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The prefrontal cortex (PFC) is the brain region correlated with working memory, the process of information in real time. Activity of a subset of prefrontal pyramidal neurons seems to provide the necessary neural processing to establish the behavioral continuity over time, by increasing their rate of firing when a cue is presented and continuing to fire throughout the delay period, when the cue is no longer available. The aim of this study is to examine the underlying intrinsic cellular and synaptic mechanisms related to this persistent activity.

We use a compartmental model, implemented in the NEURON simulation environment. The model is morphologically simplified, consisting of a soma, a basal, a proximal and a distal dendritic compartment and includes modeling equations for 15 types of ionic mechanisms, known to be present in the prefrontal cortical neurons, as well as modeling equations for the regulation of intracellular calcium and potassium concentration. Among these, a phenomenological model of IP3 receptor –induced calcium release and a model for the calcium activated non-selective cation (CAN) current is included. These mechanisms were selectively activated to simulate the experimentally induced Gq-couple receptor activation in PFC pyramidal neurons and the presence of a slow afterdepolarization (sADP). Simulation results showed that the neuron model can reproduce the experimentally observed sADP, induced by current clamp injection (5 spikes at 20 Hz frequency). Ongoing simulations using excitatory synaptic stimulation, investigate the hypothesis that both the NMDA and the CAN conductance contribute to the emergence and maintenance of persistent activity. 

In addition to the single-cell simulations, the compartmental model is used to build a biophysically-based microcircuit of the prefrontal cortex. Both the ability of subthreshold activity after a stimulating event (sADP) at the single cell level and the role of the synaptic reverberation in a recurrent circuit in sustaining the persistent activity are being investigated. Our ultimate goal is to characterize the specific rules that underlie the interplay between single-cell bistability and neural processes at the network level for the stabilization of the persistent mnemonic activity in the prefrontal cortex.
