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Goal for This Training Session 

Participants should understand the following general concepts: 

• Methods used to parameterize and to simulate bile acid transport disruption 

in DILIsym® 
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Modeling Compounds that Inhibit Bile Acid 

Transport: A Case Study with Troglitazone 

• Introduction 

– Troglitazone hepatotoxicity was not detected in preclinical studies 

– 2% of patients developed ALT elevations >3X ULN in clinical trials 

– Withdrawn from the market due to idiosyncratic hepatotoxicity 

 

• Modeling troglitazone-mediated hepatotoxicity that involves bile acid transport 

inhibition  

– Translate data to DILIsym® parameters 

 

• Simulate troglitazone-mediated hepatotoxicity using DILIsym® 

– Simulate troglitazone-mediated hepatotoxicity in baseline human 

– Simulate troglitazone-mediated hepatotoxicity using human SimPops™ 
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Data Inputs for Bile Acid Transport Inhibition   
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Drug PBPK Model 

Hepatocyte Life Cycle 
Model 

Cellular ATP Model 

Biomarker Model 

Bile Acid Transport Inhibition 

Inhibition of ATP Synthesis 

Increased Cell Death Rate 

Inhibition constants (i.e., Ki, IC50) 
measured in vitro 

Bile Acid 
Homeostasis Model 

In vitro and in vivo PK data 

System-specific 
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• Troglitazone competitively inhibits rat Bsep with a Ki of 1.3 µM†  

– Will use this value for humans too; literature has shown that troglitazone has similar 

potency for rat and human BSEP 

Translate Bile Acid Transport Inhibition Data to 

DILIsym® Parameters for Troglitazone 
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DILIsym® Parameter DILIsym® Parameter Input 

Compound X BSEP inhibition constant 5.74E-04 mg/mL 

Compound X BSEP alpha constant for inhibition 1e10 (competitive) 

Compound X BSEP switch 1 (competitive) 

Compound X NTCP inhibition constant 
1.46E-04 mg/mL (human) 

1.02E-03 mg/mL (rat) 

Compound X NTCP alpha constant for inhibition 1e10 (competitive) 

Compound X NTCP switch 1 (competitive) 

Compound X basolateral inhibition constant 9.27E-03 mg/mL 

Compound X basolateral alpha constant for inhibition 1 (non-competitive) 

Compound X basolateral switch 0 (non-competitive) 

†Funk 2001, Dawson 2011, ‡Marion 2007, §Yang 2014 

Troglitazone m.w.  

441.5 g/mol 

Preclinical Data 

• Troglitazone inhibits human NTCP and rat Ntcp‡ 

– IC50 values reported: 0.33 µM (human), 2.3 µM (rat) 

– Type of inhibition not known; assumed to be a competitive inhibitor  

• Troglitazone is an inhibitor of human MRP4§ 

– IC50 measured: 21 µM 

– Type of inhibition not known; assumed to be a non-competitive inhibitor  
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• Troglitazone sulfate is a more potent inhibitor of BSEP compared to 

troglitazone† 
– Troglitazone sulfate competitively inhibits rat Bsep with a Ki of 0.23 µM  

– Will use this value for humans too 

Translate Bile Acid Transport Inhibition Data to 

DILIsym® Parameters for Troglitazone Sulfate 
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DILIsym® Parameter DILIsym® Parameter Input 

Compound X metabolite B BSEP inhibition constant 1.20E-04 mg/mL 

Compound X metabolite B BSEP alpha constant for inhibition 1e10 (competitive) 

Compound X metabolite B BSEP switch 1 (competitive) 

Compound X metabolite B NTCP inhibition constant 
1.46E-04 mg/mL (human) 

1.02E-03 mg/mL (rat) 

Compound X metabolite B NTCP alpha constant for inhibition 1e10 (competitive) 

Compound X metabolite B NTCP switch 1 (competitive) 

