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SCIENTIFIC PROGRAMME OVERVIEW

KEYNOTE LECTURE

Eric Daniel Gtowacki (CEITEC Central European Institute of Technology, Brno University
of Technology, Brno, Czech Republic)

Eric Glowacki studied chemistry at the University of
Rochester, USA, completing BSc and MSc degrees
in materials chemistry (2009). He worked on optical
and optoelectronic materials. In parallel, he studied
central European history, earning a dual degree in
2009. He completed his PhD in chemistry in 2013 at
the Johannes Kepler University in Linz, Austria,
specializing in bioelectronic and flexible electronic
devices. He continued as a postdoc in Linz (2013-
2016), with research interest moving into the field of
electrophysiology and especially optoelectronic stimulation of excitable cells. In 2016,
he was awarded a Wallenberg Molecular Medicine Fellowship, which allowed him to
start an independent research group at Link6ping University in Sweden. His group has
worked on devices for stimulation of the nervous system, as well as reactive oxygen
species generation. These two areas of research, namely stimulation devices, and
reactive oxygen species electro/photochemistry, are at the core of his interests. In
2020, he was awarded the European Research Council Starting Grant, with which he
moved to Brno and established a new research group dedicated to bioelectronics at
CEITEC, Brno University of Technology. Eric is interested in neural interface
technologies and bioelectronic medicine, as well as fundamental research in
electrophysiology. Outside of his direct research topics, Eric is interested in history,
open science, and emergency first aid and rescue. Eric is fluent in Polish, Czech, and
English. He likes running, skiing, and drinking beer.
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WELCOME AND OPENING

KEYNOTE LECTURE

Eric Daniel Gtowacki: Advances in neural interface technology — minimalistic
recording and stimulation

Jiri Ehlich: Oxygen Reduction Reactions at Neurostimulation Electrodes

COFFEE BREAK

Damir Kovaé€i¢: The use of graphene and hBN-based substrates for auditory
neuroelectronic interfaces

Boris Delipetar: Recording of spontaneous action potentials and electrical
stimulation of in-vitro spiral ganglion neurons acquired with high-density
neuroelectronic interface

Jelena Zarkovié: Graphene-based in-vitro cell-culturing surfaces alter
morphological properties of neonatal spiral ganglion neurons

Davor Horvati¢: Human-Centric explainable Al for neuroscience: Revealing
neuron population activity

LUNCH BREAK

Muammer Ugal: LOGOS-TBI: Light-controlled organic semiconductor implants for
improved regeneration after traumatic brain injury

Marta Nowakowska: Activation of regeneration-associated pathways in neurons
following photocapacitive stimulation

Theresa Rienmuller: Analysis, modeling and simulation in biomedical applications

Daniel Ziesel: Electrical stimulation methods for the preclinical treatment of TBI
sequelae — an overview

COFFEE BREAK
Linda Waldherr: Chemo lon Pumps for Tumor Treatment

Tony Schmidt: Light stimulation of mammalian cells on organic photocapacitors

Nikola Habek, Ivan Strinié: Founding of Laboratory for neuroelectronics and brain
computer interactions @ Croatian Institute for Brain Research
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ZAGREB BIOELECTRONICS WORKSHOP 2021
Friday, 5" November 2021

Faculty of Science, Physics department, laboratory F-013
9.30-12.30 Aleksandar Opangéar: Structured bio-optoelectronics devices by physical vacuum
deposition of organic pigments

Faculty of Science, Physics department, lecture hall F-201

9.30-12.30 Collaboration meeting sessions

12.30-13.30 LUNCH BREAK

Faculty of Science, Physics department, laboratory F-013

1SS Vedran Derek, Anja Miokovi¢: Optoelectronic characterization of photocapacitors
Croatian Institute for Brain Research,
Laboratory for cellular neurophysiology R-219

14.00-17.00

Nikola Habek, Ivan Strini¢: Acute brain slice preparation for electrophysiological
recordings and Ca?* Imaging

Faculty of Science, Physics department, lecture hall F-201
15.00-17.00 Aleksandar Opancar: 3D finite element method modeling of optoelectronic
stimulation devices
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KEYNOTE LECTURE

ADVANCES IN NEURAL INTERFACE TECHNOLOGY - MINIMALISTIC
RECORDING AND STIMULATION

Eric Daniel Gtowacki?

!Bioelectronics Materials and Devices Lab, CEITEC Central European Institute of Technology,
Brno University of Technology, Brno, Czech Republic

A great demand exists for minimally-invasive neuromodulation technologies to enable
next-generation bioelectronic medicine. This field involves using artificial electrical
impulses to achieve a therapeutic outcome, and is successfully deployed in a growing
range of clinical applications. Examples include Parkinson’s disease, where implanted
deep brain stimulators can essentially eliminate symptoms of this condition; epilepsy,
where closed-loop stimulators record pathological activity and deliver therapeutic
impulses; and various spinal cord and peripheral nerve conditions. The list of
applications expands constantly, as patient outcomes often are superior to what can
be achieved with pharmaceutical interventions. In this presentation, | will introduce
examples of bioelectronic medicine and the newest technologies that are pushing the
current limits. A major focus will be minimalistic neural interface technology for
selective stimulation of the nervous system. Creating minimally-invasive
neuromodulation implants relies on solving advanced materials science and
engineering problems. Wireless power delivery will be discussed as one of the major
technical challenges in such implanted devices. | will summarize our research team’s
efforts in using wireless optoelectronic technology for small and conformable nerve
and brain stimulation, as well as recent advanced in noninvasive stimulation using
high-frequency interfering electrical fields.

Presenting author e-mail address: glowacki@vutbr.cz
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OXYGEN REDUCTION REACTIONS AT NEUROSTIMULATION ELECTRODES

Jiri Ehlich?, Ludovico Migliaccio!, Marta Niki¢'?, Imrich Gablech?, Eric Glowacki?

