Biomedical Science and Engineering 2023; volume 4:227

A computational platform

to assess the metabolic-elec-
trophysiological behaviour

of neurons cultured in monolayers

R. Fabbri,.2 A. Ahluwalia,!,2,3
C. Magliaro,123

1Research Center “E. Piaggio”,
University of Pisa; 2Department of
Information Engineering (DII),
University of Pisa; 3Interuniversity
Center for the Promotion of 3R
Principles in Teaching and Research
(Centro 3R), Pisa, Italy

In vitro models of neural tissues are
invaluable tools for the study of the human
brain. However, they are associated with
high costs and poorly reproducible results.
In this scenario, computational model-
based solutions can support a better charac-
terization of neural behavior in vitro.
However, current in silico models of neu-
rons and neuron networks do not consider
oxygen concentration, which is a crucial
parameter for in vitro constructs since they
lack vascularization. Here we present a
computational platform where an oxygen-
dependent model of neuron firing is imple-
mented. It allows modelling in vitro mono-
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layers of neurons reproducing their spatial
arrangement and connections. Oxygen dif-
fuses through the aqueous medium over the
monolayer and is consumed by the cells, for
sustaining both neuron firing and cell func-
tions not directly related to electrophysio-
logical activities. Input conditions are cell
density, medium height, spatial arrange-
ment of neurons and boundary oxygen con-
centration. The outputs of the simulation are
the neuron membrane potential and the oxy-
gen concentration at the cell level over time.

To validate the platform, we implement-
ed in silico networks reproducing those
observed in vitro and monitored via com-
mercial micro electrode arrays and simulat-
ed their firing. To emphasize the crucial role
of oxygen, the same networks were also
simulated without considering oxygen
dynamics. The outputs of both the models
were compared with experimental data. The
results highlight statistically significant dif-
ferences with the oxygen-independent
model, while the outcomes of the experi-
mental data and the oxygen-dependent
model are similar. These results suggest that
our platform more accurately replicates the
electrophysiological behavior of neuronal
monolayers and that oxygen is a key vari-
able to be considered for describing their fir-
ing dynamics. The computational platform
represents a powerful tool useful to optimize
- or even replace - in vitro experiments.

press

N

Correspondence: R. Fabbri

E-mail: rachele.fabbri@phd.unipi.it

Conference presentation: this paper was presented
at the Fourth Centro 3R Annual Meeting - The role
of 3Rs in the age of One Health: where we are and
where we’re going - 13-15 September 2023,
Universita degli Studi Milano-Bicocca.

©Copyright: the Author(s), 2023

Licensee PAGEPress, Italy

Biomedical Science and Engineering 2023, 4:227

doi:10.4081/bse.2023.227

This article is distributed under the terms of the
Creative Commons Attribution Noncommercial
License (by-nc 4.0) which permits any noncommer-
cial use, distribution, and reproduction in any
medium, provided the original author(s) and source

are credited.

Publisher's note: all claims expressed in this article
are solely those of the authors and do not necessar-
ily represent those of their affiliated organizations,
or those of the publisher, the editors and the review-
ers. Any product that may be evaluated in this arti-
cle or claim that may be made by its manufacturer
is not guaranteed or endorsed by the publisher.

[Biomedical Science and Engineering 2023; 4:227]

OPEN aACCESS






