FEAYIC
EE LT, BRI 5% DT — 2 D BN OIGE EO FE I BE T 53T A— 4%
HEETDILIIREETHL720 | P-gp IZBHLIZ T A—H (Kmpgp KT Vimax, pgp)
TNZ Caco-2 MR O Z M B3 DR I3 SCERE A FH L 72 (Table 1), Base iv model
(=model 1) NOHEE ST/ T A—=FDfE% Table 3 |Z7RLTZ, 2O base iv model I
10 mg D EAAZFROTEARMN B G- 0 MIE IR EHER I RS T EST228,
F I EA R PP R OHEEMEIT 0.5 mg TIXFERMELY &L, 2Ot & TIEsE
B L VIEA -T2 (Fig. 5), £ZC. U7 VT F o DR h Pt B¢ 5 /8T A—H %
LT HIEDDET VORFIEITIZEE LT,
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Table 3 Estimated parameters in the base iv model (=model 1)

Estimated parameters [Unit]

Estimate (CV%)

for base 1iv model

Protein binding:

Affinity constant (K1) [nM™] 149 (29.8)

Concentration of binding site in plasma (N1) [nM] 4.69 (17.2)

Concentration of binding site in muscle (N1mus) [nM] 6.03 (33.3)

Concentration of binding site in kidney (Nik) [nM] 621 (9.63)

Affinity constant x concentration for non-saturable binding

site in plasma (N2°K>) 70.7 (8.85)
Hepatic intrinsic clearance (CLinth) [L/h] 1480 (12.6)
Secretion clearance in kidney (CLsec) [L/h] 577 (11.7)
Effective permeability in human small intestine (Petf) [cm/h] 2 | 0.237 (fixed)

Transit rate constant for enterohepatic circulation (kehe) [h']

0.0105 (40.4)

2 The effective permeability in humans was calculated according to the equation previously reported (Sun et al.,

2002) using the permeability of linagliptin observed in Caco-2 cells.
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Fig.5 Observed mean with SD and fitted lines of linagliptin-time profiles after
intravenous administration (base iv model=model 1)

Panels A, B, and C show plasma concentration of linagliptin in linear scale, that in semi-log scale, and
fraction of linagliptin excreted into the urine (%), respectively. Closed triangle, open triangle, closed
circle, and open circle shows observed data after 0.5, 2.5, 5, and 10 mg administration, respectively. The

short dash, medium dash, long dash, and dash-dot lines represent fitted curves after 0.5, 2.5, 5, and 10 mg.

2-3-2-2. R eI E DR DOEE L

Base iv model (UL T model 1 EFCHEIT5) (ZIF BT sk ERARE 1 & 73 Wl F D 7

DREAIAEI TV (Fig. 3) 25, IRHPHEIT —2 %250k 357010, EOICRAE
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WEDSIRANE ~DIUT Z A (CLa) ZBIMLTZET LV EMRFILT-, Model 2 KO
Model 3 Tid, ZNENIEREETE X IFE G T T 7 VT F D3 IR DD FRARE ~
DIEZ TR T HEARE LT, FTT NADOVFTVTF O MR REHER DY TILE
D% Fig. 6 D A 75 F 127”77, Model 1 & model 2 Tl 0.5 mg 5% DR kX
FERMELD L, 2.5, 5, 10 mg & 5% X FEHE LV IR<HEE S 7223, model 3 TR
kT — 21X B<FE &N 7= (Fig. 6 G, H, I), Model 2 & 3 ™ AIC K& T-2LL Of
1% model 1 £V/h&<, model 3 DEIE model 2 JVEHIZ/NEH 072 (Table 4) 205,
model 3 2 H Y TLFVRRWIENRIBENT, £ T, IEOE T LHEEIC

model 3 Z iR L7,
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Fig. 6 Observed mean with SD and fitted lines of linagliptin-time profiles after intravenous administration

Panels A, B, and C show plasma concentrations of linagliptin on a linear scale, panels D, E, and F show the same on a semi-log scale, and panels G, H, and I show
the fraction of linagliptin excreted into the urine (%). Closed triangles, open triangles, closed circles and open circles show the observed data after 0.5, 2.5, 5, and
10 mg administration, respectively. The short dashed, medium dashed, long dashed, and dash-dotted lines represent fitted curves after 0.5, 2.5, 5, and 10 mg
administration, respectively, based on model 1 (without clearance from duct to tubule) in panels A, D, and G, model 2 (with clearance from duct to tubule of

unbound linagliptin) in panels B, E, and H, and model 3 (with clearance from duct to tubule of bound linagliptin) in panels C, F, and I.
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Table 4 Evaluation of the fitting with three different models for renal

handling
Model 1 Model 2 Model 3
Without CL4. With CLq4 defined With CLq4 defined
for unbound for bound linagliptin
linagliptin
Akaike information
o 950 909 835
criterion
-2 log likelihood 926 883 809

CLa-t = clearance from duct to tubule in the kidney

2-3-2-3. i DI AL

EBIT foite S O kene DEE Hei b T 27D [MCHERR L 72V F 7V T T a5 LT
ERANTG U AR DEONT T — 2% Tz, R RO kit 7 — 212 model
3 Y TUIDTAER. foite LY kene DfE (CV%) 1%, THNEIL 0.772 (1.95) KD}
0.0282 (0.927) h! EHEE 472, LABEDIRESTIX, foile DIEZ 0.772 ICEHE T HZLEL

7’9
—o

2-3-2-4. final iv model DAF &

2-3-2-3 FHIZFEH L 72 29I foite & 0.772 12 [E E L T model 3 A #RARIN % G- D (i 4
B K OVR H RIS — 2 X TR0 T DD RTA—ZZHEE T HI LI
XV final iv model #%57= (Fig. 1), Final iv model |25V 4 I EDOVF 7 V7 F L % Hfk
PN G- 1% O I HE R R B R OV R v PR i B - R HERS o0 SR 1T BRI S Tz

(Fig. 7). Final iv model OHEE % Table 5 (2777, CV fHIZ AT 29% K0 TH -7,
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Fig. 7 Observed mean with SD values and fitted lines based on the final iv model of
linagliptin-time profiles in plasma and urine after intravenous administration

Panels (A) and (B) show plasma concentrations of linagliptin on the linear (up to 6 hours) and semi-log
scale, respectively. Panel (C) shows the fraction of linagliptin excreted into the urine (%). The blue
triangles, green triangles, yellow circles, and red circles show the observed data after 0.5, 2.5, 5, and 10
mg iv administration, respectively. The blue, green, yellow, and red lines indicate the fitted values derived

from the final iv model after 0.5, 2.5, 5, and 10 mg iv administration, respectively.
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Table 5 Parameters estimated in the final iv model

Parameters [Unit]

Estimate (CV%)

in the final iv model

Protein binding:

Affinity constant (K1) [nM'] 383 (18.3)

Concentration of binding sites in plasma (N1) [nM] 4.18 (9.72)

Concentration of binding sites in the muscle (Nimus)

[nM] 3.50 (28.8)

Concentration of binding sites in the kidney (Nik) [nM] 694 (5.99)

Product of affinity constant and concentration of

non-saturable binding sites in plasma (N2°K2) 121 (7.62)
Hepatic intrinsic clearance (CLinth) [L/h] 3240 (10.8)
Secretion clearance in the kidney (CLsec) [L/h] 1080 (9.42)
Clearance from duct to tubule (CL4-t) [L/h] 0.00620 (11.3)
Effective permeability in small intestine (Pefr) [cm/h] 0.237 (fixed)
Ratio of biliary excretion to sum of biliary excretion and
metabolism (fbile) 0.772 (fixed)
Duodenum transit rate constant (ktl) [h™!] 4.07 (fixed)

Transit rate constant for enterohepatic circulation (kenc) [h™!']

