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Outline of Presentation

• Types of Interactions
• GastroPlus DDI Module Interface
• Overview of relevant regulatory guidance documents

1. Investigation of Transporter Involvement in Drug Clearance
 2.   Investigation of Transporter Inhibitory Potential

• PBPK Models of P-gp Substrates and tDDIs selected for today’s presentation
➢ Drug 1: Digoxin and DDIs with P-gp inhibitors
➢ Drug 2: Fexofenadine and DDIs with P-gp inhibitors

• PBPK Models of OATP(1B1 & 1B3) Substrates and tDDIs selected for today’s 
presentation
➢ Drug 3: Rosuvastatin and DDIs with OATP(1B1 & 1B3) inhibitors
➢ Drug 4: Pravastatin and DDIs with OATP(1B1 & 1B3) inhibitors

• Evaluation of predictive performance of in silico – based DDI
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Types of Interactions

• Steady-state competitive inhibition 

• Steady-state time-dependent inhibition

• Steady-state induction
may include metabolites effect with simulated perpetrator concentrations

• Dynamic competitive inhibition

• Dynamic time-dependent inhibition

• Dynamic induction
include effect of parent and/or metabolites; include enzymes and transporters
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Dynamic Simulation – Equations

𝑑𝑇𝑟𝑎𝑛𝑠𝐴𝑐𝑡

𝑑𝑡
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Time-Dependent Inhibition & Induction
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multiple inhibitors 
of given 
transporter

multiple 
substrates of 
given transporter

multiple time 
dependent 
inhibitors of given 
transporter

multiple 
inducers of 
given 
transporter

Competitive Inhibition
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Let’s not forget …
In GastroPlus , the PBPK model is linked to the ACAT  physiological 

intestinal model ….

These phenomena:
• are happening simultaneously
• are repeated in each of the compartments of the gastrointestinal tract
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* Modified from van de Waterbeemd, H, and Gifford, E. ADMET In Silico Modelling: 
Towards Prediction Paradise? Nat. Rev. Drug Disc. 2003, 2:192-204

F%

Fa%

D PV

FDp%
(not Fa%)

Metabolism Metabolism

A SC

… and getting the correct dissolution/absorption is the prerequisite for getting 
correct PBPK & DDI predictions for oral dosage forms!

6
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Developing a DDI Qualification Matrix: PBPK Models of Probe Substrates, 
Inhibitors, and Inducers in Various Stages of Validation

7

Alfentanil Dolutegravir Metformin Ranitidine S-Warfarin

Atazanavir Efavirenz Midazolam Rifampicin

Atomoxetine Fexofenadine
Omeprazole & 

Metabolites
Rivaroxaban

Buproprion Fluconazole Phenytoin Rosiglitazone

Caffeine Fluvoxamine Posaconazole Rosuvastatin Atorvastatin

Cyclosporine
Gemfibrozil & 
glucuronide

Pravastatin Theophylline Simvastatin

Desipramine Imipramine Quinidine Tolbutamide

Digoxin
Itraconazole 

&Metabolites
Raltegravir & 
Metabolites

Triazolam Verapamil

Diltiazem & 
Metabolites

Ketoconazole Repaglinide Clarithromycin Voriconazole

• The GastroDDIStandards database includes PBPK and compartmental PK models of many inhibitors, inducers, 
and probe substrates

• Periodically adding new models and updating previously built models
• Users can use any GastroPlus models that they have developed and verified
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DDI Module Interface
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Basic Interface Layout 

The left side of the DDI window 
displays the current compound – 
record which was opened on main 
GastroPlus window at the time of 
accessing DDI module.

You select the designation for 
current compound as a perpetrator 
or victim.
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Basic Interface Layout 

The right side of the DDI window displays the 
interacting compound – this may be a record in 
the same database that is opened in the main 
GastroPlus window or a different GastroPlus 
database. By default, the database of standard 
compounds supplied with DDI Module will open 
when accessing the DDI Module.

The designation of interacting compound as a 
victim or a perpetrator is automatically set 
depending on the user selection for the current 
compound
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Substrate Settings 

The substrate metabolic profile (fm and 
Fg values) needs to be specified for 
steady-state predictions.

fm values:
- may be calculated from in vitro assays 
using built-in converter or entered 
manually by user and saved in database.

