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Evaluation of the effectiveness of electrochemotherapy treatments by performing cells’ permeabilization and 
viability assays. Comparison of the approaches toward the early prediction of cells response. 

 
Take-Home Messages  

• Cancer cell permeabilization and viability are evaluated after electrochemotherapy treatments, the latter 
aiming at enhancing the uptake of cytotoxic molecules into the cells.  

• Different viability assays, including an innovative one, are applied and compared in terms of precocity of the 
cellular response. 

• Electrochemotherapy treatment reveals similar tendency after evaluation of viability with the different 
approaches performed 2, 24, 48 hours or 10 days post-treatment.  

• Whereas the clonogenic assay requests an experimental duration of ten days, the colorimetric assay and the 
Light Up Cell System technique are both convenient for studying cell viability in a couple of hours, while the 
second and recent approach also maintains cells alive and is compatible with non-adherent cell lines. 
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Abstract Among all the cancer treatments developed, electrochemotherapy has shown great promise in recent decades. This 
approach combines the local delivery of electric pulses with the administration of poorly-permeant cytotoxic agents. We aim to 
investigate the effects of electrochemotherapy treatments and predict their impacts on cell viability, especially at the earliest 
stage. We explore different approaches to evaluate cell viability, involving time periods from several days to few hours post 
treatment. Besides commonly-used approaches such as clonogenic and colorimetric assays, we investigate an innovative viability 
assay, the Light Up Cell System assay, and compare these methods. Even if the conducted viability assays demonstrate the 
interest of using electric fields to enhance the cytotoxic agent penetration into cells and potentiate their effects, our study 
demonstrates that the colorimetric and Light Up Cell System assays can predict the cell response to electrochemotherapy 
treatment as early as 2 hours post-treatment, whereas the gold standard for assessing cell viability, the clonogenic assay, 
necessitates 10 days of experimentation. Moreover, the Light Up Cell System assay seems particularly interesting, as it provides 
similar results to the well-established colorimetric technique while offering the advantages of maintaining cells alive and being 
suitable for the study of non-adherent cell lines. 
 
Keywords — Electrochemotherapy, electric fields, cell permeabilization, LUCS, colorimetric, clonogenic assays. 
 

I. INTRODUCTION1 
LECTROCHEMOTHERAPY (ECT) is a promising 
approach to enhance the cytotoxic effect of exogenous 

molecules. Based on ElectroPoration (EP), ECT consists in 
applying, locally at the tumor sites, pulsed electric fields to 
transiently permeabilize cell membranes in order to 
facilitate the uptake into cells of non-permeant or poorly-
permeant molecules, such as bleomycin [1] and cisplatin 
[2], which are systemically or intratumorally injected [3]. 
ECT is currently used in more than 160 European clinical 
centers [4] [5]. In the treatment of solid tumors, ECT shows 
encouraging results, with an objective response rate of 
about 80% after a single treatment [3] [6]. The standard 
treatment is well defined in the European Standard 
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Operating Procedure on Electrochemotherapy (ESOPE). 
Nevertheless, fundamental and preclinical research devoted 
to electrochemotherapy is still ongoing, with new drugs 
being tested and new sets of electric pulses being explored 
for effective tissue EP [4] [7] [8]. 

Unfortunately, in 20% of cases, the ECT treatments are 
not effective enough to lead to remission, underscoring the 
challenges of predicting treatment outcomes [9] and the 
interests of tackling these challenges [10] [11]. Being able 
to predict as early as possible the response to treatments in 
order to assess their efficacy could then help to increase the 
effectiveness of ECT treatments and make ECT more 
widespread. Performing in vitro and in vivo studies for 
anticipating the response to treatments would make it 
possible to adjust the electrical parameters and chemical 
concentrations to be delivered, aiming toward personalized 
medicine [12] [13] [2] [14]. 

We present in vitro studies as they are adapted to rapidly 
obtain the cellular response to treatments [15], aiming 
ultimately to predict the effectiveness of treatments on cells 
directly collected from patients. Such 2D studies may be 
expanded to 3D models [16] that are relevant models for 
better mimicking in vivo reality, as they enable the 
simulation of the heterogeneity of the tumor 
microenvironment as well as cellular interactions [17] [18]. 

