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- A simple method for numerical analysis of the
field and ionic charge density distributions in
biological tissue under dc or low frequency electric
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to show large gradients near discontinuities,

Abstract

expected

electric

that, diffusion currents and electrophoretic stream

excitation is proposed.

It is based on an equivalent electric

so

may
became important as transport mechanisms. So, in order to
obtain the field and charge distribution with good spatial

circuit model of the biological tissue, so that, the local
properties of the material, electric permittivity and
conductivity, are represented by lumped elements,

resolution in sub-cellular dimensions, it's necessary to
account the spatial dependence of the permittivity and
ionic mobility and to include the diffusion currents in the

capacitance and conductance, respectively. This permits to
anisotropic
environment constituted by lipidic membranes immersed in
conductive fluids. We present some results obtained in the
analysis of a simplified n'vo-dimensional representation of a
tissue constituted by circular lipidic membranes in an ionic
solution.

calculations.

model the highly inhomogeneous and

INTRODUCTION
Field calculation in biological environments is a very
important subject in the great area named biological effects
of electromagnetic fields. A large number of works about it
have been produced, which, have mainly concentrated on
energy absorbed by large parts of the body in animals or
men, exposed to electromagnetic radiation sources, from

ELF to microwave

range

[]. In all the

cases the

electromagnetic and transport properties are averaged over

large volumes and large number

obtained are

of cells. So, the

To obtain the electric field and charge distributions in
biological tissues we have used an approach based on
lumped circuit parameters. Initially, the volume under
analysis is divided in a large number of small blocks with
parallelepiped shape. Each block constitutes a node in an
equivalent circuit and communicates with its neighbours by
means of a set of paralleled circuit elements: a conductance
and a current source for each kind of electric charge carrier
present in the fluid, modelling the conduction and diffusion
currents respectively, and a capacitance representing the
displacement current. Each element is calculated based on
the dimensions of the block and the electric and transport
properties in that point of the space. So, the total current
leaving the node labelled J' of the circuit is given by:

values

only mean values in those volumes.

Nevertheless, there is a lot of possible effects resulting from

the interaction between electromagnetic fields and living
matter, which occur on the cellular or molecular level, so it
is demanding the knowledge of the local distribution of the
fields, currents and ionic charge densities for the correct
evaluation. Some examples are: l) Electroporation or
electropermeabilisation of the cell membrane induced by
external electric fields, which is a very useful technique for

introduce large biomolecules, such as DNA and drugs,
inside the cell [2]; 2) Effects on metabolic activity of the
cell, that is, protein synthesis, enzyme activity and
membrane transport, among others [3].

Relatively to electromagnetic and transport properties,

living tissues are inhomogeneous and anisotropic at the
cellular level. That is mainly due to the high density of
membranes surrounded by conductive fluids,
because lipidic membranes have electric conductivity and
permittivity much lower than the surrounding fluids. As a
consequence, electric field and charge distributions are

lipidic

Equivalent Electric Circuit Model in Low Frequencies
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where the summation is extended over all

types present

'n' different ionic

in the environment and over the three

directions of the space (i:x,y,z). The parameters g, k and C
are the conductance, diffusion coeffrcient and capacitance

of the block,

respectively.

dV and dp are the

electric

potential and ionic charge density differences between node
J' and adjacent nodes in each direction. The electric field
and charge distributions now can be obtained by solving the
resulting electric circuit of the tissue in the time domain for

given boundary and initial conditions. The ionic charge
densities have to be updating at each time step based in the

difference between input and output ionic currents for each
node of the circuit.
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consider is the time constant of the induced electric field on

METHOD

membrane. Schwan's model predict a position
independent time constant at the value 31.3 ns, while
numerical analysis results in the time constant ranging from
37ns (0 rad) to26.3 ns (1.1 rad), with an average value of
about 3l ns. Such discrepancies results from the cells
proximity which distort field and charge distribution close
to the membranes.
As shown in Figure 3, external fields modiff the spatial
distribution of ionic densities. That can be an important

the

We applied the method described above in the analysis
of a two-dimensional representation of a biological tissue
constituted by circular lipidic membranes immersed in
aqueous ionic solution. Because the spatial symmetry, it is
necessary to analyse only the portion shown in Figure l.
The boundary conditions are specified so that the average
electric field (E") is 1000 V/cm in'x'direction. Cell radius
is l0 pm and cell membrane width is l0 nm. Minimum
separation between neighbour cells is I pm. The external
fluid contains Na* and Cl- ions (100 mM) and the cell
internal fluid contains K* ions (100 mM) and fixed anions

(large biomolecules). We used 80

for the

mechanism for electric fields
activity of the cell.
-x
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to

affect the
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permittivity of the fluids and2 for the membranes.
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Figure l: Schematic two-dimensional representation of a
of circular membranes under electric

excitation.
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RESULTS AND DISCUSSION
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Figure 2 shows the angular distribution of the electric
field induced on the cell membrane for the cell marked with
'C' in the Figure l. Figure 3 shows the angular distribution
of the excess of ionic charges on the two faces of the
membrane for the same cell.
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Figure 3: Ionic charge excess distribution on the two faces
of the cell membrane as a function of the angle in relation
to the averaged field direction. Na and Cl curves are
external distribution and K curve is internal distribution.

CONCLUSIONS
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We presented a simple method for numerical analysis of
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electric field and ionic charge distribution in biological
environment and we illustrated with a relatively simple
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of the local analysis to

reveal

important aspects of those distributions which may be lost

:

in the averaging
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example the importance
\ \:

process

of the electromagnetic and

transport properties on large volumes. We think that the

o:

equivalent electric circuit method can offer some
advantages on other methods in modelling electrical

\

activities/interactions in bioloeical tissues.
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Figure 2z Perpendicular electric field induced on cell
a function of the angle in relation to the
averaged field direction. The continuous curve is the
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