Modeling of wave propagation in variously connected neuronal networks.
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Several types of propagating waves have been described in brain structures with distinct connectivity schemes, such as the neocortex or the hippocampus. Our goal was to examine networks with different connectivity patterns and the properties of waves that might emerge in these structures.
The networks were implemented as a 2D graph of 50x50 nodes, representing a tangential plane of the brain. The excitatory and inhibitory population activity was described in each node, typifying a functional module. The activity of every node was transferred to the connected nodes, but not to the others. The central node of the network was stimulated and the activity spread through the connections, developing into a propagating wave. A propagation delay was implemented along the connections ensuring that activity is transferred to farther nodes later than to closer ones.
In regularly connected networks, where every node was connected only with its neighbors, deterministic propagation was observed. Random, CA3-like networks, which were characterized by excitatory connections having the same probability independent of the distance between nodes, while inhibitory connections having high probability in the close vicinity of the node, but zero probability farther, were also investigated. In these networks, propagating waves were not expected due to the equal probability of excitatory connections. However, the combination of the delay and the strong excitation resulted in propagating waves. Inhibition was important to prevent self-amplifying oscillations. In small world-like networks resembling the neocortex, some of the local connections were replaced by long-range ones. In these networks waves emerged, spread, and faded away, but some local circuits developed sustained activity.
Here we show that differently connected model networks can indeed develop self sustained activity that is determined by the type of connectivity and the propagation delay, shaped by inhibitory components.

