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Fig. 2 Cell viability with MTS assay after cell treatment with stainless steel electrodes (light green)

and titanium (dark green) after 24 h (A, B) and 48 h (C, D) electrodes 1 HV (A, C) and 9 HV (B, D)

(100 μs, 1 Hz).

Fig. 4 The amount of PI+ CHO cells (A, C) and fluorescence intensity (B, D) due to EP using

stainless steel (light green) and titanium (dark green) electrodes 1 HV and 9 HV (100 µs, 1 Hz).
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Fig. 3 Cell viability with clonogenic assay after cell treatment with steel electrodes (light green)

and titanium (dark green) electrodes 1 HV (A) and 9 HV (B) (100 μs, 1 Hz).
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Fig. 1 The amount of PI+ CHO cells (A) and fluorescence intensity (B) due to EP using stainless

steel (light green) and titanium (dark green) electrodes 1 HV (100 µs, 1 Hz).

Summing everything up, the use of titanium electrodes had nearly the same impact

on cell membrane permeabilization and pore resealing after electroporation compared to

stainless steel electrodes, while at particular pulse parameters cell viability was lower using

titan electrodes. However, this effect was not related to pore resealing. In conclusion, the

choice for which electrodes to use for cell electroporation remain solely under user’s decision

while titanium electrodes demonstrated nearly the same outcome of electroporated cells.
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The results revealed that electrotransfer of extracellular PI into cells was identical

comparing stainless steel vs titanium electrodes (Fig. 1), where the number of PI+ cells and

fluorescence intensity of the cells increased with amplification of electric field intensity.

Interestingly, cell viability results demonstrated that cell viability of the cells electroporated

between stainless steel or titanium electrodes remained similar under all conditions (Fig 2

and 3) except 1.8 kV/cm 1 HV (55±4 % vs 31±12 % stainless steel vs titan) and 0.8 kV/cm

9HV (43±25 % vs 25±10 % stainless steel vs titan) when assayed with MTS 48 h after EP.

After measuring the amount of irreversibly permeabilized cells we determined that the

impact of titan electrodes on cell viability was not related to pore resealing. Results showed

that a part of electroporated cells were electroporated irreversibly under all conditions, but

this measure did not exceed 30 % of cells per sample (Fig. 4).

Methods

Experiments were performed using Chinese hamster ovarian (CHO) cells. We used

stainless steel (AISI 304: 18.1% chromium, 8.3% nickel) and titanium (BT-20: 5.5-7%

aluminum, 0.5-2% molybdenum, 0.8-2.5% vanadium, 1.5-2.5% zirconium) electrodes

separated by 2 mm gap for placement of the cells. Cells were electroporated in low

conductivity electroporation medium (0.1 S/m, 270 mOsmol, 7.2 pH) in order to reduce

current but maintain pH and osmolality. Cells were treated with 1 or 9 high voltage (HV)

pulses of 100 µs duration repeating at 1 Hz frequency while pulse intensity was gradually

changed from 0.6 kV/cm to 2.2 kV/cm. Cell electropermeabilization efficiency and level of

irreversibly permeabilized cells was assessed by measuring intracellular Propidium iodide

(PI) fluorescence intensity and number of PI positive cells (PI+) by flow cytometry. Viability

of cells was determined using MTS assay 24 and 48 hours after treatment and colony

formation assay (CFA) 6 days post treatment.

EVALUATION OF ELECTROPORATION EFFICIENCY, PORE 

RESEALING AND CELL VIABILITY USING TITANIUM VS 

STAINLESS-STEEL ELECTRODES 

Electroporation (EP) exploits short electrical pulses to controllably elevate cell

plasma membrane permittivity to exogenous and endogenous molecules [1]. Broad

application of electroporation in food processing, pasteurization, biotechnology and

medicine requires constant research to improve design and material composition for

electroporation chambers or electrodes in order to make the process as reliable and cost

efficient as possible. Many of electrode compositions as aluminum, copper, stainless steel,

gold, platinum either carbon was investigated, where literature of the use of titanium

electrodes for electroporation is scarce [2; 3]. The golden standard electrodes for

electroporation are made of stainless steel. However, the most substantial criteria for proper

electrodes is inertia longer lasting of the electrodes and reduces contamination of the sample

material with metal ions. During our investigation we intended to evaluate whether the use

of titanium electrodes for electroporation would substantially improve viability of

electroporated cells without sacrificing the efficiency of electrotransfer of extracellular

molecules into the cells.
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