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Table S1: LC-MS/MS conditions for in vitro uptake and Kp experiments 

Analyte (m/z) Internal Standard (m/z) Mobile Phase 

Atorvastatin (559.3 → 440.4) Diazepam (285.1 → 257.1) A, B, D 

Atorvastatin lactone (541.4 → 448.4) Diazepam (285.1 → 257.1) A, B, D 

Cerivastatin (460.3 → 356.2) Diazepam (285.1 → 257.1) A, B, D 

Fexofenadine (502.3 → 466.2) Flunitrazepam (314.0 → 268.2) C, D 

Pitavastatin (422.3 → 290.3) Atorvastatin (559.3 → 440.4) A, B, C, D 

Pravastatin (447.3 → 327.3) Diazepam (285.1 → 257.1) A, B, D 

Repaglinide (453.3 → 230.2) Diazepam (285.1 → 257.1) A, B, D 

Repaglinide glucuronide (629.4 → 230.4) Diazepam (285.1 → 257.1) A, B, D 

Rosuvastatin (482.3 → 258.2) Diazepam (285.1 → 257.1) A, B, D 

Telmisartan (515.1 → 276.1) Diazepam (285.1 → 257.1) A, B, D 

Telmisartan glucuronide (691.5 → 515.4) Diazepam (285.1 → 257.1) A, B, D 

Valsartan (436.5 → 235.5) Diazepam (285.1 → 257.1) A, B, D 

A Waters Alliance 2795 connected with Waters Quattro Ultima triple quadruple mass spectrometer 

(Waters, Milford, MA) was used for LC MS/MS analyses. A Luna Phenyl Hexyl column 3 µm, 50 × 46 mm 

(Phenomenex, Torrance, CA) was used as an analytical column for drugs except for pitavastatin (Luna 

C18 column 3 µm, 50 × 46 mm). 

A, 0.05% formic acid in water/methanol mixture (9:1, v/v); B, 0.05% formic acid in water/methanol (1:9, 

v/v); C, 1 mM ammonium acetate in water/methanol (9:1, v/v); D, 1 mM ammonium acetate in 

water/methanol (1:9, v/v) 
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Table S2: LC-MS/MS conditions for protein binding and in vivo studies 

Analyte (m/z) Internal Standard (m/z) Mobile Phase 

Atorvastatin (559.3 → 440.4) Atorvastatin D5 (564.3 → 445.4) A, B 

Cerivastatin (461.3 → 356.3) Eli Lilly Proprietary Compound A, B 

Fexofenadine (502.3 → 171.2) Fexofenadine D6 (508.3 → 177.2) A, C 

Pitavastatin (422.3 → 290.3) Eli Lilly Proprietary Compound A, B 

Pravastatin (423.2 → 321.0) Pravastatin D3 (426.2 → 321.0) A, B 

Repaglinide (453.3 → 230.1) Repaglinide D5 (458.3 → 230.1) A, B 

Rosuvastatin (482.2 → 258.2) Rosuvastatin D6 (488.2 → 264.2) C, D 

Telmisartan (515.3 → 276.2) Eli Lilly Proprietary Compound A, E 

Valsartan (436.2 → 207.1) Valsartan D3 (439.2 → 208.1) C, D 

In vivo study samples were analyzed using a Sciex API 6500+ triple quadrupole mass spectrometer 

(Applied Biosystems/MDS; Foster City, CA) equipped with a TurboIonSpray interface.  The pumps were 

Shimadzu LC-10AD units with a SCL-10A controller (Kyoto, Japan), and a CTC PAL liquid handler 

(Zwingen Switzerland) was used as the autosampler. Atorvastatin, fexofenadine, pravastatin, repaglinide, 

telmisartan and valsartan were analyzed using a Kinetex XB C18 2 x 30 column. Cerivastatin and 

pitavastatin wereanalyzed using an Ace UltraCore SuperC18 2.1 x 30 column and rosuvastatin analyzed 

using an Betasil javelin C18 2.1 x 20 column. 

