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Figure S1. Observed and fitted plasma free fraction and blood to plasma ratio of rat, monkey, and human. 
Human plasma free fraction data are digitized from a previous publication [1], while human blood to plasma 
ratio are published in Part 1.    

  



Figure S2. Predicted human systemic exposure (red) and unbound liver to unbound plasma ratio (blue). The 
parameter values are generated by scaling monkey parameter values with ratios of liver tissue weights between 
human and monkey, while monkey parameter (including Km,liver,uptake and Km,liver,metabolism) values are estimated 
by fitting in vivo pharmacokinetic data. The markers, solid line, and shaded areas represent the data, median 
simulations, and 95% intervals generate with parameter values identified in Markov chain Monte Carlo. 

    

  



Figure S3. Predicted human systemic exposure (red) and unbound liver to unbound plasma ratio (blue). The 
parameter values are generated by scaling rat parameter values with ratios of liver tissue weights between 
human and rat, while rat parameter (including Km,liver,metabolism) values are estimated by fitting in vivo 
pharmacokinetic data. The markers and solid line represent the data and simulations. 

  



Table S1. Values for physiological parameters 1. 

Tissue Blood flow (L∙hour−1∙kg−1) Volume (L∙kg−1) 

 Cynomolgus 
Monkey SD Rat Human Cynomolgus 

Monkey SD Rat Human 

Adipose 0.24 0.0960 0.222 0.130 0.04 0.143 

Bone 0.612 0.607 0.216 0.0632 0.0632 0.124 

Brain 0.864 0.319 0.6 0.019 0.0068 0.0207 

Gut 2 1.42 2.90 0.558 0.0504 0.0444 0.0258 

Villi blood 3 0.204 0.710 0.256   0.000157 

Heart 0.72 0.941 0.128 0.0034 0.0032 0.0038 

Kidney 1.66 2.21 0.942 0.006 0.0092 0.0044 
Liver blood 
(arterial) 4 0.610 0.648 0.266 0.00466 0.00871 0.00468 

Liver tissue - - - 0.027 0.0412 0.0241 

Muscle 1.08 1.80 0.642 0.5 0.488 0.429 

Pancreas 0.122 0.240 0.114 0.0052 0.0052 0.0012 

Skin 0.648 1.20 0.258 0.1 0.160 0.111 

Spleen 0.252 0.300 0.066 0.0017 0.0024 0.0027 

Systemic blood 5 - - - 0.0629 0.0589 0.0723 

Remaining 6 0.102 0.229 0.0024 0.0205 0.0596 0.0288 

Total 7 8.53 12.2 4.26 1 1 1 
1. All the values (except for those noted below) are calculated based on a previous publication [2].  



2. The gut volume is calculated as the sum of the reported values for gut and stomach. Its blood flow is the sum of the reported values for 

gut and stomach minus villi blood flow.  

3. Human villi blood flow is reported by [3], while animal values are acquired from Simcyp Version 16 (Certara USA, Inc., Princeton, 

NJ, USA). Shah and Betts reported the small intestine blood volume as 0.000157 L∙kg−1 [4]. We assume that this volume is the same 

as villi blood volume. 

4. The arterial liver blood flows are calculated by removing gut, pancreas, and spleen values from reported liver values. Shah and Betts 

report the liver blood volumes [4].  

5. The systemic blood volumes are the sums of the reported venous and arterial volumes minus liver blood volumes. HCT values (0.43 

for monkey, 0.54 for rat, and 0.52 for human) are determined experimentally to separate blood volumes into RBC and plasma volumes.   

6. The values for the rest of body are calculated to keep the mass balance. 

7. The total blood flows (i.e. cardiac outputs) are the reported lung blood flows for monkey and rat, and the sum of all report blood flows 

excluding lung for human. 

  



Table S2. Systemic clearances and volume of distributions of monkey pharmacokinetic data. The data are analyzed using a two compartment 

pharmacokinetic model, while the parameters are quantified with the Markov Chain Monte Carlo method.  

MCMC of a two compartment PK model (median and 95% confidence intervals) 

 Parameters of two compartment model Trapezoid of simulations 

Dosing amount CL Q V1 V2 Total V CL Vdss 

mg∙kg−1 L·hour−1∙kg−1 L·hour−1∙kg−1 L∙kg−1 L∙kg−1 L∙kg−1 L·hour−1∙kg−1 L∙kg−1 

0.1 1.85 
(0.37, 2.4) 

1.23 
(0.037, 2.4) 

0.244 
(0.0066, 0.58) 

1.18 
(0.047, 2.1) 

1.44 
(0.054, 2.5) 

1.85 
(0.37, 2.4) 

1.45 
(0.057, 2.5) 

0.33 3.24 
(2.6, 3.9) 

1.90 
(0.89, 3.6) 

0.81 
(0.45, 1.6) 

1.3 
(0.91, 2.0) 

2.19 
(1.5, 3.3) 

3.24 
(2.6, 3.9) 

2.22 
(1.6, 3.3) 

1 2.18 
(0.28, 3.6) 

1.12 
(1.5×10−7, 

6100) 

