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Abstract

The effect of anticancer drugs and toxins on the viabi-
ity of HepG2 cells were examined by the cyclic vol-
tammetry (CV) and the potentiometric stripping analy-
sis (PSA) methods. The cells were immobilized on
gold patterned silicon substrate. The voltammetric
behaviors of HepG2 cells showed a quasi-reversible
process and the peak current showed a linear rela-
tionship with cell number. The attached living cells
were treated with different concentrations of anti-
cancer drugs and toxin. As the exposed concentra-
tions of anticancer drugs and toxins were increased,
we observed that the peak current in CV assay and
the area under the peak in PSA assay were decreas-
ed. Trypan blue dyeing experiment was performed to
confirm the results of the effects of anticancer drugs
on the cell viability which were obtained from CV
assay and PSA assay. These results indicate that the
proposed direct cell immobilization method technique
can be applied to construct the cell chip for the diag-
nosis, drug detection, and on-site monitoring depend-
ed on the voltammetric and PSA methods. 

Keywords: Cell chip, HepG2 cell, Cyclic voltammetry, Po-
tentiometric stripping analysis, Anticancer drugs effect

Introduction

The understanding of modeling cell behavior based
on only RNA or protein expression levels is difficult,

because a cell is a much more complicated system
than the sum of its components1. Cell-based sensor
arrays2 and electrical sensing devices have been used
for signal-frequency patterns in cell growth media3,
making a cell-based assay an attractive method for
the aforementioned investigations. There are currently
two types of cell-based assay. One comprises a micro-
fluidic device for the analysis of living cells, of which
the example is a microfluidic device fabricated with
polydimethylsiloxane (PDMS) consisting of an array
of micro-injectors integrated in a base flow channel.
This device allows controlled application of drugs to
cell cultures4. The second design of microfluidic de-
vice uses electrical fields for cell immobilization and
analyzes single cell ion channel using the patching
clamping technique. Both microfluidic device designs
electrically measured cell viability by detecting chang-
ed electrical resistance of a cell membrane within
milliseconds when the cells are exposed to a toxic
agent5. Cell-based sensor arrays are potentially useful
for studying effects of drug and cell-external stimuli
interactions6,7. In vitro immobilization of living cell is
an important process in the fabrication of cell-based
chip8, and the interaction between cell-cell interactions
and cell-substratum interactions are highly regulated
processes that range in time from transient to long-
lasting, and these interactions plays a crucial role in
most fundamental cellular functions including motili-
ty, proliferation, differentiation, apoptosis and also it
can be a reliable candidate for cellular attachment
without loss of viability9,10. Cell based biosensor can
be classified as the type of a secondary transduction
module to monitor the change of cell reaction into (1)
Resistance based biosensor, (2) Metabolism based bio-
sensor, (3) Optical biosensor and (4) Electrical bio-
sensor. Cells attached to the electrode can produce
electrochemical signals11, which have received consid-
erable attention in the development of biosensors12. A
living cell can properly be described as an electrochem-
ical dynamic system with electron generation and
electron transfer on the interface13. Action potential
of cell is a good measurable indicator to detect cell
characteristics7. The recording of cell membrane poten-
tial requires sophisticated processes using electrodes
of patch clamp or pierce. This unconventional process
is not appropriate to develop cell based biosensor.
Therefore, various methods for the measurement of
extracellular action potential using microelectrode
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have been researched widely because action potential
can generate the current out of cell which can be de-
tected by electrodes, not penetrated into the cell. First
recording of action potential was achieved by Tomas
et al. in 197214. They explained in situ extrapotential
action poteintial from chick myocardial cell cluster
using micro electrode array. PSA is a technique that
is concerned mainly with the determination of metals
that accumulate on a mercury electrode. PSA monitors
the change of potential with time during chemical
oxidation of the accumulated metal15. Gold electrodes
also can be used in PSA experiment16. 

Presently, we used immobilized living HepG2 cells
on cell chip to study electrochemically determined
viability. Living HepG2 cells immobilized on gold
patterned silicon substrate exhibited a quasi-reversible
voltammetric response. PSA was used to study the
effect of anticancer drugs which evident as a change
in the area under the peak by increasing concentration
of anticancer drugs. Anti-cancer drugs and toxin affects
to the growth of HepG2 cells, which is significant to
the study the action of anti-cancer drugs. The antican-

cer drugs (hydroxyurea and cyclophosphamide) and
phenol were selected to study the ability of cell chip
to detect the effect on the cell viability by using the
voltammetric and potentiometric methods. The CV
and PSA results were verified with comparison of
counter assay (trypan blue exclusion) test. The results
demonstrate that, the cell chip design which is quick
and easy to do, is useful not only as a good substrate
for the culture of HepG2 cells but also as an electrode
for measuring cellular electrochemical properties, and
permits the assessment of cell viability. The CV and
PSA methods may provide a simple way to study the
cell viability, cell growth and the effect of anticancer
drugs on the cells viability. 

