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Development of EIS cell chips and their application for cell analysis
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We report the development of EIS cell chips able to monitor cell growth and adhesion. They are made of
transparent or semitransparent materials to allow complementary analysis of cell behaviour during the
measurements through optical microscopy. Our approach is cheap both in fabrication and usage, it is not
invasive for cells and it does not require any additional reagent. Our devices are particular suitable to
count cells or to evaluate cell morphology and changes as a consequence of different treatments.

� 2009 Published by Elsevier B.V.
1. Introduction

A new trend in the biosensor/lab-on-chip field is the develop-
ment of cell-based devices for cell culture analysis, detection of
specific analytes and/or testing of large libraries of substances
(such as new drugs or potentially toxic compounds) for their bio-
logical effects. In this respect, electrochemical impedance spectros-
copy (EIS) is a powerful tool for indirect studies about cells
behaviour. In fact adhesion of cells on biofunctionalized electrodes
alters the capacitance C and interfacial electron transfer resistance
RET making EIS able to monitor real-time cell behaviour without
any damage [1,2]. Specifically upon the attachment and spreading
of cells onto the electrodes the impedance increases because a cell
layer acts as an insulating film and RET and C are correlated to cell
viability, adhesion and cytoskeleton organization.

Thanks to recent progresses, applications cover a large part of
cell biology, including detection of metabolic activity, cell adhesion
and interaction with extracellular matrix protein [3], spreading [4].
In this respect, it is worth noting that so far the tools for studying
adhesion and spreading are typically based on optical observation
but they are time expensive and not quantitative. As a conse-
quence, EIS devices are very interesting being (i) sensitive enough
to discriminate the effect on cells of different proteins or different
molecules on the surface and (ii) easily downscalable and suitable
to be multiplexed at a very high level in dedicated chips (for exam-
ple for parallel drug screening or cytotoxicity tests). To date, EIS
has been successfully used for cytotoxicity tests on different cell
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lines, such as human hepatocellular carcinoma cells [5], fibroblasts
[6–8], cells from kidney of male monkey or human colon adenocar-
cinoma [9]. Even in this case the conventional biochemical meth-
ods currently used in cell biology are time consuming and
laborious and require complex steps with multiple reagents. In
addition, these techniques are invasive preventing to monitor a dy-
namic process in a single experiment. EIS is able to overcome these
limitations because it is easier, faster and cheaper than conven-
tional methods. Moreover, it is not only suitable to study adhering
cells but also for cells in solution such as bacteria or blood cells
[10] and it has been for example used for the detection of several
pathogens such as Salmonella typhimurium and Escherichia coli
[11,12]. Other applications include analysis of cells micromotion,
cells attachment and spreading, cell concentration and growth,
apoptosis and others [13–18]).

Here we describe the development of EIS cell chips able to mon-
itor cell growth and adhesion. They are made of transparent or
semitransparent materials to allow complementary analysis of cell
behaviour during the measurements through optical microscopy
(in bright field). Our approach is cheap both in fabrication and
usage, it is not invasive for cells and it does not requires any addi-
tional reagent. These devices are particular suitable to count cells
or to evaluate cell morphology and changes as a consequence of
different treatments.
2. Fabrication process and EIS mesurement

Our chip (Fig. 1) consists of a cell culture chamber made of
PDMS incorporating interdigitated electrodes fabricated on glass
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Fig. 1. (a and b), scheme of the component of our device: interdigitated electrodes and PDMS chamber. Cells are optically accessible through an inverted microscope during
the measurements as shown in. c and d picture of the separate components (c) and of the assembled device (d).
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substrates. For the conductive electrodes, we employed different
materials: gold, ITO and platinum. In particular, ITO was used since
it is a transparent material so the whole device is completely trans-
parent in order to look at cells during the measurement through an
inverted optical microscope (Fig. 1b). On the other hand, gold and
platinum electrodes are more resistant and allow an easy function-
alization (by thiol chemistry).

In the case of ITO electrodes, glass substrates with ITO layer
(120 nm thick) were used (Visionteck). After cleaning with acetone
and isopropanol, the electrode pattern was defined by means of a
combination of optical lithography (AZ5214E photoresist, Karl Suss
MJB3 mask aligner) and dry etching carried out with a RIE (Reac-
tive Ion Etching) with a mixture of CH4/H2/Ar at 200 W for 30 s.
On the other hand, gold/platinum electrodes were fabricated by
photolithography, thermal/e-beam deposition (respectively 3 nm
of chromium/titanium and 10 nm of gold/platinum) and lift-off.
In all cases the electrode pattern consists of interdigitated lines
with a line-space period of 40 lm, covering an active area of
2 � 2.5 mm2 (Fig. 1a).

PDMS cell culture chambers (Fig. 1b) were realized by replica
molding from a hard master. We used a mixture of polymer base
and curant agent (15:1 w/w) and we induced the polymerization
by heating at 140 �C for 10 min. To improve the adhesion between
the chamber and the glass substrate we have added at the bottom
of the chamber a thin layer of PDMS with a ratio between polymer
base and curant of 10:1 (w/w) and we have heated again for few
minutes at 140 �C.

The whole device (Fig. 1d) is thus made using transparent (or
semitransparent) and biocompatible materials in order to be
mounted on an inverted microscope for real-time monitoring of
cells during measurements.