- if Km and Vmax values are already 
present in the database, program will 
use them to calculate the fm values 
automatically.
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Substrate Settings 

Metabolic profile in gut and liver is 
displayed in a pie-chart.
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Substrate Settings

Time of victim’s administration relative 
to perpetrator dosing and simulation 
length are required for all predictions 
involving ‘simulation’ concentrations 
(dynamic simulation or steady-state 
prediction involving simulated 
perpetrator concentration)
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Substrate Settings
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Perpetrator Settings 
Inhibition/Induction constants for all 
proteins (enzymes or transporters) affected 
by a given compound and its metabolites 
need to be specified for all predictions 
(steady-state and/or dynamic simulations).

Multiple constants for the same compound-
protein pair may be saved in the database. 

Only one competitive inhibition, one time-
dependent inhibition and one induction 
constant for each compound-protein pair 
may be used in any given prediction – you 
specify the value to use in the prediction by 
selecting the check box in the Select column. 
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Perpetrator Settings 

Perpetrator dosing information needs to 
be specified for all predictions (steady-
state and/or dynamic).

Missing values for dose or dosing 
interval (or any of the perpetrator 
properties) may result in failure in 
obtaining effective perpetrator 
concentration (the concentration value 
will be 0) and calculating DDI 
predictions (the result will show N/A). 
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Prediction Results 

With full dynamic simulations, the 
simulation results are shown for every 
compound in the system (substrate, 
perpetrator and their metabolites).

To obtain the AUC ratio, you need to 
run a full simulation as well as 
“baseline” (i.e., simulation where the 
interactions are ignored). The ratios are 
automatically calculated when both 
types of simulation results are 
available.
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Prediction Results 
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FDA Guidance Document: DDI & PBPK

In Silico DDI Studies:  Physiologically based 
pharmacokinetic (PBPK) models can be used in lieu 
of some prospective DDI studies. For example, PBPK 
models have predicted the impact of weak and 
moderate inhibitors on the substrates of some CYP 
isoforms (e.g., CYP2D6, CYP3A) as well as the 
impact of weak and moderate inducers on CYP3A 
substrates. These predictions were made after 
prospective clinical trials showed a significant DDI 
between the investigational drug and strong index 
inhibitors or inducers. Before using a PBPK 
modeling approach to predict the effects of 
moderate or weak perpetrator drugs on the 
exposure of an investigational drug, the sponsor 
should verify the models using human 
pharmacokinetic data and information from DDI 
studies that used strong index perpetrators. 
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Utilization of PBPK models for DDIs studies is present 
in regulatory documents for different jurisdictions
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FDA Guidance Document : Transporter mediated DDI

The USFDA Guidance regulates  that the sponsor should consider 
evaluating DDI of the NCE mediated by the following 
transporters:
• P‐glycoprotein (P‐gp) which also known as multidrug resistance 1 (MDR1); 
• Breast cancer resistance protein (BCRP); 
• Organic anion transporting polypeptide 1B1/1B3 (OATP1B1/1B3); 
• Organic anion transporter 1/3 (OAT1/3); 
• Organic cation transporter 2 (OCT2); 
• Multidrug and toxin extrusion 1/2K (MATE1/2K).

Additionally, organic cation transporter 1 (OCT1), bile salt export 
protein (BSEP) and multidrug resistance‐associated protein 2 
(MRP2) which are responsible for hepatobiliary transport were 
recommended by EMA.



NASDAQ: SLP22

Regulatory Requirements of Transporter Evaluation

Fu. S et al., Medicine in Drug Discovery. (2021) 
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Possible Model for Decision Making: Transporter-Based Drug-
Drug Interaction Studies 

EMA, Guideline on the investigation of drug interactions US FDA
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Decision Tree to Determine Whether An Investigational Drug is A 
Substrate for P-gp

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
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Decision Tree to Determine Whether An Investigational Drug is A 
Substrate for OATP1B1 or OATP1B3

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-
decision-making
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Decision Tree to Determine Whether An Investigational Drug is A 

Substrate for OCT2, OAT1 or OAT3

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
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Regulatory Requirements of Transporter Evaluation for 
Inhibition Studies

Fu. S et al., Medicine in Drug Discovery. (2021) 
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Decision Tree to Determine Whether An Investigational Drug is 
An Inhibitor of P-gp

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
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Decision Tree to Determine Whether An Investigational Drug is 
An Inhibitor of OATP1B1 or OATP1B3

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
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Decision Tree to Determine Whether An Investigational Drug is 
An Inhibitor of OCT2, OAT1 or OAT3

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
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Determining if the Investigational Drug is an Inducer of a Transporter

• Transporters such as P-gp are induced through mechanisms similar to those for 
CYP enzymes (ex: by activation of specific nuclear receptors).

