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Motivation:

Synchronous rhythms are fundamental mechanisms for temporal coordination
of neural activity.

These temporal correlations are associated with cognitive and behavioral
functions (Wang 2010).

Abnormal and abrupt synchronized activity of neurons might play a key role

It1s a fundamental ingredient in defining the collective properties of the
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The HH neuron model
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Biophysical model of a neuron (meaningful parameters)

4 dimensional system: V (membrane potential)
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Intercellular Communications

Chemical Synapses
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Synchronization Indexes

Oscillators' phases
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Our networks:
*10° HH neurons. *Reciprocal delayed chemical connections (4 in average) .

*Network topologies: Regular, Small World, Random, Scale Free and all to all.

Regular Small-world Random

% &

Heterogeneous (gamma distribution) <

{ * Variance proportional to
\\ (  the mean delay

A\

eneous currents (distribution of natural frequencies)

* Fixed variance




IFISC

Homogeneous delays:
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Figure 2: Local and global synchronization indexes for the different network
topologies as a function of both the coupling strength and the delay in the connections.
An index value of zero represents an in-phase state, whereas a value of one represent
an anti-phase state.
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* Heterogeneous delays:

Regular Small World Random Scale-Free All to all
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Figure 3: Local and global synchronization indexes for different network topologies as a function of
both the coupling strength and the mean delay in the connections. Delays were generated according
to a gamma distribution. The mean value is varied between 0.2 to 40 ms, and the variance is kept
constant at 0.5 ms? in the middle panel and 2 ms? in the bottom one.
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Heterogeneous currents:
— Gaussian distribution: I=9 pA/cm? , 0=2.5 pA/cm?
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Figure 4: Contour plots of local and global synchronization indexes (top-middle panels) in the
coupling-delay phase space for a heterogeneous ensemble of neurons, and for different
topologies. Density plots of the number of non-spiking neurons (bottom panel).
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Homogeneous delay (excitatory synapses) :

1) at a local scale, that interacting neurons display in-, out- and anti-phase firing,

i1) at a global scale, random connections are required for a coordinated firing,

ii1) axonal latencies give rise to a resonant effect with the internal period of
the oscillatory neurons.

Heterogeneous delays:
i) global synchronization in a random network is lost when 02 ~2 ms?.

11) scale free topology 1s more robust and maintain globally synchronized
regions even for larger variances.
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Heterogeneous currents:

I) the effect of the distribution of natural frequencies requires an increase of the
coupling strength needed to achieve a global synchronous state.

11) global synchronized regions are reduced for almost all networks

111) annihilation of repetitive firing is observed in some neurons in the networks




It 1s possible to extrapolate this results to neuron models with type II excitability
or type II PRC?

Thank you!
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