1Central European Institute of Technology (CEITEC), Bioelectronics Materials and Devices,
Purkyriova 656/123 61200 Brno; 2University of Zagreb, Faculty of Science, Department of Physics

During electrical neural stimulation, charge-balanced biphasic current pulses are
typically used to trigger action potentials in excitable tissues. Cathodic pulses
depolarize cells, evoking action potentials, meanwhile subsequent anodic pulses are
meant to reverse the products of possible electrochemical processes back to their
original form. Balanced biphasic current pulses are thus generally considered to be
safe for chronic applications [1]. However recently it has been found, that not all
reactions that could possibly happen at the electrode-tissue interface during the
stimulation are perfectly reversible. Products of these reactions can be possibly
dangerous to the tissue or act as signalling molecules. The identity and the scale of
such reactions still remains an unexplored area [2]. Our work examines oxygen
reduction reactions at the electrodes made out of commonly used materials used for
neural stimulation electrodes. Oxygen can be reduced either to water or hydrogen
peroxide by 4- or 2-electron process. Both reactions can significantly reduce the
guantity of dissolved oxygen near the electrode, creating hypoxic conditions harmful
to neurons. Peroxide, meanwhile, can induce toxic reactions or act as a signalling
molecule. We are examining the amount of reduced oxygen and produced peroxide
by various biphasic stimulation protocols and comparing electrocatalytic activities of
studied materials. Results of this study should help to engineer novel and potentially
safer neurostimulation devices and protocols.

Acknowledgements: We acknowledge support from CzechNanoLab Research Infrastructure supported
by MEYS CR (LM2018110) and funding from the European Research Council (ERC) under the
European Union’s Horizon 2020 research and innovation programme grant agreement No. 949191),
and financial support from the city council of Brno.

[1] Boehler, C., Carli, S., Fadiga, L., Stieglitz, T. & Asplund, M. Tutorial: guidelines for standardized
performance tests for electrodes intended for neural interfaces and bioelectronics. Nat. Protoc. 15,
3557-3578 (2020).

[2] Cogan, S. F., Ehrlich, J., Plante, T. D., Gingerich, M. D. & Shire, D. B. Contribution of oxygen
reduction to charge injection on platinum and sputtered iridium oxide neural stimulation electrodes.
IEEE Trans. Biomed. Eng. 57, 2313-2321 (2010).

Presenting author e-mail address: jiri.ehlich@ceitec.vut.cz



mailto:%20jiri.ehlich@ceitec.vut.cz

HUMAN-CENTRIC EXPLAINABLE Al FOR NEUROSCIENCE: REVEALING
NEURON POPULATION ACTIVITY

Davor Horvati¢!, Domjan Bari¢?t, Petar Fumic¢!, Tomislav Lipic ?

!Department of Physics, Faculty of Science, University of Zagreb, Zagreb, Croatia; ?Division of
Electronics, Ruder BoSkovi¢ Institute, Zagreb, Croatia

Despite the outstanding advancements and potential benefits of deep learning-based
Al solutions, their black-box nature and the lack of transparency limits them as a tool
for scientific discovery. To fully trust, accept, and adopt newly emerging Al solutions,
we need human-centric explainable Al (HC-XAI) to provide human-understandable
interpretations for algorithmic behaviour and outcomes. This presentation will focus on
interpretable deep learning models for multivariate forecasting tasks. Several
architectures will be presented with their performance score and correct interpretability
tested on a novel benchmark of synthetically designed datasets with the transparent
underlying generating process of multiple time series interactions with increasing
complexity. l.e., one wants to test if these architectures can capture correct
autocorrelations and crosscorrelations between multiple time series. This benchmark
enables us an empirical evaluation of the performance of deep neural networks in
three different aspects: prediction performance score, interpretability correctness, and
sensitivity analysis. Furthermore, the synthetic approach enables us to build a good
foundation for understanding neural population activity in measurements that
significantly range in population size scale.

Acknowledgments: D.H. and F.P. were funded by QuantiX—Lie Center of Excellence, a project co-
financed by the Croatian Government and European Union through the European Regional
Development Fund—The Competitiveness and Cohesion Operational Programme (grant
KK.01.1.1.01.0004). T.L. was funded by the Centre of Excellence project “DATACROSS”, co-financed
by the Croatian Government and the European Union through the European Regional Development
Fund—the Competitiveness and Cohesion Operational Programme (KK.01.1.1.01.0009).

Presenting author e-mail address:_davorh@phy.hr
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THE USE OF GRAPHENE AND HBN-BASED SUBSTRATES FOR AUDITORY
NEUROELECTRONIC INTERFACES

Damir Kovadci¢!2

1The Center of Research Excellence for Science and Technology Integrating Mediterranean region
(STIM), University of Split, Croatia; ?Laboratory for Biophysics and Medical Neuroelectronics,
Department of Physics, University of Split-Faculty of Science, Croatia.

Activity 1G of the STIM REI, ,Design and application of new nanostructured materials
in neuro-electronic interfaces for biomedical application, aims to examine new
nanostructured materials suitable for interaction with nerve cells. Such research is
carried out in the field of medical bionics, a rapidly growing research and technology
field that can effectively connect electronic systems such as a computer chip with
nervous systems. The two most successful examples of such interfaces are the
cochlear implant (Cl) and the auditory brainstem implant (ABI), which allow direct
stimulation of the auditory nerve and the cochlear nucleus in the brainstem,
respectively. These devices may evoke partial hearing and even establish full-fledged
auditory communication in a completely deaf person. Nevertheless, today's
fundamental limitations of non-selectivity and widespread electrical stimulation lead to
large variability in the success of the implants. We intend to “attack” this fundamental
limitation using nanostructured materials, such as graphene and hBN, which possess
a whole range of intriguing physical and chemical properties, theoretically enabling full
integration and intimate interaction with the neural tissue. In particular, we are
assessing the suitability of graphene and hBN for in-vitro growth of cell cultures of
spiral ganglion neurons (SGN). To assess the quality of the auditory neuro-electronic
interface, parametrization of the biomedical protocol for in-vitro culturing of auditory
neurons is necessary, and the identification of design specifications of graphene and
hBN to be used as stimulation and recording platform. In this talk, | will first overview
the state-of-the-art in auditory neuroelectronic interfaces and present the results of
morphological analyses of in-vitro SGN cultures extracted from neonatal rat pups and
grown on graphene and h-BN substrates, previously coated with poly-L-ornithine and
laminin. The cultures were immunocytochemically stained at seven days in vitro
(7DIV), and the subsequent fluorescence images were analyzed with the custom-
made machine learning-based image processing allowing successful segmentation
and classification of neurons. Neurons were examined for various morphological
properties, including cell density, neurite length, and cell dispersion as a measure of
cellular clusterization.

Acknowledgments: This research was partially supported from STIM — REI, Contract Number:
KK.01.1.1.01.0003, a project funded by the European Union through the European Regional
Development Fund — the Operational Programme Competitiveness and Cohesion 2014-2020
(KK.01.1.1.01).

