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BACKGROUND @ Physicochemical data were combined with parameters relating to A) Digoxin without interactior ) Digoxwithineration
@ Predicting the magnitude of in vivo drug-drug interactions (DDIs) villous morphology within the ADAM module to obtain estimates 2° 5
involving P-glycoprotein (P-gp) transport from in vitro data of segmental permeability using a Mechanistic Permeability Ej% > Digoxin 55 « Digoxin + Rifampicin
requires accurate knowledge of the kinetics describing transport Model (Turner et al., in preparation). £ o E : o s eracion Tl 110
of the substrate in the gut and liver, inhibition constants for | |@ Transporter kinetic data (Km, J..) and a relative expression 5 s T e merserer
transport, and reliable estimates of the inhibitor concentrations at factor [REF — the In vivo expression of P-gp In the jejunum :%1 : §1 —
the transporters active site. relative to that of the in vitro Caco-2 cell system] were also "o 4 s 1 1w .m0 4 e 2
@ The recent update of regulatory guidance relating to transporters incorporated Into the model (Troutman & Thakker, 2003 a and b). ) Rifampicinsoncontation e
has led to an increased level of interest in physiologically-based | | @ Concentration-time profiles of digoxin following single (SD) and I
pharmacokinetic (PBPK) models used for prediction of multiple (MD) intravenous (iv) or oral (po) doses were simulated B 20000 T e Wochensehit, 1955 Dec 65231205 11
transporter-mediated DDISs. over a range of doses (0.125 to 1.5 mg) to assess the potential Z 15,000 -
@ Digoxin has been proposed as a model in vivo test compound for effects of P-gp efflux on dose proportionality of digoxin exposure §
clinical P-gp-mediated DDI investigations (Zhang et al., 2010; and compared with observed data. :} 5’00,: |
Giacomini et al., 2010). @ As an additional validation exercise for the model, data relating to T mewmbior
@ Therefore, we have developed a mechanistic PBPK model for iInduction of intestinal P-gp by rifampicin were used to investigate ioure 3 _ Simulated plasma concentration-time orofies of digoxin after an oral dose of 1 me
digoxin, that accounts for differential permeability and P-gp- the effects of this inducer on the systemic exposure of digoxin. administered before (A) and after rifampicin therapy (600 mg QD for 10 days) (B). Each of the grey lines
_ _ _ : : : : . represents an individual trial of 8 males subjects based on the characteristics of the subjects (age, sex,
mediated efflux along the intestine. Since concentration-dependent data relating rifampicin levels to etc.) recruited in the study reported by Greiner et al., 1999 and the solid black line is the mean of the
P-gp induction were not available, the REF was increased 3.5- | | |0e e G0 o Fiampicin (Greiner et al. 1099) (C) Corresponing simelates concentration-time
METHODS fold to replicate the increase in expression observed in vivo profiles of the Inhibitor concentration of Rifampicin.
L . . . (Greiner et al., 1999). | | | | o
@ In vitro Information on the metabolism, permeability and P-gp @ The simulated concentration-time profiles of digoxin were
efflux kinetics of digoxin were combined with physicochemical consistent with observed data across 31 independent studies (13
data in a PBPK model implemented in the Simcyp Population- | | RESLII TS SDiv, 12 SDpo and 6 MD). Simulated and observed profiles of
based Simulator (V11) (Jamei et al., 2009). digoxin following single oral doses of 0.25, 0.5. 0.75 and 1 mg
@ The PBPK model included the "Advanced Dissolution, Absorption RS ST S —oe digoxin are shown In Figure 2.
and Metabolism” (ADAM) model and incorporated the variability o PKStuyld s ettt @ The results confirmed that there was no indication of a departure
of different parameters (Jamei et al., 2009) (Figure 1). 2 > osme from dose proportionality over the oral dose range studied (0.25
' o PKStudy 20 to 1.5 mg).
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@ Predicted decreases In AUC and C__, of digoxin following
administration of rifampicin were 1.5- and 1.6-fold, which were
reasonably consistent with observed values of 1.4- and 2.2-fold
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@ PBPK modelling in conjunction with a mechanistic absorption
model and reliable in vitro data on transporters, can be used to
assess the impact of dose on P-gp mediated efflux and to
elucidate the relative importance of intestinal and hepatic P-gp
to the bioavailability of digoxin and other P-gp substrates.
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Figure 1 — Schematic representation of the ADAM model, displaying the mechanistic segmentation of the Gl

tract into 9 sections with segregated blood flows to each section. The abundance of various enzymes and REF_E_RENCES |

transporters in each segment varies non-monotonically along the intestine as depicted by the varying intensity Figure 2— Mean values and individual trials of simulated plasma concentration-time profiles of digoxin g'ri‘l‘r?é?'gt' 2} aggf; ﬂﬁﬁﬁ;“'?fé;eggafgﬂi §2f51§) 9: 215-236;
of the colour for each section, representing P-glycoprotein in this case. The small intestine consists of 7 after an oral dose of (A) 0.25, (_B) 05 (C) 0.75 or_(D? 1 mg Iin a population of 200 indiyiduals (29 tri_als of Jamei et al., The AAPS Journal (2009) 11: 225-237:
segments where drug can dissolve, re-precipitate or be exposed to chemical degradation. Fluid dynamics 10 healthy volunteers). The thin lines represent individual trials (n=20) and the solid black line is the Troutman and Thakker, Pharm. Res. (2003a) 20: 1200-1209;
(secretion and re-absorption), varying pH and bile salt concentrations in each section are considered. mean of the population (n=200). The circles, triangles, diamonds and squares are mean observed values Troutman and Thakker, Pharm. Res. (2003b) 20: 1210-1224.
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