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Table S1

Inputs used in GastroPlus-based physiologically based pharmacokinetic (PBPK) modeling for i.v. glycyrrhizin

Item

Compound: glycyrrhizin

Molecular formula

MW (g-mol™")

LogP

pKa, (acid)

Rat Oatp1b2, liver
Transporter location
In vitro Ky (UM)
In Vitro Vimax (pmol-min™"-mg™" protein)
In vitro fraction unbound (f-incubation)
RAF

Rat Mrp2, liver
Transporter location
In vitro Ky (UM)
In Vitro Vinax (pmol-min™"-mg™ protein)
In vitro fraction unbound (fy-incubation)
RAF

Human OATP1B1, liver
Transporter location
In vitro Ky (UM)
In Vitro Vimax (pmol-min~"smg™ protein)
In vitro fraction unbound (fy-incubation)
RAF

Human OATP1B3, liver
Transporter location
In vitro Ky, (UM)
In Vitro Viax (pmol-min™"smg™" protein)
In vitro fraction unbound (fy-incubation)
RAF

Human MRP2, liver
Transporter location
In vitro Ky (UM)
In Vitro Vimax (pmol-min™"-mg™" protein)
In vitro fraction unbound (fi.incubation)
RAF

Dosage form

Initial dose (mg)

Infusion time (h)

Pharmacokinetics

Input
Rat

Cu2Hs2016

823

2.02

3.39, 5.55, 9.81

Basolateral/influx

18.2
35.6
1.0
15

Apical/efflux
17.2

25.6

1.0

3

l.v. bolus
0.66

New PBPK: population estimates for age-related (PEAR)

Species
Population
Gender
Age (year)
Weight (kg)
Edit PBPK:
SpecPStc (mL-s™"-mL™")
Liver: K,
Lung: Ky
Adipose: K,

Rat

0.25

Used, 2 x 107
0.47
0.22
0.06

Source

Filonova et al., 2015
Filonova et al., 2015
Measured
Measured

Measured
Measured
Measured
Fitted

Measured
Measured
Measured
Fitted

From this investigation
From this investigation

Fitted

Measured
Measured
Measured

S1-

Human

Ca2He2016

823

2.02

3.39, 5.55, 9.81

Basolateral/influx
21.7

16.6

1.0

10

Basolateral/influx
18.4

12.4

1.0

10

Apical/efflux
12.3

96.3

1.0

1

l.v. infusion
40, 80, 120
0.2

Human
Japanese
Male

30

50

Used, 2 x 107
0.47
0.22
0.06

Source

Filonova et al., 2015
Filonova et al., 2015
Measured
Measured

Measured
Measured
Measured
Fitted

Measured
Measured
Measured
Fitted

Measured

Measured

Measured

Fitted

Yamamura et al., 1992
Yamamura et al., 1992
Yamamura et al., 1992

Fitted

Same as rat liver K,
Same as rat lung K,
Same as rat adipose K,




Muscle: K,

Spleen: K,

Heart: K,

Brain: K,

Kidney: K,

Renal filtration estimate method

Skin: K,
Blood/plasma concentration ratio
Experimental plasma fi.piasma

PBPK settings
Ko, prediction method
Perfusion limited tissue
Permeability limited tissue

Simulation f,tissue
Tissue albumin

Simulation
Simulation mode
Simulation length (h)

0.06 Measured

0.08 Measured

0.08 Measured

0.01 Measured

0.17 Measured

fu-plasma x GFR

0.09 Measured

0.49 Ishida et al., 1990
Used, 0.008 Measured

User defined (liver, lung, adipose, muscle,
spleen, heart, brain, kidney and skin)
Poulin equation  Fitted

Rothschild Fitted

Single simulation
12

0.06 Same as rat muscle K,
0.08 Same as rat spleen K,
0.08 Same as rat heart K,
0.01 Same as rat brain K,
0.17 Same as rat kidney K,
fu-plasma x GFR

0.09 Same as rat skin K,
0.54 Yamamura et al., 1992
Used, 0.01 Yu et al., 2012

User defined (liver, lung, adipose, muscle,
spleen, heart, brain, kidney and skin)
Poulin equation  Fitted

Rothschild Fitted

Single simulation
12
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Table S2