A, 2M ammonium bicarbonate/ water (25:1000 v/v); B, 2M ammonium bicarbonate/methanol (25:1000 

v/v); C, acetonitrile; D, formic acid/ water (10:1000 v/v); E, methanol 
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Table S3: Data sources for physiological parameters in dogs 

Parameters  References  Median 

Hepatocellularity 

(10
6
 cells/g liver) 

240
a
 135

b
 215

c
 120

d
 175 

Liver weight 

(g liver/kg) 

29.1
e
 32.9

f
 32

g
 32

d
 32 

Hepatic blood flow 

(mL/min/kg) 

41.0
e
 41.5

f
 30.9

g
 33

d
 40 

a
Bayliss et al. (1999) 

b
Szákacs et al. (2001) 

c
Sohlenius-Sternbeck (2006) 

d
Peters (2012) 

e
Boxenbaum (1980)  

d
Brown et al. (1997) 

f
Davies and Morris (1993) 
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Table S4: In vivo and in vitro clearance data in rats 

 
In vivo CLtotal 

(mL/min/kg) 

In vivo CLR 

(mL/min/kg) 

In vivo CLH 

(mL/min/kg) 

fup RB 
Observed CLint,H 

(mL/min/kg) 

In vitro CLuptake 

(µL/min/10
6
cells) 

Predicted CLint,H 

(mL/min/kg) 

Fold error 

 

Cerivastatin 17.00
a
 - 17.00 0.026

a
 0.70

a
 938.9 265

b
 1273 0.74 

Fexofenadine 52.80
d
 8.20

d
 44.60 0.338

d
 0.895

d
 349.9 10.07

e
 48 7.24 

Pitavastatin 18.20
f
 - 18.20

f
 0.014

f
 0.65

f
 2000.0 207

g
 994 2.01 

Pravastatin 43.70
h)

 - 43.70
h
 0.672

h
 0.65

h
 407.4 26

g
 123 3.30 

Repaglinide 5.28
i
 - 5.28

i
 0.015

j
 0.62

j
 393.9 107

g
 512 0.77 

Rosuvastatin 28.00
h)

 0.032
k
 27.97 0.039

h
 0.60

h
 1718.4 169

g
 813 2.11 

Telmisartan 6.75
l
 - 6.75 0.006

l
 1.00

l
 1228.7 240

g
 1154 1.06 

Valsartan 4.20
h
 - 4.20 0.004

h
 0.66

h
 1140.7 53

g
 255 4.47 

Bosentan 23.00
m 

- 23.00 0.011
n
 0.55

p 
4381.0 138

g
 661 6.63 

CLH was determined from CLtotal and CLR. Observed CLint,H was calculated by the well-stirred model shown in eq. 9 with rat hepatic blood flow 80 mL/min/kg
q
. The 

in vitro CLuptake was scaled by a hepatocellularity value of 120 × 10
6
 cells/g liver and rat liver weight of 40 g liver/body weight

q
. 

a
Paine et al. (2008) 

b
In house data (265 ± 91 µL/min/10

6
 cells, n=3 separate experiments) measured after 2 h culture, followed by uptake studies performed at 1 µM over 2 min as 

previously
c)

  
c
De Bruyn et al. (2018) 

d
Poirier et al. (2008) 

e
Estimated over 0.1-100 µM range using the conventional 2-step method as reported by Cantrill and Houston (2017) 

f
Watanabe et al. (2010) 
g
In vitro CLuptake values were from Ménochet et al. (2012a): parameters were estimated over 0.1-300 µM range using the mechanistic 2-compartment model and 

corrected for the loss of cells during experiment 
h
Fukuda et al. (2008) 

i
Li and Jiang (2012) 
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j
Xiao et al. (2015) 
k
Nezasa et al. (2002) 

l
Gardiner and Paine (2011) 
m
Treiber et al. (2004) 

n
Calculated from RB=fup/fub with fub=0.02

o
 

o
Lave et al. (1997) 

p
Haematocrit 

q
Peters (2012) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

 