0.00871 (19.4)

iv: intravenous
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BAH BE
VF T VT F AT M B TERIRN K& O O $ 5-5% (I FERRTE 70 M 47 o i i HER%

PR ez R 9, AWFIECHESELIZIiE P W B K OB IS g fn ko 2R

FIfE &2/ AA A7 PBPK /L (final iv model) (2>, flix O 5 EDFRIR

WG DY F 7 VT F o O MsEH & OR O B REHER |3 [ZRtik Sz

(Fig. 7) o ZOZEND, FEHIC/RE ARG AT OIEFIER R TR C 2R 5L

TWHIEZRTEEROND, VI 7T F O ME T E B REE fafn 422 RKIX

DPP-4 LD 5@ [E 725 A THHIENHESIL TS (Fuchs, Tillement, et al., 2009), &

ST IFTVTF o OIERIE 72 3B RE I LI DL THD DPP-4 ~DfES DY

FNZEDHDOTHY, ZOFHA|D TMDD %2/~ ZENRIBIILD, FT2, fup DARHT

Re DIEG IR FERAE ML R UTZ U B T _X&ETHD (Fig. 4). ZDEH72 Re DIEDIE

PRIE 22-2-3THDOF (2) IZE-> TRIASNDZEMND, Re DIEOIERIEIEL &

HiE A ORFINCEDH D THHZ ENREINT-, DPP-4 [ 3H# 4 OFLFRO ML H 125

HFLTWWAHZE (Rasmussen et al., 2003) 75, fafifEDE AfE G A& gk, K. A

AN R A NMIBALAIAATE (Fig. 2),

IREBTEV T T VT F o O ~D 5z 5 e base iv model (model 1) TIFAK

& 5% ORPYEMET — 22 U5l 352 813 T/ o7 (Fig. 5¢), Base
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iv model DB T T /L CIIRERIKEIEE S WBFED &2 E B L CTEY, BligToH

OB FE A B B L TN olz, 2072, UV FH 7 V7 F o O R O IR EE X

VEUNCEIRTA7D12, EHIZ 2 DOETFAEZHEFLIZ, 1 DIZIEEASTEDOY T2

TF U DIRAE WED DR A M N ~ D2 Fl 95 RE L7 model 2, $5 1

IAE BT OV T VT T L 703 JRAE IO JRAME HARR N ~ D2 12518 2 SARGE L T2

model 3 THD (Fig. 3). DPP-4 [T fRAE DRl 1l -IZHBLL TV (Stange

etal., 1996), A% MIANDY —T 42 7T AT MZL - Tapical | DfFE~E ik iE

&5 (Casanova et al., 1991), Dt DPP-4 [THIfENIZEEIL , VY — AWNIZFREEE

SNDPHREFRIZI S A7 NVSNDZENEEE ERMIIZ BN THRESNTVD

(Matter et al., 1990), J:>C. DPP-4 (% apical {222 E L CRET HDTIFARL,

WCINTEAL T DRI HEMEN B 2 D, Model 3 12X - T HEF K OVR k&

ORI T YN FEaR STz (Fig. 6), ZORE R, AR~ A TRV T F o0

R PP IERRIE D O3, dpp-4 K~V ATIZRLN T ARHED dpp-4 K

B~ XA TOJR P TE AR <7 22X TEWEWVLD Y (Fuchs, Tillement, et

al., 2009) LA EL TV, Lo T, IRFPFEINIADREL —EBIZ~ T R K e RO

2B\ T target-mediated THDHEBZ R HID, 72720, V7 VT F L OPEM 2RI %f

THEPM OB B IX~ AT —THY, VF T VT F o Oy EhiE I T B REIC k> T
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BT 720 (Graefe-Mody et al., 2011), V27 V7 F % DPP-4 L& LB gD IR

HAE D apical DO RTELT-# . FIIIPNIZBEIL . basolateral MIlZFE1 19D L HEER

IND, L, ABFZED model 3 1RV T 7 o —F Lo GEIRSNZH DO TH

ZORFELD 5y F A2 AT =K DG SRR DIEERRARBLUT RN b E572

TR LS TR AIRGE S DA E D DD,

ZNETIZ VT T VT F U ORI REZ LR T 572012, TR KUK

=R —=PANTORE G 2 RE LT RHE MR Eh B AR AT £ 7 L S Se sy, s

S TCWD (Retlich et al., 2015; Retlich, Duval, Graefe-Mody, et al., 2010; Retlich,

Duval, Ring, et al., 2010; Retlich et al., 2009; Tadayasu et al., 2013), AHFZE Tl I

W& & A R OV g S — R A R TO AR K OERE &5D DPP-4 ~DVU

TVTF o OfEE R AIA AT PBPK T /VAREEELUT-, Rl U7 REEE M 5 Eh e

ET NVTIER T ZE O YRR R T A F TR o7z, SOITIEITIEER

B CO P-gp ICELDHEHNEFRZ B D 7o RIGEFE A A PBPK £ 7 /L CIIHAIAATED,

AR OREEE R EhET T /LI AIA £ CUNRD o 7=, PBPK 5 /LI ligias D

RES, MLHRIESE, R BRIAREIE B 0D SO 7 AR B2 B 2 U SISV T RERR S HL L AT

T TILEIZAN = AL IE SN T WG T o7, ZORRGHEFE T3 DOGELTE

TN BT H LT, B 53 W M OFF R R 2 SOV T OB Z RO H LN
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K7,

TMIBWTIFZTITFUONBIHBER T5ZEB RS TVWDILE

(Pharmaceuticals and Medical Devices Agency) 754 [F10D PBPK E7 /WA AIA A

72 (Fig. 2)o LU0 BT ERZ M AAAT e TT 4T AL T R OINTA—=ZD

BN EE L 725 - LS T ARSI, 2B BENT B BRI kT — 2 3724

IR PN M O O 3 5.4 O SEENRE 7 17 7 A L D I B TR B\ 2 B 4 5 /35 2

—HEIRETHZEIIRE G TN =D TH D, 2D S E TR T D701, P11 base

iv model ZAEEE T HBR1T foile 27 MABASFLNTAEIZE E L TET MAEEEZ LT,

tkf@ﬂ%ﬂ??}ﬁf)ﬂ F?lg ?5/\7} & (fblle &U\ kehc) ;gfﬁi 'ﬂ:‘é—%ﬂb&_ 7- [14C]1:/%

LT T TV T F o B LICe b= AT 2 ZERBRINBAF B AV IR T e OV Rt

T —=BEFET /NI TUID T fhie ZHEE T DLW TIEIZE > TET VLI, U

FIVTF A FICEPITHR SN A ZEN RS TS (Blech et al., 2010) Z&

B, RO foile DHEENE (0.772) 1FRBTZEEZ LN, BUEETIZEVIGDHIRD

AWFFEIT R~ AT 2B E W TG BB R 2 Ge il L7z s M D FFE THY |

ZOFiEZICH T2 LIGATRER B DT A— S & i b § D702 771k

THD, LU G, IATEER IZABITER OB D &5 70kk » 7 A B R 22 I X

T %5175 (Roberts et al., 2002) 72, ZILHD /ST A—H I @ T 5 A HaME
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WY, EMIIBIT DT BR B D /3T A— 2 2 JO IEFEIHEE 957201213, SHIZ