Presenting author e-mail address: damir.kovacic@pmfst.hr
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RECORDING OF SPONTANEOUS ACTION POTENTIALS AND ELECTRICAL
STIMULATION OF IN-VITRO SPIRAL GANGLION NEURONS ACQUIRED WITH
HIGH-DENSITY NEUROELECTRONIC INTERFACE

Boris Delipetar!2, Tonéi Kozina3, Jelena Zarkovié2, Ana Bedalov#, Damir Kovagié!23

1The Center of Research Excellence for Science and Technology Integrating Mediterranean region
(STIM), University of Split, Croatia; ?Laboratory for Biophysics and Medical Neuroelectronics,
Department of Physics, University of Split-Faculty of Science, Croatia; Auditory Research
Laboratory, University of Split, Split, Croatia; * The doctoral program in Biophysics, University of
Split-Faculty of Science, Croatia

Methods for neural response properties, i.e., triggering action potentials (AP) of spiral
ganglion neurons (SGN), are still not thoroughly explored and quantified. We report a
new neuroelectronic interface consisting of an operational amplifier, printed circuit
boards (PCB) and silicon-based high-density electrode array for this study. The
significance of this new interface lays in the capability of performing multiple individual
stimulation and recording on 64 electrodes simultaneously. Furthermore, a MATLAB
application has been designed and implemented to perform the analysis of acquired
data. In this study, a silicon-based chip, morphologically optimized for spiral ganglion
neurons ([1], [2]), previously coated with poly-L-ornithine and laminin, was used as a
surface for in-vitro growth of neonatal SGN extracted from rat pups. After three and
six days in-vitro, respectively (3 and 6 DIV), SGN cultures on silicon-based chips,
previously bonded on PCBs, were connected to a neuroelectronic interface, and bursts
of spontaneous action potentials were recorded. Also, SGN cultures were stimulated
with different current amplitudes, phase durations, and modes of stimulation. Results
have shown various types of obtained signals regarding their amplitude, latency,
duration, polarity, and repeatability. Some of the obtained spontaneous signals match
in some characteristics with previously reported properties of action potential signals.
Properties of stimulation responses were also analyzed. These findings are then
discussed in light of the potential application of the high-density stimulation-recording
setup with the graphene-based substrates.

Acknowledgments: “This research was partially supported under the project STIM — REI, Contract
Number: KK.01.1.1.01.0003, a project funded by the European Union through the European Regional
Development Fund - the Operational Programme Competitiveness and Cohesion 2014-2020
(KK.01.1.1.01).” BP has been fully supported by the “Young researchers' career development project —
training of doctoral students” of the Croatian Science Foundation funded by the European Union from
the European Social Fund.

[1] M. Mattotti, L. Micholt, D. Braeken, and D. Kovaci¢, “Characterization of spiral ganglion neurons
cultured on silicon micro-pillar substrates for new auditory neuro-electronic interfaces,” Journal of
Neural Engineering, vol. 12, no. 2, 2015.

[2] V.Radoti¢, D. Braeken, P. Drvi§, M. Mattotti, and D. Kovagi¢, “Advantageous environment of micro-
patterned, high-density complementary metal-oxide-semiconductor electrode array for spiral
ganglion neurons cultured in vitro,” Scientific Reports, vol. 8, no. 1, 2018.

Presenting author e-mail address: boris.delipetar@pmfst.hr
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GRAPHENE-BASED IN-VITRO CELL-CULTURING SURFACES ALTER
MORPHOLOGICAL PROPERTIES OF NEONATAL SPIRAL GANGLION
NEURONS

Jelena Zarkovié'23, Ana Bedalov34, Boris Delipetar’2, Tihomir Marjanovié®, Milan
Blaskovic¢®, Slaven Garaj>®, Damir Kovagi¢!?

1The Center of Research Excellence for Science and Technology Integrating Mediterranean region
(STIM), University of Split, Croatia; ?Laboratory for Biophysics and Medical Neuroelectronics,
Department of Physics, University of Split-Faculty of Science, Croatia; 3The doctoral program in
Biophysics, University of Split-Faculty of Science, Croatia; “Bedalov d.0.0 for Research,
Development and Consulting, Croatia; °Centre for Advanced 2D Materials, National University of
Singapore, Singapore; ®Department of Physics and Department of Biomedical Engineering,
National University of Singapore, Singapore

A new generation of neural interfaces based on novel graphene-based materials is
expected to address limitations of low spatial resolution and broad specificity of
neuronal stimulation in current cochlear implant devices leading to poor pitch
perception and significant variability in its efficacy. Graphene and other two-
dimensional (2D) materials possess various properties, making them an attractive
candidate for future cochlear implants. It was previously shown that graphene might
support neural growth due to its unique electric properties, biocompatibility with
neuronal cells, and ability to effectively interface with neuronal tissue. However, it is
not known how graphene interacts with spiral ganglion neurons (SGN) morphology. In
this study, three types of graphene-based substrates (single layer graphene - SLG,
hydrogenated graphene - HG, and fluorinated graphene - FG) were used as a surface
for in-vitro culturing of neonatal SGN extracted from rat pups. The cultures were
immunocytochemically stained at eight days in vitro (8DIV), and the subsequent
fluorescence images were analyzed with the custom-made machine learning-based
image processing allowing automatic identification and segmentation of neurons. We
compared morphological properties of neuronal cultures grown on graphene-based
and single-layer h-BN surfaces with those grown on glass coverslips. We found that
neonatal SGN neurons may grow on all four tested substrates with significantly altered
morphological properties compared to standard glass coverslips. Analysis of the mixed
effect model of different morphological parameters data revealed that HG and SLG
substrates represented a more favorable environment for spiral ganglion neuron
growth than those grown on control coverslips. These findings reveal substantial
interaction between material properties of graphene-based substrates on in-vitro SGN
cell cultures.

Acknowledgments: This research was partially supported from STIM — REIl, Contract Number:
KK.01.1.1.01.0003, a project funded by the European Union through the European Regional
Development Fund — the Operational Programme Competitiveness and Cohesion 2014-2020
(KK.01.1.1.01). BP has been fully supported by the “Young researchers' career development project —
training of doctoral students” of the Croatian Science Foundation funded by the European Union from
the European Social Fund. S.G. acknowledges support National Research Foundation, Prime Minister’s
Office, Singapore (Award No. NRF-CRP13-2014-03).



