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Abstract— To introduce a cell or tissue with a gene or DNA,
electroporation parameter plays the most important role.
Research on electroporation parameters is still in its early
stages. Different researches have used different parameters
while performing their research. Electroporation is a
mechanism of temporarily disrupting the bilayer membrane, in
such a way that a hydrophilic pore is established, allowing a
pathway into the cell for molecules such as DNA, which then
heals up, once again protecting the cell from the outside. There
are many theories as to how this can occur, but the simplest view
is that a short pulse creates an increase in the trans-membrane
potential which if it exceeds a certain threshold (dependent on
size and shape of cells) can lead to a thinning of the bilayer,
either due to a local dislocation in the membrane. In this study,
cervical cancer cells (HeLa cells) was used to expose to single
pulse electric field. Thus, for the purpose of this study, the field
strength of 1kV/cm was selected and the pulse duration was
varied (30us, 70us, 100ps, 200us, 300us and 600ps) to obtain
higher proliferation for a growth rate of HelLa cells. From this
study, it is determined that, HeLa cell exposed to 1kV/cm with a
pulse duration of 100us and single pulse revealed the highest and
fastest percentage confluence when compared to growth rate of
HeLa cell exposed for 30us, 70us, 200us, 300ps and 600ps pulse
duration.

Index Terms— Growth Rate; Hela Cells; Microsecond Pulsed
Electric Field (Mspef).

I. INTRODUCTION

Most of the unipolar pulse generator that has been used in
bioelectric experiments produce microsecond to millisecond
pulses. The most common pulse shape is a square pulse which
is the most efficient at producing pores. Typically, electric
field strengths of 1kV/cm and 100psec pulses are used for
drug delivery [1-2] and low field and longer pulses, such as
200V/cm, 20-50msec are used for gene therapy [3-6] In
addition, the electric field and pulse duration (between 10
and 107) are used for bacterial decontamination. The electric
field employed under these parameters can facilitate transfer
plasmid DNA into the bacterial cell. However, application of
higher fields can result in bacteria death as it is possible to
open permanent pores. Figure 1 shows the typical parameter
range for different biological applications. The
electroporation system designed here is targeted at drug
delivery and gene therapy. It is therefore desirable to be able
to control a range of electric fields between 10% and about 10*
V/cm and pulse durations varying from 10-° to 103 sec.
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Figure 1: Range of electric field and pulse width for biological
applications [7].

To illustrate electroporation, the lipid bilayer of a cell
membrane with a directly applied electric field pulse (Figure
2). The lipid bilayer consists of two layers of elongated
molecules that are hydrophilic at one end and hydrophobic at
the other. In an aqueous environment, these molecules form
a bilayer with the hydrophilic heads pointing outwards. Such
a structure is very good at isolating the contents of the cell
from the outside thus, providing a barrier to entry. If the pulse
electric field exceeds a certain threshold, it can lead to a
thinning of the bilayer, either due to a local dislocation in the
membrane, or local field intensity maximum usually near the
electrode. This can allow a hydrophobic pore to be created
(Figure 2d) which looks like a tear or discontinuity in the
bilayer. The layer will then try to reorganize itself locally as
the hydrophilic tails and will be repelled by the proximity of
the aqueous medium. That is now able to get into the
membrane and the hydrophilic heads will rearrange
themselves to face this medium. This results in a hydrophilic
pore as shown in Figure 2 Electric fields pulses can induce
pore formation, if the electric field pulse is appropriately
selected (typically 300-400mV for <1ms across the
membrane). Too much field can result in cell rupture and the
formation of a permanent pore.
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Figure 2: Formation of pores (a) Initial cell membrane condition, (b) a
cell exposed to pulse electric field. This results in non-uniform
molecular structure (c) Carving of cell membrane (d) Short-term
hydrophaobic pore on cell (e) Restructuring cell membrane [8].

The electric field pulse applied results in a rapid
polarization change that can deform mechanically
unconstrained cell membranes leading to local thinning as
described above. At critical field strength, a rapid localized
rearrangement of the lipid morphology is caused as described
above. A temporary hydrophobic pore is rearranged at the
pore edge. Eventually, the lipid heads fold over to create a
hydrophilic interface during the transition to a conductive
state. The pores are formed in the membrane and reseal after
a short period time depending on applied electric field and
bilayer edge energy. Several researchers have demonstrated
that electroporation can be successfully applied to different
types of cells such as mammalian cells, yeast, bacteria, plant
cells [8-10], cancer cells [11-17] and blood cells [18-19].
Different applications of electroporation require different EP
parameters for different cells type. An intense external
electric field could damage the cell membrane and lead to cell
lysis. Therefore, examining of EP parameter for different
applications is very significant and extended experimental
knowledge with theoretical models is needed.

Il. MATERIALS AND METHODS

A. Cell line and Cell Culture Protocol

The HeLa cells are cultured in an incubator with 5%
humidified CO,, Medium RPMI-1640 is used for cells with
10% fetal bovine serum (FBS), while 1% of penicillin-
streptomycin is also used. The temperature of the incubator is
set to 37°C for cells culture. To perform cells subculture the
confluence of HelLa cells must reach 80-90%. Figure 3
demonstrates the microscopic view of HelLa cells with 80-
90% confluence.

