Modeling the diversity of cortical interneurons

The existence of a diversity of electrical classes of cortical neurons is widely agreed upon. Classes such as “regular spiking”, “fast-spiking”, “stutterers”, “bursters” were identified based mainly on the response of neurons to application of depolarizing current steps. The quantitative definition of these firing types as well as the implication on cortical dynamics is an issue of open debate.

Using a database of in-vitro intracellular recordings from several hundred cells we show that simple statistical analysis clearly delineates multiple classes of neuronal electrical activity. We demonstrate that these firing types can be reproduced in detailed conductance-based models, shedding light on the biophysical basis of the different firing types.

Employing such models, one can construct network models in an attempt to discover the roles of the different firing types in shaping network dynamics. However, in order to do so one must verify that the models are indeed reliable approximations of the neuronal input-output relationships. We show that conductance-based models can estimate the response to naturalistic noise stimuli very precisely. Furthermore, we discuss the utility of different stimuli in constraining the models’ parameters in an attempt to define a set of optimal stimuli to experimentally inject to a neuron.
