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To Dbetter understand the functions of complex neurological changes during
epileptogenesis, we have proposed to elucidate the mechanisms of pathological evolution
of epilepsy by comparing different levels of temporal and spatial development via
histology, multi-electrode array recording, and MR imaging, along with linear and
nonlinear analysis of data in a validated rat model of temporal lobe epilepsy. By
characterizing the latent development of epilepsy from status epilpeticus to onset in the
chronic limbic epilepsy rat model, essential relationships between the onset pathology
and the remodeling of the neural tissue are being described and correlated. Over the past
year, we have been able to track and quantify hippocampus signal unit activity and
bursting neurons during the epileptogenesis. Nonlinear and linear time series analysis has
revealed specific spatial and temporal changes. Concomitantly, we have focused our MRI
efforts in two areas: 1) we began a longitudinal characterization of the rat brain in vivo,
with MR imaging, as the animal develops epilepsy. In this longitudinal study, we started
with 5 rats where each is image in vivo prior to the implantation of simulating electrodes
in the brain, post-implantation of simulating electrodes, and during the evolution of the
injured brain, following stimulation, through the period of status epilepticus until the
animal was sacrificed (~ 60 days following stimulation). 2) Also we have examined the
excised rat brain with high-resolution MR imaging in order to define detailed structural
changes in the epileptic brain. To support this work, we have optimized our data
acquisition protocols and post-processing methodologies to allow us to characterize
normal tissue and pathological changes, such as edema, hemorrhages and cavitations, in
specific brain regions. Using our unique 11.1 Tesla magnet system in the Advanced
Magnetic Resonance Imaging and Spectroscopy Facility of the McKnight Brain Institute
at UF, and with a custom MR coil built in our lab, we have obtained very high resolution,
high quality images of the rat brain in vivo. During each imaging session, we acquire a
series of high-resolution T2-weighted images in orthogonal planes, a series of T1 and T2
weighted images (from which we quantify relaxation times), and high-angular resolution
diffusion-weighted imaging to characterize the nervous tissue structure. We have found
that structural changes in hippocampus and entorhinal cortex coincide with changes in
neuronal activity, and precede the onset of epilepsy. We plan to further evaluate these
changes with tissue molecular techniques, computational analysis, and modeling during
the upcoming year.
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