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Supplemental text 

 

Section 1. Phoenix WinNonlin Model codes 

Nomenclature of terms used in model codes 

Amed, is the amount of substrate in medium at time t; Acell, is the amount of substrate in cells at 

time t; CLpassive, is passive diffusion mediated clearance (µL/min/mg); TP, is total protein (mg); 

Cmed, is the total concentration of compound in the medium at time t (µM); Ccell, is the total 

concentration of compound in the cells at time t (µM); fum is fraction unbound in medium 

(unitless); fU is fraction unbound in cells (unitless); nsb, is non-specific binding (min
-1

); Vmed, is 

volume of media; Vcell, is volume of cells; Vmax_transporter is the predicted Vmax of pitavastatin for 

that transporter (pmol/min/mg); Km_transporter is the Km of pitavastatin for that transporter (µM). 
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Phoenix WinNonlin modeling code for fitting hepatocyte disposition of pitavastatin at 4°C 

test(){ 

 deriv(Amed = - (CLpassive * TP*(Cmed*fum - (Ccell*fU)))- (Cmed*fum*nsb*Vmed)) 

 deriv(Acell = (CLpassive * TP*((Cmed*fum) - (Ccell*fU)))) 

 Cmed = Amed / Vmed 

 dosepoint(Amed, idosevar = AmedDose) 

 error(CEps = 1) 

 observe(CObs = Cmed + CEps) 

 Ccell = Acell / Vcell 

 error(CcEps = 1) 

 observe(CObs_cell = Ccell + CcEps) 

 stparm(Vmed = tvVmed) 

 stparm(Vcell = tvVcell) 

 stparm(CLpassive = tvCLpassive) 

 stparm(TP = tvTP) 

 stparm(fum = tvfum) 

 stparm(fU = tvfU) 



DMD # 80614 
 

4 
 

 stparm(nsb = tvnsb) 

 fixef(tvVmed (freeze)   = c(, 500, )) 

 fixef(tvVcell (freeze) = c(, 0.75, )) 

 fixef(tvCLpassive    = c(, 7, )) 

 fixef(tvTP(freeze) = c(, 0.090, )) 

 fixef(tvfU    = c(, 0.053, )) 

 fixef(tvfum (freeze)    = c(, 1, )) 

 fixef(tvnsb       = c(0, 0.0013, )) 

} 

Phoenix WinNonlin modeling code for predicting hepatocyte disposition of pitavastatin at 

37°C 

test(){ 

 deriv(Amed = - (CLpassive * TP*(Cmed*fum - (Ccell*fU)))- (Cmed*nsb*Vmed) - 

(((Vmax_OATP1B1*TP)/(Km_OATP1B1 + Cmed*fum)) * Cmed*fum)- 

(((Vmax_OATP1B3*TP)/(Km_OATP1B3 + Cmed*fum)) * Cmed*fum)- 

(((Vmax_NTCP*TP)/(Km_NTCP + Cmed*fum)) * Cmed*fum)-  

(((Vmax_MRP3*TP)/(Km_MRP3 + (Ccell*fU))) * (Ccell*fU))) 

 deriv(Acell = (CLpassive * TP*(Cmed*fum - (Ccell*fU))) + 

(((Vmax_OATP1B1*TP)/(Km_OATP1B1 + Cmed*fum)) * Cmed*fum) + 
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(((Vmax_OATP1B3*TP)/(Km_OATP1B3 + Cmed*fum)) * Cmed*fum) + 

(((Vmax_NTCP*TP)/(Km_NTCP + Cmed*fum)) * Cmed*fum) - 

(((Vmax_MRP3*TP)/(Km_MRP3 + (Ccell*fU))) * (Ccell*fU))) 

 Cmed = Amed / Vmed 

 dosepoint(Amed, idosevar = AmedDose) 

 error(CEps = 1) 

 observe(CObs = Cmed + CEps) 

