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Electrochemical assessment of stem cell viability for application in regenerative medicine
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Stem cell research has emerged as a promising avenue for regenerative medicine, offering potential solutions for
various medical conditions, particularly wound healing, such as burns, where conventional treatments often fall short.
Central to this field is the exploration of stem cells and stem cell-conditioned media, which have shown remarkable
therapeutic potential and contain a complex array of bioactive molecules, including growth factors, cytokines, and
extracellular vesicles [1,2]. These factors play critical roles in modulating cellular behaviour, promoting tissue repair,
and stimulating regeneration. One of the major concerns in the investigation and application of stem cells is the
assessment of their viability. Usual methods for cell viability testing include morphological assessment, cell counting,
viability staining, metabolic activity, apoptosis, and functional assays, which are time-consuming and expensive.
Electrochemical methods are fast and do not require special preparation of samples. This study focuses on the
utilization of cyclic voltammetry and electrochemical impedance spectroscopy methods for rapid cell viability
assessment. Dental pulp stem cells (DPSC) were grown in culture until they achieved appropriate confluence. To be
able to compare the electrochemical response of viable cells to non-viable cells, DPSC were subjected to several
cycles of freezing and heating. All electrochemical experiments were performed using aliquots of DPSC in its
condition media as applied to a screen-printed electrode and immediately recorded.

Cyclic voltammograms did not show a predictable trend that could be used for the confirmation of cell viability. On
the other hand, electrochemical impedance spectroscopy, which has the advantage of probing processes across a
wide range of frequencies and resolving slow and fast processes, was more successful. The obtained Nyquist plots
for viable and non-viable cells (Figure 1) shows a clear distinction.
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Figure 1. Nyquist plots of stem cell samples as received and conditioned by freezing-heating cycles

Viable cells show characteristic capacitive behaviour at lower frequencies, which can be attributed to the capacitive
behaviour of the intact cell membrane. On the other hand, treated samples of cells showed deviations from this
behaviour. The degree of deviation is in correlation with the number of freezing-heating cycles, i.e., the number of
non-viable cells; a smaller number of viable cells results in a greater deviation from the capacitive behaviour.
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