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Abstract: We report on a pumpless cell culture chip in which a constant medium perfusion rate is maintained by balanced
droplet dispensing. Previous chips had a decreasing perfusion rate due to the decreasing hydraulic-head difference 4h
between the inlet and drain. However, the present chip maintains a constant medium perfusion rate due to the constant Ah
between the inlet and drain maintained by balanced droplet dispensing. The perfusion rate Q was measured to be 0.1-0.3
p/min with a maximum deviation and error of 9.96% and 6.92%, respectively. In the perfusion culture (Q = 0.1-0.3 pl/min),
the maximum growth-rate of H358 cells was measured to be 57.8% + 21.1% per day, which is 1.9 times higher than that of a
static culture. The perfusion culture also resulted in higher cell viability than a static culture. The present chip offers a
favorable environment with a high growth-rate and viability and thus has potential for use in the integrated cell culture system.
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Fig. 1 Schematic view of the present chip: (a) top view;
(b) cross-sectional view along A-A’ in (a)
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Table 1 Dimensions and fluidic resistances of the drain
channels in Fig. 1(a)

Drain Characteristics Designed | Fabricated
channels
Width, wy, [um] 400 398+2.7
Main Height, A, [um] 220 219.74£27.2
channel | 11 tength, ,, [mm] 7 7240.8
Fluidic resistance, Ry, 1" T
[Pa-s/m’] 3.09x10° | 3.13x10
Width, wy, [pum] 60 58+1.4
Height, Ay, [um] 60 56.7+2.3
Branch
channel Total length, /, [mm] 85 85+0.3
Fluidi ist R
uidic resis a;nce, b |1 87x10™ | 2.24x10"
[Pa-s/m’]
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Fig. 2 Fabrication process for the present chip showing
the cross-sectional view along B-B’ in Fig. 1(a)
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Fig. 3 Fabricated device: (a) fabricated pumpless perfusion
cell culture chip; (b) packaged device
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Fig. 5 Experimental apparatus for the cell image capture
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the fabricated chip at intervals of 1.5 days over
the course of 6 days of cell culture
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Fig. 9 Microscopic fluorescent images of the cells treated
with EthD-1 solution after 6 days of culture in the

fabricated chip
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Fig. 10 Measured cell viability at varying perfusion-rates.

The error bars indicate the standard deviation
from three measurements of the cell viability at
each perfusion-rate
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