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Electrical cell-substrate impedance sensing (ECIS) is a valuable tool for real
time monitoring of cell behavior such as attachment, mobility, and growth. This study
investigates the correlation between cell attachment and impedance when cells are attached
to two different substrates, polyaniline and gelatin, respectively. Colon cancer cell lines,
HCT-116 were used as model cell line. The impedance measurements were measured
every 8 hours for 104 hours at frequency of 40Hz to 10MHz using impedance analyzer.
Polyaniline produced a graph that is in agreement with typical growth curve for
mammalian cell culture at lag, and early log phase. However, gelatin graph showed a
different trend. This may be due to the high conductivity of the polyaniline which gave
better cell attachment and spreading for the HCT-116 cells. The efficiency of the biosensor
was measured by cytotoxicity test using 2.5 µg/ml 5-FU and the changes on impedance
were analyzed. In conclusion, the cell attachment correlates with impedance depending
on the substrate used to culture the cells. To this end, ECIS is proven as an alternative tool
to measure cell behavior with an added advantage of ability to monitor the progress in
real-time and showed a great potential in drug testing application.
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In vitro cytotoxicity assays are alternative
methods to animal testing to determine basal
cytotoxicity or assess cell viability assessment,
by measuring of the number of live cells or dead,
after exposure to chemicals1, 2. Tetrazolium  dye
(MTT) colorimetric assay, sulforhodamine B (SRB)
colorimetric assay and Adenosine Triphosphate
(ATP) measurements are few of the conventional
cytotoxicity assays that have been used to
investigate the effect of drug or toxin on cells2.

However, there are several limitations of
these conventional assays. For instance, they are
based on single-end point detection which cannot
be used many times. Besides, they are also time
consuming, complicated, invasive, and expensive3,

4. Therefore, there is a strong demand for label-free
detection methods for cell-based assays3. In this
case, cell-based impedance biosensor has been an
emerging tool in studying animal cell culture
behavior that can be used to non-invasively and
instantaneously detect and analyze cell responses
to chemical and biological agents4.This is due to
its advantages in getting measurement in real time
monitoring apart from being label-free, easy, low
cost, sensitive and invasive. Besides that,
impedance biosensor can also act as a tool to
satisfy some process analytical technology (PAT)
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requirement5. One of the established cell-based
impedance biosensor is Electrical Cell-Substrate
Impedance Sensing (ECIS).

ECIS is a term coined by Giaever and
Keese that refers to the study of cells based on
their attachment to the substrate (electrodes)6. In
cancer cells study, ECIS has been used to monitor
the changes in the behavior of the cells such as
their attachment, mobility and spreading in terms
of their changes in the impedance measurement.
When cells get attached and spread on the
electrodes, the impedance measured across the
electrodes changes. This changing impedance can
be used to understand cell behavior in the culture
medium7.

The aim of this study was to design and
fabricate the electrode, and consequently to study
the cell attachment on two different substrates (i)
polyaniline; a conductive polymer, and (ii) gelatin;
a natural biological protein. Lastly, by using the
optimum frequency achieved, the biosensor was
used to investigate the feasibility of the electric
cell-substrate impedance sensing for drug testing
applications.

MATERIALS AND METHODS

Polyaniline (emeraldine base) was
purchased from Aldrich Chemistry (Sigma Aldrich,
USA), bovine gelatin was purchased from Gibco
(Paisley, UK) and N-Methyl-2-pyrrolidinone (NMP)
was purchased from (Sigma Aldrich, USA).

Meanwhile, the anticancer drug, Fluorouracil or 5-
FU was purchased from Fluka Analytical (Sigma
Aldrich, USA). All other chemicals used in this
study were obtained commercially as reagent grade.
Cell lines and culture

Human colon cancer cells (HCT-116,
ATCC®CCL-247) were obtained from Sigma-
Aldrich (Munich, Germany). The HCT-116 cells
were maintained in the tissue culture flasks in
Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% (v/v) fetal bovine serum
(FBS) and 1% antibiotic penicillin/streptomycin in
a humidified incubator at 37ÚC in an atmosphere
of 95% air and 5% CO

2
. The medium was changed

and cells were passaged using accutase once the
cells reached 80% confluency8.
Electrode fabrication

The electrode was designed by using
Paint Software. It consisted of two types of
electrodes(i) working electrode in which the
reaction of interest occurs, and (ii) counter
electrode thatallows the electric current to flow to
the working electrodes. The electrode designed
(Figure 1) consisted of eight copper electrodes that
were printed on positive printed circuit board by
using semiconductor technology. The completed
board was then tested using discontinuity process
to check for any short circuit.Prior to cell
attachment, this electrode was attached with 8 well
cultureware and coated with two different
attachment factors; polyaniline and gelatin.

