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    Abstract

        The aim of this study was to evaluate different physiologically based modeling strategies for the prediction of human pharmacokinetics. Plasma profiles after intravenous and oral dosing were simulated for 26 clinically tested drugs. Two mechanism-based predictions of human tissue-to-plasma partitioning (Ptp) from physicochemical input (method Vd1) were evaluated for their ability to describe human volume of distribution at steady state (Vss). This method was compared with a strategy that combined predicted and experimentally determined in vivo rat Ptp data (method Vd2). Best Vss predictions were obtained using method Vd2, providing that rat Ptp input was corrected for interspecies differences in plasma protein binding (84% within 2-fold). Vss predictions from physicochemical input alone were poor (32% within 2-fold). Total body clearance (CL) was predicted as the sum of scaled rat renal clearance and hepatic clearance projected from in vitro metabolism data. Best CL predictions were obtained by disregarding both blood and microsomal or hepatocyte binding (method CL2, 74% within 2-fold), whereas strong bias was seen using both blood and microsomal or hepatocyte binding (method CL1, 53% within 2-fold). The physiologically based pharmacokinetics (PBPK) model, which combined methods Vd2 and CL2 yielded the most accurate predictions of in vivo terminal half-life (69% within 2-fold). The Gastroplus advanced compartmental absorption and transit model was used to construct an absorption-disposition model and provided accurate predictions of area under the plasma concentration-time profile, oral apparent volume of distribution, and maximum plasma concentration after oral dosing, with 74%, 70%, and 65% within 2-fold, respectively. This evaluation demonstrates that PBPK models can lead to reasonable predictions of human pharmacokinetics.

      
Footnotes
	
        doi:10.1124/dmd.107.015644.

      
	
        ABBREVIATIONS: PK, pharmacokinetic(s); ACAT, advanced compartmental absorption and transit model; ADME, absorption, distribution, metabolism, and excretion; AUC, area under the plasma concentration-time curve; AUMC, area under the first moment curve; BCS, Biopharmaceutical Classification Scheme; CL, total body clearance from plasma; CL/F, total body clearance from plasma after oral administration; CLH, hepatic plasma clearance; CLH,blood, hepatic blood clearance; CLint, intrinsic clearance; CLR, renal clearance from plasma; Cmax, peak plasma concentration after oral administration; D, dose; F, absolute oral bioavailability; fuinc, unbound fraction in microsomal or hepatocyte incubation; fup, unbound fraction in plasma; GFR, glomerular filtration rate; in vivo t½, in vivo terminal half-life; log Pow, n-octanol:water partition coefficient of the non-ionized species; PBPK, physiologically based pharmacokinetics; Ptp, tissue-to-plasma partition coefficient; Ptpu, tissue-to-plasma partition coefficient of the unbound drug; Qh, hepatic blood flow; RA, ratio of albumin concentration found in tissue over plasma; RB, blood-to-plasma concentration ratio; SF, scaling factor; SIF, simulated intestinal fluid; Vd/F, apparent volume of distribution after oral administration; Vss, apparent volume of distribution at steady state.
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