BLWTENBETZEE 2 DD,
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EI3E BIRNERORBRAKREZDO Y F 7Y FF oD PBPK E5 /L OHEL

TG S
552 B CEHIRN I 5-% O PBPK &7 /L )MES H Sl 7- DT, YKRIZ final iv model (2,

Har =AML, BIRNE G % OT — 22 TROZE 5H% 0T —41
IMZTHTUTDHZLIZLIY ., HH&D PBPK 5 /L (final iv-po model) ZHE5EL 7=,
Final iv-po model ® %S4 MEAFHM 3572012, Flix OF - EOR O & 5% O3
R T A—ZORHEERIGHF R ER 2 R — A MO LB AR R L2, £/, final
iv-po model (ZIWNTHIGEFRICBIR T 5/ 8T A—HZ DV TR /3T ML . &

/T A= L DOWIFAD MR R EEHERS (Z RIT B C D WV TRET LTS,
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E2H Hik
3-2-1. fEtiT—F &> b

T VOREEIZITEFRER AN Z R RELTZVF VT F 0.5, 2,5, 5 KTV 10 mg FRR

W5t DT —4 (Retlich, Duval, Ring, et al., 2010) O+ 7 U7 F2 1,25, 5 &

N 10 mg fR % 5% D7 —4 (Sarashina et al., 2010) % HV 7z,

3-2-2. AV FPa2—F—V7 v =7 BIOET LI

BTG, ol —Tar KOV rar = AV MENTIEL Phoenix Winnonlin®
(Version 8.1, Certara, USA, Inc, Princeton, New Jersey) % A\ C{To72, £ET /LD
ZHMEITET LD PIEE RO T T 1 7 2 RN FH N 52 L3 Y
|Z-2LL & Y AIC D% bl 3 52 LIZJZVFHI L 72, Final iv-po model 2V T 1 mg
225 10 mg FTHE G E% 0.5 mg %A CELSH 7 BRO MAE HR R B 3 LOUR H flt
Brilal—iarl, TOHBILA G ETO AUC KR PElRZ /oa

IR A MRHTIC LS THRIELT,

3-2-3. BOBEHR DT —FEWATHILIZLS final iv-po model DL

Final iv model |2 =2 /3—hA MMz (Fig. 2). fEEERR A 4 Fl B2 RN %
7ol e O e 544 D i R FE 45 LOVR R —4  (Sarashina et al., 2010, Retlich,
Duval, Ring, et al., 2010) (24 TIiZ¥, final iv model THEE L=/ 3T A—H % EHE
ETHEEHIZ, WIGEFRIZBI T 5/ 37 A= (ks Perr X OY kt1) HHEEL ., final iv-po
model £L7z, U7V 7T 1 mg % OG5 % O R PP EOFEREIL, &2~
LD 80%LA DR IR EE N E B FIRARNG Cho7o7od | BT MRFHI & o

7’9
—o
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3-2-4. BAFER T 7~ bAV DML B DR G

TR ER 2 N — R A OB Z MG 272 1T final iv-po model 725
Supplement DI (14) 75 (16) KO (18) D kene DIEZHIBRLT-ET L EHELEL |
F R G- e O 1 #2515 o0 B i EEHERS K OVR il — 212 Tldd 7z,
ZOBEER T X — AN FRUZFE T L E final iv-po model (2O T, ZHZE
DT HNEELFERED T 1T 12 7 2 RBNFHI 52 &7 NZ-2LL X Y AIC DOfE

AL L7,

3-2-5. final iv-po model Z A\ 2 RIGEBFRED 37 A—Z DR AT

Final iv-po model Z %12, WIGEARIZEELR T 5/ 3T A= (ks, Pefr, ktl ST Kehe)
EHEEMD 0.5 203 2 BB bSE T Rab—var a2 528108 - T, 2hbd

INT A=K DA O ML R FE ~ DB A a7,
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FHIH R
3-3-1 Final iv-po model #ED-D DHEIRNHR SRR ABEHLOT —FDHE

Final iv model |Z'H =2 /X—kAREIBHINL . final iv model THEE L7/ 3T A—H

(K1, N1, Nimus, N1k, N2¢K2, CLinth, CLsce, CLat, & TN kene) (ZHNZ THALE OYLIRIC

BILR T D/ 3T A4 (ks, Perr, KON ktl) %, BEEERC S HRARIN K OYRE M #5544 D ifi.

e N OVR PR T — 22 T A2 LIk > TET VA2 i b L C final

iv-po model Z#%%E 7=, Final iv-po model ® /37 A—# OHEE(E% final iv model DHE

TEfEE LT Table 6 (27779, Final iv model /X7 A—Z OHEE A IZ %45 Final iv-po

model D737 A—=HDHEEED X CL D 2.7 ZFRE, 0.77 725 1.3 OFPFHNTHD

final iv-po model P/ 7 A—Z OHEEAEIT final iv model D7 A—F DHEE A & [FIFE

ETHoT, HEEED CV EIZT R TO/RNTA—=ZIZHDOUNT 27% AR Th o7,
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Table 6 Parameters estimated in the final iv and final iv-po model

Parameters [Unit]

Estimate (CV%) in
the final iv model

Estimate (CV%) in
the final iv-po model

Protein binding:
Affinity constant (K;) [nM™'] 383 (18.3) 397 (15.4)
Concentration of binding sites in plasma
(N1) [nM] 4.18 (9.72) 4.01 (8.59)
Concentration of binding sites in the
muscle (Nimus) [nM] 3.50 (28.8) 4.65 (26.7)
Concentration of binding sites in the
kidney (N1) [nM] 694 (5.99) 531 (7.14)
Product of affinity constant and
concentration of non-saturable binding
sites in plasma (N2°Kb») 121 (7.62) 121 (7.68)
Hepatic intrinsic clearance (CLinn) [L/h] 3240 (10.8) 3220 (10.8)
Secretion clearance in the kidney (CLsec)
[L/h] 1080 (9.42) 1110 (9.81)

Clearance from duct to tubule (CL4.¢) [L/h]

0.00620 (11.3)

0.0166 (19.8)

Effective permeability in small intestine (Per)

[cm/h] 0.237 (fixed) 0.299 (23.5)
Ratio of biliary excretion to sum of biliary

excretion and metabolism (fpit) 0.772 (fixed) 0.772 (fixed)
Duodenum transit rate constant (kt1) [h™'] 4.07 (fixed) 3.29 (22.1)

Transit rate constant for enterohepatic
circulation (Kene) [h™']

0.00871 (19.4)

0.0100 (11.3)

Gastric emptying rate (k) [h™']

Not applicable

0.597 (18.7)

iv: intravenous, po: per oral

FEIRP I 55 O A TR FE HERS & OVR R EHERS 1T final iv-po model (28>

RGBS (Fig. 8). BN 0T 7L OHEEL S0 b e

B4 Fig. 9 lRUTC, # A #5% O MAE R EEHER OH &A1 final iv-po model {2

Lo THUNTERENT- (Fig. 9B), EF /ML TR S - M iy B R i Y

PR B A N T N =R A MBI I L > TR L7 3 B R/ ST A— X

(B - BEAHELT2 AUCo24n J2 O feo2an) ZSEHPNEELLEL LT (Fig. 9C L TUD), #& 5 &
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FHIELTZ AUCo0-240 KON feo2an OHEE AT SERIME SFEELL TV, B O & 5% o Mg