Input used in GastroPlus-based PBPK modeling for i.v. rifampin in rats

Item

Compound: rifampin
Molecular formula
MW (g-mol™")
LogP
pKa (acid)
pKa (base)
Dosage form
Initial dose (mg)

Pharmacokinetics

Input

Ca3HseN4O12
823

2.19

2.27

7.89

l.v. bolus
25,5

New PBPK: population estimates for age-related (PEAR)

Species
Weight (kg)
Edit PBPK:

SpecPStc (mL-s™"*mL™")

Liver: CLiy (L*h™")

Kidney: renal filtration estimate method
Blood/plasma concentration ratio
Experimental plasma fi-piasma
Adjusted plasma fy-piasma

PBPK settings
Ko prediction method
Perfusion limited tissue

Permeability limited tissue
Simulation f,tissue
Tissue albumin

Simulation
Simulation mode
Simulation length (h)

Rat
0.25

Used, 2.5 x 1072
0.020

fu-plasma x GFR
0.90

0.231

Used

Poulin & Theil - Homogeneous (lung, adipose,
muscle, spleen, heart, brain, kidney and skin)
Poulin & Theil - Extracellular (liver)

S+ equation

Rothschild

Single simulation
8

Source

Maggi et al.,1966
Maggi et al.,1966
Measured
Measured
Measured
Jiang et al., 2015
Jiang et al., 2015

Fitted

Jiang et al., 2015
Loos et al., 1985
Jiang et al., 2015

Fitted

Fitted
Fitted
Fitted
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Table S3

Observed and PBPK model-predicted plasma pharmacokinetics of rifampin in rats after an i.v. bolus dose at 10 and 20 mg-kg™. The
observed values were calculated from the rat plasma concentrations of rifampin over time reported by this laboratory (Jiang et al., 2015).
The PBPK model for i.v. rifampin was developed in this investigation (Table S2 in Supporting Information Appendix S1).
Pharmacokinetic parameter Observed Predicted (Accuracy)

Pharmacokinetics of rifampin in rats that received an i.v. bolus dose at 10 mg-kg™"

Csmin (MM) 18.3+0.9 17.9 (98.0%)
AUCo.gn (M-h) 48.2£4.0 49.0 (102%)
tirz (D) 2.58+0.35 3.13 (121%)
CLiotp (ML-h™"kg™) 253 + 20 248 (98.1%)
Vss (mL-kg™") 848 + 18 904 (107%)
Pharmacokinetics of rifampin in rats that received an i.v. bolus dose at 20 mg-kg™
Csmin (M) 41.3+47 35.9 (86.9%)
AUCo.gn (UM-h) 117 £16 98.0 (83.6%)
tirz (h) 2.72+0.32 3.12 (115%)
CLiotp (ML-h""-kg™") 256 + 38 248 (96.8%)
Vss (mL-kg™") 895 + 121 903 (101%)
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Table S4

Tissue distribution of glycyrrhizin in rifampin-untreated rats after an i.v. bolus dose at 2.6 mg-kg™"

Tissue Cs min (UM)
Plasma 147 £4.1
Kidney 2.12+0.28
Liver 108+1.5
Heart 1.10 £ 0.08
Lung 2.26 £ 0.62
Spleen 1.15+0.20
Brain 0.23 £ 0.06
Adipose 0.47 £0.05
Muscle 0.54 +0.09
Skin 0.78 + 0.05

AUCo-sh (UM-h)

156.7+£3.0

2.71+047
7.46 £ 0.95
1.28 £0.27
3.46+0.79
1.23£0.03
0.18 £ 0.02
0.86 + 0.20
0.88 +0.17
1.30+0.24

Kp

0.17 £ 0.04
0.47 £0.12
0.08 +0.02
0.22 + 0.06
0.08 £ 0.01
0.01 £0.00
0.06 + 0.06
0.06 + 0.01
0.09 £ 0.02

Cs min, cONcentration at 5 min after dosing; AUC, area under concentration-time curve; Kp, tissue/plasma partition coefficient. The data for
tissue distribution of glycyrrhizin represent means + SDs (n = 5).




