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    Abstract

        The application of sandwich-cultured rat hepatocytes for the identification of the hepatic intrinsic clearance of compounds with widely varying extraction ratios was investigated. We previously showed the applicability of this in vitro system, in combination with a model describing molecular diffusion, hepatocyte/medium partition, and nonsaturated metabolism, which resulted in a successful identification of this parameter for tolbutamide. This approach is further validated using the compounds 7-ethoxycoumarin and warfarin, covering a 100-fold range of extraction ratios. Clearance of these two substrates could be reliably determined, but only if the depletion of the parent compound in medium as well as in the hepatocyte sandwich was measured. Sensitivity analyses showed that the time course of depletion of the parent compound in medium, especially for warfarin, is insensitive to the partition and diffusion parameter values, whereas depletion in the hepatocyte sandwich was far more sensitive. When varying the volumes of collagen in the sandwich culture, it appears that the most reliable kinetic parameters could be obtained by fitting the data with the smaller collagen volume and that these parameters obtained from fitting to data of the larger volumes generally cannot be verified satisfactorily with the data of the smaller volumes. The values of hepatic clearance that were obtained after extrapolation of the intrinsic clearance to the hepatic clearance from blood were comparable within a factor of 2 to hepatic clearance data in the literature. This indicates that this sandwich culture and modeling system can be applied for the identification of the hepatic intrinsic clearance rate of the total range from low to high clearance compounds.

      
Footnotes
	
        Article, publication date, and citation information can be found at http://dmd.aspetjournals.org.

      
	
        doi:10.1124/dmd.105.004390.

      
	
        ABBREVIATIONS: CLbile, biliary clearance (ml/min/kg body weight); CLhep, hepatic clearance (ml/min/kg body weight); CLint, intrinsic clearance (ml/min); Cm, concentration medium (μM); Cs, concentration sandwich (μM); Dm, diffusion coefficient in medium (cm2/min); Ds, diffusion coefficient in sandwich (cm2/min); fa, fraction of cell activity; fm, free fraction medium; fh, free fraction hepatocytes; fn, fraction of cells; fs, free fraction sandwich; fu, free fraction in blood; fv, fraction of viable cells; Kh, specific clearance (–/min); Kl, specific intrinsic clearance of the liver (–/min; –/h); Km, Michaelis-Menten constant (μM); Kow, partition coefficient octanol-water; Ks, first-order metabolism (–/min); Lm, medium layer thickness (cm); Ls, sandwich layer thickness (cm); PBPK, physiologically based pharmacokinetics; Pcm, collagen-medium partition coefficient; Phm, hepatoycte-medium partition coefficient; Psm, sandwich-medium partition coefficient; P, parameter value; Qh, hepatic blood flow (l/h); s, sensitivity; SRW, standard rat body weight (250 g); Vc, volume of collagen (ml); Vh, volume of hepatocytes (ml); Vm, volume of medium (ml); Vmax, maximum rate of metabolism (μM/min); Vs, volume sandwich (ml); DMEM, Dulbecco's modified Eagle's medium; FCS, fetal calf serum; HPLC, high-performance liquid chromatography.
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