R EHER T | mg ¢ 5-7% Cldif i g R R BEATUTIZBAL T final iv-po model (T

FoTRGEERENZN, 25 5 LY 10 mg & 5% CIXEMHEIYEN-T-

(Fig. 9A),
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Fig. 8 Observed mean with SD and fitted lines of linagliptin-time profiles after
intravenous administration (iv-po final model)

Panel A shows plasma concentrations of linagliptin on a linear scale, panel B shows the same on a
semi-log scale, and panel C shows the fraction of linagliptin excreted into the urine (%). The blue
triangles, green triangles, yellow circles, and red circles show the observed data after 0.5, 2.5, 5, and 10
mg iv administration, respectively. The blue, green, yellow, and red lines indicate the fitted values derived

from the final iv model after 0.5, 2.5, 5, and 10 mg iv administration, respectively.
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Fig.9 Observed mean with SD values and fitted lines based on the final iv-po
model of linagliptin-time profiles in plasma (A and B), dose normalized AUC (C),
and urinary excretion (D) after oral administration

Panels (A) and (B) show plasma concentrations of linagliptin on the linear (up to 6 hours) and semi-log
scale, respectively. Panels (C) and (D) show dose normalized AUC and the fraction of linagliptin excreted
into the urine (%) from 0 to 24 hours after drug administration, respectively. Panel (A) and (B); pale blue
squares, green triangles, yellow circles, and red circles show the observed data after 1, 2.5, 5, and 10 mg
po administration, respectively. The dark blue, green, yellow, and red lines indicate the fitted values
derived from the final iv-po model after 1, 2.5, 5, and 10 mg oral administration, respectively. Panels (C)
and (D); closed circles show the observed values, and solid line shows the values calculated by fitted

concentration-time profiles.
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3-3-2  BIFERaL R— AV N LB OB ST

IBTAGER =22 /X — R AL R &R 28T /L& final iv-po model {2V N C Il & 521
DT 42T 42 7 2 FHNTFM L7 R WIE DT 4T 4 TITREIRET A
LAV o7 (Fig. 10), LIALARND, IBFEER = /N — AV REBRWZET LD
-2LL % final iv-po model &b ~<T 1412 725 1476 ~, AIC OfEIT 1444 725 1506 ~

EHRLT,
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A) Plasma concentration-time profile (normal scale, up to 0-6 hours)
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B) Plasma concentration-time profile (semi-log scale)
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C) Cumulative fraction of linagliptin excreted in urine
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Fig. 10 Comparison of the fitting to final iv-po model and that without enterohepatic circulation
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3-3-3  RRELSHT

T8 151 O WA O MAE PR EHER O L T EORHEV R o7
(Fig. 9A) ZE0h, Tl 4 O IGEFEIZBE 5/ 37 A—2 5% 1 % 5.4 o> i 4 v 2
RN E DI B % 5 2 DD it 4 DTS 3 T & S L 72, kehe ODE
DIEACIZ IS M P EEHERS ~ D BB R HIR 723 ks F724T Perr DA /NS
T HEWIE O MAE PR IR T L, ks 720 ktl OfEZ /ST 508 — 2125

T BRI EL /e o72 (Fig. 11),
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Duodenum, jejunum, and ileum transit rate constant (kt1-3)
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Fig. 11 Sensitivity analysis of the parameters in simulation of plasma concentration-time profiles of linagliptin after oral

administration
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The effect of each parameter on simulated plasma concentration-time profiles of linagliptin after oral administration was examined. The open circles show the
observed data. The straight lines represent simulated curves based on the iv-po final model. The medium dashed lines, and the dashed and dotted lines represent
simulated curves with 0.5- and 2-fold values of the parameter, respectively. Note that the ratio of ke and ki to ki was fixed, but not changed, to the reported values,

leading to parallel change in ky, ki, and ki values.
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Bath B
Final iv-po model (2> THEIRPN I 5-5% 0 AT o EEHERS K OVR kit — %

ILE YN FEARS AL (Fig. 8). £ 1 G- DM BN e /T A—Z D IHFIEED B Fhk
Sz (Fig. 9C O 9D), ZO#ERIT, EEE S OIFRIEIEITZI F 7 VT TF o DR H
PO FERIEEICH B 5L QWD W) A B R TIRILE 72D, VT 7 U7 F oD
FFIPED AL R FFE & 13 DPP-4 L DOFE S I L DB D THS (Fuchs, Tillement, et al.,
2009), &5 T, UFZ U7 T o OIEYENREDIERIEMEITIK B 772 A%E /) Th 2D DPP-4
~OFEG DRI L > THIAESNI 2L, VT 7 VT F O3 ERE)S TMDD T
HHZENTRBEEND,

W ER = N — R A RO B EM ARG 27201 final iv-po model 2>DIGTHE
Bl =R AV NERRON BT VAR LI- L2 A, MR B K OVR P i T — 4
NDT 4T A IR THY | B EER = /S — A REBRWZE T L
D-2LL KT AIC DI final iv-po model & Ft_T 60 LL_EHE R L7=Z L5, GRS
BRiEFR2S PBPK BT ML THHZ LN FFSTZ,

Final iv-po model (Z&>T 1 mg #& 1 5% ORI O M iR EEHER X B <FE
WENT=03, 2.5, 5, 10 mg HEEHZIZEIL CiE, FERM I E<HEE I 2128 b
7= (Fig. 9A), JEEESHTDRE R Petr, ks XL Okt DIEAZALSE DT LTI D 11
R IREHEROREENYET DI ENILNER STz, ZOTEND, WU OVH{LE
DBATIZET D DT —ZB3G0IUL, EDT —Z % BINT 528K > THAED
PBPK E7 /LINEGICSET DR DD ZEDVRIBI T,

Final iv-po model D% 4MEEFENT 5712, NTA—XOHEE A, STHR Tk
HSNTAED DD 6 STMEE L LTz, /T A= Z DHEEMEIT, N2oKo ZFRV T
BRCHRAE SN TOBIEDOHFIHN (K 0.320352.6f%) THY., ZNHOHEEEIT A F
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INZARE SNDEIFH D THH T EDRIEI AT (Table 7)., NaoKo OHEEAE A SCHERE

LE 2 ST-HEBIIRIATHSA, in vitro & in vivo DIRBEDFLENZFDJFHK DO—D>T

HHLEZBND,

Table 7 Comparison of estimated values of the parameters in final iv-po model

with those from the publication

Estimated

Ratio of
Parameters [Unit] . values Reported values | estimated values References
in the final
. to reported ones
iv-po model
Protein binding: 397 151.5 2.6 | Kanasaki, 2018
Affinity constant (K;) [nM]
Concentration of binding 4.01 6.35 0.63 | Fuchs,
sites in plasma (N;) [nM] Tillement, et al.,
2009
Product of affinity constant 121 3.1 39 | Fuchs,
and concentration of Tillement, et al.,
non-saturable binding sites in 2009
plasma (N»°K>)
Effective permeability in small 0.299 0.237 1.3 | Sunetal., 2002,
intestine (Perr) [cm/h] Pharmaceuticals
and Medical
Devices Agency
Duodenum transit rate constant 3.29 4.07 0.81 | Guoetal., 2013
(kt1) [h]
Gastric emptying rate (ks) [h™!] 0.597 2.11 0.28 | Guo etal., 2013