After this process, HeLa cells were washed once with 5ml
PBS and the PBS were removed from the flask. Once PBS is
removed, the flask was introduced with 2ml of trypsin for the
surface of 25cm? flask and left for 10 minutes in the
incubator. After the process of incubation, HeLa cells were
examined under a high-resolution microscope. In Figure 4 the
view of trypsinized cells, which are circular in shape and
detached from the flask surface.

Figure 4: HeLa cells trypsinization image (scale bar = 50pum)

In this research, HeLa cell concentration after detaching is
calculated by hemocytometer was 1.6x10° cell/ml.

B. HelLa cells exposed to Pulse Electric Field

Electroporation process involves several parameters. The
most important parameters for effective electroporation are
the electric field strength, length of the field applied (pulse
duration) and number of the pulse. These factors are
controlled by the commercial electroporation ECM 830 made
by BTX Harvard Apparatus having two modes of operation.
In this study, 0.25ml of the HeLa cells suspension is put in a
4mm cuvette. The cuvette is then placed in the electroporator
chamber, for the purpose of this study, the field strength of
1kV/cm was selected and the pulse duration was varied to six
pulses duration (30ps, 70us, 100us, 200ps, 300us and 600ps)
to obtain higher proliferation for a growth rate of HelLa cells.
After being exposed to the electric field, the cell is inserted in
a six-well plate with 1.75ml of complete medium for further
investigation.

C. Imaging system

Electroporation process involves several parameters. The
most important parameters for effective electroporation are
the electric field strength, length of the field applied (pulse
duration) and number of pulse. These factors are controlled
by the commercial electroporation ECM 830 made by BTX
Harvard Apparatus having two modes of operation.

I1l. RESULTS

Pulse electric field parameter is the main key for a rapid
growth rate of cells. Thus, HeLa Cells are exposed to one
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pulse, at a constant field strength of 1kV/cm, along with
various pulse durations (30us, 70us, 100ps, 200us, 300us
and 600us). Experimental data shows that there is pulse
duration effect on HelLa cell growth rate. The result data in
Table 1 shows the average percentage confluence rate of
HeLa cell line over time (6, 18, 24 and 36 hours respectively)
for each pulse duration parameter. Figure 5 also gives a
graphical representation of data in Table 1.

Table 1
HelLa cell growth rate over time

Time Pulse Pulse Pulse Pulse Pulse Pulse
(Hour)  Duration  Duration  Duration  Duration  Duration  Duration
30us 70us 100ps 200us 300us 600s
6 10 10 10 9 7 5
18 20 25 30 20 20 5
24 40 45 60 40 30 6
36 70 80 90 80 70 6

Confluence rate (%
=
—

Time (hour)

Figure 5: Percentage of HeLa Cells growth rate, the values are
SEM. of triplicates (P<0.001)

The analysis of Figure 5 shows that the fastest confluence
rate of HelLa cell growth was achieved at a pulse duration
equal to100us which took 36 hours to reach 90% confluence.
While with a pulse duration of 70us and 200us, the
confluence rate of HelLa cell growth took 60 hours to reach
90% confluence. Furthermore, pulse duration of 30us and
300ps, the confluence rate of HelLa cell growth took 72 hours
to reach 90% confluence. On the other hand, the HeLa cell
growth rate at 600us pulse duration achieved only 6%
confluence after 36 hours. This means that 600us pulse
duration suppressed the growth rate of HelLa cells.

IV. DISCUSSION

From this work it is determined that, HeLa cell exposed to
1kV/cm pulse with a duration of 100us and single pulse
revealed the highest and fastest percentage confluence when
compared to growth rate of HelLa cells exposed for 30us,
70ps, 200us, 300us and 600ps pulse duration. However, this
research requires further investigation to identify the critical
process of growth rate which might lead us to innovate a
technique for wound healing process. In order to measure the
proliferation rate of HeLa cells under the influence of electric
field, the field amplitude and varied the pulse duration is fixed
between 30us to 600ps. The influence of six selected duration
from the given range was analyzed. From the result obtained,
600us pulse duration induced death of HelLa cell to a great
level. Hence, this duration can be used in tissue ablation of
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cancer cells [20]. On the other hand, 100ps stimulate the
proliferation of HeLa cells. Hence 1kV/cm at 100ps could use
in the proliferative stage of wound healing to facilitate cell
growth.

V. CONCLUSION

In this study, optimization of PEF parameter is performed.
In order to achieve this objective, the subculture of HeLa cells
is done. Accordingly, HelL a cells are exposed to one pulse, at
a constant field strength of 1kV/cm, along with various pulse
durations (30us, 70us, 100us, 200us, 300ps and 600us).
Experimental data shows that HeLa cells exposed to 1kV/cm,
100ps pulse duration and single pulse shows the best growth
rate compared to other parameters. Finally, the current
finding does give us a dimension to explore further down the
cellular level which may contribute towards wound healing
and treatment applications.
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