[1] M. Mattotti, L. Micholt, D. Braeken, and D. Kovaci¢, “Characterization of spiral ganglion neurons
cultured on silicon micro-pillar substrates for new auditory neuro-electronic interfaces,” Journal of
Neural Engineering, vol. 12, no. 2, 2015.

[2] V.Radoti¢, D. Braeken, P. Drvi§, M. Mattotti, and D. Kovaci¢, “Advantageous environment of micro-

patterned, high-density complementary metal-oxide-semiconductor electrode array for spiral
ganglion neurons cultured in vitro,” Scientific Reports, vol. 8, no. 1, 2018.

Presenting author e-mail address: jelena.zarkovic@unist.hr
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LOGOS-TBI: LIGHT-CONTROLLED ORGANIC SEMICONDUCTOR IMPLANTS
FOR IMPROVED REGENERATION AFTER TRAUMATIC BRAIN INJURY

Muammer Ucal®, Karin Kornmiuller?, Theresa Rienmiller?, Susanne Scheriibel-
Posch3, Rainer Schindl*, Eric Gtowacki®, Vedran Derek® Silke Patz!, Marta
Nowakowska!, Tony Schmidt*, Niroj Shrestha®, Daniel Ziesel?, Sara Stoppacher?,
Mathias Polz?, Marie JakeSova®, Ludovico Migliaccio®, Anna-Laurence Schachner-
Nedherer?, Robert Reimer?, Aleksandar Opandcar®.

!Department of Neurosurgery, Medical University of Graz, Graz, 8010 Austria; 2Institute of Health
Care Engineering with European Testing Center of Medical Devices, Graz University of
Technology, Austria; *Central European Institute of Technology, Brno University of Technology,
Purkyriova 123, 61200 Brno, Czech Republic; *Gottfried Schatz Research Center - Biophysics,
Medical University of Graz, Graz, 8010 Austria; *Department of Physics, Faculty of Science,
University of Zagreb, Bijeni¢ka c. 32, 10000, Zagreb, Croatia

TBI is associated with pathologies at the molecular, physiological and structural level,
which dramatically impact neuronal circuitry, communication and synchronization
within neuronal networks. The disabilities that succeed a nerve trauma could be
partially abated by neuromodulation and physiotherapy, albeit not in all cases. Whilst
electrical stimulation methods have been used in numerous studies on that quest,
recent research invests enormous effort to not only create devices with ultrathin
electrodes but also ways to have them function wireless. Photocapacitive devices bear
excellent features combining truly capacitive stimulation and enormous room for
versatile designs to create devices with unique properties, harvesting the advantages
of optoelectronic stimulation, and offering wireless control. LOGOS-TBI is a
voluminous research project that brings neuroscientists, applied physicists,
biophysicists, ultrastructural biologists and health care engineers of four institutions
from three countries. Scientists of Medical University of Graz and Graz University of
Technology (Austria), Central European Institute of Technology (Czech Republic),
University of Zagreb (Croatia) are dedicated to achieve regenerative responses in the
nervous tissue through photostimulation using novel semiconductor photocapacitors.
The project was launched in May 2019 and funded by Austrian Science Fund (FWF)
“Zukunftskollegs” Program and is open for more cooperation.

Presenting author e-mail address: muammer.uecal@medunigraz.at



mailto:muammer.uecal@medunigraz.at

ACTIVATION OF REGENERATION-ASSOCIATED PATHWAYS IN NEURONS
FOLLOWING PHOTOCAPACITIVE STIMULATION

Marta Nowakowska!, Silke Patz!, Tony Schmidt?, Ludovico Migliaccio®, Marie
JakeSova®, Eric Gtowacki®, Vedran Derek*, Karin Kornuller®>, Susanne Scheruebel?,
Theresa Rienmuiller®, Rainer Schindl?, Muammer Ucal*

!Department of Neurosurgery, Medical University of Graz, Graz, 8010 Austria; ?Gottfried Schatz
Research Center - Biophysics, Medical University of Graz, Graz, 8010 Austria; 3Central European
Institute of Technology, Brno University of Technology, Purkyriova 123, 61200 Brno, Czech
Republic; “Department of Physics, Faculty of Science, University of Zagreb, Bijenicka c. 32, 10000,
Zagreb, Croatia; °Institute of Health Care Engineering with European Testing Center of Medical
Devices, Graz University of Technology, Austria

Neurostimulation exerts beneficial effects on restorative processes following many
debilitating neurological disorders, such as stroke or brain trauma. Current drive to
create lightweight and wireless devices for electrical stimulation aims to improve
guality of life in patients. Organic photocapacitors rapidly charged upon illumination,
which in turn creates an electric field that could be used for stimulation of the cells in
their vicinity. We investigate whether these photocapacitive devices could induce
regenerative responses in nerve tissue. We cultivated primary neurons from postnatal
rats on photocapacitors (round, 11 mm diameter p-n layer of H2PC-PTCDI, 30 mm
diameter back electrode of Au-ITO) until their maturation. Then, cells were stimulated
by light pulses (5 ms pulse, 500 interpulse, 10 iterations, 5 s break — repeated for 30
min) with an LED source (10 mW) at 660 nm wavelength. Neuronal activation was
assessed by c-fos immunoreactivity with immunocytofluorescent staining.
Neurotrophin (BDNF, NGF, NT-3, NT-4) expression was analysed with real-time gRT-
PCR. Cells exposed to light pulses showed increased expression of c-fos protein
compared to the controls without light stimulation, proving neuronal activation on the
molecular level. Whilst a broad c-fos positivity was observed in these cells, the signal
intensity was lower than the one of positive controls exposed to glutamate, indicative
of a room for further optimization of photocap size and stimulation parameters. Three
hours post-stimulation no significant change in the neurotrophin expression was
detectable. Whether this lies on the stimulation protocol, photocap design or intrinsic
temporal dynamics of neurotrophin release will be addressed with future planned
experiments.

Presenting author e-mail address: marta.nowakowska@medunigraz.at
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CHARACTERIZATION OF LIGHT-ACTIVATED CALCIUM CURRENT VIA NATIVE
CARDIAC CAV1.2 CHANNELS USING ORGANIC PHOTOCAPACITORS

Niroj Shrestha', Sara Stoppacher?, Mathias Polz?, Klaus Zorn-Pauly?, Brigitte
Pelzmann!, Theresa Rienmiuller?, Muammer Ucal®, Karin Kornmuller?, Ludovico
Migliaccio*, Vedran Derek®, Eric Glowacki*, Susanne Scheruebel'.