KFFED PBPK &7 /IR FE A AN DAF DT T — X I FE SV THEGES L7228,

B TOATR BRI T A= P IEMICHEE SN2 BIE, ZOET LIS

Lo TRETOY T 7VTF DY BRETLETHLIT MR THLEE LD,

FORRCEEELAD|L, BETD DPP-4 ~DESAEHETE TAHZLNIERIE /23

EREZ A9 D712 THH L TH D, MLif T E2iT M o> DPP-4 DFEHL)

C AR EBECMEEITETENAVBEICBO TR THIENHRESNTND

(Lamers et al., 2011, Ragab et al., 2013, Cordero, Salgado, & Nogueira, 2009) Zt% %
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BT DL, BE CTOERWENREZ TR T 572D PBPK 7 VAR 5121, BED
& H & OFAf&H D DPP-4 L OGS DHEENDMEERDEE Z B,

E6IT, V7 V7 F o TIRER IR E R O &2 3 HAE R ITHE S Tunzgn
HLOD HEFELTZ PBPK E7 /LI, Y2 0F F L 7B O ZEM B RED L D E
H72 T e A = A DB T DB R A BT D720 IS TEDEE ZBID, 4 1A
YERL7= PBPK E7 /LIE, ERCOU I VT F o DD PBPK 7 /L THY, VI
VT F 2 DG COBHMER I Z BT 572D T MTIT LB R/ NR D/ Z
A—B oAl FIA NI,

A PBPK EF /UL, UF 7 U TFrOBEFETORMBIEL S 5 ICIEMEIC R
THEDICHHATH D DR LT, DPP-4 JLEAID X 5 7Ky 34> TMDD
DHEYBEET NV OFH L L THRILHOEB I HILD,

LLEED VF7UTF 0 PBPK ET VAAN=ALITHSWTHEREL, K. /)
P B R OB T OO E AR G4 Z BT8R TV T 7T F o3
WEhRE DI A TR R D2 &, SHIZVF I VT F o O3B REA m BT
FFPEDRENE A ThD DPP-4 ~DUF I ITF L O GIZloTRlSh A2 &%

RUTE,
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FAE BIRNEORATERDO Y 77U FF oD PBPK EF /LD A

B1E WS

5 3 WCIE VU T U OR R E A G A A AT BIRN & 0%
N 5#%DOVFT7VTF oD PBPK T AEEEL, V7 V7T Oy BIREN &
B CRIFIEDIZEH) R H CTdh D DPP-4 ~DUF 7 V7 F L OfE A>T EN
HZLZRLIZ,

FESLLT= final iv-po model DJEHD—2EL T, ik DT A—ZDIEALHBYF 7
TF o OMBERREIC KT T BOREL T 228L Uiz, AR O 2

DR BE BT DT L% ATREIC T D20 M PRSI FE 1IN 2 CIRRE A TR

FEIZOWThyIab—var Lz, R TOERREABEL, RO 5HDOI I
L—araELz, £, V2V FF ooy Ehiec BB BTEOE A S

DRETHBOREZRGT 272010, faftEO & AR & IR T2/ 2—4
(Ki. N1) 2SS T VFZVTF ool S B Kk OSBRSS T3 i s
Zx T DR BOREZMFI LT, BONTRERE AT, AER R EME~DR
BORRMEICONWTERLZ, SHIT, —RAVICEYBIBIC B A F T HE %
K CTHHEE 2 HIVDITHERE X OB RERE DR TRFICARES LD CLbine & OSRERATE
WEEE (GFR) AR T, UFZ VT F o DI P S B K OGRS & T 34 i
e

BRI TEEORE LI 2L —ar Lz, SN RE2 N THE I NTA—ZD

R%

MEINE R RIFE T RO A REMEIC DWW TE L2 T o7,
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552 8 Hik
4-2-1. BHBEAICERTDHITA—F (Ki, N)DFEEORE

Final iv-po model OB LA HWT, A GIZERTL3F2—% (K,
Ni) ZZAE 4 final iv-po model DHEEAAD 1/3, 1/10, 3 fi5, 10 52 LS ETERD
1,2.5.5,10 mg V7 VU7F &% 0 #5#% O MR REyEE &R OER AR
Eai Rzl —varliz, Ralb—alilids 2 KOS 3 HEFEEEKIC Phoenix

Winnonlin® (Version 8.1, Certara, USA, Inc, Princeton, New Jersey) Z v 7z,

4-2-2. ATHEEE R OVBHEEICBAER 45 8T A—F (CLnint, GFR)DZEDREE

4-2-1 HE[FIERIT final iv-po model DI UL S A FHV T, IFRERE & OV HERE DK
TRHZZEAELYD /3T A—4 (CLhint, GFR) ZZ4LE 4L final iv-po model DHEEED
1/3, 1/10 LR FEE/2ERD 1, 2.5, 5, 10 mg V7 V7 F o 28 0% 5% o Mg ik
SRR R OFERE A TIRE R Y a2l —ar Uiz, Yalb—railids 2 KO
3 FL[AARIZ Phoenix Winnonlin® (Version 8.1, Certara, USA, Inc, Princeton, New

Jersey) Z Wz,
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FI3HE R
4-3-1. BAEAICEHRTH/ITA—F (K1, N))DFEE

FEAMEICERT /3T A—4F (K1, N1) ZZE 4 final iv-po model DHEEED
173, 1/10, 3 {5, 10 5 ZALSH2BRD 1, 2.5, 5. 10 mg VT 7 VT F o a2k 0 5%
D IMAE PR SR IR B Je O FERE G TRIRE AT Il —a LR R % Fig. 12 XY
Fig. 13 \ZRLT-, Ki ZRELTHEIMEFREY R E O —VEIZh T B2 21T
2SO DOIER DL IRV FE IR L& <R DM FED b T, ] & TITRE
1B EY o olc, FERE B TR T Ki 2 KREST D LR D A 3 A BT 08
BHEN EF T D20 B3/, 5 mg UL ETIZEAEEIT RGN0
Too N1 Z REST2EVT O ETH M P RREDIREIE B L IHRBERD
fHIARFROLNT, IR ATIREIL NI ZRETHERLRDME RN A DIVIZD,
HEN EFTHICONEEIL/NESRY, Smg UL ETIEINI &2 10 5L/ % brE,

FEAE BT AL T,
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Fig. 12 Sensitivity analysis of the protein binding related parameter (K1) in simulation of plasma concentration-time profiles of
linagliptin after oral administration (upper panels: total, lower panels: unbound)
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Ni Img, po, total 2.5 mg, po, total 5 mg, po, total 10 mg, po, total
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Fig. 13 Sensitivity analysis of the protein binding related parameter (N1) in simulation of plasma concentration-time profiles of
linagliptin after oral administration (upper panels: total, lower panels: unbound)
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4-3-2. FFRERER ONBERE DR TRAIZE(ULY D/ 3T A—HF (CLhint, GFR) DEEE

JFREARE & OV RE DR T RFICE L L YD /XT A—H (CLhjne, GFR) ZZNZE 1
final iv-po model DHEEED 1/3, 1/10 EEALZHT=FED 1, 2.5, 5, 10 mg U F 7 V7 F
VAR OG5 O MR IR K OFERE AR E AT Il —va LIERER
% Fig. 14 L OV Fig. 15 [Z/RL72, Cluin /NS 9D L IME PR SR I B ) ONFERE &
TEIRFEED UL - 0338 TR A 23580 b/ (Fig. 14), GFR 2Z(kS
HHIEICEY, AR B K OFERE B TR B3 28 B bz o Tz

