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Introduction

The use of neuronal cultures coupled to Micro-Electrode
Array (MEA) is becoming a widely used and recognized
experimental model for studying basic properties of infor-
mation processing in neuronal systems. On the other
hand few models of interconnected neurons are used in
conjunction with such devices [1].

In this work, we present a simplified neuronal network
made of 60 neurons randomly and synaptically con-
nected. Each neuron is coupled to a microelectrode posi-
tion, and the network is mapped to reflect the number of
recording sites in a MEA. Indeed, the actual number of
neurons and connections forming the biological network
is much more than those constituting the simplified mod-
eled network. Nevertheless, the simulated architecture is
able to account for the neuronal dynamics measured by
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means of the 60 recording channels. Comparing the
model with experimental results, it turned out that the
overall dynamics of such large networks can be captured
by a reduced (small) neuronal network with proper con-
nectivity. In fact, in actual measurements, we are sampling
from a small fraction of the neurons constituting the net-
work and it seems that the behavior of such networks can
be replicated by few representatives of them. Additionally,
our approach can be also conveniently utilized when
dealing with low-density patterned networks or intercon-
nected sub-populations [2].

Materials and methods

All the simulations were carried out by using the software
NEURON and the results were compared to the experi-
mental data obtained in our laboratories. Cultured corti-
cal neurons from rat embryos (E18) were plated over
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NEURON simulations of the spontaneous activity of one neuron of the network as a function of the dendritic arborization.
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MEAs (from Multi Channel Systems, Reutlingen, Ger-
many). The post-processing analysis both for the simu-
lated and experimental data was performed by custom
developed software [3].

Results

We developed a model of a bursting neuronal network by
using neurons characterized by Hodgkin-Huxley and pas-
sive channels that, in their isolated form, exhibit spiking
activity. We showed that by changing the complexity of
the dendritic arborization and the degree of connectivity
of the network (percentage of inhibitory and excitatory
synapses), it is possible to switch from a network spiking
activity to a network bursting activity, typical of the mature
cortical neuron cultures. The simulated spike trains of one
of the sixty neurons of the network, as a function of the
morphology of the dendritic tree, are shown in Figure 1. It
is evident that in the situation shown in Figure 1a (one
dendrite per neuron), a low electrical activity was
recorded: that suggests the network activity seems to be
ruled by isolated spikes. An increase in the number of
dendrites makes the behavior of the network change dra-
matically: with three dendrites per neuron, the network
exhibits tonic activity (Figure 1b) with a high firing rate.
At a further increase in the number of dendrites (five or
nine), clusters of spikes (bursts) spaced out by silent peri-
ods were obtained (Figure 1c and 1d).

Conclusion

A simple model of a small-scale network coupled to MEAs
is presented. Interestingly enough, network bursting
behavior using a biophysical neuron model and proper
geometry and connectivity is obtained by using spiking
neurons. The model is able to capture the overall dynamic
of the network with a reduced number of neurons demon-
strating uniform spatial behavior and redundancy in such
in vitro randomly cultured neuronal systems.
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