1Gottfried Schatz Research Center-Biophysics, Medical University of Graz, Austria; ?Institute of
Health Care Engineering with European Testing Center of Medical Devices, Graz University of
Technology, Austria; °Department of Neurosurgery, Medical University of Graz, Austria;
“Bioelectronics Materials and Devices, Central European Institute of Technology, Czech Republic;
SDepartment of Physics, Faculty of Science, University of Zagreb, Bijeni¢ka c. 32, 10000 Zagreb,
Croatia.

Organic photocapacitors or photocaps consist of transparent donor-acceptor bilayer
of organic semiconductors. They have been reported previously to act as extracellular
capacitive electrodes for depolarizing cell membrane and activating overexpressed
potassium channels in oocytes upon light illumination of 660 nm. Here, we investigated
the photocap-mediated activation of calcium current via native voltage-gated Cavl.2
channels (ICa,L) in guinea pig ventricular cardiomyocytes. Photocaps with 13 mm
diameter PN layer on top of 25 mm ITO back electrode on PET foil was coated with
PEDOT:PSS to enhance the electrolytic capacitance of photocaps. Using whole-cell
patch-clamp technique, cardiomyocyte on photocap was clamped to -40 mV and upon
voltage depolarizing step to 0 mV for 100 ms, ICa,L was activated, as reported
previously. Light stimulation for 100 ms activated ICa,L similar in amplitude to that
observed with the voltage step. Nifedipine, a L-type calcium channel blocker, inhibited
this current activation, further supporting light-induced cell depolarization and ICa,L
activation. Besides, the light-induced Cavl.2 channel inactivation showed similar
kinetic parameters to that of voltage-induced inactivation. Modeling of Cavl.2
channels is being carried out to characterize the activation and inactivation parameters
of light-induced ICa, L in cardiac cells on photocaps.
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ANALYSIS, MODELING AND SIMULATION IN BIOMEDICAL APPLICATIONS

Theresa Rienmuller!, Sara Stoppacher!, Mathias Polz!, Sonja Langthaler!, Daniel
Ziesel!, Cristoph Leitner!, Marta Nowakowska?, Susanne Scheruebel®, Muammer
Ucal?, Karin Kornmiiller3, Rainer Schindl*, Tony Schmidt*, Niroj Shrestha?*, Christian
Baumgartner?!

Ynstitute of Health Care Engineering with European Testing Center of Medical Devices, Graz
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Purkyriova 123, 61200 Brno, Czech Republic; “Gottfried Schatz Research Center - Biophysics,
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The Institute of Health Care Engineering with European Testing Center of Medical
Devices focuses on the development and evaluation of new point-of-care and sensor
technologies as well as the analysis, modeling, and simulation of biophysical and
biomedical processes. A special emphasis lies on the mathematical description of
electrophysiological processes. Models of individual ion channels, for example, allow
to investigate bioelectric activity of excitable and non-excitable cells and can be used
to predict emergent drug effects. In-silico modeling of whole-cell electrophysiology, in
contrast is a well-established tool for the description of the membrane potential in
excitable cells only. We here introduce the first approach of an in-silico whole-cell ion
current model of the non-excitable cell line A549, a commonly used cancer cell line.
The developed electrophysiological models can be further extended to elucidate and
explain the interaction of a cell with bioelectric devices, such as external electrodes,
or patch-clamp measurements. In cooperation with the Institute for Chemistry and
Technology of Materials new materials for biological applications are designed and
validated.
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ELECTRICAL STIMULATION METHODS FOR THE PRECLINICAL TREATMENT
OF TBI SEQUELAE - AN OVERVIEW

Daniel Ziesel*, Marta Nowakowska?, Karin Kornmueller®, Susanne Scheruebel®,
Muammer Ucal?, Christian Baumgartner?, Theresa Rienmiiller?

Ynstitute of Health Care Engineering with European Testing Center of Medical Devices, Graz
University of Technology, Austria; 2Department of Neurosurgery, Medical University of Graz,
Austria; 3Gottfried Schatz Research Center for Cell Signaling, Metabolism and Aging, Biophysics
Division, Medical University of Graz, Austria

Electrical stimulation can be used to treat a variety of neurologic disabilities. Only
recently, the focus of research has shifted more towards preclinical studies to
investigate the underlying mechanisms of how these stimulation methods affect
nervous tissue in greater detail. We will present an overview of some of the most
prominent electrical stimulation modalities and highlight some preclinical studies that
investigate their underlying mechanisms in the treatment of traumatic brain injury (TBI)
sequelae. Investigating the mechanisms inducing neuronal modulation and comparing
them between different stimulus delivery modalities could lead to new neurological
insights and aid in the discovery of innovative concepts for electrical stimulation. The
main objective in the future is to find novel stimulation methods that are less invasive
and more precise than current approaches.
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CHEMO ION PUMPS FOR TUMOR TREATMENT
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1060 Vienna, Austria; °0Otto Loewi Research Center - Division of Immunology and
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Aggressively growing brain tumors, such as glioblastoma multiforme (GBM) remain
incurable due to limited surgical resection possibilities and hindrance of promising
chemotherapeutics that are shielded by the blood brain barrier (BBB). We present an
electrically-driven device able to deliver selected chemotherapeutics, such as
Gemcitabine (Gem). We observed Gem as drug in different cell cultures (GBM,
neurons, astrocytes) and analyze the effect of the drug via cell-based assays
(apoptosis, necrosis, viability) and via mass spectrometry (whole proteome analysis).
Furthermore, we engineered Gemcitabine lon Pumps (GemlPs), and monitored their
performance via voltage-current measurements. The functionality of GemIPs was
further tested in different cell culture models and vascularized tumor models and
effects were observed via flow cytometry analyzing induced apoptosis. We show that
Gem is a potent chemotherapeutic with special properties suitable for the application
in the brain. We can state that Gem effectively kills GBM cells, is more potent than the
gold standard temozolomide, but is at the same time harmless to neurons and
astrocytes and does not alter protein expression in neurons after presentation of high
Gem concentrations over 72 h. The engineered GemlIPs are able to administer Gem
with pmol*min-1 delivery precision at currents in the nano-ampere range. The further
application of this electrical and temporal control was shown in the cell monolayer and
3D cell culture, triggering the disintegration of targeted GBM tumor spheroids among
GemlP treatment. Additionally, we show preliminary results indicating that GemIP
treatment significantly reduces the tumor size of vascularized GBM tumors cultivated
in the chick chorioallantoic membrane (CAM) assay. The here exemplified electrically-
driven chemotherapy has the potential to increase the efficacy of GBM treatment and
represent a highly-targeted and locally-controlled drug delivery tool that is independent
from BBB permeability of potent chemotherapeutics.

