
METHODS
• Simcyp v16 mechanistic PBPK models
• Verified NIF PBPK model was used4

• OMP & metabolites PBPK was built as follows:

• Parameter sensitivity analysis (PSA) was conducted to
understand the impact of OMP-mediated TDI on NIF
PK metrics

BACKGROUND
• Nifedipine (NIF) is mainly metabolized by CYP3A4 in human.
• DDI exists between Omeprazole (OMP, 20 mg, enteric-

coated tablet) and NIF immediate release (IR) as the
increased NIF systemic exposure was observed in healthy
subjects after they took OMP for 8 days1.

• OMP may affect the in vivo release of other drugs from their
dosage forms by elevating the gastric pH or affecting the
elimination of other drugs by interacting with the CYP450
system (e.g. inhibition of CYP2C19).

• The in vivo time-dependent inhibition (TDI) of CYP2C19 by
OMP has been evaluated using a PBPK model2.

• The in vitro TDI of CYP3A4 by OMP & its metabolites has
been investigated3.

CONCLUSIONS
• The newly developed PBPK absorption model provides a

mechanistic understanding of the observed DDI between
nifedipine and omeprazole by taking into account both gastric
pH change and metabolic inhibition.

• Based on the PBPK model, gastric pH modification after a short-
term (one week) dosing of OMP does not alter NIF Cmax and
AUC for IR formulation.

• CYP3A4-medidated TDI by OMP seems to be the major cause
of the observed systemic exposure increase for IR NIF.

OBJECTIVES
To apply a physiologically-based pharmacokinetic (PBPK)
modeling approach investigating the drug-drug interaction
(DDI) mechanism between nifedipine and omeprazole.

REFERENCES & FUNDING
1. Soons PA, van den Berg G, Danhof M, van Brummelen P, Jansen JB, Lamers CB, et al. Influence of single- and multiple-dose omeprazole treatment
on nifedipine pharmacokinetics and effects in healthy subjects. Eur J Clin Pharmacol. 1992;42(3):319-24.
2. Wu F, Gaohua L, Zhao P, Jamei M, Huang SM, Bashaw ED, et al. Predicting nonlinear pharmacokinetics of omeprazole enantiomers and racemic
drug using physiologically based pharmacokinetic modeling and simulation: application to predict drug/genetic interactions. Pharm Res.
2014;31(8):1919- 29.
3. Shirasaka Y, Sager JE, Lutz JD, Davis C, Isoherranen N. Inhibition of CYP2C19 and CYP3A4 by omeprazole metabolites and their contribution to drug-

drug interactions. Drug Metab Dispos. 2013;41(7):1414-24.
4. Patel N, Polak S, Jamei M, Rostami-Hodjegan A, Turner DB. Quantitative prediction of formulation-specific food effects and their population

variability from in vitro data with the physiologically-based ADAM model: a case study using the BCS/BDDCS Class II drug nifedipine. Eur J Pharm
Sci. 2014;57:240-9.

5. Liu F, Shokrollahi H. In vitro dissolution of proton-pump inhibitor products intended for paediatric and geriatric use in physiological bicarbonate
buffer. Int J Pharm. 2015;485(1-2):152-9

This work was supported in part by an appointment to the ORISE Research Participation Program at CDER
through an interagency agreement between the US Department of Energy and the US FDA (identified with *).

Disclaimer: This poster reflects the views of the authors and should not be construed to
represent the FDA’s views or policies.

Figure 1. A) Plasma concentration time course following the
administration of 10 mg of NIF to healthy subjects. Solid lines
and dots represent PBPK simulations and observed data4.
Purple line represents simulated plasma concentration with
initial gastric pH of 4.5. B) Cumulative fraction of NIF
absorbed. C) Regional distribution of the fraction absorbed.
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Figure 2: The structure of Simcyp minimal PBPK models
used to describe the time course of both OMP enantiomers
and two of its main metabolites: DM OMP and OH OMP.
X: auto- or mutual- inhibition in the gut and liver via TDI
and/or reversible inhibition of CYP2C19 and CYP3A4.

Figure 3: OMP concentration on day 1 and 5 following the
administration of 20 mg of OMP solution (q.d.) for 5 days,
without TDI (dash line), with TDI using in vitro measured
irreversible Ki values for the CYPs 2C19 & 3A43 (red line),
and with TDI using scaling factor for Ki (Ω= 0.5; 0.1; 0.05;
0.033; 0.01, blue to purple lines). Dots represent the
observed data2.

Figure 4: Concentration
time course of OMP,
OH OMP and DM OMP
following a single dose of
20 mg of OMP (enteric-
coated tablet). Dots
represent observed data3

and lines are model
simulations.

Figure 5: Simulated TDI for gut and liver CYP3A4 following
the daily administration of OMP (enteric-coated tablet, 20
mg). Black arrows represents time of NIF intakes (10 mg, IR).
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NIF plasma exposure

A

B

C
Placebo OMP 8 days

Vmax (pmol/min/106) 22 17.15
Obs. Cmax (ng/mL) 66.1 56.8
Obs. AUC (ng.h/mL) 140.7 170.3
Sim. Cmax (ng/mL) 65.3 79.5
Sim.AUC (ng.h/mL) 160 213

Figure 6: NIF concentration time course following the
single administration of 10 mg IR with A) Placebo B)
OMP, 30 min prior NIF intake C) daily OMP treatment
for 8 days prior to NIF administration.
CYP3A4 Vmax was set to 99.9 & 78% of the initial
published value to account for the CYP3A4 OMP
driven TDI for the B and C conditions.
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0.5 0.1 0.05 0.033 0.01
AUC 1.24 1.04 1.05 1.06 1.11 1.18 1.26 2.00
AUC Pred/Obs - 0.84 0.84 0.85 0.89 0.95 1.01 1.61
Cmax 1.10 0.95 0.95 0.96 0.99 1.02 1.05 1.24
Cmax Pred/Obs - 0.86 0.87 0.87 0.90 0.93 0.96 1.13

0.5 0.1 0.05 0.033 0.01
AUC 1.99 1.05 1.07 1.09 1.28 1.57 1.92 10.51
AUC Pred/Obs - 0.53 0.54 0.55 0.65 0.79 0.97 5.29
Cmax 1.52 0.98 1.00 1.01 1.14 1.29 1.45 2.35
Cmax Pred/Obs - 0.64 0.65 0.66 0.75 0.85 0.95 1.55
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