Compound X metabolite B basolateral inhibition constant 4.17E-03 mg/mL 

Compound X metabolite B basolateral alpha constant for inhibition 1 (non-competitive) 

Compound X metabolite B basolateral switch 0 (non-competitive) 

†Funk 2001, Dawson 2011, ‡Marion 2007, §Yang 2014 

Troglitazone sulfate 

m.w. : 521.6 g/mol 

Preclinical Data 

• Troglitazone sulfate effects on NTCP not known 

– Assumed to be the same as troglitazone‡  

• Troglitazone sulfate is a non-competitive inhibitor of human MRP4 with a 

Ki of 8 µM§  
– Rat Mrp4 Ki is assumed to be the same as humans 
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Defining Drug Toxicity Parameters in DILIsym®: 

Human Troglitazone BA Inhibition 
DILIsym® Parameter DILIsym® Parameter Input 

Compound X BSEP inhibition constant 5.74E-04 mg/mL 

Compound X BSEP alpha constant for inhibition 1e10 (competitive) 

Compound X BSEP switch 1 (competitive) 

Compound X NTCP inhibition constant 1.46E-04 mg/mL (human) 

Compound X NTCP alpha constant for inhibition 1e10 (competitive) 

Compound X NTCP switch 1 (competitive) 

Compound X basolateral inhibition constant 9.27E-03 mg/mL 

Compound X basolateral alpha constant for inhibition 1 (non-competitive) 

Compound X basolateral switch 0 (non-competitive) 
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Simulating Troglitazone-Mediated 

Hepatotoxicity in Human SimPopsTM 
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Troglitazone 400mg/day for 6 months 

SimPopsTM 

Human_troglitazone_bile_acid_ v3B_6 

HUMANS 
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Exploring Troglitazone-Mediated 

Hepatotoxicity in Human SimPopsTM 
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Load SimPopsTM Results 
Tro_400mg_6mo_v3B6 

Troglitazone 400mg/day for 6 months 

Output Incidence 

Number of deaths 1 / 331 (0.3%) 

ALT elevations > 3X  10 / 331 (3.0%) 

Bilirubin elevations > 2X 6 / 331 (1.8 %) 

Hy’s Law cases 6 / 331 (1.8 %) 

Simulation Results 

HUMANS 
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Adjusted DILIsym® Parameter Input 

1.00E+10 mg/mL 

1.00E+10 mg/mL 

1.00E+10 mg/mL 

What is the Contribution of Troglitazone 

Sulfate to the Hepatotoxicity? 
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DILIsym® Parameter DILIsym® Parameter Input 

Compound X metabolite B BSEP 
inhibition constant 

1.20E-04 mg/mL 

Compound X metabolite B NTCP 
inhibition constant 

1.46E-04 mg/mL (human);  
1.02E-03 mg/mL (rat) 

Compound X metabolite B 
basolateral inhibition constant 

4.17E-03 mg/mL 

• Troglitazone sulfate is a more potent 

BSEP inhibitor compared to 

troglitazone 

 

• Systemic/hepatic exposure to 

troglitazone sulfate is greater than 

troglitazone 

Preclinical Data 
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Turning Off Troglitazone Sulfate BA Inhibition 
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Troglitazone Sulfate is an Important 

Contributor for Hepatotoxicity 
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Output Incidence 

Number of deaths 0 / 331 (0%) 

ALT elevations > 3X  6 / 331 (1.8%) 

Bilirubin elevations > 2X 1 / 331 (0.3% ) 

Hy’s Law cases 1 / 331 (0.3%) 

Output Incidence 

Number of deaths 0 / 331 (0%) 

ALT elevations > 3X  0 / 331 (0%) 

Bilirubin elevations > 2X 0 / 331 (0%) 

Hy’s Law cases 0 / 331 (0%) 

Troglitazone 400mg/day for 1 months 

Troglitazone 400mg/day for 1 months  

– No troglitazone sulfate effects 

Simulation Results 

HUMANS 