The intensity of the electric field is a crucial parameter 
for triggering EP, as demonstrated by Schwan’s equation 
[19]. Beyond a certain threshold, called the 
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permeabilization threshold, EP can lead to reversible [20] 
or irreversible [21] membrane permeabilization. After a 
reversible EP, the membranes pores reseal, leading to cell 
survival, in contrast to irreversible EP in which cell 
membranes remain permanently damaged, resulting in cell 
death (see Fig.1). Both reversible and irreversible EP are 
used in clinical practice: ECT [3] and gene therapy [22] are 
based on the reversible EP, while tumor ablation uses the 
irreversible EP [23] [24] [25]. 

Conducting in vitro assays is essential to understand the 
occurrence or non-occurrence of the resealing of plasma 
membranes [26]. 

 
Fig 1. Schematic diagram illustrating reversible electroporation, 

irreversible electroporation and electrochemotherapy. 
 
Quantifying the state of permeabilization of cells 

regarding the different electric field strengths applied helps 
identifying the most appropriate field intensities to achieve 
the intended outcome while minimizing side effects and 
preserving the integrity of healthy cells. Such a study can 
be carried out using permeabilization assays, which consist 
in monitoring the uptake of non-permeant exogenous 
molecules into cells [26]. 

In addition, quantifying cell death that is induced by the 
treatments helps to assess their effectiveness. There are a 
number of cell viability detection methods which range 
from the simplest dye exclusion assay to highly complex 
analysis [26] [27]. The speed, cost, efficiency, reliability 
and complexity of equipment all play a role in determining 
the choice of the assay to use. 

Cell viability measures the proportion of live cells within 
a population. Healthy cells actively proliferate whereas 
growth-arrested, senescent and dead or dying cells do not. 
Cell proliferation is a relevant indicator of cell viability; it 
reflects to an increase in cell number due to cell division. 
Cell proliferation assays are therefore a useful tool for 
assessing cell viability by providing a readout on the 
number of actively dividing cells.  

Among the existing assays, clonogenic assays are the 
gold standard to study cell viability. Such assays evaluate 
the ability of individual cells to proliferate and form 
colonies [28]. However, clonogenic assays require a long 
time to set up (several days) as it is necessary to wait for the 
cells to divide over several generations. It is therefore 
important to be able to find complementary assays, or even 
alternatives, that can predict cell death in a shorter time.  

Colorimetric assays are a well-established technique that 
reflect the state of cell proliferation by measuring the 

proportion of cells that have adhered to the culture plate 
[29]. These assays are based on the use of dyes, such as 
crystal violet (CV) dye, that enter into the cells and bind to 
DNA and proteins. The intensity of CV staining directly 
depends on the number of cells. However, when the 
treatments are carried out on freshly trypsinized cells, it is 
then necessary to wait until the healthy cells have adhered 
once again to the culture plate (which takes a few hours). 
Moreover, colorimetric assays can hardly be applied to non-
adherent cell lines. 

In addition to these traditional viability study techniques, 
we were interested in an innovant and attractive approach, 
Light Up Cell System (LUCS) method. It was developed as 
a homeostasis assay for cytotoxicity application [30] [31]. 
LUCS assay is based on the concomitant presence inside 
living cells of a biosensor, Thiazole Orange (TO), and an 
illumination resulting in a fluorescent signal. When TO is 
added in the culture medium, it enters the cells and 
intercalates with nucleic acids but is quickly removed from 
viable cells by efflux transport proteins, resulting in a low 
fluorescence level. Application of light (470 nm, 240 
mJ/cm2) triggers TO photoactivation that generates 
Reactive Oxygen Species (ROS). The presence of ROS 
alters efflux transport proteins or other cell functions, 
leading in a massive entry of TO into cells and an increase 
of fluorescence emission. However, for altered cells, efflux 
transport proteins of TO enter the cell even before 
illumination. Thus, by comparing the fluorescence ratios of 
TO before and after illumination, cell homeostasis level can 
be deduced. LUCS has been developed to allow 
independent analysis of cell number, using a ratio mode. 
LUCS offers the advantage of being able to be used directly 
after treatment, for all types of cell line. The cells remain 
alive throughout the study, enabling kinetic monitoring. 

