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PREREQUISITES
Basic to advanced knowledge of finite element modeling is required.

THEORETICAL BACKGROUND

The effects of various physical phenomena can be investigated by separately analyzing each
individual phenomenon, with no respect to interaction between them. However, often we are
dealing with two or more interacting, simultaneously occurring phenomena, such as heat
transfer in tissue due to resistive heating. This coupling may give rise to tissue conductivity
changes (due to temperature increase), which in turn changes the magnitude of electric
current. When constructing a model, we have to estimate such interactions and, if needed to
obtain accurate results, include mutual dependencies. To do so, we need data on how the
material properties significant for one field (such as the electric field) vary with the value of
another field (such as temperature) and vice versa.

Conduction heating of a material is described by the following equation:

pC% -V(kVT)=Q, where

T is the temperature, p is the material (tissue) density, c is the specific heat capacity of the
tissue, k is its thermal conductivity, and Q is the heat source, in our case the resistive heating
of the material:

Q= 0|VV|2, where

o 1s electrical conductivity of the material and V is electric potential.

The aim of the experiment is to become familiar with multiphysics modeling and to evaluate
the rise in tissue temperature during the application of different electric pulses. Also, we
would like to demonstrate the usefulness and necessity of such numerical models for the
planning of experiments and treatments as well as the analysis of the results.

EXPERIMENT

Current trends show increased interest in the field of intra- and transdermal drug delivery.
However, physical or chemical methods to enhance transdermal drug delivery have to be used
in order to temporarily increase skin permeability. One of the possibilities to temporarily
breach the barrier function of skin is using high voltage direct current electric pulses
(electroporation) to create aqueous pathways across lipid-based structures. It has been shown
that molecular transport, following skin electroporation is generally localized to small areas,
termed local transport regions (LTRs).



The application of electric pulses on skin will be investigated on a finite element numerical
model of a local transport region and its surroundings, constructed in COMSOL Multiphysics
(COMSOL AB, Sweden). The LTR will be modeled as a conductive structure in the
otherwise highly resistive stratum corneum. Local transport regions are formed as a result of
the application of electric pulses on skin and are expanded by resistive heating caused by high
local current density occurring because of the drop in the resistivity of the stratum corneum
inside the LTRs. The thermal origin of LTR formation also raises concerns regarding skin
recovery issues after being exposed to electric pulses. Namely, when the temperature of
around 70°C is exceeded, structural changes occur.

Protocol: Evaluate this temperature increase by coupling the electrical and the thermal
quantities, for different parameters of electrical pulses.

In the first part of our work, experiment with different amplitudes and lengths of a single
electric pulse to estimate the temperature increase within the duration of one pulse.

In the second part, use trains of pulses, with intervals between them when there is no current
flow. During these periods, the cooling of the tissue takes place, which should be taken into
account during the simulation. Evaluate different pulse parameters, together with pulse
repetition frequency.
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