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Recurrent Early-Life Seizures and Changes in GABAA
Receptors Expression in Hippocampus

Doo Kwun Kim, M.D.

Department of Pediatrics, Dongguk University College of Medicine, Gyeongju, Korea

The immature brain differs from the adult brain in its susceptibility to seizures, seizure characteris-
tics, and responses to antiepileptic drugs. Gamma( 7 )-aminobutyric acid(GABA) is the predominant
inhibitory neurotransmitter in the adult brain. GABA exerts its main action through GABAa re-
ceptors, which are coupled to a ligand-gated chloride channel. The receptor protein is a pentameric
structure composed of multiple subunits of different families and isoforms. The subunit combinations
vary in different brain regions and cell types and determine the functional and pharmacological prop-
erties of the receptor. The molecular composition of GABAa receptors is developmentally regulated
with associated changes in functional properties. In the developing brain, the delayed onset of func-
tional GABAergic inhibition, and the overabundance of excitatory receptors make the immature brain
quite susceptible to seizures. Recurrent seizures in early-life may contribute to seizure susceptibility
and epileptogenesis, although the pattern of seizure-induced injury is age-related. The changes of
GABA, receptors expression in tetanus toxin-induced seizure model in immature rat hippocampus
are different from human temporal lobe epilpsy and experimental model in adult rat. These changes
in the immature brain may reflect the induction of compensatory or homeostatic neuronal processes.
(Korean ] Pediatr 2004;47:596-603)
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Fig. 1. Schematic depiction of the maturational changes in
glutamate and 7 —aminobutyric acid(GABA) ionotropic receptor
expression and function in the developing rat forebrain®.
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Fig. 2. (A) Topological organization of GABAA Receptors(modified from reference 6). (B) Sche-
matic representation of individual subunits of GABAax and GABAc(left), and GABAg receptor

(right)(modified from Enz R and Cutting GR, 1998). (C) Model

of GABA, receptor-chloride ion

channel protein complex(modified from Macdonald RL and Olsen, 1994). G:G protein, PLC:

phospholipase C, AC : adenylcyclase.
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Fig. 3. Schematic illustration of a GABAa receptor listing
various allosteric modulator. TBPS(t-butylbicyclophosphorothio-
nate) and PTZ(pentylenetetrazole)(modified form Mohler H, et
al. 1995).
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Fig. 4. Gamma-aminobutyric acid (GABA)ergic synapse. GABA is synthesized in
the presynaptic terminal. After release it causes the GABAA receptor on the post-
synaptic neuron to increase inward chloride conductance. Synaptic GABA is taken
back up into the presynaptic terminal and into glial cells. SSA : succinic semialde-
hyde, GAD : glutamic acid decarboxylase(from reference 7).
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zure frequency peaks within 24-48 hrs.
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Fig. 6. When rats were tested on day 50(B), they had a
small(15%) but significant decrease in the time to onset of
seizures when compared to littermate controls. However, when
another group of rats was tested on day 22(A), a marked
increase in seizure susceptibility was observed.
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Fig. 7. GABAA receptor alpha 1 subunit is increased in teta-
nus toxin(TNTX) treated hippocampal CA3 and CAl region at
the age of 50 days.
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Table 1. Distribution of GABA Receptor Subunits in the Hippocampal Formation of Rat®
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