Marepiann XIX mixknapoanoro ¢popymy mostoni ""Modoas i inaycrpist 4.0 B XXI croairri” | 06-07. 04.

2023
CEKIIA 11
BIOMEJINYHA TH)KEHEPISI TA EJJEKTPOMATHITHI
TEXHOJIOI'II AIIB
ELECTROPORATION EFFECT: APPLICATIONS IN MEDICINE AND
BIOLOGY

Katja Ruzi¢, Studentka
Scientific advisor - Prof. Damijan Miklav¢ic¢
University of Ljubljana, Faculty of Electrical Engineering,
Trzaska 25, 1000 Ljubljana, Slovenia.+386 1 4768 456
damijan.miklavcic@fe.uni-lj.si

Poszenaumo egpexm enexkmponopayii ma tioco 3acmocy8aunHs 8 MeOuyiHi ma
bionoeii.

The membrane electroporation of a biological cell has been well known as a
convenient, multipurpose and universal way of temporarily increasing its permeabil-
ity in a pulsed electric field (PEF) with certain parameters. The influence of this field
on the cell leads to reversible perforation or irreversible membrane rupture depend on
applied field strength. The process and result of the membrane interaction with the
PEF is greatly influenced by its heterogeneous biological structure, which has both
native pores of various sizes and various protein inclusions. This leads to heterogene-
ity of the electrophysical properties.

Main research path in the areas of medicine and biology is the use of electropo-
ration to enhance the transport of various substances into cells or to directly affect the
cell viability. This mechanism can be used for various aims, such as treatment of can-
cer, insertion of genetic material for genetic modification of organisms or gene ther-
apy, directly destroying target tissues, and protection of cells during freezing.

Electrochemotherapy is a cancer treatment modality which uses electroporation
to increase the uptake of cytotoxic drugs into cells. This allows for a great potentia-
tion of the effectiveness of these drugs, while simultaneously limiting side effects of
the drugs. Laboratory of Biocybernetics (Faculty of Electrical Engineering, Univer-
sity of Ljubljana) is actively involved in development of numerical treatment plan-
ning methods for optimization of treatment delivery. This is used in clinical studies
for electrochemotherapy of liver tumors and head and neck cancer. Irreversible elec-
troporation uses electrical pulses alone to destroy unwanted tissues, which has been
used already in the treatment of liver, pancreas, kidney and brain tumors.

Electroporation can be used to introduce genetic material into cells, which
leads to gene expression, enabling different basic research in biology. Simultane-
ously, we are researching electroporation for gene therapy, where different therapeu-
tic endpoints are investigating, among those also treatment of cancer.

During freezing of cells, ice crystals form, which can damage the fragile cell
membrane, so typically several toxic protective substances are used. However, using
electroporation various natural sugars, which are used by cold adapted plants, can be
introduced into the cells. In this way, cells can be protected using non-toxic materials,
which is especially important for keeping of stem cells.
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