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In drug development, excretion in the kidney is a very important process because the
process strongly influences efficacy and side effects of drugs. In the renal excretion of drugs,
drugs weakly bound to plasma proteins are excreted by the glomerular filtration, while drugs
strongly bound to plasma proteins are not excreted. In the renal tubule, some drugs that are
substrates of transporters (e.g. P-glycoproteins (P-gp)) are secreted from the peritubular
capillaries to the renal tubule and the process is known as a tubular secretion. Therefore,
analysis of plasma protein binding rates and transport rates mediated by the transporters are
important for drug development.

Although the excretion processes of drugs in the kidney have been conventionally
estimated mainly with whole animals or animal kidney slices, animal experiments have been
reduced because of cost and species difference between test animals and human. A
microchip-based organ model, named organ-on-a-chip or human-on-a-chip, which mimics
microenvironment of the human organs and pharmacokinetic processes in the human body, is
expected as a novel assay tool that is substitute for a part of animal experiments.

While several microchip-based kidney models have been reported so far, most models were
artificial kidneys for implantation or disease models of the renal tubule, and then kidney models
for excretion assay to estimate drugs residence time have not been reported. Additionally, renal
secretion models have not been developed even though the renal secretion is a very important
process for understanding drug excretion.

In this thesis, development of a micro kidney model for efficient excretion assay
mimicking the glomerular filtration is described. Moreover, improvement of a micro kidney

model combining the glomerular filtration and tubular secretion processes is also described.



Chapter 1.

Background and aim of this work are described as introduction.

Chapter 2.

Materials and methods used in this work are summarized.

Chapter 3.

A micro glomerular model, which is consisted of a peristaltic micropump, a circulation
channel, a dialysis component mimicking the glomerular filtration and a cell culture chamber,
was designed and fabricated. To realize efficient and practical bioassay with the model, an
integrated micro glomerular filtration model comprised of three units of the micro glomerular
model was developed. A modified micropump realized a control of flow rates in three channels
at 0.3 - 7.4 uL/min. A macromolecule (FITC-albumin) or a small compound (fluorescein) was
circulated in the circulation channel. Fluorescein was reproducibly separated from albumin at
the dialysis components in parallel. Efficient dialysis and monitoring of the excretion process
were realized.

Anticancer drugs having different plasma protein binding rates were tested with the
integrated model. Thio-TEPA, which is weakly bound to plasma proteins, and Docetaxel, which
is strongly bound to plasma proteins, was circulated in the circulation channel for 36 h and then
anticancer activities were evaluated by measurement of cell death rates in the cell culture
chambers based on Live/Dead staining. In case of Thio-TEPA, the cell death rates were low,
while Docetaxel showed high cell death rates. These results reflected both plasma

protein-binding nature and bioactivity of the drugs.

Chapter 4.
The excretion rate of the glomerular model was measured and then compared with that of
the human body. To increase the excretion rate, a meandered microchamber was developed to

enlarge the dialysis area.

Chapter 5.

The A micro kidney model in which a secretion component was added to the glomerular
model was developed. Caco-2 cells expressing a transporter, P-gp, were cultured on a porous
membrane in the excretion channel for 18 days. A macromolecule, tetramethylrhodamine
isothiocyanate dextran, P-gp substrate, Rhodamine 123 (Rh123), or Rh123 with a P-gp
inhibitor, quinidine sulfate was circulated in the circulation channel. As a result, only

Rh123 were excreted from the circulation channel. And concentration of Rh123 were



increased after passing the secretion component. In addition, significant difference was
obtained with and without addition of inhibitor. From these results, I conclude that the
kidney model mimicking the glomerular filtration and the tubular secretion was successfully

developed.

Chapter 6.

The thesis is summarized. The efficient bioassay with the integrated glomerular filtration
model and development of the micro kidney model combining the glomerular filtration and
tubular secretion were realized. In the glomerular model, anticancer tests taking the renal
excretion into consideration was realized and the model was more efficient and reproducible
than the previous model. The micro kidney model having glomerular filtration and the tubular
secretion components was realized as a proof of concept. These models have potential to be

applied to drug interaction analysis and more complex bioassays.