(Fig. 15),
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Fig. 14 Sensitivity analysis of the hepatic intrinsic clearance (CLintn) in simulation of plasma concentration-time profiles of

linagliptin after oral administration (upper panels: total, lower panels: unbound)
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Fig. 15 Sensitivity analysis of the glomeluler filtration rate (GFR) in simulation of plasma concentration-time profiles of

linagliptin after oral administration (upper panels: total, lower panels: unbound)
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HAR BE
55 3 B CHEELL 7= final iv-po model DI EL T, VF 7 VT F o O F BN REIC H L

7R OB AR AICBER T 53T A= (Ki, Ni) OV R RyBh g |2 2
Z RIETER THHEE Z DO R K OB BEDIK TRICE LD DT A—H
(CLhjint. GFR) ZZESB7235A DV F 7 U7 F o O MRS i B K& O FERE &
TP B\ RS D ORIl —rar L,

iR (FEAZV7 70 R) AR TEELHZEIEOVIF T U7 F o D 3EY)
BED R NHABITC, ZORERITNENY 77 F o DOE Kl L TEHEETH
HTEAERELTEY, V77 FrofdahiafRiz sy TR RERHT~ AT —THY,

AR 2 L CEEH BRSNS EV) T E (Blech et al., 2010) &R —hkL TV
Do — 77, ZOKEFIINTFHERERE S BE CUF VT F U O MR TIEEA L B
ZZ TN EN) R (Graefe-Mody et al., 2012) OfE RLIT—F L7gh o723, T
Bl B CIIIFEA 2V T 7 AR T OHTIERL, RAMKA . MIRAEIEERS +

anp

Vb AHEER LT AR —Z — DI B2 E kR 2 T AR B R BB B T o T
%HZ& (Tkemura et al., 2009; Verbeeck, 2008) AMFKD—2ELTHE X HNLHLIL
720, BHERE (GFR) ZAK T SH25A1C) 7 V7 0 O g ik S B 12 x5
BHEIITI ORI ZOFE R Graefe-Mody HOBHERENEEBE T2V
TFUOMFEPREIRFEAERBEEZ TNV HE (Graefe-Mody et al., 2011)
DFERLEETHLOTHY, VT 7V7F o OEMBREIC SO CTR PO %
Hid~AFT —Thorl b ESNIfE R Th T2,

BHMEAICERT /T A—H (Ki, Ni) Z2{bEE5281280, iRy
REOHLELT | IERATRRELE(LT 2T LRIz, AFZE0D PBPK 7 /L1
TR A DIFONT T — XD WTREES N, FH3ETHE LD, M
TH P EIT A O DPP-4 OIEHNF 2 JHBIZI W TR L T 2L ESh T
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% (Lamers et al., 2011, Ragab et al., 2013, Cordero et al., 2009) Zt%&EE T 5L, A
H OB REL LR T 570D PBPK E7 LA BIH 51213, BEOMLHE T KO
#f%kH D> DPP-4 LDFEG DHEEN M THD, ZOLI7eHEEN AT REIZ/eiUE, AT
TNV EIGAL TEE COEMBIRBAHEE T HZE ATRRIC/R D ATREME D DD,

Ei PR CdhD 5 mg TOIERE AR IR T2 Ki OFBITZEAL R N1 &
RESTHEE TR R DN N H DAL, ZOFERDE SRV Iab—ar LT
FCTO Ki 0 N1 OZARIZE STV F T VT F o OIEREGTARE T EA LB Z ST
RO FIFZT CHIR T T2 M ThLIEND, FEMARIREN EFLTZE4e
PEICRIBEZ AU D REMEIIIR W B 2 B4, ERNTDOYF IV T F o D@ atez
R—bT DR THHEEZLND, £o, KA ETHS 5 mg TOIRFEETEIREIL
WOV Iab— g R TH AR 24 FE% FC Kd 5 (Ki D4k 0.0025
nM) JVE< BEEGICER T3 A—% (Ki. Ni) OZALB3AG 2 EICBEL TR
XTI 52 DT LT N EDURIBS LT,

LI XY | ABFSE TRESEL 7= final iv-po model Z N CUFZ U7 F o D3R EhREIC
HERAFMEDR AR A ISR T 537 A—4 | I e R OB M RE 2 2 b E 7245
BOVF VT F o O MBEHIRIEWIR L K& OISR IRE k3o ok
Eaial—ar 352808 EORBOREL B LT HLELIIER A THIY
BE DT RED S/ RTA—Z DB L DRI I~ DB E N HEL b L
DIREES LT,
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F5E MR

UF 27 V7F 1% DPP-4 ~D BRI S BFIMEOFE A DT | B PR I L & <
IMAE R (S A ROIERIEEZ R L, SOICSE PSR Eh R 1 B 5% ) O
AR 5% EBIZIERRIE THY . AUC IZFH B DL T OINE R~ 3, 2o X572 e
e QYR O IERRIEEIL DPP-4 ~O#E G ORIFNZ LD D THDHEHELRS N TNDIN,
ENMZBWTLIE R A& O IR L KB RE O IR L O BIfR & 7R 3B $2
FIZRARBULZ N ETITAELL TRV, PBPK E7 /Ui, A elmas s A E LTz
ET N THLEVIRHEAE R T 52800, PBPK E7 /WU T 7 VT F o OIERIE /2
FMENHES TMDD Z 5tk 3272 DICA Y — Vv TohHEER VT TVTF D
PBPK 7 /VEMEEL T, ABFFETIL, HIHRDY 7Ry =7 THEEES LTV % PBPK &
TIVDINE "D ENEERERLAIAATETT N ERER T HOTII e, LER/NRED
e Fl A A TS PBPK £ 7 VAREEE T HZ KD, VT 7 VT F o DR TENED
FERRTE /e S B R A YRR SRk 2 2 e 2R 7, E7-. ERTO[HCHERRY T2
T T GHR DT ANT U ZRROT =25 WD LI > TCENTCOD T — #5455
ZED BRI R 2 /R — P A MBS DT A= T DT LN I REL /2D
ZeaRLic,

L EDXH72 0735 TUF VT F o0 PBPK 5 /L&A= A LITEE SV THEEL .
MR, A, KKk OV CofafitEDE Af A4 B R T 52812k 7 Y7
T DIEMBREDIFRIEEZ LIRSk HZ &, SHIZUF TV T T OB RED &
BUAE CRIFIEDIEH) R T D DPP-4 ~DVUF 77 F L OfE B> Tl EN
HZE%ER LT, AR PBPK BT /WL, V7 VT F o DBE TOEYENRRA SOOI IEM
(ZBRS DDA TH LD A5 DPP-4 FHLEAI D X9 724K 55 -+ FH D

TMDD DHEMEREET L OFEHILL THRILHOEEZDND,
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EBITHEZELT PBPK B 7 /L% - M i SRR BE K OV JERE & T 3R iR
DI Ralb—ar OFERNPG VT VT F o OEYERRIC LY 52 5B 2615
REAMAICET 237 A—4% (Ki, Ni) 22382281280 a3y E o
1T IEEGTRIRELEL T DI EAVRENTA, R B THD 5 mg TOIEHE
BTEIREE~D K OB LT LA L N1 Z RELST D88 TR R DM D3 B b
7o ZORERNG, ARIL 2l —tar LE#H T K 2 N1 OZE(LIZL>TUF 7Y
T DOIFEEHRE X FTEA L EELZ T\ FTZT CHDIKR T35 5T
HHZEND, BEMAITETHRTGA—FOZEACIZEIVIERE SRR EN EH L T4
PEICRIBEZ LD FREMEIRWEE 2 B, BN TOUF I VT F L D@ etk a4
R—RTDRERTHHEZ 2 DND, ZOLIZPBPK E7 /LA FWTHL & 0O/3TA—4
EENNLISGE DV T VT F o DIEFERTEEYIRE 2 X2l —a 3528280,
BRMERCH MO BEOZEALIGA T 5L R D AR VRS,

