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Abstract

In this paper, we report the establishment of an oxygen gradient microfluidic device that mimics an in vitro
hepatic lobular architecture. During the drug development process, reproduction of the hepatic architecture and
function in vitro is necessary and important to evaluate the efficacy and toxicity of the drugs. In this study, we aimed
to construct a microfluidic device that maintains the specific hepatocyte functions under an oxygen concentration
gradient. For this purpose, we fabricated a T-shaped microchannel within a microfluidic device. After simulating the
gradient of oxygen concentration, we evaluated the actual oxygen concentration gradient in the device using a sensing
film coated with an oxygen-responsive dye. We also confirmed the survival and functions of hepatocytes that had
been seeded inside the device by using a live and dead cell staining kit and the indocyanine green uptake and excretion
test, respectively. However, hepatocyte-specific functions such as expression of glucose metabolizing enzymes
declined during culture in the presence of sodium sulfite, which was used to decrease the oxygen concentration in
the perfusion medium. We conclude that this microfluidic device may serve as a useful tool for drug development,
but further experiments are needed to maintain the stable primary culture of hepatocytes in the device by utilizing

alternative oxygen reducing methods.
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Fig. 1 The concept of metabolic zonation.
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Fig. 2 The proposed microfluidic device. (A) Schematic
image of oxygen concentration gradient and (B) the
structure and dimensions of the micro channels are

shown. (C) Overview of the device.
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Fig. 3 Results of FEM simulation. (A) A T-shaped

microchannel. (B) Plot in the X-X cross section.
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Fig. 4 Fluorescent imaging of the device with different
concentrations of oxygen fluids. (A)Fluorescent
image. (B) Calculated brightness of X-X line.
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Fig. 5 Microscopic images of primary cultures of
hepatocytes. (A) Bright field image. (B) Calcein
AM stained. (C) PI staining. Scale bars, 200pum.
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Fig. 6 Comparison of the survival rate of primary cultures of

hepatocytes between the device and dish.
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Fig. 7 ICG uptake and excretion by primary cultures of
hepatocytes. (A) Pre-staining. (B) ICG uptake at
30minutes. (C) ICG excretion after 6 hours.
Scale bars, 100pm
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Fig. 8 Oxygen concentrations obtained by using Na,SOj3

solution.
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Fig. 9 Survival rates of primary cultures of hepatocytes

in the presence of Na,SOs.
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Fig. 10 Microscopic images of primary hepatocytes at (A)
day 1 or (B) day 3 after perfusion culture in the

presence of sodium sulfite. Scale bars, 100 pm.
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Fig. 11 Bright field images and fluorescent microscopic
images of primary cultures of EGFP-expressing
hepatocytes in the absence or the presence of

sodium sulfite. Scale bars, 200pm.
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Fig.12 Microscopic images of primary hepatocytes in
regular control or collagen sandwich culture at
(A) day 2 or (B) day 3. Scale bars, 100pum.
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