In the current study, we aim at promptly predicting the 
cellular response to EP and ECT treatments. We therefore 
propose to compare different cell viability techniques at 
various time periods after treatment: (i) LUCS assays and 
(ii) colorimetric assays, both performed a few hours after 
treatment (2, 24 or 48 hours later) and (iii) clonogenic 
assays, performed 10 days after treatment. They are applied 
to investigate the impact of electric field intensities on 
HCT-116 cells, human colorectal carcinoma cells. Cell 
permeabilization and cell viability, when EP treatments are 
performed, is studied and extended to investigate the 
synergistic effect of EP with a drug commonly used in 
clinical practice, bleomycin. The latter induces free 
radicals, resulting in DNA double strand breaks and cell 
death [32]. The effect of bleomycin results in a cell growth 
inhibition after one or two cell generations. 

II. MATERIAL AND METHODS 

A. Solutions and reagents 
Gibco DMEM (high glucose, GlutaMAX supplement and 

pyruvate), fetal bovine serum (FBS) (Hyclone), pen-strep 
solution (100X) (Gibco), 0.05% Trypsin-EDTA (Hyclone), 



Gibco DPBS without Calcium and Magnesium (1X), 
propidium iodide are purchased from Thermo Fisher 
Scientific. DPBS with Calcium and Magnesium (1X) is 
purchased from Eurobio Scientific. HCT-116 cell line is 
purchased from from the American Type Cell Collection 
(ATCC® CCL-247™). CV, propidium iodide (PI) and the 
electropulsation buffer components (10 mM 
K2HPO4/KH2PO4, 1 mM MgCl2, 250 mM of sucrose) are 
purchased from Sigma Aldrich. Bleomycin is purchased 
from MedChemExpress. Acetic acid is purchased from 
Carlo Erba Reagents. LUCS kit assay (NeoStress) is 
purchased from Clinisciences. 

B. Cell culture 
HCT-116 (passages 10-30) cells are cultured at 37°C 

under 5% CO2 in DMEM medium supplemented with 20% 
of FBS and 1% pen-strep solution. Cells are subcultured 
twice a week at a final density of 15 000 cells/cm2.  

C. Electric pulses delivery 
All electric pulses are delivered in an electropulsation 

buffer with a low conductivity (0.17 S/m) to limit Joule 
effect. The electric pulses are applied through flat and 
parallel stainless-steel electrodes, with an inter-electrode 
distance of 4 mm. For each condition, including control 
ones, 100 µL of cells in suspension is placed between the 
electrodes, with concentrations of 3.106 cells/mL for 
colorimetric, LUCS and permeabilization assays, and 
concentrations of 150,000 cells/mL for clonogenic assay. 

For both permeabilization and viability assays, the 
applied electric pulses consist of a train of 8 pulses of 100 
µs width at a frequency of 1 Hz. These parameters are 
commonly used in clinical practice [5]. Intensities ranging 
from 0 to 2.5 kV/cm are studied. The electric pulses are 
delivered by an electropulsator (Jouan GHT 1287) and their 
shapes are checked with an oscilloscope (Tektronix TDS 
2012C), as shown in Fig. 2. 

 

 
Fig 2.  Set up for EP and ECT treatments on HCT-116 cells in 

suspension. Electric pulses are delivered through flat and parallel 
electrodes by an electropulsator. The shape of the pulses is checked with 
an oscilloscope. 

D. Biological assays for the evaluation of cells 
permeabilization and viability 

 
Permeabilization assay 

PI is a non-permeant molecule used as a biomaker to 
assess cell permeabilization. Once cell membrane is 
damaged, PI binds to double stranded DNA and its quantum 
yield is enhanced 20-30-fold.  

To assess cell permeabilization, PI is added in the cell 
suspension at a final concentration of 50 µM prior to the 
application of electric pulses. Directly after the EP 
treatment, the entire cell suspension is collected and kept in 
ice until performing flow cytometry (BD LSRFortessa X-
20) analysis over 20,000 cells. The percentage of 
permeabilized cells as well as the fluorescence intensity are 
determined. The obtained results are presented in section 
III. A. (see Fig. 3). 

