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Study on sustained neural activity in the prefrontal

cortex”

Yasunobu Igarashi

Abstract

Recent experimental researches indicate that sustained neural activity in the cerebral
cortex is a process of memory retention by using delayed response task of a monkey.
Previous theoretical studies suggest that a balance between recurrent excitation and
inhibition in the cortical network is important for sustaining the activity. Therefore,
this study aims to investigate a neural balancing mechanism. Candidates of the neural
balancing mechanism are synaptic plasticity mechanisms which are short-term depres-
sion (STD), short-term facilitation (STF), long-term depression (LTD), and long-term
potentiation (LTP). Especially, I focus on STD of excitatory neurons.

First, I verify STD of excitatory neurons as the neural balancing mechanism through
a simulation study. I constitutes a biophysically realistic network model and examined
network dynamics by using a simulation. Simulation results show that STD enables the
network to sustain its activity despite the presence of long-term inhibition by GABA
current. I find that the sustained firing rates have a bell-shaped dependence on the de-
gree of STD. It indicates that there is an optimal degree of STD for achieving sustained
activity and that both excessive and insufficient STD induce termination of the sus-
tained activity of the model network. To investigate the effect of STD for the sustained
activity, I use a phase-plane analysis that derives the nullclines in recurrent excitatory

and inhibitory connections, and then quantitatively estimates the attracting level of the

“Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of Informa-
tion Science, Nara Institute of Science and Technology, NAIST-IS-DD0361002, November 2, 2006.
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equilibrium points (crossing point of nullclines) based on the eigenvalue analysis. It
has become clear that STD not only changed positions (sustained firing rates) but also
strengthened attracting powers of the sustained activity points by altering nullclines of
recurrent excitatory and inhibitory connections. These results suggest that the function
of STD for sustained neural activity is the balancing mechanism between recurrent
excitation and inhibition.

Second, I simplify the network model to analyze the effects of STD excitatory neu-
rons theoretically. I find a condition where STD of excitatory neurons stabilize equi-
librium points and strengthen attracting powers of equilibrium points , which corre-
sponds to sustained neural activities. These findings support results obtained by using
simulation studies. These results are valid even if the network model includes STD
mechanism of inhibitory neurons and STF mechanisms of excitatory and inhibitory
neurons.

Third, I electrophysiologically examine nonuniformity of a connective distribution
in the neural network in vitro. Spikes are recorded in a cultured neural network on
an electrode array substrate with which I electrically stimulate cultured neurons and
measure local field potential. I observe that LTD and LTP, which is induced by tetanic

stimulus, enhance nonuniformity of the connective distribution.

Keywords:

Memory retention, Neuron, Spike, Sustained activity, Balancing mechanism, Synaptic

plasticity
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