0.426 
(0.046, 3.0) 

0.75 
(8.5×10−8,47000) 

1.29 
(0.35, 47000) 

2.22 
(0.45, 3.6) 

1.32 
(0.32, 110) 

3.3 1.45 
(0.93, 2.1) 

0.178 
(0.062, 0.53) 

0.337 
(0.14, 0.81) 

0.268 
(0.11, 0.95) 

0.616 
(0.30, 1.9) 

1.45 
(0.93, 2.1) 

0.628 
(0.31, 1.9) 

10 0.667 
(0.42, 0.93) 

0.0663 
(0.019, 0.17) 

0.159 
(0.075, 0.31) 

0.0814 
(0.034, 0.18) 

0.245 
(0.13, 0.46) 

0.667 
(0.42, 0.93) 

0.250 
(0.13, 0.47) 

20 
0.332 

(6.5×10−9, 
0.54) 

0.0341 
(0.0018, 0.51) 

0.210 
(0.101, 0.402) 

0.154 
(0.0045, 920) 

0.453 
(0.13, 920) 

0.332 
(1.3×10−5, 

0.54) 

0.449 
(0.14, 900) 

 

  



Method for plated monkey hepatocyte (MPH) studies 

Materials and Reagents. In VitroGro-HT (thawing), In VitroGro-CP (plating), and In VitroGro-HI 

(incubation) hepatocyte media were purchased from BioreclamationIVT (Baltimore, MD). Hanks 

balanced salt solution (HBSS) - Ca2+/Mg2+-containing - was purchased from Lonza (Walkersville, 

MD). BioCoat 24-well plates and Matrigel were purchased from Corning (Kennebunk, ME). The BCA 

Protein Assay Kit was purchased from PierceBiotechnology (Rockford, IL). HPLC grade methanol 

(MeOH), acetonitrile, and water were obtained from Fisher Chemical (Fair Lawn, NJ). Bosentan was 

purchased from Sequoia Research Products (Pangbourne, UK). Formic acid, Dulbecco's phosphate-

buffered saline, and all other chemicals were purchased from Sigma (St. Louis, MO). Cryopreserved 

monkey hepatocytes (cynomolgus, female, lot 10106012) were purchased from In Vitro ADMET, 

(Columbia, MD). 

 

Plated Monkey Hepatocytes (PMH). Plateable cryopreserved hepatocytes were thawed and plated as 

described previously for plated human hepatocytes [5]. Briefly, hepatocytes were thawed in a water bath 

at 37°C and placed on ice. The cells were then poured into In VitroGro-HT medium at 37°C at a ratio of 

one vial/50 mL in a conical tube. The cells were centrifuged at 50 × g for 3 minutes and resuspended at 

0.75 × 106 cells/mL in In VitroGro-CP medium. Cell viability was determined by trypan blue exclusion. 

Hepatocyte suspensions were plated in collagen-coated 24-well plates at a density of 0.375 × 106 

cells/well in a volume of 0.5 mL/well. After 6 hours of incubation at 37°C, uptake study was conducted.   

 

Determination of Uptake in PMH. Uptake of bosentan was measured in PMH. The hepatocytes were 

first rinsed twice with HBSS and then pre-incubated for 10 minutes with HBSS in the absence or 

presence of 1 mM rifamycin SV. After aspirating the pre-incubation buffer, 0.5 mL of incubation buffer 

containing substrate was added in the absence or presence of rifamycin SV. The uptake was terminated 

at a designated time by adding 0.5 mL of ice cold standard HBSS after removal of the incubation buffer. 

Cells were then washed three times with 0.5 mL of ice cold HBSS. The hepatocytes were lysed with 

methanol containing the internal standard for LC-MS/MS quantification. 

 



LC-MS/MS Analysis of Probe Substrates. Bosentan was analyzed on an SCIEX Triple Quad 6500 

mass spectrometer (SCIEX, Framingham, MA) that is connected to a SLC-30A LC system (Shimadzu, 

Kyoto, Japan) and HTC PAL autosampler (LEAP Technologies, Carrboro, NC). Samples (10 µL) were 

injected onto a Kinetex C18 column (2.6 μm, 100Å, 30 × 3 mm, Phenomenex, Torrance, CA) and eluted 

by a mobile phase with initial conditions of 10% solvent B for 0.2 minute, followed by a linear gradient 

of 10% solvent B to 100% solvent B over 3.8 minutes (solvent A: 100% water with 0.1% formic acid; 

solvent B: Acetonitrile/water (90/10, v/v) with 0.1% formic acidv), holding at 100% solvent B for 0.5 

minute, and re- equilibration for 1.7 minutes at a flow rate of 0.4 mL/min. The mass transition in 

positivee ion mode for monitoring bosentan was m/z 552.2→ 202. 