• Because of these similarities, information from CYP3A inductions studies can 
inform P-gp induction studies.

• In vitro methods to evaluate the induction of P-gp and other transporters are not 
well established.
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Analysis and Interpretation of Transporter Inhibition Assay

Fu. S et al., Medicine in Drug Discovery. (2021) 
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Regulatory Guidance Assessing tDDIs
PBPK Modeling Considerations

Vijaywargi G., Biopharm Drug Dispos. 2023
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Literature – tDDI and PBPK Modeling

Vijaywargi G., Biopharm Drug Dispos. 2023
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Transporter based PBPK Models in Healthy

Vijaywargi G., Biopharm Drug Dispos. 2023
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Transporter based PBPK Models in Diseased and 
Geriatric Population

Vijaywargi G., Biopharm Drug Dispos. 2023
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Transporter Mediated DDI in Regulatory Submissions 

Shebley Clin Pharm Ther 2018

Taskar Clin Pharm Ther 2019
37
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Vijaywargi G., Biopharm Drug Dispos. 2023

Strategies for Validating tDDI Models
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Challenges – PBPK Modeling Involving Drug Transporters

• There has been considerable effort in the area of transporters over the last decade to 
understand and build robust IVIVE for transporters

• Some information is still lacking like 
• in vitro data (ex: Km, Jmax, CLPD), 
• Protein abundance/ expression of the transporters in different tissues
• Localization of transporters
• Transporter Induction/inhibition parameters
• Time-dependent inhibition of transporters
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Development, Validation, and Application of PBPK Models of 
Transporter- Mediated Processes
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DDI Qualification Approach

• Literature collection collated in a spreadsheet
• Model building and verification of single doses and multiple doses
• Verification for all mechanisms of DDI
• PowerPoint
• MS-Word Reports (context of use) that can be submitted along with PBPK reports 

for investigational drugs
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In Silico DDI Predictive Performance: Guest Criteria

Guest EJ, Aarons L, Houston JB, Rostami-Hodjegan A, Galetin A. Critique 
of the two-fold measure of prediction success for ratios: application for 
the assessment of drug-drug interactions. Drug Metab Dispos. 2011 
Feb;39(2):170-3

Predictive performance (i.e., fold of deviation) is related to 
the magnitude of DDI interactions (i.e., if the ratio of 
observed  post- and pre- DDI values are greater, the 
acceptable limits  for in silico DDI predictive performance are 
wider.  
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for 
the P-gp Substrate Digoxin, and Model Validation of Known Drug-Drug 

Interactions (DDIs) with Rifampicin and Itraconazole
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Literature collection
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Overview of Modeling Strategy of Digoxin
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Key Physicochemical and Biopharmaceutical Parameters for Digoxin 
Used in GastroPlus Simulations

Parameter Value Reference

logP 1.26 [ PUBCHEM]

Diffusion coefficient 0.44x10-5 cm2/s ADMET Predictor

pKa NA (None in 

Physiological Range)

Reference solubility 0.058 mg/mL @ pH = 

7.0

[ Florence et al. 1976]

Dissolution Model Johnson with Particle 

size of  5 μM

GastroPlus default

(Lu et al. 1993)

Precipitate radius 1 µm GastroPlus default

Drug particle density 1.2 g/mL GastroPlus default

Mean precipitation time 900 s GastroPlus default

Human Jejunal Peff (×10-4 ) 1.765 cm/sec Assumed to be 10 times of rat 

permeability 0.4 ×10-4 cm/s 

[Varma et al. 2005]

Blood: plasma 

concentration ratio (Rbp)

0.55 ADMET Predictor

Plasma protein binding 

(Fup%)

75 % US FDA

Adjusted plasma fraction 

unbound %

69.249 GastroPlus algorithm

Parameter Value Reference

OATP4C1 (kidney)

Km (µM)

Vmax (mg/s/mg trans protein)