ABFIENG ENTOVF 7 VT F o OIEWENRE O IERRENEZ | ik K OS% T D
BIRIPE DR 1 CTdh D DPP-4 ~Diili &% & L7z PBPK £ 7 /LT Lo TRoib Hik
HTLZ&IRLUTZ, DPP-4 [HEAID LH74K 55 - 35400 TMDD DY B HEE T /L D5
BlELTHENL D ATRENE & O PBPK 7 V% W CHERS S SR 2452
CIZKOFE % DIRT A= B DR N~ DD B L A~DIEH O A REVED R

iz,
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Supplement
WE N

LUFICAMISE TRESE L7~ PBPK £ 7 L OWEIN A& R~T, UTFOXHT
Acompartmenty 13522 /N— M AL N TOYF 27U TF D, Ceompartmenty 15552
Y= RANTOVF TV TF U DORE, Vicompartmeny 1352 73— K~ A |k
DERE, Kpucompartmeny 138 T2 73—~ A2 FTOHFERY F 27V FF o Dby
AR E 2 g, Ko T Accompartmenty 13 Clcompartment)y & V(compartmenty DFE & L TRLalk
L7,

Mg = 73— K A R

dAblood (c X Qp X —B ) Chlood x Qha — Cblood x
Fra G R Kpwhx Fip ood X Qha ood X Qpv
B
Cblood % (Qk — GFR) + Ctuble x (Qk — Qu) % Kpw k< fip Cu,p X GFR
—Cblood X Qmus (D

Cmus,f X N1 X K1
1+ K1 x Cmus, f

+ (Cmus,f + + Cmus, f X N2+ KZ) X Rp X Qmus — Cblood X Qskin

Cskin, f x N1 X K1
1+ K1 X Cskin, f

+ (Cskin,f + + Cskin, f X N2 - KZ) X Rp X Qskin

ZZTQn VAT MPRIEEE | Qna VEATENIR ML EE . Qpyl LFINRD ML FEHEE . Qi I ifi.

FOEE, Qu (ZRDOFHE, Qmus (L5 ADIMIEEEE | Quan 1F GO MFIHE, Re 13

I P B Lot 2 IR PR b, GFR VR ER IR B 2 7R3,

fAFnPE K OSFERRIE DRSS AL 2 ZEh 1 DT OfE L, 2.2.3 oA (D)Ick

D&, MIEPIFEGTEIRE (Cup) 1FLA T O TR LTz,
—1+CpXK1—-—K1XN1—-N2-K2+

_ J(—CpxK1+K1XN1+N2-K2)2+4xCpx(K1+K1xN2-K2) )
B 2x(K1+K1xN2-K2)

Cu,p
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M AE PR (Cp) e O R 1T LA T D IOIZFRER LTz,

Cblood

Cp=—p 3)
Cp — Hct X Cp + Hct X Cu,p X p

Rp = Cup X fu,p 4)

ZZTHetid~~ 27 Uy b, plI V27U 7F oo IS ERE IR
% MERPIREE D& R T,

MAEFIERE AT R (fup) 1FUATO X D IZFLR LT,

1+ Cu,p XK1

fi =
Y KIXNL+N2-K2+ Cu,p x K1 x (1 + N2 - K2) ®)

KQ2) 726 5) L D BB Cor 1T TR TR EN D,

—Y +VY2% + 4 x Chlood x X 6
Cup = 2xX ©)

Z Z T X=KI-HctxK1 + pxHct XK1 + K1xN2¢K2 - HctxK1xN2K2
Y=1-Hct+pxHct-CbloodxK1+K1xN1-HetxK1xN1+N2¢K2-HctxN2K2,

X @) 5 (6) X VEKMICRe T ToX TR EN S,

(1+Hct X (=14 p —N2-K2) + N2-K2) X (X + N2-K2 — Hct X N2- K2 +Y)
BT X+2xpxHctxKIXN1+2xN2-K2—2xHct X N2-K2 + (7)
pXx Hct x N2 K2 + Ccent X K1 x N2+ K2 + K1 x NLx N2+ K2 + N2-K2 X Y
—Hct X K1 X N1 X N2-K2 + N2+ K22 — Het X N2- K22 +Y

ZZT X=1—Hct+pXxXHct+Ccent XK1+ K1XN1—Hct XxK1XxN1,
Y

B 4 x Chlood x K1 x (1+ Hct x (—1+p—N2-K2) +N2-K2)+
~ (1 —Cblood x K1 +K1XN1+HctX(—=1+p—K1XN1—N2-K2)+ N2-K2)2
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a2 — R A b

dAmus Chlood X Q (C f+Cmus,f><N1><K1+C £x N2 KZ) R
= ood X Qmus — | Cmus, mus, f X . X
dt 1+ K1 X Cmus, f B (8)
X Qmus
—(1 4+ N2-K2)+ (N1+ Nlmus) X K1 + Kpu, mus — K1 X Cmus
(=K1 x Cmus + Kpu,mus + (N1 + N1lmus) X K1 + 1+ N2 - K2)2 9)
+4 X (K1+ N2-K2 x K1+ Kpu, mus X K1) X Cmus
Cmus, f =

2X(K1+ N2-K2x K1+ Kpu,mus x K1)

ZZC Nimus [T /= PN TORE G T OB EE T,

FERg L /X—kA b
MK _ Chiood x Qski (C kin, f + KIS XNLXKL | in £ N2 KZ)xR
= Cbhloo skin — | Cskin, - skin, .
dt 1+ K1 X Cskin, f 5 (10)
X Qskin
—(1 4+ N2-K2)+ (N1+ Niskin) X K1 + Kpu, skin — K1 x Cskin
(=K1 x Cskin + Kpu, skin + (N1 + N1skin) x K1 + 1+ N2 - K2)2 (11)
+4 X (K14 N2-K2 X K1 + Kpu, skin x K1) X Cskin
Cskin, f =

2x (K14 N2-K2Xx K1+ Kpu, skin x K1)
::VC“ lekin 6i&}§j‘//€b—]\7{~‘/l\f®%é\% fi@iﬁ%};ﬁi@&)@\ lekin = Nlmus X
Rskin_to_muscle ratio. kbf?ﬂﬁbf:o Rskin_to_muscle ratio @'T[E:&i\ Iﬁf%&%éhfb\é

AT DR O DPP-4 IGPED L (4.25) IZ[EELTZ, (Wang et al., 2014)

gz o 7— | A 2 b

Rg

dAliver _
Kpu,h X fu,p

PrE (Ch X Qh X
x CLint,h X (1 — fbile) — Ch, f x CLint, h X fbile
ZZC CLinth IFAFEAZVT T2 A foite 1IAREHIHRETBIEH P HENED b | Kpun 1EAT

)+Cblood><Qha+va><va—Ch,f (12)

B COIEFEATF VS F o DS RMREE=~T,
fFlig= s 7S —h A M DOIERESTEIRE (Chp) 1TEA T ORUTE - TREIR L=,
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K1 x Ch

m-l-NlXKl-NZ'KZ‘l‘

( K1 x Ch

2
—W+1+N1XK1+N2'K2) (13)

Ch
Kpu,h X fu,p

2xK1x(1+N2-K2)