Table S5: Individual uptake parameters obtained in the three lots of plated dog hepatocytes 

Drugs Parameters XVD XZG YHF 

Atorvastatin CLtotal (µL/min/10
6
cells) 140 90.7 91.5 

 CLpassive (µL/min/10
6
cells) 13.5 11.1 13.9 

 CLactive (µL/min/10
6
cells) 127 79.5 77.7 

Cerivastatin CLtotal (µL/min/10
6
cells) 203 137 90.1 

 CLpassive (µL/min/10
6
cells) 72.2 32.7 29.8 

 CLactive (µL/min/10
6
cells) 131 104 60.3 

Fexofenadine CLtotal (µL/min/10
6
cells) 14.8 9.62 3.88 

 CLpassive (µL/min/10
6
cells) 0.843 4.98 1.40 

 CLactive (µL/min/10
6
cells) 14.0 4.65 2.47 

Pitavastatin CLtotal (µL/min/10
6
cells) 146 128 62.0 

 CLpassive (µL/min/10
6
cells) 38.0 24.8 25.6 

 CLactive (µL/min/10
6
cells) 108 103 36.4 

Pravastatin CLtotal (µL/min/10
6
cells) 13.5 8.41 7.44 

 CLpassive (µL/min/10
6
cells) 1.11 2.12 0.596 

 CLactive (µL/min/10
6
cells) 12.4 6.29 6.85 

Repaglinide CLtotal (µL/min/10
6
cells) 185 118 103 

 CLpassive (µL/min/10
6
cells) 47.6 27.8 35.7 

 CLactive (µL/min/10
6
cells) 137 89.8 67.3 

Rosuvastatin CLtotal (µL/min/10
6
cells) 22.9 23.1 25.9 

 CLpassive (µL/min/10
6
cells) 2.48 1.75 1.49 

 CLactive (µL/min/10
6
cells) 20.4 21.3 24.4 

Telmisartan CLtotal (µL/min/10
6
cells) 169 130 104 

 CLpassive (µL/min/10
6
cells) 43.1 25.8 29.3 

 CLactive (µL/min/10
6
cells) 126 104 75.1 

Valsartan CLtotal (µL/min/10
6
cells) 27.3 29.7 34.0 

 CLpassive (µL/min/10
6
cells) 2.04 0.742 1.33 

 CLactive (µL/min/10
6
cells) 25.2 28.9 32.6 

Data represent the mean value in triplicate. 
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Figure S1: Cell-to-medium concentration ratio (Kp)-time profiles of 9 OATP substrates in three lots of plated dog hepatocytes 

Black, blue and red symbols represent the observed data for donors XVD, XZG and YHF, respectively. The solid lines represent the fitting for the 

corresponding donors. A hyperbolic curve fitting was performed in GraFit v6.0.6 to estimate the maximum Kp at equilibrium.
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Table S6: Individual Kp, Kpuu and fu,cell parameters obtained in three lots of plated dog hepatocytes 

Drugs Parameters XVD XZG YHF 

Atorvastatin Kp 450 240 434 

 Kpuu 8.95 6.81 5.96 

 fucell 0.020 0.028 0.014 

Cerivastatin Kp 133 118 95.7 

 Kpuu 2.82 4.18 3.02 

 fucell 0.021 0.035 0.032 

Fexofenadine Kp 48.2 27.1 40.2 

 Kpuu 17.6 1.93 2.76 

 fucell 0.365 0.071 0.069 

Pitavastatin Kp 189 140 157 

 Kpuu 3.84 5.17 2.43 

 fucell 0.020 0.037 0.015 

Pravastatin Kp 15.0 10.8 14.8 

 Kpuu 12.2 3.96 12.5 

 fucell 0.809 0.365 0.845 

Repaglinide Kp 282 195 352 

 Kpuu 2.69 1.81 1.98 

 fucell 0.010 0.009 0.006 

Rosuvastatin Kp 28.2 22.0 29.0 

 Kpuu 9.23 13.2 17.4 

 fucell 0.327 0.600 0.599 

Telmisartan Kp 244 247 433 

 Kpuu 1.62 1.39 1.84 

 fucell 0.007 0.006 0.004 

Valsartan Kp 197 234 489 

 Kpuu 13.4 40.0 25.5 

 fucell 0.068 0.171 0.052 

Data represent the mean value in duplicate. 