7.8

0.1

[Mikkaichi et al. 2004]

Optimized value

Na+/K+-ATPase (muscle)

Km (mg/L)

Vmax (mg/s/mg trans protein)

6.2

0.03

Assumed

Optimized value

P-gp (PBPK)

Km (µM)

Vmax (mg/s/mg trans protein)

177

0.018

(Troutman et al. 2003)

Optimized value

P-gp (gut-apical)

Km (µM)

Vmax (mg/s/mg trans protein)

177

0.15

(Troutman et al. 2003)

Optimized value

Liver Apical PStc 0.5 (mL/s) Optimized value (MDR3 P-gp 

transporter in liver)

SpecPStc 0.35 (mL/s/mL) Optimized value

Renal Clearance Estimation 

method

fup* GFR

a  Predicted using ADMET Predictor® v10.0
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Digoxin Characteristic Properties

• P-gp substrate that reaches Cmax 1-3 hrs after oral administration

• Mainly excreted unchanged in human urine (only16 – 25 % of a dose is metabolized)

• The fact that renal CL of Digoxin is greater than creatinine CL indicates that it is excreted by tubular 
secretion as well as by glomerular filtration

• Studies indicate OATP uptake of Digoxin in rat small intestine

Distribution Characteristics

• Na+/K+ - ATPase (sodium pump) acts as receptor for Digoxin 

• Skeletal muscle pool of sodium pumps constitutes the main determinant of the Vss of Digoxin

• Receptor binding is relatively slow

• Transcapillary permeation of Digoxin is rapid relative to tissue binding

• So, tissue binding is the rate-limiting step in Digoxin distribution kinetics
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Schematic View of Transporters Involved in Absorption and   
Disposition of Digoxin in Gut, Liver, Muscle and Kidney

Lee CA. CPT- 96(3)-298-301
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Digoxin and MDR3 P-gp Transporter

`

`

Smith J- J Biolo Chemistry-275(31)-23530-2000
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Model Validation of Digoxin

Purple Circles and Blue Circles represent Cmax and AUC0-inf , respectively. 

Red lines (──) represent 2-fold prediction error, Black lines (──) represent the 1.25-fold prediction error.

Observed vs Predicted Values for Cmax and AUC of Digoxin
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DDI Accuracy

Observed vs Predicted AUC0-t and Cmax Ratios for DDI Between Digoxin, Rifampicin, and Itraconazole 

Green (circles) represent the AUC and Cmax for DDI with Rifampicin, and Orange (Circles) represent the AUC and Cmax for DDI with 

Itraconazole. Red lines (──) represent 2-fold prediction error, and black lines (──) represent fold prediction error per Guest’s criteria 

(Guest et al. 2011).
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for 
the P-gp, OATP2B1, OAT3 Substrate Fexofenadine and Model Validation of 

Known Drug-Drug Interactions (DDIs) with Rifampicin, Itraconazole, 
Verapamil, and Efavirenz
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Literature Collection
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Overview of Modeling Strategy of Fexofenadine
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Key Physicochemical and Biopharmaceutical Parameters 
for Fexofenadine Used in GastroPlus Simulations

Parameter Value Reference

logP 0.5 (Chen chen et al. 2007)

Diffusion coefficient 0.53x10-5 cm2/s ADMET Predictora

pKa 9.462 (base)

3.931 (acid)

Based on fitting to Sol. vs. pH profile 

Reference solubility 0.14 mg/mL @ pH = 6.0 (NDA-FDA-Alegra-Fexofenadine-

20872-label)

Solubility Factor 59.31 (base)

14.76 (acid)

Based on fitting to Sol. vs. pH profile

FaSSIF solubility 0.14 mg/mL ADMET Predictora

FeSSIF solubility 0.21 mg/mL ADMET Predictora

Bile salt solubilization ratio 1802.1 GastroPlus algorithm

Human effective permeability 

(Peff)

(derived from Caco-2 assay)

0.626 x 10-4 cm/s (Absorption Systems Lighthouse 

Database)

Particle radius 25 mm GastroPlus default

Precipitate radius 1 mm GastroPlus default

Drug particle density 1.2 g/mL GastroPlus default

Mean precipitation time 20000 s Fitted

Parameter Value Reference

Blood:plasma concentration ratio 

(Rbp)

0.74 (Takano et al.,2016)

