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Commercialization Study of Cell Activity Evaluation System
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Abstract

In order to detect dynamic change in cell metabolism and
development due to mitochondria in a noninvasive manner
and with a good sensitivity, we attempted quantitative mea-
surement of mitochondrial oxygen consumption. For the
measurement, an on-chip system (OECD system) developed
jointly by Tohoku University and Panasonic, Inc., was used.
The OECD system comprises a Si chip with a pit into which
a cellis introduced; and a Pt electrode for electrochemically
measuring the amount of locally consumed oxygen as a
change in cell metabolism. Since the OECD system noninva-
sively shows the cell metabolic activity, it is expected to serve
as a core technology creating new diagnostic values. In this
paper, we report our findings from the study of the drug
development support area and the reproductive medicine
area (humans and animals) as applicable areas of this sys-
tem. In the drug development support area, we expect that,
owing to the feature that high-sensitivity measurement is
possible with one spheroid, the system is applicable to eval-
uating the responsiveness of microscopic drugs such as
antimycin A (mitochondrial complex Ill inhibitor) and rote-
none (mitochondrial complex | inhibitor), which are known
as model complexes for functional analysis of mitochondria.

In the reproductive medicine area, utilizing the feature
that the system is easy to handle, we are considering the pos-
sibility of commercializing the mitochondrial activity evalu-
ation on the market as an objective and quantitative index
for replacing assessment of embryo morphology. We next
intend to obtain evidences as a useful index for grading fer-
tilized eggs.
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Fig. 1 Schematic principle image of measurement of cell activity on
working electrode chip.
(a) Si substrate, (b) Pt electrode, () SiO, insulating layer
The device chip has a pit to trap a cell, Pt electrodes disposed cir-
cularly around the pit, and is a system that electrochemically
detects the concentration of O, around the cell.
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Fig. 2 External appearance of the device.
The device is composed of a reference chip, five measurement
chips, and a polystyrene support plate.
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Fig. 3 Configuration diagram of OECD (On-chip ElectroChemical Device)
system.
The system is configured with the device, a measurement plate, a
jigincluding a built-in warm plate, a potentiostat, and a computer
for analyzing data. The potentiostat is a device to measure a cur-
rent in a pA range to detect a very small change. The warm plate
maintains the medium on the chip at 37°C.
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Fig. 4 Cross-sectional view of model case of oxygen concentration pro-
file (fF=50fmol/s).
Oxygen is consumed in the vicinity of the cell due to respiration of
mitochondria, and an inclination of oxygen concentration is con-
firmed over the electrodes at r=120, 170, 220, and 300um.
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Fig. 5 Oxygen consumption amount produced stem cell spheroids using
5000, 7500, and 10000 of cells.
The total number of mitochondria increases according to the
number of used cells, and the oxygen consumption amount rises
accordingly.
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Fig. 6 Various stages of embryo developments (A: 2 cells, B: 4 cells, C:
morula) and electrochemical detected respiratory activity of them.
Comparison of SECM (Scanning ElectroChemical Microscopy) and
OECD.

The oxygen consumption amount of embryo at various stages of
development were compared between conventional SECM and
OECD, and no significant difference was observed.
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