 
Short term viability assays: LUCS and colorimetric assays 

In order to determine a suitable bleomycin concentration 
for the ECT treatments, we performed a dose-response of 
bleomycin on cells with LUCS assays. Bleomycin at 
concentrations ranging from 0 nM to 0.5 mM is obtained 
with a serial dilution factor of 2 or 10. Bleomycin at the 
desired concentration was added in 100 µL cell 
suspensions. The cells were then seeded in 96-well plates at 
a final density of 15,000 cells/well in 100 µL of culture 
medium. In order to perform LUCS assays, TO is added in 
each well at a final concentration of 0.8 μM. Fluorescence 
level is measured during 30 mins using Varioskan Flash 
plate reader (from Thermo-Fisher) set up at 505/535 nm 
(excitation/emission wavelength). All the plates are then 
illuminated 3 times with a LED (excitation at 465 nm, 
energy density: 240 mJ/cm2, frequency: 10 kHz, time: 10 s), 
each illumination being followed by a reading. Once these 
studies had been carried out, we selected a bleomycin 
concentration of 250 nM for the ECT treatments (see 
section III. B). Few minutes after the application of the 
electric pulses, the cell suspension is collected and is placed 
in a well of a 96-well plate after performing an intermediate 
dilution to achieve a final concentration of 15,000 cells/well 
in 100 µL of culture medium. Cells are then incubated at 
37°C under 5% CO2. For short-term viability assays, we 
aim at studying durations corresponding to 1 or even 2 cell 
generations times, as well as shorter times to get closer to 
real time analyses. Therefore, cells are removed from the 
incubator either 2, 24 or 48 hours after the received 
treatment. LUCS assays are carried out and followed by 
colorimetric assays on the same culture plate. To perform 
colorimetric assays, the culture medium is removed and a 
rinse with DPBS with calcium and magnesium is 
performed. CV (0.1% in aqueous solution) is added, a 15-
minute agitation is carried out and rinses with DPBS 
containing calcium and magnesium ions are done. Acetic 
acid (10% in H2O) is then added, leading to cell lysis. A 
reading of the optical density is finally made with a 
spectrometer (Varioskan Flash) at a 595 nm wavelength. 
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Long term viability assays: clonogenic assays 
ECT treatments consist in adding bleomycin in the cell 

suspension at a final concentration of 250 nM. Electric 
pulses with an intensity ranging from 0 kV/cm to 2.5 
kV/cm are then delivered. Few minutes after the treatment, 
the entire cell suspension is collected and an intermediate 
dilution in culture medium is performed to reach a 
concentration of 2,500 cells/mL, in a final volume of 4 mL. 
A successive dilution in culture medium is performed to 
reach a final concentration of 250 cells/mL, and cells are 
seeded in 6-well plates with a final density of 500 
cells/well, in a final volume of 2 mL. Cells are incubated at 
37°C under 5% CO2. For one of the conducted experiments, 
a change of culture medium was carried out 24 hours post 
treatment, in order to mimic the physiological elimination 
of the cytotoxic drugs injected in the patients [33]. After 10 
days, culture medium is removed and a rinse with DPBS 
with calcium and magnesium is performed. CV (0.1% in 
aqueous solution) is added, a 15-minute agitation is carried 
out and rinses with DPBS with calcium and magnesium are 
done. A count of the number of clones is finally realized. 

III. RESULTS 

A. Permeabilization assays 
Permeabilization is quantified by the uptake of PI into the 

cells. The uptake of the fluorescent dye is indeed the 
signature of the permeabilization of the plasma cell 
membrane. We submitted the cells to increasing values of 
electric field strengths and determined the permeabilization 
(i.e. the percentage of cells that become fluorescent) and its 
efficiency (i.e. the amount of fluorescent dye incorporated 
into the permeabilized cells). The results are presented in 
Fig.3. 

 
Fig 3.  Effect of the electric field intensity (0-2.5 kV/cm) on the 

permeabilization of HCT-116 cells. Percentage of permeabilization (dark 
gray) and fluorescence intensity (light gray) obtained by evaluating the 
uptake of PI (50 µM) into cells by flow cytometry. For all conditions, two 
batches are studied. This study is representative of two independent 
experiments. 

 
For electric field intensities below 0.8 kV/cm, the 

obtained permeabilized cell population rate (<11%), 
correspond to naturally damaged or dead cells. Cell 
permeabilization only occurs for higher electric field 

strengths, and increasing the applied electric field intensity 
leads to an increase in the number of permeabilized cells 
(and in the fluorescence intensity), which is in line with 
Schwan’s equation and in agreement with the literature 
[34]. A significant increase in the number of permeabilized 
cells is obtained for an intensity of 0.9 kV/cm, where half 
of the cell population has been permeabilized. Intensities 
higher than this value should be applied in order to achieve 
effective ECT treatments.  Electric field strengths of 2.5 
kV/cm allow to permeabilize the entire cell population 
(98.6%).  