Results and Discussion

Cyclic Voltammetry of HepG2 Cells at 
a Gold Electrode

HepG2 cells immobilized on working electrode were
allowed to grow for two days before measuring the
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Figure 1. Electrochemical response (a) of HepG2 cells at different cycles number (──) 1, (── ──) 10, (∙∙∙) 20, (──∙──∙) 30, (──∙∙──) 40,
(── ── ──) 50, the scan rate was 100 mVs-1, and the cell number was 1.6×106 mL-1, (b) Cyclic voltammograms of HepG2 cell at dif-
ferent scan rate (──) 10, (── ──) 50, (∙∙∙) 100, (──∙──∙) 120, (──∙∙──) 150, (── ── ──) 200 mVs-1 and the cell number was 1.31×106 mL-1,
(c) a linear plot of reduction current peak as a function of scan rate (d) Relationship of peak current with the cell number (──) 5.76
×105, (── ──) 7.7×105, (∙∙∙) 9.8×105, (──∙──∙) 1.42×106 cells/mL. The scan rate was 100 mVs-1. (e) a linear plot of reduction
current peak as a function of cell number, Data are means S.D. of three different experiments.
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voltammetric behavior of the cells. The cyclic voltam-
mogram of HepG2 cells in the potential range from
-0.2 to ++0.4 V (versus Ag/AgCl) at different cycles
number until 50 cycles is shown in Figure 1a. A qua-
sireversible process with cathodic peak at -0.094 V
and anodic peak at ++0.154 V were observed on the
first scan. The subsequent potential scans after the
initial scan move the peaks to the more positive poten-
tial, cathodic peak appeared at -0.056 V and anodic
peak appeared at ++0.174 V. A slight peak separation
was observed in second scan as compared to the first.
The peaks of the rest cycles showed no change in
potential peaks but there was a slight decrease in peak
current. The change in potential between first and rest
of the cycles was related to the high scan rate, but
when we applied 50 mVs-1 there is no change in poten-
tial peaks between first and second cycle. This cyclic
voltammetry measurement shows the stable behavior
of HepG2 cells. Cyclic voltammograms at different
scan rates of the HepG2 cells on gold electrode are

also shown in Figure 1b; with the increase of the scan
rate from 10 to 200 mVs-1, the potential peaks move
positively and the peak current increases. Figure 1c
shows a linear plot of reduction current peak as a func-
tion of scan rate. These results showed the advantage
of gold electrode, which offer fast electron-transfer
kinetic more than none metal electrodes i.e., the rate
of electron transfer between cell and electrode is more
fast; also the advantage of using immobilized living
cell on electrode rather than the using of cell suspen-
sion in buffer. 

Relationship between the Peak Current and
the Cell Number

In order to investigate the relationship between the
peak current and the cell number, HepG2 cells with
the different density were incubated under the same
conditions in many cell chips for 48 h. Figure 1d shows
the cyclic voltammogers for HepG2 cells with differ-
ent numbers. The peak current found to be increased
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Figure 2. Cyclic voltammetry of HepG2 cells treated with varying concentration of (a) Hydroxyurea (──) 0, (── ──) 1, (∙∙∙) 3,
(──∙──∙) 4 and (──∙∙──) 5 mg/mL. (b) a linear plot of reduction current peak as a function of log concentration of hydroxyurea, (c)
Cyclophosphamide concentration, (──) 0, (── ──) 5, (∙∙∙) 10, (──∙──∙) 15, (──∙∙──) 20 and (── ── ──) 30 mg/mL. (d) a linear plot of re-
duction current peak as a function of anticancer concentration of cyclophosphamide. The cell number was 1.4×106 mL-1 and the
scan rate was 100 mVs-1. Data are means S.D. of three different experiments.



with the increasing cell number. Figure 1e shows a
linear plot of reduction current peak as a function of
cell number. This result indicated that the peak cur-
rent had a positive relationship with the cell number,
so under the same conditions we can use the cyclic
voltammetry to determine the cell number by measur-
ing its peak current.