Fig. 1. Circuit electrode design using Paint Software
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Preparation of the coating film
0.1% (w/v) polyaniline (PANi) and 0.1%

(w/v) gelatin concentration were tested in this
experiment. The PANi solution was prepared by
mixing the PANi-emeraldine base with N-methyl-2-
pyrrolidinone (NMP)[9]. Meanwhile, the gelatin
solution was prepared by mixing the gelatin powder
with deionized water. The polyaniline and gelatin
films were prepared by coating them directly on
the electrode surface of the impedance
spectroscopy biosensor. The access solution was
aspirated and washed using phosphate buffer
saline (PBS) prior to cell loading.
Impedance measurement

The impedance was measured at
frequency of 40Hz to 10MHz for 104 hours with 8
hour intervals using the Agilent Precision
Impedance Analyzer 4294A. The results were then
analyzed by plotting a graph as a function of
impedance versus time at different frequency
ranges.
Sulforhodamine B (SRB) assay

The half maximal (IC
50

) effect of 5-FU on
HCT-116 cell lines was determined by the
sulforhodamine B (SRB) protein stain assays as
previously described 10, 11, 12.   Briefly, the cells were
plated (190 µl per well) in 96-well micro-plates at
densities of 100,000 cells per well. About 10 µl of 5-
FU with different concentrations were added into
the well after 72 hour incubations. Negative control
wells containing the same volume of cells with 10
µl DMSO and Blank sample with 200 µl per well of
complete culture medium were also included in this
experiment. Fixation procedure was carried out after
the micro-plates were left for another 72 hours at
37ÚC to enable the cells to attach to the bottom of
the wells. About 100µl of 50% Trichloroacetic

acid(TCA) was added into each well and the plates
were incubated at 4oC for 1 hour prior to washing
with tap water and left at room temperature for a
day to make sure the plates were completely dried.
Then it was stained with 100 µl of SRB dye (0.057
% wt/vol). The plates were incubated at room
temperature for another 30 minutes, washed with
1% acetic acid and left at room temperature for a
day or until dried. Absorbance measurement was
performed at 510 nm after the wells were solubilized
for 30 minutes at room temperature with 200 µl of
10 mM, pH 5 Tris base solution. The IC

50
value for

5 FU on HCT-116 cells was plotted in the function
of 5 FU concentrations.
Feasibility study as alternative method for
cytotoxicity assay

The SRB assay was conducted as
described in section 2.6 in order to get the half
maximal inhibitory concentrations (IC

50
) of 5-FU

on HCT-116. The obtained IC
50

concentration was
tested on the HCT-116 cell linesusing the
impedance analyzer with polyaniline coating at 40
Hz. The impedance readings were taken at 8 hour
intervals for 104 hours.

RESULTS AND DISCUSSION

The fabricated electrode is shown in
Figure 2. Higher impedance measurement was
obtained from polyaniline substrate, compared to
gelatin. This suggests that polyaniline was a better
substrate for the biosensor. Meanwhile, the
optimum frequency obtained from the untreated
cells impedance measurement gave 40Hz as the
most sensitive frequency to detect the behavior
changes of the cancer cells.

Fig. 2. The fabricated electrode
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From Figure 3 and 4, cell attachment
measured in the function of impedance (Z) was
gelatin less than polyaniline(1500  compared to
4500  respectively). Therefore, polyaniline was
chosen as the material for the ECIS biosensor for
colon cancer cells with 40 Hz as the optimum
frequency.

In order to test for the efficiency of the
impedance biosensor, cytotoxicity test was done.
From the SRB assay, the IC

50
of 5-FU on HCT-116

cells was approximately 2.5 µg/ml. The impedance
measurement results (Figure 5) of the treated

samples (HCT-116 with 5-FU) showed a decrease
in the impedance values (140 – 180 ) as compared
to untreated cells (1000 – 4500 ). This showed
that the fabricated biosensor is efficient and
compatible to be used in drug testing applications.

CONCLUSIONS

In conclusion, the cell attachment
correlates with impedance depending on the
substrate used to culture the cells. The biosensor
also has the potential to be used as an alternative
tool for drug testing procedure.
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