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Abstract: Induced transmembrane voltage depends among
other things on extracellular, intracellular and membrane
conductivity. Since extracellular conductivity is easy to
manipulate with, we decided to take three media with
dffirent conductivities and study how decreasing the

NaCl, NaHCO3, NaH2POa, pH 7.08, osmolarity 304 mOsm,
with added glucose, amino acids and vitamins; low-

extracellular conductivity influence

with the same composition as mediuml, only diluted with
destilled water (by adding 3% of mediuml in destilled

the

induced
transmembrane voltage. This was studied by comparing the
survival and permeabilization of the cells in these media.
Comparing experimental and calculated results, showed
good agreement in survival of the cells, on the contrary
medium conductivity had no ffict on permeabilization
results.

INTRODUCTION:
For a spherical cell with radius R and no surface charge,
the induced transmembrane voltage generated by an applied
direct electric field E, follows the equation :

Ui = fs

.E.R.cosq

(l)

is the angle between the field line and a point of
interest on the cell membrane []. We assumed that the time
constant of the cell membrane is considerably shorter than
pulse duration. The f5 is a function reflecting the electrical
and geometrical properties of the cell. For conditions where
where

<p

conductivity of extracellular medium and cytoplasm is
much higher than membrane conductivity, fs reduces into
constant f5: 1.5. [t was calculated [], how decreasing the
extracellular conductivity affects the value of f5. For media
with conductivities higher than 0.1 S/m, the difference in f5

is less than lyo, but for low-conductivity media, this
difference increases.
We took three electroporating media: Spinner minimum
essential medium- SMEM, low-conductivity mediuml l2l,

low-conductivity medium2

and

measured their

measurements, fs was
each medium. Because we used the same

conductivities. Based

on these

for
cells for all three media and the experiments
calculated

were

performed using the same protocol and the same conditions,
f5 is the only variable in equation I (i.e. at choosen value of
applied field). This enabled us to compare the differences in
induced transmembrane voltage as a consequence of
extracellular conductivities modification by observing
permeabilization and survival of cells after electroporation.

conductivity mediuml with lOmM phosphate
(Na2HPOa/KH2PO4), lmM MgCl2, 250mM succrose, pH
7.4, osmolarity 300 mOsm, and low-conductivity medium2

water) and added succrose, pH7.3, osmolarity 300 mOsm.
DC3F cells (Chinese hamster lung fibroblasts) in
concentration 21107 cells/ml were suspended in each
medium at 4oC. A 50 pl drop of cell suspension was put
between two parallel stainless steel electrodes 2 mm apart
and a train of eight rectangular pulses with duration of
l00ps, lHz repetition frequency and amplitudes from 0 V
to 400 V in steps of 40 V was delivered. After incubating
the cells for l0 min at room temperature, SMEM was
added. After additional 30 min, cells were diluted with
EMEM to obtain 50 cells/ml. 4ml of suspension were
transfered into petri dishes, where cells were grown for 5
days. Cells were then fixed with 99 % methanol and stained

with crystal violet. Cell colonies were counted and
normalized to the control (no pulses) to get the percentage
of cells surviving the exposure to electric pulses.
To get the percentage of permeabilized cells, we used a
cytotoxic agent bleomycin [3]. DC3F cells in concentration
2.2xI0' cells/ml were suspended in electroporating medium
(SMEM or one of the low- conductivity media) containing
5nM concentration of bleomycin, before exposure to pulses.
The protocol was the same as it was for survival, we only
subtracted the percentage of cells surviving the exposure to
electric pulses from 100% to get the percentage of
permeabilized cells.

Conductivities were measured

RESULTS AND DISCUSSION:
Based on conductivity measurements, fg was calculated for

all three media. Measured values for media conductiviry"-1,
and calculated values for fg are in the Table

fs

As described above, three media were used: SMEM
(Gibco, Life Technologies) composed of KCl, MgSOa,

5950

Slovenia). The results refer to media temperature 25oC.

l.
METHODS:

with MA

conductometer (Metrel, Horjul, Slovenia) and pH was
measured with MA 5750 pH- meter (Metrel, Horjul,

l.

SMEM

mediuml

medium2

l"r:1.61 S/m
fg1: 1'5

l.r:0.14 S/m
fs2: 1.488

1..:0.005 S/m
fg3

:

1.34

Table 1: Measured conductivities and fs for each medium.
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Survival (left) and permeabilization (right) as the function of pulse amplitude for SMEM O (fsr: 1.5, 1.1:
l.6l S/m), low-conductivity mediuml O (fsz: 1.488, Iz:0.14 S/m) and low-conductivity medium2 A (fs::l .34,?4:
0.005 S/m). Each point represents the mean of three values + standard error.

Figure

l:

Two-parameter sigmoids were regressed to average data

permeabilization results although

it

affects the survival of

of three experiments with SigmaPlot 5.0, and amplitudes
which cause 50 % of permeabilization and cell survival

the cells.

were determined.
Measured results for all three electroporating media are
shown in Figurel. Left side of the figure shows the
percentage of survival as a function of pulse amplitude for

CONCLUSIONS:

all three media, and the right side the percentage of

experiments have shown that this is true for survival results,

permeabilized cells as a function of pulse amplitude.
As the figure shows, there is a difference in survival
results between different media used. Sigmoid of survival
for cells electroporated in SMEM starts to decrease first and

where experimentaly defined thresholds colrespond well to
those predicted by calculations. However this is not true for
the permeabilization results, which are not affected by
changes in extracellular conductivity. During our
experiments no reasonable explanation could be found for
that observation. More experiments should be made to
explain the insensitivity of transmembrane voltage on
permeabilization of the cells in different extracellular media
and to confirm or disprove our results.

has the lowest 50Vo survival threshold. Sigmoid for
mediuml is shifted from SMEM sigmoid, although the
difference in induced transmembrane voltage is less than
l% (fsz: 1.488). The effect of reduced induced
transmembrane voltage is more evident in survival results
for medium2. where the 50Yo threshold is shifted to the
right. Statistical test showed statistically significant
difference between SMEM and medium2 in points of 240Y,
280V, 320 V and 360V but no statistically significant
difference between SMEM and mediuml. Calculations for
f5 show [] that the difference in induced voltage between

SMEM (f51: 1.5) and medium2 (fsz: 1.34) should be
approximately l3o/o. Experimentaly measured threshold for
cell survival in SMEM is 267V (see figurel), according to
calculations,50Yo threshold for medium2 should be -302V
experimental results show even higher threshold
(322V). We suppose that the main reason for the difference
between calculated and experimental results is in
calculation of f5. Calculating the fs requires among other
quantities exact values for membrane and intracellular
conductivities to be known. Because we do not know their
exact values, we accepted assumpsions given in [l]. The

but

sigmoids of permeabilization for all three media can be
seen in Figurel on the right side. We expected that
permeabilization sigmoids will be shifted to the right, as it
was for survival, but experimental results showed no
difference between different media used. It seems that
decreasins extracellular conductivitv has no effect on

We studied how induced transmembrane voltage
of electroporating medium. Our

depends on conductivity
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