Acknowledgements: This project is supported by the FWF (TAI 245 1000 Ideas Project) and an OAW
DOC fellowship assigned to Linda Waldherr.
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LIGHT STIMULATION OF MAMMALIAN CELLS ON ORGANIC
PHOTOCAPACITORS
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Tiapko?!, Helmut Bischof!, Sandra Burgstaller!, Linda Waldherr!, Marta Nowakowska?,
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Optoelectronic stimulation is a minimal invasive method that combines light and
electronics to generate electrical signals in attached cells by depolarizing the
membrane potential. In this approach, we use nontoxic organic pigments that form a
planar semiconductor on top of ITO. Light stimulation and signal propagation require
close contacts between cell membranes and pigments. Here, we performed single cell
electrophysiological recordings on mammalian cells transfected with the outward
rectifying voltage-gated potassium channel Ky1.3. Attached to our optoelectronics, the
channels activation threshold shifts upon light illumination (660 nm). In a further step
we used primary neurons and cultivated them on our devices for several weeks. We
could biochemically prove cell viability and show with SEM that neuronal networks
easily establish and exhibit neurite outgrowth on the devices. Importantly, we could
proof that the light-induced cell membrane depolarization and the described shift in
opening of the voltage-gated ion channels is sufficient to trigger action potentials in
neurons. These electrophysiological characterizations describe a significant step
towards the in-vivo stimulation for vision restoration and regeneration of axonal
sprouting in damaged neuronal tissues.
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FOUNDING OF LABORATORY FOR NEUROELECTRONICS AND BRAIN
COMPUTER INTERACTIONS @ CROATIAN INSTITUTE FOR BRAIN RESEARCH

Nikola Habek2, lvan Strinicl2
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Neuroelectronic interfaces show great potential for research of the central nervous
system, especially in neurophysiology. We are currently in the process of founding a
new Laboratory for neuroelectronics and brain computer interactions at Croatian
Institute for Brain Research. The group will be based on the interdisciplinary approach
in which experts from the Faculty of Science, Department of Physics and the School
of Medicine, University of Zagreb, will be engaged in the research and development
of wireless, neuro-stimulation technology by organic photocapacitors (PhotoCaps).
Different types of PhotoCaps and different types of light stimulation will be used on
three levels: primary cell cultures, brain slices and animals in vivo for
electrophysiological, Ca?' imaging and behavioral experiments. Furthermore,
PhotoCap stimulation recordings will be used to train an artificial intelligence (Al) as a
novel approach to problem solving and for control of the stimulation process in the
future. Second goal of the new Laboratory will be to use the Al for complex spatio-
temporal research of neural networks.

Acknowledgements: Research will be supported by the Scientific Centre of Excellence for Basic, Clinical
and Translational Neuroscience (project “Experimental and clinical research of hypoxic-ischemic
damage in perinatal and adult brain”; GA KK01.1.1.01.0007 funded by the European Union through the
European Regional Development Fund) and by projects of Croatian Science Foundation 3Doptobio
(UIP-2019-04-1753) and FURNACE (IP-2018-01-7416).
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MICROPYRAMID STRUCTURED PHOTO CAPACITIVE INTERFACES
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Optically driven extracellular electronic neuromodulation devices are a novel tool in
basic research and offer new prospects in medical therapeutic applications. Optimal
operation of such devices requires efficient light capture and charge generation,
effective electrical communication across the device’s bioelectronic interface,
conformal adhesion to the target tissue, and mechanical stability of the device during
the lifetime of the implant - all of which can be tuned by spatial structuring of the device.
We demonstrate an 3D structured opto-bioelectronic device — an organic electrolytic
photocapacitor spatially structured by depositing the active device layers on an
inverted micropyramid-structured substrate. Ultrathin, transparent, and flexible
micropyramid-structured foil was fabricated by chemical vapor deposition of parylene
C on silicon molds containing arrays of inverted micro pyramids, followed by a peel-
off procedure. The capacitive current delivered by the devices showed a strong
dependency on the device structuring. The device performance was evaluated by
numerical modelling, enabling functional optimization of the devices for specific
purposes. Additionally, micropyramid structuring is expected to affect the device-
tissue adhesion and afford a level of stretchability to otherwise flexible but non-
stretchable parylene C foil substrates.

Acknowledgements: This work has been supported by the Croatian Science Foundation under the
project 3Doptobio UIP-2019-04-1753 and the project CeNIKS, co-financed by the Croatian Government
and the European Union through the European Regional Development Fund — Competitiveness and
Cohesion Operational Programme (grant no. KK.01.1.1.02.0013), and the QuantiXLie Center of
Excellence, a project co-financed by the Croatian Government and European Union through the
European Regional Development Fund — the Competitiveness and Cohesion Operational Programme
(grant no. KK.01.1.1.01.0004). Financial support by the Center of Excellence for Advanced Materials
and Sensors, Croatia, is gratefully acknowledged.
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FUNCTIONAL TUNING OF PHOTOCAPACITORS BY OPTIMIZATION OF LAYERS
THICKNESSES

Aleksandar Opancar?, Anja Miokovi¢!, Marta Niki¢', Vedran Derek?*
! Department of Physics, Faculty of Science, University of Zagreb, Zagreb, Croatia

Organic electronic devices are often made from PN bilayers of organic molecules that
exhibit P or N-type photoconductive behavior when exposed to light. Such devices can
be made as photodiodes for photocurrent generation or as photocapacitors for
stimulation in bioelectronic and electrophysiological applications. In both cases, layer
thicknesses are crucial parameters to consider for a highly functional device. In this
work, we observe how the thickness of each layer affects the performance of a
photocapacitor based on metal-free phthalocyanine (H2PC) and N,N'-dimethyl
perylenetetracarboxylic diimide (PTCDI) as active materials. We consider maximum
current and voltage characteristics as well as time constants of charging and
discharging transients. We propose some probable signs of layers being too thick or
thin as well as some specific application where such characteristics might be
favorable. Although our findings are based on one type of device, some conclusions
may be more general and applicable to other bilayer organic semiconductor-based
electronics.

