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01 Physioloically based biopharmaceutics modeling (PBBM)
Introduction

Zhao, P., et al. "Applications of physiologically based pharmacokinetic (PBPK) modeling and simulation during regulatory review." Clinical Pharmacology & Therapeutics 89.2 (2011): 259-267.

Pathak, Shriram M., et al. "Model-based analysis of biopharmaceutic experiments to improve mechanistic oral absorption modeling: an integrated in vitro in vivo extrapolation perspective using ketoconazole as a model drug." Molecular 
pharmaceutics 14.12 (2017): 4305-4320.

➢ Physiologically based pharmacokinetic (PBPK) absorption modeling

➢ Physiologically based absorption modeling

➢ PBPK modeling for biopharmaceutics applications



01 Physioloically based biopharmaceutics modeling (PBBM)
Introduction

Yuvaneshwari, K., et al. "Applications of PBPK/PBBM modeling in generic product development: an industry perspective." Journal of Drug Delivery Science and Technology 69 (2022): 103152.
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02 Esomeprazole
Introduction

➢ Proton pump inhibitor (PPI)

• Gastric acid secretion↓ → Medications for controlling acid-related disorders

➢ Enteric-coated (EC) delayed-release formulation

• Common use for acid-labile PPIs to prevent degradation by gastric acid

Strand, Daniel S., Daejin Kim, and David A. Peura. "25 years of proton pump inhibitors: a comprehensive review." Gut and liver 11.1 (2017): 27.



02 Esomeprazole DR formulation
Introduction

➢New dual delayed-release (DR) capsule of esomeprazole 

• To extend the duration of gastric acid suppression, especially during the night-time

Kwon, Taek Kwan, et al. "Novel esomeprazole magnesium-loaded dual-release mini-tablet polycap: formulation, optimization, characterization, and in vivo evaluation in beagle dogs." Pharmaceutics 14.7 (2022): 1411.
Thakral, Seema, Naveen K. Thakral, and Dipak K. Majumdar. "Eudragit® : a technology evaluation." Expert opinion on drug delivery 10.1 (2013): 131-149.

Eudragit grade Solubility

Eudragit L30D-55 Soluble in intestinal fluid 
from pH 5.5

Eudragit L-100 Soluble in intestinal fluid 
from pH 6

Eudragit S-100 Soluble in intestinal fluid 
from pH 7



03 Clinical study 1 – Formulation comparison
Introduction

➢ Clinical study 1 of esomeprazole DR formulation

• To compare the pharmacokinetics (PKs) and pharmacodynamics (PDs) of the DR and EC formulations

Kim, Hyun Chul, et al. "Pharmacokinetics and pharmacodynamics of Esomezol DR, a New Dual delayed-release formulation of Esomeprazole 20 mg or 40 mg, in healthy subjects." Drug Design, Development and Therapy (2023): 1115-
1124.

DR: dual delayed-release
EC: enteric-coated

20 mg, Day 1 40 mg, Day 1

20 mg, Day 1 20 mg, Day 7

40 mg, Day 1 40 mg, Day 7



03 Clinical study 2 – Food effect
Introduction

➢ Clinical study 2 of esomeprazole DR formulation

• To compare the pharmacokinetics (PKs) and pharmacodynamics (PDs) of the DR formulation in the fasted and 

fed states

Hwang, Sejung, et al. "Effect of Food on the Pharmacokinetics and Pharmacodynamics of a Novel Dual Delayed‐Release Formulation of Esomeprazole in Healthy Subjects." Clinical Pharmacology in Drug Development 12.8 (2023): 839-
844.

DR: dual delayed-release



04 Purpose of research
Introduction

➢ To quantitatively predict the pharmacokinetics (PKs) and pharmacodynamics (PDs) 

of the enteric-coated (EC) and dual delayed-release (DR) formulations 

of esomeprazole magnesium trihydrate (EMT) by using the PBPK/PD modeling framework

➢ To explore the absorption parameters that contribute to the negative food effect of esomeprazole



02
Methods



01 Mechanistic modeling for biopharmaceutic data 
Methods

➢ Experimental data from in vitro solubility (aqueous & biorelevant) and dissolution measurements

➢ In vitro solubility model

• Simcyp in vitro analysis (SIVA) toolkit (version 5) 

• Esomeprazole magnesium trihydrate (EMT)

✓ Salt form to improve the low solubility of esomeprazole itself

✓ Solubility product (Ksp) model

✓ Two solid states model (Salt form & free form)

<넥시움정 40 mg, 약학정보원>

<Esomeprazole magnesium trihydrate (EMT)>

Pathak, Shriram M., et al. "Model-based analysis of biopharmaceutic experiments to improve mechanistic oral absorption modeling: an integrated in vitro in vivo extrapolation perspective using ketoconazole as a model drug." Molecular 
pharmaceutics 14.12 (2017): 4305-4320.



