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Designing of microfluidic device for cellular experiment under controlled oxygen tension
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It is important to elucidate cellular behaviors under hypoxia for cancer therapy and
regenerative medicine. We designed a microfluidic device for three-dimensional real-time
observation of cellular response under hypoxia (Fig. 1). The device had a central gel channel of
1.3 mm width, which was flanked by media channels of 500 um width. In addition, gas channels
of 500 wm width existed on both sides though which suitable gas mixtures were supplied. All
channels had a height of 150 um; the partitions between media and gas channels on both sides
were set at 150 um. Numerical simulations of oxygen tension in the microfluidic device were
conducted by using COMSOL Multiphysics to investigate the effects of various parameters, such
as gas and media flow rates, device thickness, and diffusion coefficients of oxygen. Minimizing
oxygen diffusion from the top surface of the microfluidic device was found to be essential for
maintaining low oxygen tensions. Hence, a film with a low oxygen diffusion coefficient was
needed to be embedded in the device in proximity above the channels to prevent the oxygen
diffusion from the incubator environment into the device (Fig. 2). Moreover, the optimum
combination of the flow rates of media and gas to control oxygen tension was obtained, showing
establishments of a low uniform oxygen tension or an oxygen gradient. The numerical
simulations were useful to design the novel microfluidic device for cell culture under controlled

oxygen tension.
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Fig.1  Schematic of microfluidic device for cell culture under controlled oxygen tension.
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Fig.2  Steady oxygen tension on a crosssection (z = 1.0x10° m) of the microfluidic device
with/without a film of low diffusion coefficient of oxygen, supplying 0% oxygen gas to
both gas channels (0%-0%) or supplying it to the left-hand side gas channel, while
supplying 21% oxygen gas to the right-hand side (0%-21%).



