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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, following the Wilson-Cowan equations, typifying a functional ‘columnar’ module. These cortical columnar nodes were interconnected in all four possible ways, which connections had different weights and spatial structure to simulate the ‘cortico-cortical’ connections. The central node of the network was stimulated for a short period of time and the following excitatory and inhibitory activity was determined in each node as a function of time. A propagation delay was implemented along the connections ensuring that activity is transferred to farther nodes later than to closer ones.
We tested the spread of activity under various conditions, such as several types of random connectivity functions, including one resembling the hippocampus in addition to small world-like networks resembling the neocortex. In the small world-like networks, some of the local connections were replaced by long-range ones and varying propagation speed was applied. We have shown that differently connected model networks can develop self sustained directional spread of excitation and inhibition. The detailed properties of the spreading activity were mostly determined by the type and length of connectivity and the propagation delay, shaped by inhibitory components.

