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Abstract: Electropermeabilization

of the cell plasma

is a well-known
to electric pulses.

phenomenon caused by an
Permeabilization of plasma
exposure
membrane allows nonpermeant molecules to be introduced
into the cells. Transmembrane transport can proceed by

membrane

pulse parameters. Analysis and modeling were based on
experimental results.

EXPERIMENTAL RESULTS
As a basis for the model, we have evaluated:

a

. cell survival fraction using cloning efficiency test;
. cell permeabilization fraction using a method of

that this model can predict uptake of small molecules. With

o

dffision, electrophoresis and osmosis. We have developed
two-compartment pharmacokinetic model that uses
dffision as the transport mechanism. The results showed

the analysis of survival and permeabilization,

we
demonstrated that their dependence on pulse amplitude can
be explained by the distribution of cell size within the
population studied.

INTRODUCTION
Electropermeabilization of the cell plasma membrane is

nonperrneant cytotoxic agent [2]; and

ov€rage uptake

of cells using lucifer yellow as

These experiments were performed for a single pulse

l00ps and a single pulse of

1000prs duration, each

phenomenon caused by an exposure to
electric pulses. Permeabilization of the plasma membrane
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depends on number of pulses delivered, pulse duration and

I/

pulse amplitude.

cells return to their normal physiological state. Part of the
plasma membrane that has been permeabilized by electric
pulses, is a path that allows transport of different
nonpermeant molecules to the cell. Quantity of molecules
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will be introduced into the cell with

transmembrane
transport depends on the size and properties of molecules
and the level of permeabilization of the plasma membrane

that

of

at l0

pulse amplitudes ranging from 0 to 400V. All experiments
were repeated three times and results are presented in
Figures I to 3.

a well-known

If these parameters are properly chosen,
the process of electropermeabilization is reversible and

an

indicator of uptake.
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Figure 1: Permeabilized cells (o) and surviving cells (o)

tll.
Transport trough permeabilized plasma membrane
proceeds by three general mechanisms of transmembrane

a function of pulse amplitude at l00ps pulse

as

duration,

(mean + standard deviation).

transport:

.
o
o

diffusion, driven

by the molecular concentration

=

difference across the membrane;

electrophoresis, driven

by the electric

potential

difference across the membrane: and

osmosis, driven

by the osmotic

pressure difference

In our

we

analyzed cell survival and cell
permeabilization fraction after electroporation. The aim of
analysis was to investigate the dependence of survival and
permeabilization on pulse amplitude with respect to the
distribution of cell size, i.e. of cell radius. In addition, we

study

a dynamic model of transport due to
electropermeabilization. In this part of the study we built a
developed

pharmacokinetic model that can predict the quantity of
molecules that will be introduced into the cells at given
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across the membrane.
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Figure i, ,r...uuii"ra ,.,,, f.l
a function of pulse amplitude at""0l000ps pulse duration,
(mean * standard deviation).
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being permeabilized and with that a transport path for
molecules is established. After the end of the pulse a second
much longer phase begins, during which the membrane
reseals. Since the permeabilization is two phase process, we
stipulated that during the pulse the flow trough the plasma
membrane is constant while in the resealing phase the flow
is exponentially decreasing to zero. After we defined the
model, the parameters of flow between the two
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compartments were optimized
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Figure 3: Uptake of Lucifer Yellow as a function of pulse
amplitude at 100ps (o) and l000ps (o) pulse duration,
U

,100

(mean + standard deviation).

ANALYSIS AND PHARMACOKINETIC MODEL
Permeabilization of cell plasma membrane is achieved
by application of electric filed of specific parameters. This
electric field induces a change in transmembrane voltage
A,U, that can be described in a simplest form by the

RESULTS AND CONCLUSIONS
With the analysis of survival and permeabilization
fraction we demonstrated that the sigmoidal shapes of the
curves of survival and permeabilization as a function of
pulse amplitude are mainly a consequence of the
distribution of cell radius.
Results of simulation of the pharmacokinetic model are
shown in Figure 5. We have found that good results can
also be achieved with different parameters that describe the
flow between two spaces.
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model with flow that is constant during the pulse and
exponentially decreases during resealing. (A) shows results

for electric pulse of l00ps duration and (B) for l000ps
duration. In both figures (. ) represents experimental
results, the solid line is the course of uptake of Lucifer
Yellow obtained by the model and the dashed line is the
course of uptake from model modified by adding the
fluorescence in the control group.

N are external and internal concentrations of

molecules respectively, kuz and

atO

400

where N is normal distribution,

equations

o
100

J

voltage that is defined by equation (l) can only be valid for
stationary conditions, which means that applied electric
field is treated as constant. On the other hand the cell radius
is not constant since the cells size varies even though the
cells are from the same culture. Probability that cell has
radius R is defined by equation
(2)
P(R)= N(&,o) ,
.R6 is average radius and o
is standard deviation. With this consideration we have
performed analysis of cell survival and cell
permeabilization fraction. Our development of model
started with selection of an isolated two-compartment
pharmacokinetic model that is illustrated in Figure 4.
Mathematically the model is described by system of

A

I

where U is the amplitude of the pulse,

where

so that the results of

calculations best fitted the experimental results.

kzy are

coefficients
describing flow between the two compartments, I is time
and Z'and N'are time derivatives of the two concentrations.
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Permeabilization

of the cell

plasma membrane

is

a
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which takes place during the pulse, the plasma membrane is
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