Voltammetric Study of the Effect of
Anticancer Drugs on HepG2 Cell

Hydroxyurea is an effective inhibitor for DNA syn-
thesis in cancer cells, and the continued synthesis of
RNA and protein in the presence of hydroxyurea leads
to a state of unbalanced growth17. Cyclophosphamide
is a cytotoxic nitrogen mustard derivative widely used
in cancer chemotherapy; it cross-links with DNA leads
to strand breakage, and induces mutations18. Its clini-
cal activity is associated with a decrease in aldehyde
dehydrogenase 1 (ALDH1) activity19,20. 

To investigate the effect of anticancer drugs on the
cyclic voltammetric response of HepG2 cells, the
inoculated HepG2 cells with the same number of cells
were allowed to attach and grow for 24 h, then fresh
culture medium containing different concentrations
of anticancer drugs was supplied and the CV signals
were detected after 24 h. Figure 2a shows the effect
of different concentrations of hydroxyurea on cyclic
voltammetry response of HepG2 cells, it was observed
that as the concentration of hydroxyurea increases the
peak current decreases drastically. Figure 2b shows
the corresponding linear plot between the reduction
current peak and the log of hydroxyurea concentration.
The effect of varying concentrations cyclophosphamide
on CV response of HepG2 cells was also similar re-
sults to those obtained with hydroxyurea were evident
(Figure 2c). The corresponding linear plot between
the reduction current peak and the log of cyclophos-
phamide concentration is shown in Figure 2d. These
results indicated that the decrease of current peak de-
pended on the concentration of the anticancer drugs.
The reduction in peak current was related to the decre-
ase in the viability and the proliferation of the HepG2
cells, by considering the cell-cell interactions that af-
fect drug sensitivity have been found in vivo and in
vitro for cells grown under specific experimental con-
ditions. Therefore, the voltammetric response of im-
mobilized living cancer cells could be used to moni-
tor the change of cell physiological viability, which
can provide a simple way to study the function of
anti-cancer drugs in cancer cell growth. These results
indicated that the decrease of current peak was anti-
cancer drugs concentration dependent, which indicates
that the CV can be used as anticancer drug sensitivity
test. 

Voltammetric Study of the Effect of Phenol
on HepG2 Cell

Phenol has the potential to be genotoxic for DNA
synthesis and induced DNA damage in human fibro-
blasts and cells21. To investigate the effect of phenol
on the cyclic voltammetric response of HepG2 cells,
the inoculated HepG2 cells were allowed to attach
and grow for 24 h, and then fresh culture medium
containing different concentrations of phenol was
supplied. The cytotoxic effect of phenol on HepG2
cells was confirmed by morphological observation.
Figure 3a shows the effect of different concentrations
of phenol on cyclic voltammetry response of HepG2
cells. Figure 3b shows the corresponding linear plot
between the reduction current peak and the log of
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Figure 3. (a) CV of HepG2 cells treated with varying con-
centration of phenol (──) 0, (── ──) 0.003, (∙∙∙) 0.03, (──∙──∙)
0.3, (──∙∙──) 3, (── ── ──) 30 mL/L and (b) a linear plot of reduction
current peak as a function of phenol concentration. The cell
number was 1.4×106 mL-1 and the scan rate was 100 mVs-1.
Data are means S.D. of three different experiments.



phenol concentration. We observed that as the concen-
tration of phenol increased the peak current decreases
drastically. These results indicated that the decrease
of current peak was phenol concentration dependent,
which indicates that the cyclic voltammetry can be
used as toxin sensitivity test. 

PSA Study of the Effect of Anticancer Drugs
on HepG2 Cell

PSA assay parameters were optimized at 400 s as
deposition time, 6 μA as the optimal stripping current
and 0.0 V as deposition potential. HepG2 cells with
the same density were incubated under the same
conditions in many flasks. After 24 h, fresh culture
medium containing different concentrations of antican-
cer drugs was supplied and after 24 h the PSA were
measured. Figure 4a shows the effect of different
concentrations of hydroxyurea on PSA response of
HepG2 cells. We observed that as the hydroxyurea

concentration increases, the area under the peak decre-
ase. Figure 4b shows the corresponding linear plot
between the area under the peak and hydroxyurea
concentration. The effect of varying concentrations
cyclophosphamide on PSA response of HepG2 cells
was also studied and showed similar behavior as in
the case of hydroxyurea as shown in Figure 4c. The
corresponding linear plot between the area under the
peak and cyclophosphamide concentration was shown
in Figure 4d. So the decrease of PSA signal in is relat-
ed to the decrease of cell viability. These results indi-
cate that the baseline corrected PSA signal can repre-
sent cell viability and be used for monitoring the effect
of anticancer drugs on the cells.