+4 X x (14+N2:-K2)xK1

Chf=

BFiEsR =2 28— R A B 1

dAehcl ) ) (14)
T = Ch, f X CLint, h X fbile — Aehcl X kehc

T T kene (IMBATFFEER =2 >/ 8— B A > b OdiE Mz w7,

o PR =2 > 78— R A b 2 KT 3:

dAehc2 (15)
i = Aehcl X kehc — Aehc2 X kehc

dAehc3 (16)
T = Aehc2 X kehc — Aehc3 X kehc

k= > 78— R A b

dApv
ST —Cpv X Qentl — Cpv X Qent2 — Cpv X Qent3

Cgw2 x Qent2 x R—B) (17)

Cgwl x tl X
* < gwlx Qen Kpu,g X fu,p

Rg
wong i) *
Kpu, g X fu,p

+ (ng3 X Qent3 X — Cpv X Qpv + Cblood X Qpv

Kous < Fip)
Kpu,g X fu,p
ZZ T Qent 1IGHIRO MFEIHE . Kpug IFIGERETOIEFE STV TV T F o D450

(G S A
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+ 50 (intl), ZEH5 (int2), X O (int3) =2 78— K A > b

dAint1 2 X Peff Vmax, pgp

= —Aintl X + X Cgwl, f X SA;e1 X F 1
T in - K pap + Cgwi.f < C9% f ine1 X Fpgp (18)

— Aintl X kt1 + Aehc3 X kehc + Astomach X ks

GNZ _ _pimea x 22X LT VMOSPID o % SAue X Fpgp2
o = A - K pgp + Cqwa, f gw2, f int2 X Fpgp (19)

+ Aintl X kt1 — Aint2 X kt2

AN pineax 22ES VMOOPID o3 fx SA s X Fpgp3
o = Ain = K, pgp + Cgw3, f gws, f int3 X Fpgp (20)

+ Aint2 X kt2 — Aint3 X kt3

Z 2 TParldt MNBOFTEM, r ZFEHERET L 8= N A RO Vinaxpep
1% P-gp DI KIS  Kmpep (5 P-gp D X BT VU ZEEL, SAinit, SAine X ¥ SAini
IR, 2205 L ONRIG O I E BE O K H RS, Fpgp 1 EIGD P-gp DI EL &I %f
T 554 H COMIRRBEE, ka 13+ 561G B2~ ke IXZEWE0° 5 [E;
~, ke lZEIM 6 OBATIHREER. ke IXHNAPEHIEE 277,

(18) DAL IA I iv-po model D A ZFLAIA A, iv model | Z 1T AIA F 72 v Tz,
(18) 75 (20) D> (2xPess)/r(n) (n=1-3) 1% Fig. 2 O+ " f8l5. 2205 M ONaljig o
F&”ﬂ }_‘_‘Eiﬁ (kal ka2 ka3) *B\J:!I‘é—éo

W& RED L — " A v b 1-3:

— (ng(n) X Qent(n) X ) + Cpv X Qent(n)

B
Kpu, g x fu,p 21)

X Peff Vmax, pgp
r(m)  Km,pgp + Cgw(n), f

2
+Aint(n) x X Cgw(n), f X SAipemy X Fpgp(n)
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PHERE 2 X — N A N DIEFERTEIREE (Cgw(n),h) (FLLFOR TR L7,

Kl X ng(n) _ B B .
Rpw,gw) x fup L~ N1XKL—N2-K2+
— K1 x Cgw(n) - )2 )
( Kpugx fu,p T 1T NI XK1+ N2- K2 22
Cgw(n)

+4 X x (14+N2-K2)xK1

Kpu,g X fu,p
2XK1x(1+N2-K2)

Cgw(n),f=

ZZT () iX1,2, I 3nEELE D,

H =2 /73— K~ A2 F(iv-po model D 7~):
dAstomach (23)
————— = —Astomach X ks
dt
RO RANE = = b AL b

Rp
Kpu, k X fu,p

dAtubule
dt

—Ctubule, f X CLge + (Cduct — Cduct, f) X CLy_;
2T Kpuk IBETOIEREE Y 7V 7F o Do BfRIL. Clsec (XBIET D52

= Cblood X (Qk — GFR) — Ctubule x (Qk — Qu) X

24

W VT 7 A CLatld BIENSRME~D 7 VT T A%RT,
T (24) D FHEHIE model 3, final iv model 2T final iv-po model (ZAHAGAATZ,
QA DAL Model 1 TIFAAIAE T, Model 2 TIE Cauerf x CLat &L TRAIA

\/\

AT

PRAAE =2 23— R A F COIFFRETEIRE (Ctubule,f) 1ZLA T ORTRLIR L7z,
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K1 x Ctubule

m-l-NlXKl-NZ'KZ‘l‘

( K1 X Ctubule

2
—m+1+N1XK1+NZ'K2) (25)

Ctubule
Kpu,k X fu,p

2xK1x (1+N2-K2)

+4 X x (14+N2-K2)x K1

Ctubule, f =

PRMVERE 2 > 78— B A 2 S TOIEREE IR (Cduct,f) (FLLF DX TRER L7,

Cduct, f
(26)

K1 xCduct —1— N1k x K1 + /(=K1 x Cduct + 1 + N1k x K1)% + 4 x Cduct x K1
B 2 x K1

Z 2T Nk [IBIECOREEEA O, BigCiE 1 >OfaFrERE & A L0 &%

RE L7,
Ehg D IR EE= = X b
dAduct
P Ctubule, f X CLgo. — Cduct, f X Qu + Cp, f X GFR 27)

—(Cduct — Cduct, f) X CLyg_;

27D FHAEIHIE model 3, final iv model 2T final iv-po model |ZFHAGAATZ,
QNAD E AT Model 1 TITALZAE T, Model 2 TI& Cauets x CLat &L THLAMA

AT

V70 7FroRPHERE (X 1ZLLFORTRR LT,

Xu=Cduct,fxQu (28)
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F RN B G- IRe D WIS

Chiooa(0) = Dosey, /Vpiooa (29)
EARE A TRIEIES U

Astomacn(0) = Dosey, (30)
Chi00a(0) =0 (31)

[MC] & L7z F 7 U 7FF o2 HNWTE b~ AT U ZRHEBRO R K OV
PR — Z IS GIFEER 2 > /S— R A 2 R DT A —4 (foile and kene) DFg

Ak

[“C] 5k L7 U F 27U 7F o 5 mg #RIRN X 5-% 120 I £ TORFEIRF U
F 7N FF PR (X)), #5-5% 288 I £ T o BRI D AED PR (Xne)
KM OFE1% 288 Rl E COBRFEEN Y 727U FF Pt & (Keeoes) 1FEERD L
BRE % FHV 7= (Blech et al., 2010), Xmee OB IEEE TP ~OHR[UCIEST REYEHER ) D
UF 7V TFFrofitEis2ZL51< 2 & TR L, RP~OMEH) O &
X, BRSO E LR TER TEIRETH-722 b, ZOHETR
WY ORI R & AT Z ENAREIS E B X biLTe, FIR L7z model 3 &R UE
TIAEIEDET V% VT Xu, Xmet, KT Xieces DIFFHERS 20 (28) X LT D
RICHBTEDDZ EITED foite KT kene DIEZHEE LTz,

Xmet = Ch,f>< CLint,h X (l—fbile) (32)

Xfeces =Aint3 ki3 (3 3)

foite M TN kehe LAZND /3T A—HFfE13 model 3 E[RIUAEELT-,
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