01 Mechanistic modeling for biopharmaceutic data 
Methods

➢ In vitro dissolution model

• EC formulation

✓ SIVA toolkit (Version 5)

✓ Empirical first-order disintegration model

• DR formulation

✓ Simcyp version 23R1

✓ NONMEM (Version 7.5.1)

✓ Pulse function

DR: dual delayed-release
EC: enteric-coated

• %Fdisint,t: percentage disintegrated at time t 
• %Fmax: the maximum extent of release assumed to be 100% 
• Kd1: a first-order release constant 
• tlag: lag time

• %Freleased,t: the percentage released at time t 
• f1: the fraction of dose following the first part of the curve 
• α1 & β1: Weibull scale and shape factors for the first fraction of dose 
• tlag1: lag time for the start of the first pulse 
• α2 & β2: Weibull scale and shape factors for the second fraction of dose
• tlag2 lag time for the start of the second pulse from the start of the first pulse



02 Development of PBPK/PD models
Methods

➢ Korean population

• Based on ‘Sim-Chinese Healthy Volunteers’ population 

from the Simcyp version 23R1

• CYP2C19 phenotype frequency

• Liver density

• Hematocrit

Cavallari, Larisa H., Hyunyoung Jeong, and Adam Bress. "Role of cytochrome P450 genotype in the steps toward personalized drug therapy." Pharmacogenomics and personalized medicine (2011): 123-136.

Kim, Byungwook, et al. "Comprehensive analysis of important pharmacogenes in Koreans using the DMET  platform." Translational and Clinical Pharmacology 29.3 (2021): 135.
Kim, Yun, et al. "Development of a Korean‐specific virtual population for physiologically based pharmacokinetic modelling and simulation." Biopharmaceutics & Drug Disposition 40.3-4 (2019): 135-150.



02 Development of PBPK/PD models
Methods

➢Absorption

• Simcyp V23R1 library “SV-Esomeprazole”

• Advanced dissolution, absorption, and metabolism (ADAM) model

✓ Unstirred boundary layer (UBL) fluid volume option

• Food staggering model for food effect assessment

✓ Advanced bile dynamics

✓ Advanced fluid volume dynamics

• Permeability

✓ Colon absorption rate scalar: 0.1

Pathak, Shriram M., et al. "Model-based analysis of biopharmaceutic experiments to improve mechanistic oral absorption modeling: an integrated in vitro in vivo extrapolation perspective using ketoconazole as a model drug." Molecular 
pharmaceutics 14.12 (2017): 4305-4320.



02 Development of PBPK/PD models
Methods

➢Distribution

• Minimal PBPK distribution model

• Vsac parameter estimated from the observations

• Other parameters

✓ Simcyp V23R1 library “SV-Esomeprazole”

➢ Elimination and interaction

• Elimination parameters (CLint) of CYP2C19 and CYP3A4

✓ Simcyp V23R1 library “SV-Esomeprazole”

• Time-dependent inhibition of CYP2C19

✓ Inactivation rate of CYP2C19 (kinact,CYP2C19)

: sum of kinact,CYP2C19 of hydroxyomeprazole and 5-O-desmethylomeprazole

✓ Half maximal inactivation (Kapp): parameter estimated from the observations

Pathak, Shriram M., et al. "Model-based analysis of biopharmaceutic experiments to improve mechanistic oral absorption modeling: an integrated in vitro in vivo extrapolation perspective using ketoconazole as a model drug." Molecular 
pharmaceutics 14.12 (2017): 4305-4320.



02 Development of PBPK/PD models
Methods

➢ PK/PD relationship

• Formulation-specific pharmacodynamic parameters

• Observations from 4 to 24 hours on day 1

Kim, Hyun Chul, et al. "Pharmacokinetics and pharmacodynamics of Esomezol DR, a New Dual delayed-release formulation of Esomeprazole 20 mg or 40 mg, in healthy subjects." Drug Design, Development and Therapy (2023): 1115-
1124.



03 Verification & modification of PBPK/PD models
Methods

➢ EC formulation

DR: dual delayed-release
EC: enteric-coated

Dose 
(mg)

Study State Day

40

Hyun Chul Kim, et al. Fasted 1

Sungyeun Bae, et al. Fasted
1

7

Hae Won Lee, et al.

Fasted
1

5

Fed
1

5

20

Hyun Chul Kim, et al. Fasted 1

Sungyeun Bae, et al. Fasted
1

7

Kim, Hyun Chul, et al. "Pharmacokinetics and pharmacodynamics of Esomezol DR, a New Dual delayed-release formulation of Esomeprazole 20 mg or 40 mg, in healthy subjects." Drug Design, Development and Therapy (2023): 1115-1124.

Bae, Sungyeun, et al. "Comparative pharmacokinetics/pharmacodynamics of fixed-dose combination of esomeprazole and calcium carbonate (AD-206) to the conventional esomeprazole." Drug Design, Development and Therapy (2021): 5099-5108.

Lee, Hae Won, et al. "Pharmacokinetics and pharmacodynamics of YYD601, a dual delayed-release formulation of esomeprazole, following single and multiple doses in healthy adult volunteers under fasting and fed conditions." Drug Design, 

Development and Therapy (2023): 619-634.