Plasma protein binding (Fup) 31 %

22% (R-Fexo) 

40% (S-Fexo) 

(NDA-FDA-Alegra-Fexofenadine-

20872-label)

(Kusuhara et al. 2013)

Spec PStc 6.0 x 10-4 mL/s/mL tissue Fitted

Transporters

P-gp Km 25.9 µM

20 µM

(Takano et al. 2016)

Fitted

P-gp Vmax 0.05 mg/s (Gut)

0.02 mg/s/mg-trans (PBPK)

(Fitted)

OATP2B1 Km 428 µM (Shirasaka et al. 2014)

OATP2B1 Vmax 4.2 nmol/min/mg protein

0.06 mg/s

(Fitted)

OAT3 Km 70.2 µM (Tahara et al. 2006)

OAT3 Vmax 0.12 nmol/min/mg protein

0.012 mg/s/mg-trans

(Tahara et al. 2006)

a  Predicted using ADMET Predictor® v10.0
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GastroPlus PBPK Model : Fexofenadine

• Used the log P = 0.5 
• Changed the kidney and muscle model to 

Permeability-limited with SpecPstc =6E-4 mL/s/mL
• PBPK Vmax values (P-gp & OATP2B1) and SpecPStc 

were optimized against IV dose
• Gut transporter Vmax values were fitted against the 

PO dose 
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Model Validation of Fexofenadine

Observed vs Predicted Values for Cmax and AUC of Fexofenadine

Purple Circles and Blue Circles represent Cmax and AUC0-inf , respectively. 

Red lines (──) represent 2-fold prediction error, Black lines (──) represent the 1.25-fold prediction error.
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DDI Accuracy

Observed vs Predicted AUC0-t and Cmax Ratios for DDI Between Fexofenadine, Itraconazole, Verapamil, Rifampicin, and Efavirenz.

Green (circles), Blue (Circles), and Orange (Circles) represent the AUC and Cmax respectively. Red lines (──) represent 2-fold prediction 

error, and black lines (──) represent fold prediction error per Guest’s criteria (Guest et al. 2011).
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for 
the BCRP, OATP1B1, and OATP1B3 Substrate Rosuvastatin, and Model 

Validation of Known Drug-Drug Interactions (DDIs) with Rifampicin and 
Gemfibrozil
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Schematic View of Enzymes and Transporters Involved in Absorption and   
Disposition of Rosuvastatin in Gut, Liver and Kidney of Human Body

NTCP sodium-taurocholate co-transporting polypeptide

OAT3 organic anion-transporter

BCRP breast cancer resistance protein

OATP1B1 organic anion-transporting polypeptide 1B1

OATP1B3 organic anion-transporting polypeptide 1B3

OATP2B1 organic anion-transporting polypeptide 2B1

CYP2C9
UGT1A1

CYP2C9
UGT1A1
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Overview of Modeling Strategy of Rosuvastatin
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Key Physicochemical and Biopharmaceutical Parameters for 
Rosuvastatin Used in GastroPlus Simulations

Parameter Value Reference

logD -0.33 @ pH=7.4 (Jones et al. 2012)

Diffusion coefficient 0.57x10-5 cm2/s ADMET Predictora

pKa
4.329 (acid), 

2.26 (base)

(Jamei et al. 2014), ADMET 

Predictora

Reference solubility 
0.5 mg/mL @ 

pH = 1.2
(FDA 2003)

Human effective permeability (Peff) 1.02 x10-4 cm/s

(Human jejunal Peff value is 

estimated from geo mean of 

Papp(A-B) and Papp(B-A) data in Caco-

2) using built-in ABSCa

conversion.

(Li et al. 2012)
Particle radius 25 mm GastroPlus default

Precipitate radius 1 mm GastroPlus default

Drug particle density 1.20 g/mL GastroPlus default

Mean precipitation time 900 s GastroPlus default
Blood: plasma concentration ratio 

(Rbp)
0.625 (Jamei et al. 2014)

Plasma protein binding (Fup) 10.7 % (Jamei et al. 2014)

Adjusted Fup 10.697 % GastroPlus algorithmb

Metabolism

CYP2C9 Km,u (mM) 23.03 ADMET Predictora

CYP2C9 Vmax (nmol/min/mg protein) 0.0001 Optimized value

UGT1A1 Km,u (mM) 16 (Schirris et al. 2015)

