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Monitoring of cellular activities, such as cell invasion, proliferation, differentiation and cell 
death play a key role in understanding cellular behavior and opens up possibilities to unravel 
new biological events critical in cancer research and drug screening [1]. Electrochemical 
Impedance Spectroscopy (EIS) has been proved to be a powerful, label-free and minimally 
invasive biophysical approach for continuous, real-time investigation of specific physiological 
and morphological changes of adherent cells [2]. During the last two decades different 
custom-made impedance-based systems have been designed and used for studying cellular 
activities, such as cell adhesion and spreading [3], proliferation and cytotoxicity [4]. 
In this work, a tailor-made impedance-based platform [5] has been used to monitor in real-
time the kinetics of drug-induced cytotoxicity using Doxorubicin (DOX) as a model 
compound. A systematic study has been carried out in order to evaluate different parameters 
that can alter the cell-substrate interaction and therefore be critical in cell-based impedance 
measurements. In particular, in order to perform reliable biological assays, environmental 
factors (evaporation, medium acidification, mechanical perturbations, and temperature 
fluctuations), potential perturbations and cell density have been considered.  
The time dependent kinetic response of DOX, a well-know chemotherapeutic drug, has been 
evaluated on different densities of HeLa cells (12.500, 35.000 and 75.000 cells/cm2) (Figure 
1) and a correlation between the time dependent kinetic action of the drug and the cell density 
has been found (Figure 1 insert). The obtained results have been verified and compared with 
data obtained from MTS assays performed under the same experimental conditions. MTS 
assay does not provide a detailed overview of the kinetic of the biological events, proving the 
great advantages of the impedance approach for studying specific biological problems. 
 

References: 
 
[1] M. M. Martinez, R. D. Reif, and D. Pappas, “Detection of 
apoptosis: A review of conventional and novel techniques,” Anal. 
Methods, vol. 2, no. 8, p. 996, 2010. 
 
[2] I. Giaever and C. R. Keese, “Monitoring fibroblast behavior in 
tissue culture with an applied electric field.,” Proc. Natl. Acad. Sci. 
U. S. A., vol. 81, no. 12, pp. 3761–4, Jun. 1984 
 
[3] J. Wegener, C. R. Keese, and I. Giaever, “Electric cell-substrate 
impedance sensing (ECIS) as a noninvasive means to monitor the 
kinetics of cell spreading to artificial surfaces.,” Exp. Cell Res., vol. 
259, no. 1, pp. 158–66, Aug. 2000 
 
[4] L. Ceriotti, J. Ponti, F. Broggi, a. Kob, S. Drechsler, E. Thedinga, 
P. Colpo, E. Sabbioni, R. Ehret, and F. Rossi, “Real-time assessment 
of cytotoxicity by impedance measurement on a 96-well plate,” 
Sensors Actuators B Chem., vol. 123, no. 2, pp. 769–778, May 2007. 
 
[5] Caviglia, C, Carminati, M, Heiskanen, A, Vergani, M, Ferrari, G, 
Sampietro, M, Andresen, TL & Emnéus, J 2012, 'Quantitative Label-
Free Cell Proliferation Tracking with a Versatile Electrochemical 
Impedance Detection Platform' Journal of Physics: Conference Series 
(Online), vol 407, no. 1, pp. 012029 

Figure 1. Impedimetric profiles relative to three different 
populations of HeLa cells when treated with 5μM of DOX. 
The insert represents the correlation between the cell density 
and the time-dependent kinetic response. 


