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Background and Objectives: Although the importance of evaluating the biliary excretion process of drugs
is stated in the “Guideline on drug interaction for drug development and appropriate provision of
information”, there is no in vitro hepatic cell system that can estimate biliary excretion clearance with
precise evaluation. This project aimed to construct a novel in vitro hepatocyte culture model capable of
quantitatively predicting the clearance of human biliary excretion by permeation assay. Using this cell
system, we developed a method for predicting and evaluating the clearance of drugs in bile excretion and

drug-drug interactions via bile excretion transporters.

Results and Significance

For establishment of a culture method for icHep cells, we synthesized claudin-1 protein with
lipid discs that can dissolve membrane proteins without surfactant. When claudin-1 protein was
encapsulated in lipid discs and coated onto culture media, a uniform coating of claudin-1 protein was
observed. Moreover, four different cell culture inserts were used to optimize the biliary excretory activity
of the claudin-1-coated icHep system, using MRP2 substrate estradiol-178glucuronide (E2-178G) and
para-cellular marker tritc-dextran 4000 (TD4). The permeability of TD4 increased with increasing the
pore size of the cell culture insert, and the transport activity of E2-178G was higher at a pore size of 0.4
pm than at a pore size of 3.0 pm. In addition, rats capable of in vitro-in vivo complementation were used
to establish an icHep system using rat hepatocytes. Rat claudin-1 was synthesized in vitro using a cell-
free synthesis system and coated on culture plates. The cells were then seeded into primary hepatocyte
culture media isolated from rats and stained for MRP2 using rat MRP2 antibody. As a result, MRP2
staining was observed as a semicircular morphology, forming an open system bile duct lumen.
Permeability assays using bile excretion transporter substrates such as E2-178G showed a slight
increase compared to the collagen-coated condition. Although limited biliary excretion activity was
observed, the optimization of the primary rat hepatocyte culture method to improve drug transporter
activity was identified as an issue to be addressed.

For development of a method for predicting the in vivo biliary excretion process, the drug
permeation clearance was calculated by the icHep system. The results of comparison of drug biliary
clearance calculated from the obtained permeation clearance with the clinically reported values showed
a good correlation. Therefore, the icHep system may be used to predict the human biliary clearance of
unknown compounds.

The usefulness of the icHep system for the evaluation of drug-induced cholestasis involving drug
metabolism was also investigated. Candesartan cilexetil, the parent compound, inhibits bile acid
transporter BSEP, while its active metabolite candesartan does not inhibit BSEP. The addition of
candesartan cilexetil did not affect the permeability of taurocholate. On the other hand, the addition of
both candesartan cilexetil and esterase inhibitor decreased the permeability of taurocholate.
Furthermore, batch differences in biliary excretory activity using the icHep system were also examined.

The results showed that the CV values of permeability of E2-178G and taurocholate were less than 20%.

By carrying out this project, we succeeded in establishing an in vitro evaluation system that can

estimate drug biliary excretion clearance by a permeability test using human hepatocytes.
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