Experimental Models and Computer Simulation in Epilepsy 

Wim van Drongelen, Ph.D.,
Technical Director of the Pediatric Epilepsy Center, 

Coordinator of Research for the Pediatric Epilepsy Program,

The University of Chicago Biological Science Division, 

Section of Neurology, Department of Pediatrics, C372, MC 3055, 

5841 S Maryland, Chicago, IL. 60637.

wvandron@peds.bsd.uchicago.edu
Epilepsy and seizures affect 2.3 million Americans of all ages (50 million people worldwide), at an estimated annual cost of $12.5 billion (http://www.epilepsyfoundation.org/epusa/nation/nation.html ).  A better understanding of the underlying mechanisms of epilepsy is crucial, because recent studies suggest that nearly 40% of people diagnosed with partial seizures cannot be controlled with medication.  

With few exceptions, an epileptic seizure (ictal state) is characterized by rhythmic electrical oscillations generated by populations of neurons in the brain.  Therefore, the ictal state is frequently associated with synchronized hyperactivity in neural networks and high levels of cellular depolarization.  Theoretically, synchronous bursts in neural networks could arise from: (1) the intrinsic properties of neurons,  (2) the neural network properties, or (3) both intrinsic and network properties.  A model approach to study this type of activity seems appropriate, because in a clinical setting a systematic evaluation of parameters that influence seizure activity isn’t always feasible or ethical.

In two different, but closely connected, projects we constructed an in vitro model and a computer based model to study onset and offset of the ictal state in networks of neurons in a controlled environment.  

1. The in vitro model consists of a thin slice of neocortical tissue in which seizures can be evoked during simultaneous recording of network and cellular activities. New measures to quantify the relationship between networks and neurons were developed.  In addition this model will allow us to measure intrinsic and network properties that can be used for computer simulations. 

2. A model representing a cortical network was implemented in GENESIS (GEneral NEural SImulation System) and pGENESIS for parallel applications.  The neural elements are Hodgkin and Huxley type membrane units that are connected in different types of neurons connected in a network.  

During the talk I will present and discuss recent findings obtained with both models.