 Ccell = Acell / Vcell 

 error(CcEps = 1) 

 observe(CObs_cell = Ccell + CcEps) 

 stparm(Vmed = tvVmed) 

 stparm(Vcell = tvVcell) 

 stparm(CLpassive = tvCLpassive) 

 stparm(Vmax_OATP1B1 = tvVmax_OATP1B1) 

 stparm(Km_OATP1B1 = tvKm_OATP1B1) 

 stparm(Vmax_OATP1B3 = tvVmax_OATP1B3) 

 stparm(Km_OATP1B3 = tvKm_OATP1B3) 

 stparm(Vmax_NTCP = tvVmax_NTCP) 
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 stparm(Km_NTCP = tvKm_NTCP) 

 stparm(Vmax_MRP3 = tvVmax_MRP3) 

 stparm(Km_MRP3 = tvKm_MRP3) 

 stparm(TP = tvTP) 

 stparm(fum = tvfum) 

 stparm(fU = tvfU) 

 stparm(nsb = tvnsb) 

 fixef(tvVmed (freeze)  = c(, 500, )) 

 fixef(tvVcell (freeze)   = c(, 0.75, )) 

 fixef(tvCLpassive (freeze)    = c(, 23.78, )) 

 fixef(tvVmax_OATP1B1 (freeze)     = c(, 214.9, )) 

 fixef(tvKm_OATP1B1 (freeze)     = c(0, 4.22, )) 

 fixef(tvVmax_OATP1B3 (freeze)   = c(,23.1, )) 

 fixef(tvKm_OATP1B3 (freeze) = c(, 2.24, )) 

 fixef(tvVmax_NTCP(freeze) = c(, 244.67, )) 

 fixef(tvKm_NTCP(freeze) = c(, 24.28, )) 

 fixef(tvVmax_MRP3 (freeze) = c(, 0.1272, )) 
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 fixef(tvKm_MRP3(freeze) = c(, 448, )) 

 fixef(tvTP (freeze) = c(,0.101, )) 

 fixef(tvfU (freeze)     = c(, 0.0154, )) 

 fixef(tvfum (freeze)    = c(, 1, )) 

 fixef(tvnsb (freeze)    = c(, 0.00130, )) 

} 

Section 2 Methodology of estimation of uptake kinetics of transporters in hepatocytes 

(suspensions and SCHH). 

Suspended Hepatocytes. The protocol used here to assess uptake in hepatocyte 

suspensions was based on the BioreclamationIVT Cryopreserved Hepatocyte Uptake 

Transporter Assay. An orbital shaker was placed in a 37 
o
C incubator without humidity and CO2 

in order to evaluate total uptake and wet ice was placed on a separate orbital shaker to evaluate 

passive uptake at 4 
o
C.  Passive uptake of E3S by OATP1B1 was also evaluated at 37 

o
C by 

adding 100 uM rifamycin directly to the substrate solution. In 0.4 ml tubes, a 100 µl layer of 2N 

NaOH was topped with a 100 µl layer of filtration oil consisting of a 5:1 silicone oil to mineral 

oil mixture. On the day of the assay, all substrate solutions containing the radio-labeled 

compounds were prepared. Substrate solutions were prepared in KHB for all assays assessing the 

OATP1B1 and OATP1B3 transporters as well as total uptake by NTCP while the sodium-free 

buffer made in-house was used when assessing the passive uptake by the NTCP transporter. 

Solutions were allowed to acclimate to 37 
o
C in the incubator or to 4 

o
C on wet ice. Wash buffers 

corresponding to the buffers used to make the solutions were allowed to chill to 4 
o
C in wet ice. 
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After cells acclimated for 15 minutes in the 37 
o
C incubator or to 4 

o
C on the wet ice, the orbital 

shakers were set to 250 rpm for the remainder of the experiment. Uptake was initiated by adding 

50 µl of substrate solution to the wells containing 100 ul of suspended cells. Incubation times for 

each transporter were predetermined by conducting time-dependent assays using a single 

concentration of each radio-labeled substrate. The incubation times determined and used in all 

kinetic assays were as follows: 1 minute for the uptake of E3S and pitavastatin by OATP1B1, 

and 3 minutes for the uptake of TCA and CCK-8 by NTCP and OATP1B3 respectively. At the 

end of the incubation time, the suspension was quickly pipetted from each well and added to its 

respective 0.4 ml tube containing the filtration oil and 2N NaOH. The tubes were immediately 

centrifuged at 14,000 rpm for 1 minute to allow the cells to travel through the filtration oil to the 

2 N NaOH. Each tube was placed into dry ice for at least 20 minutes. The tubes were then cut in 

the middle oil layer. The bottom layer of each tube containing the cell pellet was dropped into a 

corresponding well of a 12-well cell culture plate where 500 µl of a 1% SDS solution in distilled 

water was added to each well to lyse the cells. The lysates were shaken at 250 rpm for at least 

one hour on an orbital shaker at room temperature. The solution was then pipetted into a 4 ml 

scintillation vial. To each vial, 3 ml of Optiphase Supermix Cocktail was added and the samples 

were analyzed on the Perkin Elmer MicroBeta2. All substrate solutions were analyzed as well to 

more accurately determine the total concentration of radio-labeled compound added. 

