687.16 A biophysical cortical column model to study the multi-component origin of the VSD signal
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We propose a biological cortical column model of voltage-sensitive dye imaging signal (VSD signal). With this model, we confirm and quantify the fact that the VSD signal is the result of an average from multiple components, with excitatory
dendritic activity of superficial layers as the main contribution. It also suggests that inhibitory cells, spiking activity and deep layers are contributing differentially to the signal dependently on time and response strength.
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Conclusion

The model predicts that the VSD signal has a multi-composite origin and provides an exact estimation of the relative
contribution of each component (excitation 83%, inhibition 17%, synaptic activity 77%, spiking activity 14%, superficial
layers 81%, deep layers 19%).

The various contributions are not only a function of contrast, but also of time, transient and sustained input having
different impact on the recurrent cortical column.

-0.05
=70

References

[1] Binzegger T., Douglas R., Martin K., 2004. A quantitative map of the circuit of cat primary visual cortex. The Journal of Neuroscience 24(39): 8441-8453.
[2] Destexhe A., Rudolph M., Fellous J., Sejnowski T., 2001. Fluctuating synaptic conductances recreate in-vivo-like activity in neocortical neurons. Neuroscience 107(1): 13-24.
[3] Buzas P., Kovacs K., Ferecsko A.S., Budd J.M., Eysel U.T., Kisvarday Z.F., 2006. Model-based analysis of excitatory lateral connections in the visual cortex. The Journal of
Comparative Neurology 499(6): 861-881.

[4] Nowak L.G., Azouz R., Sanchez-Vives M.V., Gray C., McCormick D., 2003. Electrophysiological classes of cat primary visual cortical neurons in vivo as revealed by quantitative
analyses. J. Neurophysiol. 89(3): 1541-1566.

[5] Contreras D., Palmer L., 2003. Response to contrast of electrophysiologically defined cell classes in primary visual cortex. The Journal of Neuroscience 23(17):6936-6945.

[6] Reynaud A., Barthelemy F., Masson G., Chavane F., 2007. Input-output transformation in the visuo-oculomotor network. Arch. Ital.Biol. 145(3-4): 251-262.

Perspectives: Is reverse engineering feasible? Is the biophysical model realistic enough?