Dose 
(mg)

Study State Day

40

Hyun Chul Kim, et al. Fasted 1

Sejung Hwang, et al.
Fasted 1

Fed 1

20 Hyun Chul Kim, et al. Fasted 1

➢DR formulation



03 Verification & modification of PBPK/PD models
Methods

➢ Parameter estimation using the observed data

• If the predicted PK profiles and parameter values were not close to the observed data

• If no data were available

➢ Simulation

• 10 trials depending on the number, age, and sex of subjects in each study

• Evaluation by comparing the predicted plasma concentration-time profiles with the observed data in 

each study

• If the ratio of predicted to observed PK parameters of Tmax, AUC, and Cmax is within two-fold range



03
Results



02 Pharmacokinetic predictions of PBPK/PD model
Results

➢ Final PBPK/PD model predicted the observed data of the EC and DR formulations.
DR: dual delayed-release
EC: enteric-coated



02 Pharmacokinetic predictions of PBPK/PD model
Results

➢ Each simulated profile adequately represented other clinical results of esomeprazole.

• With time-dependent inhibition of CYP2C19 during the multiple doses of esomeprazole

• In both fasted and fed states

➢ EC formulation

DR: dual delayed-release
EC: enteric-coated



02 Pharmacokinetic predictions of PBPK/PD model
Results

➢ Each simulated profile adequately represented other clinical results of esomeprazole.

• In both fasted and fed states

➢DR formulation

DR: dual delayed-release
EC: enteric-coated



02 Pharmacokinetic predictions of PBPK/PD model
Results

➢ Fraction absorbed from regional gastrointestinal (GI) segments

• Total absorbed fraction

: EC formulation > DR formulation

: Fasted state > Fed state

• Fraction absorbed from the distal GI tract

: EC formulation < DR formulation

: Fasted state < Fed state

DR: dual delayed-release
EC: enteric-coated
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Discussion



02 Negative food effect of esomeprazole
Discussion

➢ The food staggering model could not capture the negative effect of food on the PKs of esomeprazole. 

(physiology or dissolution)

➢ Food viscosity can delay not only drug dissolution but also tablet disintegration.

• Mechanism of disintegration

✓ Swelling, liquid penetration

: one of the key factors in the disintegration process

✓ Higher viscosity, slower disintegration

Markl, Daniel, and J. Axel Zeitler. "A review of disintegration mechanisms and measurement techniques." Pharmaceutical research 34.5 (2017): 890-917.



02 Negative food effect of esomeprazole
Discussion

➢ Food viscosity can delay not only drug dissolution but also tablet disintegration.

• Trospium chloride

Radwan, Asma, Gordon L. Amidon, and Peter Langguth. "Mechanistic investigation of food effect on disintegration and dissolution of BCS class III compound solid formulations: the importance of viscosity." Biopharmaceutics & drug 
disposition 33.7 (2012): 403-416.



02 Negative food effect of esomeprazole
Discussion

➢ Food viscosity can delay not only drug dissolution but also tablet disintegration.

• Ciprofloxacin

Radwan, Asma, et al. "Food effect: The combined effect of media pH and viscosity on the gastrointestinal absorption of ciprofloxacin tablet." European Journal of Pharmaceutical Sciences 101 (2017): 100-106.



03 Colonic absorption
Discussion

➢Understanding colonic absorption is important in the delayed absorption process such as modified 

release (MR) formulation or food effect.

• Several PBPK modeling studies have assumed negligible colonic absorption.

• E.g., Ritonavir 100 mg film-coated tablet

→ Colonic absorption scalar: 0.1

CE Klein, et al. "The Effect of Food on Ritonavir Bioavailability Following Administration of Ritonavir 100 mg Film-Coated Tablet in Healthy Adult Subjects" https://www.natap.org/2008/InterHIV/InterHIV_46.htm.



03 Colonic absorption
Discussion

➢ Physiological transit time of oral drug

• From stomach to colon: 4 – 10 hours

➢DR and EC formulation in the fed state

Hwang, Sejung, et al. "Effect of Food on the Pharmacokinetics and Pharmacodynamics of a Novel Dual Delayed‐Release Formulation of Esomeprazole in Healthy Subjects." Clinical Pharmacology in Drug Development 12.8 (2023): 839-844.

Sostek, Mark B., Yusong Chen, and Tommy Andersson. "Effect of timing of dosing in relation to food intake on the pharmacokinetics of esomeprazole." British journal of clinical pharmacology 64.3 (2007): 386-390.

Hua, Susan. "Advances in oral drug delivery for regional targeting in the gastrointestinal tract-influence of physiological, pathophysiological and pharmaceutical factors." Frontiers in pharmacology 11 (2020): 524.
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01 Physioloically based biopharmaceutics modeling (PBBM)
Conclusion

Yuvaneshwari, K., et al. "Applications of PBPK/PBBM modeling in generic product development: an industry perspective." Journal of Drug Delivery Science and Technology 69 (2022): 103152.
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02 Application of PBPK/PD model
Conclusion
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