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Introduction
Communication between neurons involves chemical and
electric synapses. Electric synapses transmission is
mediated by gap junctions providing direct communication between cells, allowing faster communication than
chemical synapses. Electrical coupling between cells can
be found in many parts of the nervous system.
At the network level, electric synapses have several prominent effects such as neural synchronization, and generation of neural rhythms. Additionally, they are responsible
for sharp peaks in the auto-correlation of ganglion cells in
the retina. Dealing with spike population coding, interactions between neurons highly constrain the collective
spike response of a neural assembly to stimuli. Thus,
unveiling the respective effect of chemical and electric
synapses on spike responses is a mandatory step towards a
better understanding of spike coding.
Can we have a reasonable idea of what is the spike train
statistics and how it depends on stimulus and connectivity
studying a neural network model considering chemical
and electrical synapses? This work answers this question.
Methods and results
In [1] we have analyzed mathematically the collective
effects of chemical and electric synapses in a conductance-based Integrate-and-Fire neural network, where
conductances depend on spike history [2]. We have also
analyzed spike train statistics and show that it is
described by a non-stationary Gibbs distribution whose
potential can be approximated with an explicit formula,
when the noise is weak. This result is compared to maximum entropy models currently used in the literature of
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spike train analysis. The Gibbs potential includes existing
models for spike trains statistics analysis such as maximum entropy models or Generalized Linear Models
(GLM). The potential has an infinite range (infinite memory), although Markovian approximation can be proposed, replacing the exact potential by a potential with a
finite range. The Gibbs distribution obtained in our
model is quite more complex than Ising model or Generalized Linear Models used in retinal spike train analysis
[3]. Especially, it involves spatio-temporal spike patterns
and is non stationary. We identified the role of gap junctions on history dependence and in the spike train statistics. We also discuss the different types of correlations:
those induced by a shared stimulus and those induced by
chemical and electric interactions between neurons.

Conclusion
This work suggest that electric synapses could have a
strong influence in spike train statistics of biological neural
networks, especially in the retina where gap junctions connections between several cells-type (e.g. amacrine and
ganglion cells or amacrine-bipolar) are ubiquitous. The
main observation is that considering gap junctions the
probability of spike patterns does not factorize as a product of marginal, per-neuron, distributions. Therefore
there is absolutely now way to defend that neurons in this
model act as independent sources. Additionally, correlations mainly result from the chemical and electrical interactions (correlations persist even if there is no external
current / stimulus), thus gap junctions play an important
role in correlating the network even in absence of stimulus. This work provides a firm theoretical ground for
recent studies attempting to describe experimental rasters
in the retina as well as in the parietal cat cortex by Gibbs
distributions using the maximum entropy principle.

© 2013 Cofre and Cessac; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Cofre and Cessac BMC Neuroscience 2013, 14(Suppl 1):P58
http://www.biomedcentral.com/1471-2202/14/S1/P58

Page 2 of 2

Acknowledgements
This work was supported by the French ministry of Research and University
of Nice (EDSTIC), INRIA, ERC-NERVI number 227747, KEOPS ANR-CONICYT
and European Union Project # FP7-269921 (BrainScales), RENVISION grant
agreement N 600847 and MATHEMACS # FP7-ICT_2011.9.7.
Published: 8 July 2013
References
1. Cofre R, Cessac B: Dynamics and spike train statistics in conductancebased Integrate-and-Fire neural networks with chemical and electric
synapses. Chaos, Solitons and Fractals 2013.
2. Rudolph M, Destexhe A: Analytical integrate and fire neuron models with
conductance-based dynamics for event driven simulation strategies.
Neural Computation 2006, 18:2146-2210.
3. Schneidman E, Berry II M, Segev R, Bialek W: Weak pairwise correlations
imply string correlated network states in a neural population. Nature
2006, 440:1007-1012.
doi:10.1186/1471-2202-14-S1-P58
Cite this article as: Cofre and Cessac: Dynamics and spike trains
statistics in conductance-based Integrate-and-Fire neural networks with
chemical and electric synapses. BMC Neuroscience 2013 14(Suppl 1):P58.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