 

Sandwich Cultured Human Hepatocytes (SCHH). Five days after addition of the 

Matrigel to the plated hepatocytes, the uptake assay was carried out. Substrate solutions were 

prepared in KHB for all assays assessing the OATP1B1 and OATP1B3 transporters as well as 

total uptake by NTCP while the sodium-free buffer made in-house was used when assessing the 
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passive uptake by the NTCP transporter. Solutions were allowed to acclimate to 37 
o
C in the 

incubator without humidity and CO2 or to 4 
o
C on wet ice. Wash buffers corresponding to the 

buffers used to make the solutions were allowed to chill to 4 
o
C in wet ice. Total uptake was 

assessed at 37 
o
C while passive uptake was assessed at 4 

o
C on wet ice. Passive uptake of E3S by 

OATP1B1 was also evaluated at 37 
o
C by adding 100 uM rifamycin directly to the substrate 

solution. To each well, 500 ul of substrate solution containing radio-labeled compound was 

added and incubated for the appropriate time. Incubation times for each transporter were 

predetermined by conducting time-dependent assays using a single concentration of each radio-

labeled substrate. The incubation times determined and used in all kinetic assays were as follows: 

1 minute for the uptake of E3S and pitavastatin by OATP1B1, and 3 minutes for the uptake of 

TCA and CCK-8 by NTCP and OATP1B3 respectively. At the end of the incubation, the 

solutions were either aspirated into a waste container or pipetted into a 1.5 ml Eppendorf tube. 

The cells were then washed 3x with ice cold wash buffer. To lyse the cells, 500 µl of a 1% SDS 

solution in distilled water was added to each well. The plates were allowed to shake on an orbital 

shaker at 250 rpm for at least 1 hour at room temperature. The samples were then transferred to 4 

ml scintillation vials. To each vial, 3 ml of Optiphase Supermix Cocktail was added. Each 

sample was analyzed on the Perkin Elmer MicroBeta2. All substrate solutions were analyzed as 

well to more accurately determine the total concentration of radio-labeled compound added. The 

solutions that were removed from the cells and placed in 1.5 ml tubes were analyzed in order to 

determine the mass balance of the compound. 
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Supplemental Tables 

Table S1: Donor characteristics of hepatocyte lots 

Hepatocyte lot 

Gender, 

Age, 

Race 

Transporter certification 

Vendor certification 

Internal qualification: 

Active uptake of 0.1 µM E3S 

(µL/min/mg) in: 

Suspension 

2 h after 

plating 

144 h 

after 

plating 

HUM4122D 

(Single donor) 

F,35, Asian 

 

Rosuvastatin uptake = 

179% of historical  

database 

235 ± 33 

 

73 ±12 102 ± 27 

Hu1651 

(Single donor) 

F, 60, 

Caucasian 

Active uptake of 1 µM 

estradiol 17β 

glucuronide = 

4.9 pmol/min/mg 

ND 

 

78 ± 19 54 ± 7 

HUP1001 

(Pooled) 

 

Mixed, NA, 

NA 

None 58 ± 18 NA
a
 NA

a
 

NA: Not applicable 

ND: Not done due to limited availability of this hepatocyte lot. 

NA
a
: Pooled hepatocytes, not amenable to plating. 
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Table S2: Sensitivity analysis of the impact of MRP3 on intracellular accumulation of 

pitavastatin.   

Cellular accumulation of pitavastatin was simulated for several hypothetical situations where 

MRP3 Vmax was considered to be either 0 or some arbitrary fold of the original Vmax. The % 

change in cellular AUC was calculated with respect to the AUC obtained under ‘Vmax = original’ 

condition. 