Acknowledgements: This work has been supported by the Croatian Science Foundation under the
project 3Doptobio UIP-2019-04-1753 and the project CeNIKS, co-financed by the Croatian Government
and the European Union through the European Regional Development Fund — Competitiveness and
Cohesion Operational Programme (grant no. KK.01.1.1.02.0013), and the QuantiXLie Center of
Excellence, a project co-financed by the Croatian Government and European Union through the
European Regional Development Fund — the Competitiveness and Cohesion Operational Programme
(grant no. KK.01.1.1.01.0004). Financial support by the Center of Excellence for Advanced Materials
and Sensors, Croatia, is gratefully acknowledged.
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CHARACTERIZATION OF TRANSIENT FIELDS AROUND ARBITRARILY SHAPED
ORGANIC ELECTROLYTIC PHOTOCAPACITOR DEVICES

Anja Miokovi¢?!, Aleksandar Opancar!, Marta Niki¢!, Vedran Derek*
!Department of Physics, Faculty of Science, University of Zagreb, Zagreb, Croatia

Electrical neurostimulation is the targeted excitation of the neurons or parts of the
central nervous system by electric field, with a well-defined therapeutic goal. Organic
electrolytic photocapacitors (OEPC) are recently developed opto-bioelectronic devices
based on organic semiconductors, with the purpose of capacitive and non-Faradaic
neurostimulation. The absence of electrochemical Faradaic reactions on electrodes
avoids the generation of free radicals and metal ions near the bioelectronic implant.
For safe and efficient capacitive neurostimulation it is desirable to spatially limit its
effect to the target area and limit unwanted current flow through sensitive areas of
tissue. When choosing the geometry of a stimulating electrode, it is necessary to
understand the spatial propagation of the electric field around it. In our laboratory, we
have assembled an experimental setup which allows direct measurement of the
transient potential in the electrolyte above a photocapacitor illuminated by pulsed light.
By analyzing the measured 3D potential maps, a 3D electric field map can be
determined. We will describe the architecture of the setup, possibilities, and limitations
of measurement, and present the obtained results for some simple shapes of
photocapacitors.

Acknowledgements: This work has been supported by the Croatian Science Foundation under the
project 3Doptobio UIP-2019-04-1753 and the project CeNIKS, co-financed by the Croatian Government
and the European Union through the European Regional Development Fund — Competitiveness and
Cohesion Operational Programme (grant no. KK.01.1.1.02.0013), and the QuantiXLie Center of
Excellence, a project co-financed by the Croatian Government and European Union through the
European Regional Development Fund — the Competitiveness and Cohesion Operational Programme
(grant no. KK.01.1.1.01.0004). Financial support by the Center of Excellence for Advanced Materials
and Sensors, Croatia, is gratefully acknowledged.
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COMPUTATIONAL APPROACHES FOR MODELING OPTOELECTRONIC
STIMULATION
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Purkyriova 123, 61200 Brno, Czech Republic; *Gottfried Schatz Research Center - Biophysics,
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Photocapacitive electrodes are very promising devices for the external stimulation of
excitable cells and tissue. Computational models can be used to elucidate and explain
the mechanism of the cell-electrode interface in in-vitro experiments. The well-known
Stern model is used for the characterization of the double-layer formation on top of the
photocapacitive electrode under (quasi) static conditions. A modified two-domain
Fromherz model is exploited to describe the photocap-cell coupling as well as the
interaction with involved control and measurement systems like the patch clamp
technique. Electrophysiological cell models complete the entire electrode-cell system.
Finite element models are created for the visualization of the electric field distributions.
The parametrization and evaluation of the models bases on detailed measurements.
To conclude, single-cell models reveal an explanation of ionic current responses in the
interaction. A holistic overview of photocapacitive stimulation derived from the
combination of all available models allows important experimental parameters to be
defined to optimize the cell response.
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ULTRATHIN INDIUM TIN OXIDE ACCUMULATION MODE ELECTROLYTE-GATED
TRANSISTORS FOR BIOELECTRONICS
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Electrochemical and electrolyte-gated transistor architectures have emerged as
powerful components for bioelectronic sensors and biopotential recording devices. For
amplification of weak electrophysiological signals, maximum transconductance, high
cutoff frequencies, and large on/off ratios are key desired parameters. Organic
conducting polymer devices have recently dominated the field, especially where
flexible and conformable in vivo electronics are necessary. Herein we report flexible
ultrathin amorphous indium tin oxide (ITO) electrolyte-gated transistors (EGTSs). These
accumulation-mode devices combine high transconductance, excellent on/off ratio,
and fast modulation with excellent stability and the possibility of optically transparent
layouts. While normally oxides are considered brittle, we obtain mechanically flexible
and robust ITO layers by room temperature deposition of amorphous and ultrathin (30
nm) layers onto parylene substrates, which results in low strain. Devices survive
bending and deformation tests. Based on their stability and performance, indium tin
oxide EGTs represent a promising avenue for bioelectronic devices.
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OPTOELECTRONIC INDUCTION OF FIELD EXCITATORY POSTSYNAPTIC
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Non-optogenetic stimulation of neurons by light has the potential to become a novel,
minimally invasive, wireless, and highly specific in terms of time and space method for
electrophysiological manipulation. Organic electrolytic photocapacitor (PhotoCap) is a
semiconductor device that creates an in-situ electrical field when stimulated by light
and is stable in physiological conditions. It was previously shown that PhotoCap can
stimulate neurons in culture and in-vivo extracellularly. We performed field excitatory
postsynaptic potential (fEPSP) recording that was stimulated by PhotoCap on mouse
hippocampal brain slices. The PhotoCap was placed in the CA3 region for Scaffer
collateral stimulation and the recording electrode was placed in the pyramidal layer of
CA1 region. Stimulation of the device was achieved by delivering pulses of red light
through the microscope objective. After light stimulation of the PhotoCap, we recorded
responses which are most likely fEPSPs. Duration of the responses was
approximately 5 ms and the amplitude 0,3 mV. Our preliminary results indicate that
PhotoCaps can be used as stimulation devices in acute brain slices. The nature of the
PhotoCap, i.e. its stability in physiological conditions, low invasiveness, high
specificity, and its many potential uses allows for advancements in the field of
fundamental research and medical applications. The PhotoCap proves to be a new
valuable tool in neurophysiological research, especially electrophysiology. New
applications, such as, stimulation of specific brain regions and neurons lower in the
neuronal pathway in vivo and/or changing the PhotoCap response by changing the
light pattern, are yet to be performed.
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European Regional Development Fund) and by projects of Croatian Science Foundation 3Doptobio
(UIP-2019-04-1753) and FURNACE (IP-2018-01-7416).