Counting Assay and Comparison with 
the Proposed Electrochemical Anticancer
Drug Sensitivity Test

The effect of anticancer drugs on the cell viability
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Figure 4. PSA study of HepG2 cells treated with varying concentration of (a) Hydroxyurea (──) 0, (── ──) 1, (∙∙∙) 3, (──∙──∙) 4 and
(──∙∙──) 5 mg/mL. (b) linear plot of relative area under the PSA peak as a function of hydroxyurea. (c) Cyclophosphamide con-
centration (──) 0 , (── ──) 5, (∙∙∙) 10, (──∙──∙) 15 and (──∙∙──) 20 mg/mL. (d) linear plot of relative area under the PSA peak as a func-
tion of cyclophosphamide.



was determined by the exclusion of Trypan blue dye-
ing experiment. The cells that exclude the dye are
viable22. Considering that the cell viability for control
cell as 100% the results for the effect of anticancer on
the viability of HepG2 cells which was obtained from
the cell counter assay Figure 5a and Figure 5b it was
observed that, as the drug concentration increases the
cell viability decreased and we obtained the effective
concentration (EC50). EC50 value for hydroxyurea is
4.355 mg/mL, and EC50 value for cyclophosphamide
is 28.75 mg/mL. These findings verify the cytotoxicity
effects of the two drugs when compared with CV and
PSA method, were in good accordance. Due to their
accuracy and stability, these methods can be used as
an in vitro test for anticancer drugs sensitivity.

Conclusions

The present study shows the feasibility of cell chip
to monitor the extracellular potential for the detection
of anticancer drugs effect. Also, the results establish
the generality of CV and PSA for use as direct electro-
chemical detection techniques to monitor cell growth,
viability and the effect of anticancer drugs on the cell
viability. In this work the advantageous of immobili-
zation of cancer cells and its application to cell chip
platform were developed. The immobilized living
cells exhibit a quasi-reversible voltammetric response
and the peak current had a positive relationship with
the cell number. The cytotoxicity of two anticancer
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drugs has been investigated by using CV and PSA
techniques, which shows that anticancer drugs display
significant influence on the electrochemical response
of immobilized living HepG2 cells. It is significant to
the study on the characterization of the physiological
function of living cells and the advice for chemothe-
rapy. The electrochemical results also agree with the
counting assay test. The proposed direct cell immobi-
lization method technique may be applicable to diag-
nosis, drug detection, and on-site monitoring.

Materials and Methods

Materials
Hydroxyurea and Cyclophosphamide were purchas-

ed from Calbiochem (Germany). Phosphate buffered
saline (PBS, pH 7.4, 10 mM) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). All Other chem-
icals that are used in this study were obtained com-
mercially as reagent grade.

Cell Culture
HepG2 cell was collected from the liver of human.

The histopathology is hepatoma and its growth pattern
is monolayer. Cell line was cultured in DMEM sup-
plemented with 10% heat inactivated fetal bovine se-
rum (FBS) (from Gibco); antibiotics ((from Gibco),
1%). Cells were maintained under standard cell culture
at 37�C in an atmosphere of 5% CO2. The medium
was changed every three days. 

Cell Chip Design and Fabrication
The chip contained three gold (Au) working elec-

trodes the area of each electrode is 5 mm2, separated
by 2 mm, creating an exposure area for cell attach-
ment of approximately 2.6 mm2. Gold electrodes 150
nm in thicknesses was patterned on silicon substrate
by DC magnetron sputtering. Prior to this, a 50 nm
thick layer of titanium (Ti) was established by sput-
tering to promote the adhesion of Au on silicon. The
chamber created had dimensions of was about 2 cm×
2 cm×0.5 cm (width×length×height). PDMS was
used to affix substrates to the chamber. The cells were
transferred into the chip at a known cell density by
infusion of new culture medium. 

Electrochemical Behavior of HepG2 Cells 
by Cyclic Voltammetry 

The CV and PSA studies were performed using
potentiostat (CHI-660, CHI, USA) controlled by the
general propose electrochemical system software. A
homemade three-electrode system comprised a cell-
based chip as the working electrode, a platinum wire

as auxiliary electrode, and Ag/AgCl as reference elec-
trode. PBS (10 mM, pH 7.4) was used as an electrolyte
at a scan rate of 0.1 V/s. 
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