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MORPHOLOGICAL STIJDIES OF GABA-ERGIC NEURONS IN FOCAL EPILEPSY 

IN PRIMATES 

CHARLES E. RIBAK AND ROY A.E. BAKA Y 
Department of Anatomy and Neurobiology, University of California, Irvine, California 
92717 and Emory University Clinic, Section of Neurosurgery, 1365 Clifton Road, N.E., 
Atlanta, GA 30322 

INTRODUCTION 

Experimental models of focal epilepsy have been examined for specific cellular and 

biochemical changes to obtain an understanding of certain types of human epilepsy(l-3). 

The alumina gel model in monkeys is an excellent model of post-traumatic epilepsy in 

humans( 4). Also, this model best approximates the histology of human foci in that they are 

both characterized by neuronal loss, reactive gliosis, and dendritic abnormalities( 4,5). 

Seizures usually begin 2-3 months following the alumina gel implants into the hand region of 

the sensori-motor cortex. Epileptic monkeys with alumina gel implants display spike and 

wave activity on electroencephalograms (EEG's) and electrocorticograms (ECoG's) which 

arises from the site adjacent to the alumina granuloma and a surrounding area of cortex (6). 

Excision of these two regions abolishes epileptic activity (7). In addition, extracellular 

recordings from cells in the focus display abnormal excitatory post-synaptic potentials (6). 

21 

A growing body of evidence indicates that neurons containing the neurotransmitter 

gamma-aminobutyric acid (GABA) are preferentially lost in the epileptic foci of monkeys 

treated with alumina gel. Binding studies of these monkeys have indicated a decrease in the 

number of GABA receptors and biochemical studies have demonstrated a loss of tissue 

GAD activity in the focus (1). Consistent with these findings were the initial 

immunocytochemical data that demonstrated a 58-62% loss of GABAergic axon terminals in 

the epileptic focus of chronically seizing monkeys that had not reached status epilepticus (8). 

Subsequent studies have indicated that greater than 80% of the axon terminals of 

GABAergic chandelier and basket cells have degenerated at epileptic foci (9,10). More 

recent immunocytochemical studies have shown that the loss of these terminals at chronic 

epileptic foci was due to a loss of GABAergic somata (11). However, it was not shown 

whether a significant loss of GABAergic somata precedes the onset of seizure activity 

because only one pre-seizing monkey was used in that study ( 4). This question needs to be 

resolved because recent findings have shown a loss of GABAergic terminals prior to the 

onset of clinical seizures (12). Therefore, the present study of alumina gel treated monkeys · 

was undertaken using a larger number of pre-seizing monkeys to determine whether a 

significant loss of GABAergic somata occurs prior to the onset of seizure activity. 

Additional monkeys with chronic epilepsy were also studied. 














