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Modeling of the interaction between neuronal populations
involved in memory consolidation during the sleep-wake
switch

Abstract

It has been shown experimentally that memory consolidation occurs during sleep and
that three brain regions are involved in this process: the thalamus, the neocortex and the
hippocampus. The hippocampus has been shown as being the short-term store of the repre-
sentation, the neocortex as the long-term store and the thalamus as the coordinator of the
consolidation during sleep. As an illustration, when an individual experiences a camping
event in which he observes his tent and the trees, he can recall a representation of this event
after a night of sleep at the sight of his tent. The representation has been consolidated in the
long-term store, the connections between the two items are reinforced in the neocortex thanks
to neuronal ensemble reactivations occurring in the hippocampus during sleep. It appears
that the synchronization of their electrical behaviour is essential for the consolidation of the
experience in the neocortex.

In order to deepen our knowledge about how memories are consolidated thanks to those
organs, computational modeling is a powerful approach for testing various stimuli. However,
the cellular communication between these three regions is computationally under-investigated.

Therefore, this present work aims to reproduce a simplified and faithful computational
representation of global and local interactions in the context of memory consolidation. The
global anatomy and the role of these brain regions are first highlighted and the oscillations
of the sleep-wake cycle are examined. The neurophysiology of each cell types composing
the different regions is deeply studied by exploring the literature. Then, the way the cells
communicate is inspected in order to build a simplified but still representative cellular network
connecting the three regions and demonstrating their communication during wakefulness
and sleep. To that aim, conductance-based models are suitable modeling tools used for
reproducing the electrical behaviour of the distinct types of cells constituting the thalamus,
neocortex and hippocampus.

The behaviour of each cell taken individually is favourably reproduced with the aim of
replicating the communication between each cell in the built network, which is performed
successfully. Moreover, the network developed is robust to variability
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Figure 1: Summary table of the literature in terms of neuron types and their corresponding
neurophysiology. The role of the different brain regions in memory is indicated.
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Figure 2: Summary of the modeling procedure
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Figure 3: Voltage traces of a part of the full circuit modeling.
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