Presenting author e-mail address: istrinic@hiim.hr



mailto:istrinic@hiim.hr

PP4
MICROPYRAMID STRUCTURED PHOTO CAPACITIVE INTERFACES

Vedran Derek!’, Marta Niki¢!, Aleksandar Opancar?, Florian Hartmann?2, Ludovico
Migliaccio?, Marie JakeSova* and Eric Daniel Gtowacki*

Department of Physics, Faculty of Science, University of Zagreb, Bijeni¢ka c. 32, 10000, Zagreb,
Croatia; 2Soft Matter Physics, Institute of Experimental Physics, Johannes Kepler University Linz,
Altenberger Strasse 69, Linz, 4040 Austria; *Soft Materials Lab, Linz Institute of Technology LIT,
Johannes Kepler University, Altenberger Strasse 69, Linz, 4040 Austria; “Central European
Institute of Technology, Brno University of Technology, Purkyriova 123, 61200 Brno, Czech
Republic

Optically driven extracellular electronic neuromodulation devices are a novel tool in
basic research and offer new prospects in medical therapeutic applications. Optimal
operation of such devices requires efficient light capture and charge generation,
effective electrical communication across the device’s bioelectronic interface,
conformal adhesion to the target tissue, and mechanical stability of the device during
the lifetime of the implant - all of which can be tuned by spatial structuring of the device.
We demonstrate an 3D structured opto-bioelectronic device — an organic electrolytic
photocapacitor spatially structured by depositing the active device layers on an
inverted micropyramid-structured substrate. Ultrathin, transparent, and flexible
micropyramid-structured foil was fabricated by chemical vapor deposition of parylene
C on silicon molds containing arrays of inverted micro pyramids, followed by a peel-
off procedure. The capacitive current delivered by the devices showed a strong
dependency on the device structuring. The device performance was evaluated by
numerical modelling, enabling functional optimization of the devices for specific
purposes. Additionally, micropyramid structuring is expected to affect the device-
tissue adhesion and afford a level of stretchability to otherwise flexible but non-
stretchable parylene C foil substrates.

Acknowledgements: This work has been supported by the Croatian Science Foundation under the
project 3Doptobio UIP-2019-04-1753 and the project CeNIKS, co-financed by the Croatian Government
and the European Union through the European Regional Development Fund — Competitiveness and
Cohesion Operational Programme (grant no. KK.01.1.1.02.0013), and the QuantiXLie Center of
Excellence, a project co-financed by the Croatian Government and European Union through the
European Regional Development Fund — the Competitiveness and Cohesion Operational Programme
(grant no. KK.01.1.1.01.0004). Financial support by the Center of Excellence for Advanced Materials
and Sensors, Croatia, is gratefully acknowledged.
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Organic electronic devices are often made from PN bilayers of organic molecules that
exhibit P or N-type photoconductive behavior when exposed to light. Such devices can
be made as photodiodes for photocurrent generation or as photocapacitors for
stimulation in bioelectronic and electrophysiological applications. In both cases, layer
thicknesses are crucial parameters to consider for a highly functional device. In this
work, we observe how the thickness of each layer affects the performance of a
photocapacitor based on metal-free phthalocyanine (H2PC) and N,N'-dimethyl
perylenetetracarboxylic diimide (PTCDI) as active materials. We consider maximum
current and voltage characteristics as well as time constants of charging and
discharging transients. We propose some probable signs of layers being too thick or
thin as well as some specific application where such characteristics might be
favorable. Although our findings are based on one type of device, some conclusions
may be more general and applicable to other bilayer organic semiconductor-based
electronics.
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ZAGREB BIOELECTRONICS WORKSHOP 2021
Friday, 5" November 2021

STRUCTURED BIO-PTOELECTRONIC DEVICES BY PHYSICAL VACUUM
DEPOSITION OF ORGANIC PIGMENTS

Aleksandar Opancar, Vedran DPerek

@ Faculty of Science, Physics department, laboratory F-013

A hands-on workshop on fabrication of bio-optoelectronic devices based on hydrogen
bonded pigments as the active layers. Organic electrolytic photocapacitors based on
metal free phthalocyanine H2PC and perylene derivative PTCDI will be fabricated by
vacuum thermal evaporation on glass/ITO substrates. Thickness of the active layers
will be controlled by the quartz crystal microbalance. Methods of substrate cleaning
and activation, as well as the active material deposition and shadow mask structuring
will be demonstrated.

OPTOELECTRONIC CHARACTERIZATION OF PHOTOCAPACITORS

Vedran Derek, Anja Miokovi¢

@ Faculty of Science, Physics department, laboratory F-013

Methods for opto-electronic characterization of organic electrolytic photocapacitors
(OEPCs) fabricated in the morning session will be demonstrated. Measurements of
short-circuit photocurrent and open circuit photovoltage will be demonstrated and used
for screening of the device properties, such as the RC constants and the peak
photocurrents and photovoltages. Transient 3D photovoltage distribution maps will be
measured using a robotic manipulator probe coupled to a pulsed light source and
measured by a lock-in amplifier. Finally, spectral responsivity measurements of the
OEPC devices will be demonstrated using a lock-in amplifier coupled step-scan
Fourier-transform spectrometer.



ACUTE BRAIN SLICE PREPARATION FOR ELECTROPHYSIOLOGYCAL
RECORDINGS AND Ca?* IMAGING

Nikola Habek, Ivan Strini¢

@ Croatian Institute for Brain Research, Laboratory for cellular neurophysiology R-219

Acute mouse brain slices are today most common model used in many different types
of electrophysiological and Ca?* experiments. Workshop will present workflow to
produce high quality acute brain slices that can be used for various types of the
neurophysiological research.

3D FINITE ELEMENT METHOD MODELING OF OPTOELECTRONIC
STIMULATION DEVICES

Aleksandar Opancar

@ Faculty of Science, Physics department, lecture hall F-201

An interactive walk-through of a time-dependent finite element COMSOL Multiphysics
model of an organic electrolytic photocapacitor (OEPC) coupled to a voltage-gated
cell membrane will be presented in tutorial style. A numerically solved Hodgkin—Huxley
model applied to a 3D geometry will be used as an excitable cell model. Spatial-
temporal distributions of electric field and electric potential will be shown for selected
geometries and temporal stimulations. Influence of OEPC shape and stimulation
frequency on the response of the model cell will be demonstrated.
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