Table S5

Predicted increase of glycyrryhizin’s area under concentration-time curve (AUC) in presence of inhibitors of OATP1B1/1B3

Inhibitor Ki or ICso (M) fu-pasma R
OATP1B1 OATP1B3
Paritaprevir (oral; qd) IC50, 0.03 ICs0, 0.02 150 1.9 2.7 0.004 0.02 1.0 2.6 Antiviral agent;
(Menon et al., 2016; Shebley et al., 2017)
Telaprevir (oral; tid) ICs0, 1.4 ICs0, 9.7 750 55 4.7 0.1 0.37 1.4 4.1 Antiviral agent;
(Furihata et al., 2004)
Simeprevir (oral; qd) ICs0, 0.3 ICs0, 0.2 150 5.9 11.5 0.1 0.01 1.3 1.7 Antiviral agent;
(Furihata et al., 2004; Sanford, 2015)
Sofosbuvir (oral; qd) IC50, 16.5 ICs0, 61.9 400 1.1 0.5 0.1 0.37 1.0 1.3 Antiviral agent;
(Furihata et al., 2004; Lawitz et al., 2013)
Ritonavir (oral; bid) ICs0, 0.5 ICs0, 0.6 600 15.5 3.2 0.003 0.01 1.1 1.3 Antiviral agent;
(Danner et al., 1995; Shebley et al., 2017)
Atazanavir (oral; qd) ICs0, 1.4 ICs0, 0.4 300 0.9 6.5 0.1 0.04 1.1 1.8 Antiviral agent;
(Karlgren et al., 2012; Metsu et al., 2017)
Indinavir (oral; tid) Ki, 10.8 Ki, 8.5 800 11.4 1.05 0.1 0.4 1.0 4.6 Antiviral agent;
(Acosta et al., 1999; Anderson et al.; 2000; Annaert et al.,
2010)
Rifampin (oral; qd) K, 0.2 Ki, 0.3 450 10.4 3.6 0.1 0.20 1.0 28.7 Antibacterial agent;
(Pargal et al., 2001; Karlgren et al., 2012)
Erythromycin ethylsuccinate ICs0, 7.5 ICs0, 1.6 600 1.7 2.7 0.07 0.20 1.2 4.9 Antibacterial agent;
(oral; tid) (Croteau et al., 1988; De Bruyn et al., 2013)
Dicloxacillin (oral; qgid) Ki, 0.4 Ki, 1.6 250 29.0 1.4 0.1 0.04 1.1 25 Antibacterial agent;
(Roder et al., 1995; De Bruyn et al., 2013; Wu et al., 2015)
Silibinin (oral; qd) Ki, 3.4 Ki, 3.3 240 1.3 6.0 0.1 0.25 11 3.6 Adjuvant in chronic hepatitis and cirrhosis;
(Lorenz et al., 1984; Weyhenmeyer et al., 1992; De Bruyn et
al., 2013)

Cmax, maximum plasma concentration of inhibitor after oral dosing in humans; dose, inhibitor dose; f,.piasma, Unbound fraction of inhibitor in plasma; K;, inhibition constant; ICso, half maximal inhibitory concentration
of inhibitor; Kj, absorption rate constant of inhibitor; R, accumulative factor for inhibitor; ti,2, terminal half-life of inhibitor; Rauc, ratio of glycyrrhizin’s AUC in presence and absence of an inhibitor of OATP1B1/1B3.
Rauc was calculated using the following equation (Tweedie et al., 2013):

Rauc =1 + linmaxu/Ki of Rauc = 1 + fin,maxu/ICs0 (1)
where finmaxu is the estimated maximum unbound concentration of the inhibitor at the inlet to the liver and is equal to fu-piasma’[Cmax X R + (FaFg X Ka X Dose)/Qp]. R is equal to 1/(1—e "), where k is the elimination rate
constant (0. 693/t1/2) and ris the dosing interval (h). FaFy is the inhibitor’s fraction of dose absorbed and was set at 1. Qy is the human hepatic blood flow (estimated as1500 mL-min~ ) If K5 value is unknown, K, was
setat 0.1 min™". For fi, maxu €Stimation, blood-to-plasma concentration ratios of the inhibitors were assumed to be 1. Glycyrrhizin is a dual substrate of OATP1B1 and OATP1B3, which exhibit comparable transport
capabilities based on the in vitro data in Table 2. Because OATP1B1 and OATP1B3 normally can compensate for the lack of each other, Rauc is calculated using the higher of the K; (or ICso) values for these two
transporters; genetic polymorphisms, which may result in poor hepatic expression or negligible transport activity of either of these transporters, are not considered here.
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