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Reconstructing extracellular field potentials with a multi-compartmental cerebellar granule cell model
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Extracellular field potentials have been known to exhibit special characteristics at millisecond scale  (Gold, 2006) and predict several intracellular parameters including width and number of action potentials (Csicsvari, 2003). A multi-compartmental model of cerebellar granule cell is developed for simulation of action potential generation. This model extends the previously published single compartmental model (D'Angelo, 2001) and is implemented to simulate extracellular action potentials from the many regions of the cell. The model was constructed with NEURON (Hines, 1997) and comprised 52 compartments with an explicit representation of the axon ascending branch. The spike originated in the mid of the axon and invaded at high speed the somato-dendiritic compartment, which was iso-potential. The model nicely reproduced spike retrograde propagation and  Na+ currents in patch-clamp experiments. 

The major assumption for generating extracellular field potentials was that the soma, initial segment and dendrites contribute most of the extracellular current due to their larger surface area compared to the axon. The methodology involved combining various possible arrangements of excitatory post synaptic potentials generated when single or multiple mossy fibers are activated.  A reconstruction of the extracellular field is then made considering approximately 700 cells as in experiments, introducing intra-signal noise and convolving the individual signals with an appropriate jitter. 

Our results are consistent with  the experimental observations and the shape corresponds to the hypothesis that the N2b peak in the extracellular field is caused by the second spike of a doublet. We also simulated the decrease in the N2b peak in the absence of NMDA and in the presence of GABA-ergic synapse, as observed in experiments. This reconstruction allows to predict the nature of extracellular fields in recordings in vitro and in vivo and to in relation to the native input patterns.   
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