 
Fluorescence intensity reflects the influx of PI into cells. 

A good correlation is obtained between the percentage of 
permeabilization and the fluorescence intensity, as the 
number of molecules entering the cells increases with the 
intensity of the electric field. The obtained results can be 
explained by the fact that the electric field strengths control 
the permeabilized region of the cell surface [20]. 

In order to determine whether the applied electric fields 
lead to reversible or irreversible EP, viability studies must 
be carried out (see sections III.C, III.D and III.E). 

B. Dose-response of bleomycin 
The selection of the bleomycin concentration used for 

ECT treatments is based on a dose-response for 
concentrations ranging from 0 to 0.5 mM (see Fig.4). 

 
Fig 4. HCT-116 dose-response to bleomycin (concentrations ranging 

from 0 to 0.5 mM). HCT-116 cell viability percentage obtained by 
measuring LUCS ratios 48h after treatment. For all conditions, three 
batches are studied.  

Bleomycin concentrations comprised between 0 and 250 
nM had no important impact on cell viability (<30% of 
mortality), at the opposite of concentrations of more than 25 
µM which had a drastic effect (>65% of mortality). 

In our study, we wanted to highlight the enhancement of 
drugs delivery into cells with EP and accentuate the 
expected effect on cell death for the detection at an early 
stage of cell viability. This is why we selected for the ECT 
treatments a bleomycin concentration that is 5 times higher 
than what is commonly used for in vitro studies [14], while 
not inducing a significant cell death. All ECT treatments 
have therefore been performed by using bleomycin at a 250 
nM concentration. 

C. Clonogenic assays 
Ten days after treatment, cells were stained with CV, 

that allowed to easily determine the number of clones. Fig.5 



shows an example of the clones obtained for different field 
intensities (0, 1 and 2.5 kV/cm), with (second row) and 
without (first row) addition of bleomycin (250 nM). The 
number of clones obtained was ~300 for the control 
condition (0 kV/cm, 0 nM). It is reduced to 176 when 
electric field alone is applied at 1 kV/cm and to ~100 when 
bleomycin alone is administrated. The combination of 
electric field applied at 1 kV/cm and bleomycin at 250 nM 
allowed to drastically reduce the number of clones to 12, 
showing their synergetic effect. 

 

 
Fig 5.  HCT-116 clones survival obtained by staining with CV dye. The 

first row corresponds to clones that were formed 10 days after EP 
treatment (application of an electric field with intensities ranging from 0 to 
2.5 kV/cm). The second row corresponds to clones that were formed 10 
days after ECT treatment (combination of the application of an electric 
field with intensities ranging from 0 to 2.5 kV/cm and the administration 
of 250 nM bleomycin). 
 

 
Fig.6 shows the percentage of the clones obtained for all 

the electric field intensities tested, when combined or not to 
bleomycin. 

 
Fig 6.  Percentage of HCT-116 clones obtained 10 days after different 

treatments. No change of culture medium is performed during the 
incubation time. In green is presented the viability rate after EP treatment 
(i.e. after application of an electric field only) and in orange is presented 
the viability rate after ECT treatment (i.e. after the combination of the 
application of an electric field and the administration of 250 nM of 
bleomycin). For all conditions, two batches are studied. The obtained 
results are representative of two independent studies. 
 

EP treatments (i.e. only the electric field is applied) can 
have a direct impact on cell survival: intensities greater than 
1 kV/cm severely alter cell integrity, leading to the 
mortality of more than a half of the cells. 

Administration of bleomycin alone led to high cell 
mortality (~67%). This high rate can be explained by the 
fact that the incubation time for clonogenic assays (i.e. 10 
days) is quite long and no change of culture medium is 
made during this period. In vivo, the cytotoxic drugs 
injected in the patients before ECT treatment (bleomycin or 
cisplatin) are eliminated [33]. 

However, the effect of the electric fields on the uptake 
of bleomycin into cells is noticeable. In particular, cell 
viability is dramatically reduced when applying 1 kV/cm 
electric fields. At 2.5 kV/cm, all the cells were dead. 

To better mimic reality, we performed complementary 
clonogenic assay involving a change of the culture medium 
performed 24h after treatment in order to get rid of 
bleomycin. Fig.7 shows the corresponding percentage of 
clones that are obtained. 