 

 

 



10 

 

Table S7: Comparison of estimated CLactive, CLpassive and fucell of rosuvastatin from short and long 

incubation periods in plated dog hepatocytes (lot XVD) 

Drugs Parameters Short incubation (from 

initial uptake rate and 

eq. 3) 

Long incubation (by 

mechanistic modelling, eq. 

4-5) 

Cerivastatin CLactive (µL/min/10
6
cells) 131 201 

 CLpassive (µL/min/10
6
cells) 72.2 136 

 fucell 0.021 0.010 

Fexofenadine CLactive (µL/min/10
6
cells) 14 6.93 

 CLpassive (µL/min/10
6
cells) 0.843 0.545 

 fucell 0.365 0.391 

Pitavastatin CLactive (µL/min/10
6
cells) 108 149 

 CLpassive (µL/min/10
6
cells) 38 70.8 

 fucell 0.024 0.025 

Pravastatin CLactive (µL/min/10
6
cells) 12.4 12.7 

 CLpassive (µL/min/10
6
cells) 1.11 2.20 

 fucell 0.809 0.611 

Rosuvastatin CLactive (µL/min/10
6
cells) 20.4 15.3 

 CLpassive (µL/min/10
6
cells) 2.48 1.51 

 fucell 0.327 0.293 

Valsartan CLactive (µL/min/10
6
cells) 25.2 34.2 

 CLpassive (µL/min/10
6
cells) 2.04 2.73 

 fucell 0.068 0.102 
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Figure S2: Two compartment mechanistic modelling of rosuvastatin concentration-time profile 

Panel A shows cell concentration vs. time profile of rosuvastatin with symbols and black line representing 

the observed data and model fitting, respectively. Black and blue symbols represent the data in the 

absence and presence of the cocktail inhibitor. Panel B and C show the goodness of fit and weighted 

residual error vs. time plots, respectively. The solid and dotted lines in panels B and C represent the line 

of unity and the 2-fold error, respectively. 
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Table S8: In vivo and in vitro clearance data in cynomolgus monkeys 

 
In vivo CLtotal 

(mL/min/kg)
a
 

In vivo CLR 

(mL/min/kg)
a
 

In vivo CLH 

(mL/min/kg) 

fup
a
 RB

a
 

Observed CLint,H 

(mL/min/kg) 

In vitro CLuptake 

(µL/min/10
6
cells)

a
 

Predicted CLint,H 

(mL/min/kg) 

Fold error 

 

Cerivastatin 19.00 - 19.00 0.014 0.76 3181 223 817.0 3.89 

Fexofenadine 6.54 1.67
a
 4.87 0.310 0.55 19 8.00 29.4 0.66 

Pitavastatin 10.90 0.11
a
 10.80 0.026 0.58 723 134 491.7 1.47 

Pravastatin 30.00 6.93
a
 23.10 0.650 0.56 644 9.00 33.0 19.48 

Repaglinide 6.89 - 6.89 0.012 0.62 771 129 473.7 1.63 

Rosuvastatin 23.70 4.27
a)

 19.40 0.180 0.69 305 40.1 147.2 2.07 

Telmisartan 9.00 - 9.00 0.025 0.78 490 387 1420.7 0.34 

Valsartan 6.53 0.62
a
 5.91 0.014 0.55 560 105 384.8 1.46 

Bosentan 17.90 - 17.90 0.061 0.66 776 77.0 281.3 2.76 

CLH was determined from CLtotal and CLR. Observed CLint,H was calculated by the well-stirred model shown in eq. 9 with monkey hepatic blood flow 43.6 

mL/min/kg
b
. The in vitro CLuptake was scaled by a hepatocellularity value of 120 × 10