 

MRP3 Vmax Pitavastatin cellular AUC 

(nM.h) 

% change in cellular 

AUC 

Vmax = original 456.9436 NA 

Vmax = 0 456.9467 0.0007 

Vmax = 1X original 456.9162 -0.0060 

Vmax = 10X original 456.6418 -0.0661 

Vmax = 100X original 453.9143 -0.6630 

Vmax = 10
4
X original 428.2350 -6.2828 

Vmax = 10
5
X original 271.2154 -40.6458 

 NA: Not applicable 
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Table S3: Physicochemical properties and pharmacokinetic parameters of rifampicin and 

cyclosporine reported in the literature that were utilized for predicting AUCR values 

resulting from hepatic uptake inhibition of pitavastatin 

Perpetrator 

drug 

Pharmacokinetic parameters 

Dose
 

(mg) 

Cmax 

(µg/mL) 

 

Ka 

min
-1

 

Fa Fg fu Rb 

Ki (µM) 

OATP 

1B1 

OATP 

1B3 

NTCP 

Rifampicin 600 10
a
 0.021

b
 1

c
 0.99

c
 0.13

d
 0.9

c
 0.09

e
 0.03

e
 138.5

a
 

Cyclosporine 175
f,g

 0.92
f, g

 0.039
h,i

 0.86
c
 0.48

c
 0.068

j
 1.93

k
 0.014

l
 0.007

l
 0.28

l
 

Cmax: Maximum plasma concentration associated with that drug dose; AUCR=Ratio of AUCs 

with and without the inhibitor; Ka: Absorption rate constant; Fa: Fraction available after 

absorption; Fg: Fraction available after escaping metabolism in the gut; fu: fraction unbound in 

plasma; Rb: blood plasma partition co-efficient; Ki: reversible inhibition constant; SD: single 

dose 

a
 Prueksaritanont, T., et al., (2014) 

b
 Peloquin, C.A., et al., (1997) 

c
 Varma, M.V., et al., (2014) 

d
 Boman, G. and V.A. Ringberger (1997) 

e
 Duan, P., P. Zhao, and L. Zhang (2016) 

f
 Pitavastatin DDI with cyclosporine was observed with 2 mg/kg cyclosporine (NDA application 

of cyclosporine). The associated plasma exposure of cyclosporine is not available. The Cmax 

value in the above table is from a 175 mg oral dose. 

g
 Kovarik, J.M., et al., (2002) 

h 
Geometric mean of Ka from formulations of Sandimmune® and Neoral® 
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i
 Monchaud, C. and P. Marquet (2009) 

j
 Legg, B., et al., (1988) 

k
 Zaghloul, I., et al., (1987) 

l
 Jamei, M., et al., (2014) 
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Supplemental Figure legends 

Fig. S1: Uptake of estrone-3-sulfate (A), CCK-8 (B), and taurocholic acid (C) in HEK293 cells 

transfected with OATP1B1, OATP1B3, and NTCP, respectively. Uptake of pitavastatin in 

HEK293-OATP1B1 (D), HEK293-OATP1B3 (E), and HEK293-NTCP (F) cells, respectively. 

Experimental data are presented as mean ± SD (n = 3). Each experiment was repeated at least 

twice, except C which was done once.  

Fig. S2: Uptake of estrone-3-sulfate, CCK-8, and taurocholic acid in suspension hepatocytes (A-

D lot HUP1001, E-H lot HUM4122D. Experimental data are presented as mean ± SD (n = 3). 

RIF = Rifamycin SV. 

Fig. S3: Uptake of estrone-3-sulfate, CCK-8, and taurocholic acid in SCHH (A-C lot HU1651, 

D-G lot HUM4122D).  Experimental data are presented as mean ± SD (n = 3). RIF = Rifamycin 

SV. Of note, E3S uptake kinetics with rifamycin SV were not done in lot Hu1651 since this lot 

had limited supply, and other experiments were prioritized in this lot of hepatocytes. 

Fig. S4: Individual predicted concentrations versus observed concentrations for pitavastatin in 

media (A1- C1) and in cells (A2 -C2) at 4°C. The solid line is the line of unity, and open circles 

represent observed data (individual values). A1, A2: suspension, lot HUM4122D; B1, B2: SCHH 

lot HUM4122D; C1, C2: SCHH lot Hu1651.  

Fig. S5: Individual predicted concentrations versus observed concentrations for pitavastatin in 

media (A1-D1) and in cells (A2-D2) at 37°C. The solid line is the line of unity, and open circles 

represent observed data (individual values). A1, A2: suspension, lot HUP1001; B1, B2: 

suspension, lot HUM4122D; C1, C2: SCHH lot HUM4122D; D1, D2: SCHH lot Hu1651. 
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Supplemental Figures 

Figure S1 
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Figure S2 
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Figure S3 
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Figure S4 
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Figure S5 
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