 
Fig 7.  Percentage of HCT-116 clones obtained 10 days after different 

treatments. A change of culture medium is performed 24h post treatment. 
In green is presented the viability rate after EP treatment (i.e. after 
application of an electric field only) and in orange is presented the viability 
rate after ECT treatment (i.e. after the combination of the application of an 
electric field and the administration of 250 nM of bleomycin). For all 
conditions, two batches are studied.  

 
If cell viability is better preserved when bleomycin is 

eliminated after 24 hours (~28% of cell mortality induced in 
the case of bleomycin alone), the synergistic effect of the 
electric fields and bleomycin is well observable (~39% of 
cell death when electric field alone is applied with an 
intensity of 1 kV/cm, against ~78% of cell mortality 
induced in the case of ECT treatment at the same electric 
field strength). 

The aim being to be able to predict the long-term 
response of cells over short periods of time, we then used 
other cell viability techniques. 

D. Colorimetric assays 
Optical density of CV staining can be measured after cell 

lysis for the different treatment conditions as shown in Fig. 
8. 

 
Fig 8.  Example of colorimetric assay performed 48h after EP and ECT 

treatment. Each column corresponds to a different electric field intensity 
condition (kV/cm). The first three lines correspond to a triplica of ECT 
treatments (combination of the application of an electric field and the 
administration of 250 nM of bleomycin). The last three lines correspond to 
a triplica of EP treatments (application of an electric field only). 
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Strong dye colors are the signature of a high cell 
population, while weak colors reveal that the applied 
treatments have altered cell proliferation. Columns 
correspond to different electric field strengths, ranging from 
0 to 2.5 kV/cm. The first three lines correspond to the 
obtained cell population 48 hours after ECT treatments. The 
last three lines correspond to the obtained cell population 
48 hours after EP treatments. 

The results of colorimetric assays performed 2h, 24h and 
48h after EP and ECT treatments are shown in Fig.9. 

 
Fig 9.  HCT-116 cell viability percentage obtained by measuring optical 

density 2, 24 and 48h after different treatments. In green is presented the 
viability rate after EP treatment (i.e. after application of an electric field 
only) and in orange is presented the viability rate after ECT treatment (i.e. 
after the combination of the application of an electric field and the 
administration of 250 nM of bleomycin). For all conditions, three batches 
are studied and three independent experiments are performed. 

 
In line with the intensity of the CV dye (see Fig.8), the 

higher the field strength, the lower the optical density value. 
This reflects an increase in the mortality rate with the 
electric field intensity, in particular for electric field values 
higher than 1.2 kV/cm, where there is a dramatic drop 
showing the direct effect of electric pulses on cell viability. 

 Similar viability trends are obtained for the different 
studied times. Bleomycin alone has no significant effect. 
The combined effect of pulsed electric field and bleomycin 
on cells is only slightly visible 2 hours after the treatment 
but clearly observed 24 hours and pronounced 48 hours 
after ECT treatment, which is in agreement with the fact 
that the drug acts during the G2 phase of the cell cycle (that 
is around 20 hours). 

These assays highlight the impact of the electric field 
alone (green) on cell viability. Electric field strengths of 2.5 
kV/cm led to a mortality rate of almost 80% as early as 2 
hours after treatment. 

The efficacy of ECT treatments (orange) is highlighted 
for electric field strengths greater than the permeabilization 
threshold: a much higher mortality rate is obtained after 
ECT treatments in comparison to when bleomycin alone is 
administrated. When cells are only exposed to bleomycin 

(250 nM), there is no significant impact on their viability 
(~11%, ~21% and ~17% of cell death is obtained 2h, 24h 
and 48h after treatment, respectively). However, exposing 
cells to pulsed electric fields under the same conditions 
enhances drugs uptake. Indeed, the application of electric 
field at 1 kV/cm potentiates the effect of bleomycin by 
increasing cell mortality to ~24%, ~67% and ~79%, 
respectively 2h, 24h and 48h after treatment. 

The obtained results 48h post-treatment are consistent 
with the ones obtained for clonogenic assay when a change 
of culture medium is performed. 

E. LUCS assays 
The last tested viability assay corresponds to the LUCS 

method. The profiles as well as the percentage values 
obtained by performing LUCS assays are presented in 
Fig.10. 