An impedance analyzer Autolab PGSTAT30 (EcoChemie) with a
FRA2 module was used for measurements. Impedance data were
recorded in the frequency range between 1 and 106 Hz using sinu-
soidal ac voltages (rms amplitude 15 mV). The dc bias potential be-
tween the two planar gold or ITO electrodes was clamped to 0 V.

All the experiments were performed in milliQ water or L15
Medium (Leibovitz) from Sigma–Aldrich, a conventional cell cul-
ture medium formulated to be used in carbon dioxide free systems
to maintain the cells outside the incubator during the measure-
ment. A redox couple K3[Fe(CN)6]/K4[Fe(CN)6] (1:1) (Sigma–Al-
drich) was added to the medium to a final concentration ranging
from 5 to 20 mM to increase the conductivity of the solution and
the sensitivity of the system but it is low enough to avoid any pos-
sible toxic effect on cells.
3. Results and discussion

Typically, EIS is carried out in water solution, but to work with
cells it is necessary to use an appropriate culture medium contain-
ing all the nutrients and growth factors that have a key role for cells
survival. So we firstly investigated the influence of the culture med-
ium on our measurements by testing milliQ water added with
K3[Fe(CN)6]/K4[Fe(CN)6] as redox probe and L15 medium with the
same concentration of redox couple (since milliQ water has a very
low conductivity, a redox probe is necessary to improve the con-
ductivity of the solution and the sensitivity of the system and was
added at the same concentration in both water and L15 medium).
Similar impedance profiles (Fig. 2) were obtained in both cases with
a slightly higher modulus and smaller error bars in L15. According
to this data L15 does not interact significantly with the redox couple
K3[Fe(CN)6]/K4[Fe(CN)6] and is a good solution for EIS studies.

On the other hand, concerning the influence of the electrode
materials (ITO, gold and platinum), we obtained a Ret around
20kX for platinum, 45kX for gold and 60MX for ITO (data not
shown). Since the smaller is the resistance of the electrode (before
any treatment) the greater is its ability to detect any change due to
the adhesion of cells, gold and platinum electrodes were preferred
with respect to ITO and for this reason we have chosen to use for
further experiments gold electrodes which can be also easily mod-
ified with different molecules and biomolecules (e.g. by thiol
chemistry). In this case, to keep the full device (semi)transparent
and maintain cells optically accessible to correlate impedimetric
measurements with cell status, a very thin chromium/gold layer
(3/10 nm) was deposited.

To test the ability of our chip to detect cells on its surface, we
have used HeLa cells, an immortal cell line derived from human
cervical cancer cells. Cell culture was carried out under standard
conditions of 37 �C and 5% CO2 in air with Dulbecco’s Modified Ea-
gle’s Medium (DMEM) (Sigma–Aldrich) supplemented with 10% (v/
v) fetal bovine serum (FBS, Sigma–Aldrich), Sodium piruvate 1 mM
and with 100 g/ml penicillin, 100 U/ml streptomycin, and 100 g/ml
L-glutamine. Before using the device we have investigated the tox-



Fig. 2. Impedance phase and modulus plots obtained through ITO devices using different solutions: milliQ water with redox couple 10 mM (black curve) and L15 with redox
couple 10 mM (red curve).

Fig. 3. (a) Nyquist plots, (b) Impedance phase and (c) modulus plots obtained through a gold device with a subconfluent layer (red curve) or a confluent layer (green curve) of
HeLa cells. As a reference, we report also plots from the empty device (without cells, black curve). (d) Cell viability obtained trought MTT test to evaluate the effect on cells of
K3[Fe(CN)6]/K4[Fe(CN)6] at different concentration.
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icity of the redox couple on cells to exclude any influence from the
medium. As shown in Fig. 3d the viability of cells is not affected by
the presence of redox couple.

Beafore usage the chips were washed in ethanol before seeding
and dried under a gentle nitrogen flow. It is even possible to ster-
ilize the whole device by autoclave without any damage for it.
HeLa cells resuspended in DMEM medium were seeded on each
sensor chamber in a density of 3 � 105cells/ml and then were al-
lowed to grow for at least 24 h.

Fig. 3 represents two different measurements on the same chip
after cell growth: the red curve corresponds to the spectra of the
cell after 24 h in culture while the green one represents the conflu-
ent cells after 40 h in culture. In the Nyquist plot the diameter of
spectra increase depending on the number of cells, so the greater
is the number of cells the greater is the interfacial resistance, dem-
onstrating the ability of the device to detect different number of
cells on its surface. Even in the modulus plot it’s evident how at
low frequencies (left side of the graph) the impedance value in-
creases according to the number of cells onto the device (on the
contrary high frequencies correlate with the impedance of medium
and changes are minimal there).
4. Conclusion

Impedance measurements on cellular systems have been shown
to be an effective tool for monitoring cellular behaviour. The re-
sults reveal that our EIS cell chips provide an easy and real-time
monitoring tool to study cells attachment, spreading and to per-
form viability tests; adherent cells can be monitored during culti-
vation allowing us to study dynamic processes without any
damage for cells. Our device is very cheap and reusable and it joins
a great sensitivity and low cost both in fabrication and usage, in
fact it does not require any additional reagent neither any pre-
treatment of the sensor. We expect that in the future such a chip
can replace the conventional methods for cell counting, or for per-
forming cytotoxicity tests thanks to its cheapness, fast response
and ease of use as compared with traditional techniques.
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