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Abstract

Electroporation is a phenomenon that can increase the cells permeability and electrical conductivity due to applied electrical field pulses.
Electroporation are used to some medical applications, as cancer treatment and sterilization. This review brings electroporation improvements for

medical applications.
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Introduction

Electroporation is a physical phenomenon resulting from
transient changes in the permeability and electrical conductivity
in the plasma and nuclear membranes of a cell. The phenomenon
occurs when a pulse with short time and high electrical field is
applied in cells or tissue. An accumulation of charges due to ions
migration occurs when the electric field is being applied, the cell
membrane undergoes a rearrangement in their morphology
after exceeding a critical threshold [1]. Therefore, the membrane
presents pores formations. These pores are large enough to
transport molecules and ions [2].

There are three different types of Electroporation due to
exposing time and electric field intensity while the pulse application.
Firstly, Reversible Electroporation (RE) occurs when the electric
field is high enough to exceed the critical threshold, but the cell
is still able to return to their initial state. Secondly, Irreversible
Electroporation (IRE) occurs when the electric field is extremely
high, and the number of pores created induce the cell osmotic
imbalance or homeostasis loss, resulting in cell death. A third type
of electroporation is defined when the electric field intensity or
exposing time are so high that Joule heating is observed (Thermal
Irreversible Electroporation) [3]. Due to benefits of non-thermal
solutions in biomedical applications, Reversible and Irreversible
Electroporation are the main studied types.

Applications

Since the differences between the Electroporation types, the
applications are divided due to their main effect.
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Reversible Electroporation (RE)

As the cell is not destroyed in Reversible Electroporation
process, it can be used to insert molecules in intracellular

environment.

Electrochemotherapy (ECT): Introduce drugs into the
intracellular environment is the one of the greatest difficulties
of chemotherapy treatments. This implies in high doses of
medicine for a long time to ensure that all tumor cells are reached,
increasing the side effects [4]. RE can accelerate this process
by increasing membrane permeability of the tumor tissue. ECT
protocol is defined by European Standard Operating Procedures
of Electrochemotherapy (ESOPE) published in 2006 [5]. Currently,
ECT is used for treatment of cutaneous and subcutaneous tumors in
European clinics [6,7] and in veterinary clinics in Brazil [8]. Studies
are now focused on extending treatment for deep tumors [9]
besides ensuring the success of tumor RE through bioimpedance
analysis [10]. IRE can also be observed as a side effect in ECT
treatment. This is not a problem since the tissue affected by IRE

will eventually die.

Genetic Transfer: The need to perform DNA transfer through
two physical barriers to reach the cell nucleus has attracted
interest on RE use to introducing plasmids into the cell nucleus.
This technique has emerged as a promising gene delivery method
mainly thanks to it is low cost, easiness of realization and safety
in production and utilization. Therefore, this method can be
considered the non-viral method that presents greater efficiency of
gene transfer [11].
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Irreversible Electroporation (IRE)

The main advantage of IRE is to destroy cells without causing
thermal effects. Therefore, it is used in applications that require the
death of diseased tissues or other microorganisms.

Non-thermal Tissue Ablation: Tissue Ablation may be
necessary in some cancer cases. Different from techniques like
Radiotherapy and Cryoablation, IRE can perform tissue ablation
without thermal issues. Temperature variations can be harmful to
healthy tissues and organs close to tissues that must be destroyed.
As well as ECT, it is necessary ensure the success of tumor IRE and
studies are being performed on bioimpedance analysis [10].

Non-thermal Sterilization: Food and water sterilization
have been researched for a long time. The need to preserve food
outside the production season and the treatment of drink water is
constant. Traditional process like Pasteurization can change colour,
smell, texture, flavour and nutritional value due to thermal effects.
Use of IRE can kill microorganisms without affecting the product
properties. Researches on the molecular mechanism of IRE and
developing systems to ensure complete IRE sterilization are the
main future challenges [12].

Conclusion

Electroporation main applications has been described. The
use of electroporation results in currently highly relevant medical
applications, such as cancer treatment and gene transfer. The
number of studies being performed indicate that the technique is
continuously evolving.
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