 
Fig 10.  HCT-116 cell viability percentage obtained by measuring 

LUCS ratios 2, 24 and 48h after different treatments. In green is presented 
the viability rate after EP treatment (i.e. after application of an electric 
field only) and in orange is presented the viability rate after ECT treatment 
(i.e. after the combination of the application of an electric field and the 
administration of 250 nM of bleomycin). For all conditions, three batches 
are studied and three independent experiments are performed. 

 
The induced cell mortality 2h, 24h and 48h after ECT 

treatments at 1kV/cm is ~22%, ~80% and ~88% 
respectively, while it was only ~8%, ~26% and ~16% 2h, 
24h and 48h after the bleomycin alone was injected. It is 
important to note that electric fields at 1 kV/cm do not 
affect cell viability in the short term, with 13% mortality 48 
hours after treatment.  

These results are similar to those obtained by 
performing colorimetric assays, as Pearson r > 0.98 
(performed on GraphPad Prism) among the studied times. 
This strengthens the reliability of the previous obtained 
results with colorimetric assays. 

These studies validate the multiplexing capability of 
LUCS technology as well as the fact that this technique 
does not induce short-term cell death. Indeed, the cells 
studied with the colorimetric tests were studied beforehand 
with the LUCS technology, and the results obtained show a 



good correlation between the two techniques. 

IV. DISCUSSIONS 
Clonogenic assay is known to be a viability method 

giving reliable and representative results, as far as long-
term eradication is required for cancer treatment. However, 
this method is time consuming, with an incubation time of 
10 days to reach suitable clone sizes. With the perspective 
to develop in vitro tests, to define optimum parameters for 
personalized ECT treatment, this time is too long. The 
bleomycin concentration selected in this study (250 nM) 
appears to be too high for long-term in vitro studies to 
achieve significant contrasts among the different applied 
treatments. For such a high concentration, a change of 
culture medium is required to overcome the cytotoxic 
impact of bleomycin when it remains in prolonged contact 
with the cells. Even if the number of repetitions in this 
study is sufficient, the testing of statistical significance has 
not been performed at this stage. 

Compared to clonogenic assays, short-term viability 
assays can be performed on 96 well-plates, requiring lower 
quantities of biological material. 

Cells colorimetric and LUCS assays allow to predict cell 
behavior in a shorter time compared to clonogenic assay, 
and the results obtained between these two methods are 
comparable. They are also easy to perform. However, 
regarding the colorimetric technique, errors can be more 
easily produced with different rinses and pipetting that are 
carried out. Furthermore, colorimetric assays can hardly be 
applied to suspension cell lines. 

In comparison to colorimetric assay, LUCS assay offers 
the significant advantages of using cells that remain alive 
during the entire process. The cells are directly treated in 
the culture medium, avoiding possible biases related to 
rinsing and allowing the cells to remain in favorable 
conditions. LUCS is suitable for multiplexing and can be 
used on non-adherent cell lines. 

These first studies are encouraging as they highlight that 
it is possible to predict the long-term cellular response over 
short periods, from 2 hours after treatment. Moreover, it 
also validates the use of LUCS method to assess cell 
viability in short times, paving the way for real-time in situ 
studies. 

V. CONCLUSIONS 
All the permeabilization and viability assays after EP 

allow to define the best conditions for ECT efficiency. The 
optimum electric field intensities to be used for ECT are 
those preliminary defined for EP, leading to a high rate of 
permeabilization with no severe effect on cell viability. In 
our present work, these electric field strengths range from 
0.8 to 1 kV/cm. 

Both permeabilization and viability assays allow to 
select the best suitable electric field parameters for effective 
treatments. In this study, electric field strengths of 1 kV/cm 
permeabilize more than 60% of the cell population while 

maintaining cell integrity (around 90% 48h after treatment 
and more than 50% 10 days after treatment). Delivering 
electric pulses of such intensity highly potentiates the 
cytotoxic effect of bleomycin. 

This study allowed to conduct in vitro assays to evaluate 
the effectiveness of ECT treatments by different viability 
techniques. If clonogenic assay is considered the gold 
standard method, short-term viability assays can predict cell 
behavior following the received treatments. Colorimetric 
and LUCS methods provide representative results since a 
good correlation is obtained between them. Because of its 
many advantages, the LUCS method seems particularly 
interesting to use. 
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