 

  



Methods for monkey and rat pharmacokinetic and terminal studies 

Animals. Male wistar-hannover rats (weighing 230–350 g) studies with surgically implanted vascular 

cannulas in the jugular vein catheter and/or carotid artery catheter were conducted at Bioduro (Beijing, 

China). Rats were housed one per cage in an American Animal Association Laboratory Animal Care 

accredited facility and maintained under standard conditions of temperature (22 °C ± 2°C), relative 

humidity (50%) and light and dark cycle (12/12 hours). Rats were allowed to acclimate to their 

environment. Intravenous bolus (i.v.) and intravenous infusion (i.v. inf.) dosed rats had access to water 

ad libitum. Male cynomolgus monkeys (weighing 8–10 kg) studies were conducted in-house. Monkeys 

were housed one per cage in an American Animal Association Laboratory Animal Care accredited 

facility and maintained under standard conditions of temperature (22 °C ± 2°C), relative humidity (50%) 

and light and dark cycle (12/12 hours). All animal experiments were in accordance with the animal care 

and use committee of Pfizer Inc.  

 

Protocol for pharmacokinetics and tissue exposure studies in rats. The pharmacokinetic profile of 

bosentan following i.v. administration was evaluated in wistar-hannover rats. The animals were 

randomly distributed into five experimental groups (n=2/group).  Bosentan was formulated in 12.5% 

sulfobutylether-beta-cyclodextrin (SBECD) / 50mM Tris, pH 8.0 (v/v). The i.v. bolus treatment groups 

were dosed with a single dose of 0.1, 0.3, 1, 3, and 10 mg/kg via tail vein. The injection volume was 2 

mL/kg. Blood samples were withdrawn from the jugular vein catheter predose, and at the following time 

points after dosing, 0.033, 0.083, 0.25, 0.50, 1, 2, 4, 7, and 24 hrs. After each blood draw, a volume of 

sterile normal saline (0.9% sodium chloride, USP containing 100 unit/mL heparin) equivalent to the 

volume of blood drawn was injected via carotid artery cannula to maintain a constant blood volume 

(0.25 mL). All blood samples were immediately centrifuged at 3000 rpm for 10 minutes. The resultant 

plasma was stored at –80°C until bosentan Liquid Chromatography-Mass Spectrometry (LC-MS/MS) 

analysis.   

The tissue distribution profile of bosentan following i.v. infusion administration was evaluated in wistar-

hannover rats (n=3). Bosentan was formulated in 12.5% SBECD / 50mM Tris, pH 8.0 (v/v). The i.v. 

infusion treatment group was dosed at 3.5 m/kg for 4 hours via jugular vein catheter.  Blood samples 

were withdrawn from the carotid artery catheter during infusion at the following time points 0.50, 1, 2, 3, 

and 4 hrs. After each blood draw, a volume of sterile normal saline (0.9% sodium chloride, USP 



containing 100 unit/mL heparin) equivalent to the volume of blood drawn was injected via carotid artery 

cannula to maintain a constant blood volume (0.25 mL). All blood samples were immediately 

centrifuged at 3000 rpm for 10 minutes. The resultant plasma was stored at –80°C until bosentan LC-

MS/MS analysis. Liver, quad, adipose, brain, and kidney tissues were also harvested at the 4 hrs 

timepoint at the end of the in-life study. Tissues were rinsed with saline and matted dry. Tissues were 

kept frozen on dry ice or -80°C until ready for LC-MS/MS analysis. 

 

Protocol for pharmacokinetics and tissue exposure studies in monkeys. The pharmacokinetic profile 

of bosentan following i.v. administration was evaluated in male cynomolgus monkeys in a crossover 

manner. The same two animals were dosed i.v. bolus of bosentan with a one week wash period in 

between each dose groups.  Bosentan was formulated in 12.5% SBECD / 50mM Tris, pH 8.0 (v/v). The 

i.v. bolus treatment groups were dosed with a single dose of 0.1, 0.33, 1, 3.33, 10, and 20 mg/kg via 

saphenous vein or cephalic vein. The injection volume was 2 or 2.8 mL/kg. Blood samples were 

withdrawn from the femoral vein at the following time points after dosing, 0.083, 0.25, 0.50, 0.75, 1, 2, 

4, 7, and 24 hrs. All blood samples were immediately centrifuged at 3000 rpm for 10 minutes. The 

resultant plasma was stored at –80°C until bosentan LC-MS/MS analysis.   

The tissue distribution profile of bosentan following i.v. bolus administration was evaluated in the same 

two monkeys that were used for pharmacokinetics assessment; male cynomolgus monkeys. Bosentan 

was formulated in 12.5% SBECD / 50mM Tris, pH 8.0 (v/v). The i.v. bolus was dosed at 10 m/kg, and 

the study was terminated at 4 hours post dose. The injection volume was 2 mL/kg. Blood sample (4 hour) 

was immediately centrifuged at 3000 rpm for 10 minutes. The resultant plasma was stored at –80°C until 

bosentan LC-MS/MS analysis.  Liver, quad, adipose, brain, and kidney tissues were harvested at the 4 

hrs timepoint at the end of the in-life study. Tissues were rinsed with saline and matted dry. Tissues 

were kept frozen on dry ice or -80°C until ready for LC-MS/MS analysis. 

The pharmacokinetics profile and tissue exposure evaluation of bosentan was performed using Watson 

v.7.5 (ThermoFischer Scientific, Philadelphia, PA).   
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