6
 cells/g liver and monkey liver weight of 30 g liver/body weight

b
. RB values 

were assumed to be the same as those in humans. 
a
De Bruyn et al. (2018)  

b
Davies and Morris (1993) 
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Table S9: In vivo and in vitro clearance data in humans  

 
In vivo CLtotal 

(mL/min/kg)
a
 

In vivo CLR 

(mL/min/kg)
a
 

In vivo CLH 

(mL/min/kg)
a
 

fup
a
 RB

a
 

Observed CLint,H 

(mL/min/kg)
a
 

In vitro CLuptake 

(µL/min/10
6
cells)

b
 

Predicted CLint,H 

(mL/min/kg) 

Fold error 

 

Cerivastatin 2.90 - 2.90 0.002 0.76 1778 244.0 639.1 2.78 

Fexofenadine 3.10 1.2 1.9 0.18 0.55 13 8.4 22.0 0.58 

Pitavastatin 5.7 - 5.7 0.025 0.58 434 175.6 ± 33.4 459.9 ± 87.6 0.94 

Pravastatin 14 6.6 7.4 0.43 0.56 48 6.0 15.8 3.04 

Repaglinide 7.8 - 7.8 0.015 0.62 1326 195.2 ± 98.1 511.4 ± 256.9 2.59 

Rosuvastatin 10.5 2.9 7.6 0.094 0.69 172 21.3 ± 17.3 55.8 ± 45.3 3.08 

Telmisartan 12 - 12 0.005 0.78 9657 370.3 ± 24.4 970.1 ± 63.8 9.96 

Valsartan 0.49 0.14 0.35 0.001 0.55 361 8.7 ± 5.8 22.8 ± 15.2 15.8 

Bosentan 2.10 - 2.10 0.0053 0.66 468 95.2 ± 18.7 249.3 ± 49.0 1.88 

CLH was determined from CLtotal and CLR. Observed CLint,H was calculated by the well-stirred model shown in eq. 9 with human hepatic blood flow 20.7 mL/min/kg
d
. 

The in vitro CLuptake was scaled by a hepatocellularity value of 120 × 10
6
 cells/g liver and human liver weight of 21.4 g liver/body weight

e
. 

a
De Bruyn et al. (2018)  

b
Data represent mean ± SD of n=4 donors reported in De Bruyn et al. (2018) and Ménochet et al. (2012b)

c
, except for pravastatin (n=2), cerivastatin (n=1) and 

fexofenadine (n=1). The same applies for CLactive whereas for CLpassive, represent mean of n=2 donors except for cerivastatin and fexofenadine (n=1), and 

rosuvastatin and repaglinide (n=4) (Ménochet et al., 2012b; De Bruyn et al., 2018)  
c
Data from Ménochet et al. (2012b) were corrected for cell loss during uptake experiment 

d
Davies and Morris (1993) 

e
Rawden et al. (2005) 
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Figure S3: Correlation of CLpassive and fucell values with physicochemical properties logD7.4 and relationship between fucell and fup 

The log-transformed CLpassive (A) and fucell (B) values of 9 drugs investigated were compared with their physicochemical properties, logD7.4. 

Correlation between the observed fucell and fup (C) of 9 drugs was investigated. (A) Relationship between parameters was described by the 

following equation: logCLpassive = 0.492 × logD7.4 + 0.494 (r
2
 = 0.893). (B) The solid and dashed lines represent the line of unity and 2-fold 

difference, respectively. (C) Relationship between parameters was described by the following equation: logfucell = –0.502 × logD7.4 – 0.843 (r
2
 = 

0.751). 1, atorvastatin; 2, cerivastatin; 3, fexofenadine; 4, pitavastatin; 5, pravastatin; 6, repaglinide; 7, rosuvastatin; 8, telmisartan; 9, valsartan 
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