UGT1A1Vmax (nmol/min/mg protein) 0.0002 Optimized value

Parameter Value Reference

Transporters 
Influx: Basolateral side

OATP1B1 (liver)

Km,u (mM) 4 (Ho et al. 2006)
Vmax (mg/s/mg-trans) 0.069 Optimized value

OATP1B3 (liver)

Km,u (mM) 9.8 (Ho et al. 2006)
Vmax (mg/s/mg-trans) 0.086 Optimized value

NTCP (liver)

Km,u (mM) 65 (Ho et al. 2006)
Vmax (mg/s/mg-trans) 0.261 Optimized value

OATP2B1 (liver)

Km,u (mM) 2.4 (Ho et al. 2006)
Vmax (mg/s/mg-trans) 0.0054 Optimized value

OAT3 (kidney)
Km,u (mM) 7.4 (Windass et al. 2007)

Vmax (mg/s/mg-trans) 0.08 Optimized value
Efflux: Apical side

BCRP (liver, kidney)

Km,u (mM) 307 (Huang et al. 2006)
Vmax (mg/s/mg-trans) 0.012 Optimized value

BCRP (gut)

Km,u (mM) 307

C

(Huang et al. 2006)
BCRP Vmax (mg/s) 0.11 Optimized value

CLPD (mL/min/million cells) 0.0264 Optimized value
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Model Validation of Rosuvastatin

Goodness-of-Fit Plots Showing Observed vs Predicted Values for Cmax and AUC of Rosuvastatin
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Observed vs Predicted DDI Ratios for Cmax and AUC of Rosuvastatin with Perpetrators (Rifampicin and 
Gemfibrozil)

Model Validation of Rosuvastatin: DDI Accuracy
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for 
the OATP1B Substrate Pravastatin, and Model Validation of Known Drug-
Drug Interactions (DDIs) with Rifampicin, Gemfibrozil, Fluconazole, and 

Itraconazole
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Schematic View of Enzymes and Transporters Involved in Absorption and   
Disposition of Pravastatin in Gut, Liver and Kidney of Human Body

OATP1B1 organic anion-transporting polypeptide 1B1

OATP1B3 organic anion-transporting polypeptide 1B3

OAT3 organic anion-transporter

MRP2 multi-drug resistance protein 2
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Overview of Modeling Strategy of Pravastatin
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Key Physicochemical and Biopharmaceutical Parameters for 
Pravastatin Used in GastroPlus Simulations

Parameter Value Reference

Molecular weight 424.5 ADMET predictor

LogD at pH 7 0.59 (FDA)

LogP 1.8a

Optimized to describe IV Cp-
time profile and to better 

capture observed Vss

Ionization constant (pKa) 4.92 (acid) ADMET predictor

Reference solubility (mg/mL) 479.6 @ pH 6.8 (Ruiz-Picazo et al. 2019)

Papp (10-5 cm/s, Caco-2)  0.3 (Varma et al. 2012)
Peff (10-4 cm/s) 1.18 ABSCa conversionb

Mean precipitation time (s) 900 GastroPlus default value

Blood to Plasma concentration ratio 0.56 (Watanabe et al. 2009)

Plasma fraction unbound (%) 50 (FDA)

Adjusted plasma fraction unbound 
(%)

49.96 GastroPlus algorithmc

Metabolism
CYP3A4 (gut and liver) 

Km (µM)
Vmax (nmol/min/mg-enz)

3480
75

(Jacobsen et al. 1999) 
Optimized

Parameter Value Reference

Transporters 
Influx: Basolateral side

OATP1B1 (liver) 
Km (µM)

Vmax (mg/s/mg-trans)
27

0.023
(Izumi et al. 2015)

Optimized
OAT3 (kidney) 

Km (µM)
Vmax (mg/s/mg-trans)

27.7
0.1

(Nakagomi-Hagihara et al. 2007a)
Optimized

Efflux: Apical side
MRP2 (liver, kidney) 

Km (µM)
Vmax (mg/s/mg-trans)

7.2
0.1

(Ellis et al. 2013)
Optimized

MRP2 (gut) 
Km (µM)

Vmax (mg/s/)
7.2

0.002
(Ellis et al. 2013)

Optimized

CLPD (µL/min/million cells) 0.5 (Varma et al. 2012)
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Model Validation of Pravastatin

