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Medium spiny neurons (MSNs) are located in the corpus striatum of the basal ganglia.  The firing of these neurons plays an essential role in motor function and may contribute toward procedural learning in the brain.  Previous models of these neurons have provided accurate representation of MSN response to electrical stimulation and pre-synaptic action potentials.  This project seeks to develop a simplified model that amplifies the transition period between the down state and up state of these neurons and to perform an engineering analysis on this model in an attempt to understand the interaction of specific ion channels embedded in the neural membrane during these transitions.  An extensive MSN model was modified to use only specific channels necessary to produce a slow transition from the down state to the up state in the MSN.  These specific channels were the fast and slow activating A-type potassium channels. It is hypothesized that the interplay between the specific ion channels used in this simplified model are responsible for the long, slow state transition produced in simulation.  These state transitions will be examined using the computer programs NEURON and MATLAB 7.0 to investigate the underlying relationship between ion channels.  A new method of analysis was developed that utilized phase plane analysis on a small time scale to examine the critical points and eigenvalues of our model and how they evolved over time. The h∞ variable was responsible for the critical points of the inactivation variable (h) and the τh variable was found to be responsible for the eigenvalues.  An understanding of these parameters was then used to predict how changes in these values affected the voltage of the system. Understanding these relationships and underlying mechanisms in the MSN may help to better characterize procedural learning or diseases in which procedural learning is affected.

