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by-products and electrode corrosion are minimized. By combin-
ing several miniature chambers in parallel and in series, batch
processing will be possible. The method, while being compatible
with batch processing, will allow use of lower voltages and will
avoid the pulsation requirement. We have demonstrated that the
method is feasible by means of numerical analyses and by means
of an in vitro study in which a treatment chamber was developed
and tested. The numerical analyses show that required fluid ve-
locities for avoiding excessive heating are achievable with reason-
able chamber dimensions. The in vitro study demonstrates that
the proposed method is indeed capable of performing bacteria
(E Coli) inactivation in slightly salty water and that no electro-
chemical effects are observable.

Wed-C2-O8
Electroporation interlinks with electroendocytosis
via electrochemical acidification
Rafi Korenstein1

1Tel-Aviv University, Israel

Numerous electroporation studies performed in the last three
decades, have suggested that the electroporation process is ac-
companied by a stimulated endocytic-like process. The mech-
anism underlying this phenomenon remained so far unresolved.
A possible mechanistic insight of this phenomenon emerges from
our studies showing that exposure of cells to pulsed low electric
fields, far below that for electroporation, induces the incorpora-
tion of macromolecules into cells via endocytic-like process. The
mechanism underlying this process, coined electroendocytosis,
was explored by us. We have examined the possible involve-
ment of electrochemical byproducts in electroendocytosis. Cell
suspensions were exposed to pulsed low electric fields in a parti-
tioned device where cells are spatially restricted relative to the
electrodes. We have shown that the enhanced uptake occurs
only in cells adjacent to the anode, and depended on electric
current density rather than on electric field strength. Electro-
chemically produced oxidative species were found not to affect
the stimulated uptake. However, an inverse dependence was ob-
served between the electrically induced uptake and the solution’s
buffer capacity for protons, suggesting the possible involvement
of hydrogen ions in electroendocytosis. Indeed, stimulated en-
docytosis could be induced by a transient chemical acidification
of the extracellular solution. We demonstrated that elevating
proton concentration at the cell surface stimulates the formation
of membrane invaginations and vesiculation accompanied by effi-
cient uptake of macromolecules. The proton-induced uptake was
shown to increase linearly in the extracellular pH range of 6.5 to
4.5, to possess a steep increase at the range of 4> pH>3, reach-
ing a plateau at pH≤3. We propose that protonation of the cell’s
surface generates a local charge asymmetry across the cell mem-
brane bilayer, inducing inward curvature of the cell membrane
and consequent vesiculation and uptake. We suggest that the
enhanced endocytosis accompanying the electroporation process
occurs via an electrochemical acidification.
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Electrolityc ablation (EA), a medical treatment increasingly
used in solid tumor ablation, consists in the passage of a low
direct electric current through two or more electrodes inserted
in the tissue thus inducing pH fronts that destroys the tumor.
The combined use of EA with a recently introduced one-probe
two electrode device (OPTED) results in a minimally invasive
tissue ablation technique. Despite its success related to low cost
and minimum side effects, EA has drawbacks such as the diffi-
culty in determining the current and time needed to assure total
tumor ablation while avoiding healthy tissue intrusion. Here we
introduce a realistic dose planning methodology in terms of the
Coulomb dosage administered and the associated pH tracking,
that predicts an optimal EA/OPTED protocol treatment for a
given tumor size, that is, the current and exposition time nec-
essary to succeed in eliminating all the tumor mass while mini-
mizing healthy tissue damage.

Wed-C2-P2
Electrochemical interfacial reactions at the electrode
surface along flow electropulsation
Florian Bissieres1, Vanessa Sonnois1, Justin Teissie1

1CNRS, France

Electrochemical interfacial reactions at the electrode surface
are present along flow electropulsation processes. They affect the
quality of the electrodes (roughness) and induce the formation of
contaminants in the pulsed solution. A systematic characteriza-
tion of these reaction consequences was operated under classical
electropulsation and nsPEF

Wed-C2-P3
Fluorescence Quenching by the Cell Culture Medi-
um Treated by High-Voltage Pulses and Metal Ions
Released from the Electrodes
Laura Zelencova1, Raminta Rodaitė-Riševičienė1, Simona Kali-
bataitė1, Gintautas Saulis1

1Vytautas Magnus University, Lithuania

To study cell membrane electropermeabilization, fluorescent
dyes are often used. When a high-voltage pulse is applied to
the electrolyte solution, a variety of electrolysis reactions occur
at the metal-electrolyte interfaces. Metal ions released from the
electrodes can react with the fluorescent dyes and quench their
fluorescence. This may have an impact when estimating the effi-
ciency of electropermeabilization. In this study, the influence of
the medium treated by high-voltage pulse and Al3+, Fe2+, Fe3+,
Cr6+, and Ni2+ ions on the fluorescence of fluorescent indicators
in solution was studied. Cell culture medium consisted of Dul-
becco‘s modified Eagle‘s medium supplemented with 9% fetal
bovine serum and 1% L-glutamine solution (all Sigma–Aldrich
Chemie, Steinheim, Germany). 50-μl of the culture medium or
a solution of a fluorescent dye was treated with a square-wave
electric pulse with the duration of 0.1–2 ms and the amplitude
0.2–2.4 kV/cm. The fluorescence of calcein, meso-tetrakis (4-
sulfonatophenyl) porphyrin (TPPS4), doxorubicin
(Adriamycin), and H2O2 indicator Amplex Red was studied.
The fluorescence was measured at room temperature using Tecan
spectrofluorimeter (Tecan Group, Männedorf, Switzerland). The
medium treated by the electric pulse with the amplitude of 1.2
kV/cm and the duration of 500 and 2000 μs almost completely
quenched calcein fluorescence. With increasing the concentration
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Ionic liquids as solvents for Ohmic Heating
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Since the 1990’s Ionic Liquids (IL) have been explored as new
solvents for green (bio)processes, separations, as electrolytes, lu-
bricants, or in the formulation of new materials (e.g. surfactants,
polymers, membranes and preparation of nanoparticles). In the-
ory, the electrolyte nature of ILs makes them well-matched for
being used in Ohmic Heating (OH). As electric (and thermal)
conductivity of ILs varies widely with the nature of the ions,
the feasibility of its application in OH processing must be evalu-
ated using different families of ILs in order to generalize its use.
In this work, the OH of ILs has been tested combining differ-
ent cations (imidazolium- and phosphonium-based) and anions
(chloride, tetrafluoroborate, acetate, among others). OH was
performed at electric field values ranging from 13.34 to 41.89
V/cm and at an electrical frequency of 25 kHz thus avoiding
potential corrosion or leakage of metals from electrodes to the
medium. As might be expected, fast heating was obtained for
ILs with significant electric conductivity, with heating times in
the 10-100 s range to reach 120 oC from room temperature. For
the best ILs and the most intense conditions, 120 oC could be
reached in 3 to 9 s. The nature of the ions used in the IL for-
mulation as well as different characteristics such as the length
in alkyl side chains attached will be discussed in detail. The re-
sults obtained are the proof-of-concept for the combination of OH
and IL solvents. A judicious selection of the IL solvent will al-
low merging together the advantages of using IL as solvents (i.e.
negligible vapor pressure, no atmospheric emissions) and OH as
a cost-competitive, fast and homogeneous heating technology.
The recent success in the use of ILs in biomass dissolution opens
the door for the application of OH in biomass pre-treatment pro-
cesses with the bio-refinery concept.
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