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INTRODUCTION

Microfluidic-based cell culture systems are getting more
and more important in biotechnology especially for the
recently developed “organ-on-a-chip” [1] systems with
several human tissues in one branched microvascular
system [2]. Due to the high complexity of those systems
flow and nutrient requlations are essential. Hereby
oresented Is an approach which uses a mathematical
model of the microfluidic system to calculate how fluidic
actuators like valves and pumps have to be set to ensure
specific nutrient and growth factor gradients.

SETUP

The oxygen content in a branched multilayer cell culture
device [3] with integrated micro pumps, valves and tissue
chambers was measured in two parallel fluidic pathes
(see Fig. 2). By operating the oxygenator with different
process gases (nitrogen, air) the amount of dissolved
oxygen can be varied. Furthermore the perfusion of each
cell culture chamber was regulated with the help of
closing valves positioned in each fluidic branch.

RESULTS

Due to permeation processes the oxygen content in the
fluidic system could be slightly reduced within several
minutes by applying nitrogen to the included membrane
oxygenator. The flow directing valves are sequentially
actuated so that repeatedly n pump cycles are pumped
in chamber A and k cycles are flowing in chamber B. By
varying the n/k ratio one can influence the deoxy-
genation curve or keep the cell culture at a certain
oxygen level. The last operating mode can be used for
repeated hypoxia assays which are currently performed
in animals [4]. Bye dying the cells for example with
CYTO-ID® one can observe the oxidative stress for the
cultivated cells under different hypoxic conditions.
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Figure 1: Left: Multilayer-based cell cultivation device with pneumatic layer
(green) fluidic layer (red) and bottomlayer (grey)
Right: Microlfuidic layout with two branches

Multilayer cell cultivation device Pneumatic controlling device

Perfusion controlled hypoxia Valve switching diagramm

=W

n cycles

Normoxia

IRTTET

! k cycles ! Ik cycles

' vital cell

. dead cell

O hypoxic cell
— Perfusion chamber A —— Perfusion chamber B

120 120

100 100
°°

80 . 80

60 60

40 40

20 20

Oxygen conten in %
Oxygen content in %

0 0

00:00:00 01:00:00 02:00:00 03:00:00 00:00:00 01:00:00

02:00:00 03:00:00

time in hours time in hours

e SeNSiNg SPOt A e Sensing spot B ==—>Sensing spot A ====3ensing spot B

Figure 2: Top: Principle of perfusion controlled hypoxia assay with two parallel
cell culture chambers A and B controlled by the closing valves a and B.
Bottom: Measured oxygen content in both chambers for different actuation
cycles of V1 and V2 (50/50 and 10/90) under deoxygenation with nitrogen as
process gas mimicing two different hypoxic states.
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