Goodness-of-Fit Plots Showing Observed vs Predicted Values for Cmax and AUC of Pravastatin
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Observed vs Predicted DDI Ratios for Cmax and AUC of Pravastatin with Perpetrators (Rifampicin, 
Gemfibrozil, and Its Metabolite, Itraconazole, and Fluconazole)

Model Validation of Pravastatin: DDI Accuracy
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Investigational Drugs as Victim Drug-Findings/Guidance

For Investigational drugs, initial 
simulations can be carried out 
using in vitro metabolism and 

transporter data and DDI 
potential as victim drug can be 

carried out 

Based on our findings, it is likely that a 
clinical DDI study with strong inhibitor 

and or mass balance study is warranted 
to define the relative contribution of 
enzymes/transporters for the total 

clearance of the drug 

Thereafter, we can test the 
untested scenarios like the 
effect of moderate or weak 

inhibitors of relevant 
transporters using the DDI 

Qualification matrix 
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Investigational Drugs as Transporter Inhibitors-
Findings/Guidance

For Investigational drugs, using the in vitro Ki 
values, if the R values calculated are higher than 

cut-off values,  then relevant substrates (our 
compounds in the DDI matrix can be used) can be 
used to test the effect of IND on these substrates

Depending on the predicted magnitude of 
interaction, whether significant or not. 

In the former case, a clinical DDI study is still 
required whereas in the later a sensitivity analysis 

will suffice
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Additional Literature on GastroPlus DDI Applications

• Perrier Jeremy, Gualano V, Helmer E, Namour F, Lukacova V, Taneja A. Drug-drug interaction 
prediction of Ziritaxestat using a physiologically based enzyme and transporter 
pharmacokinetic network interaction model. 2023 Sep; Clin Transl Sci. 16:2222-2235.

• Deb S, Hopefl R. Simulation of drug-drug interactions between breast cancer 
chemotherapeutic agents and antiemetic drugs. Daru. 2023 May 24. doi: 10.1007/s40199-
023-00463-1. 

• Deb S, Reeves AA. Simulation of Remdesivir Pharmacokinetics and Its Drug Interactions. J 
Pharm Pharm Sci. 2021;24:277-291. 

• Yamada M, Ishizuka T, Inoue S, Rozehnal V, Fischer T, Sugiyama D. Drug-drug risk assessment of 
Esaxerenone as a perpetrator by In vitro studies and static and physiologically based 
pharmacokinetic models. Drug Metab Dispos. 2020;48:769-777.
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Additional Literature on GastroPlus DDI Applications

• Sohlenius-Sternbeck AK, Meyerson G, Hagbjörk AL, Juric S, Terelius Y. A strategy for early-risk 
predictions of clinical drug-drug interactions involving the GastroPlusTM DDI module for time-
dependent CYP inhibitors. Xenobiotica. 2018 Apr;48(4):348-356

• Dodd S, Kollipara S, Sanchez-Felix M, Kim H, Meng Q, Beato S, Heimbach T. Prediction of 
ARA/PPI Drug-Drug Interactions at the Drug Discovery and Development Interface. J Pharm 
Sci. 2019 Jan;108(1):87-101. 
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Important Resources

75

• In Vitro Drug Interaction Studies — Cytochrome P450 Enzyme- and Transporter-Mediated Drug 
Interactions Guidance for Industry | FDA

• Clinical Drug Interaction Studies — Cytochrome P450 Enzyme- and Transporter-Mediated Drug 
Interactions Guidance for Industry | FDA

• Drug Development and Drug Interactions | Table of Substrates, Inhibitors and Inducers | FDA

• European Medical Agency (EMA)-Guideline on the investigation of drug interactions 

• Japanese Pharmaceuticals and Medical Devices Agencies (PMDA) 2019-Development of a new Japanese 
guideline on drug interaction for drug development and appropriate provision of information

•  Question & Answer document (live document, EMA website)- Section 2. Drug interactions 

•  ICH Guideline M12 on drug interaction studies (draft)

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/in-vitro-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/in-vitro-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-table-substrates-inhibitors-and-inducers#table2-2
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Additional Information
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DDI Inhibition Parameters 
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DDI Inhibition Parameters Cont., 
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DDI Inhibition Parameters Cont., 
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DDI Inhibition Parameters Cont., 
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