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During brain development, neuronal activity can trans-
form neurons characterized by widely ranging axonal
projections to ones with more restricted patterns of syn-
aptic connectivity. Previous studies have shown that an
exuberant outgrowth of local recurrent excitatory axons
occurs in hippocampal area CA3 during postnatal weeks
2 and 3. Axons are remodeled with maturation, and nearly
half of the branches are eliminated. Postnatal weeks 2
and 3 also coincide with a “critical” period of development,
when CA3 networks have a marked propensity to gener-
ate electrographic seizures. In an attempt to prevent ax-
onal remodeling, local circuit activity was blocked unilater-
ally in dorsal hippocampus by continuous infusion of
tetrodotoxin (TTX). Field potential recordings from behav-
ing animals were dramatically altered when TTX infusion
was initiated at the beginning of the critical period, week
2, but not later in life. Spontaneous, synchronized spikes
and electrographic seizures with behavioral accompani-
ments were observed after 4 weeks of TTX infusion and
persisted into adulthood. When recordings were made dur-
ing TTX infusion, synchronized spiking was recorded in
ventral hippocampus as early as 2 weeks after infusate in-
troduction. At this same time, extracellular field recordings
from in vitro slices demonstrated spontaneous network-
driven “mini-bursts” arising from ventral hippocampal slices.
These were abolished by glutamate receptor antagonists.
Whole-cell recordings from CA3 neurons revealed bursts of
excitatory synaptic potentials coincident with the network
bursts recorded extracellularly. Thus, local assemblies of
mutually excitatory CA3 pyramidal cells are hyperexcit-
able in these rats. Whether alterations in developmental

axonal remodeling mediate these effects awaits further
studies.

 

COMMENTARY

 

O

 

ne of the problems in epilepsy research today is the avail-
ability of good animal models that are clearly related to

the clinical condition. Ideally, the model should shed light on
the clinical problem, suggesting new therapeutic strategies. Gal-
van et al. provide a new animal model of epilepsy that, at the
very least, elucidates potential causes of epileptogenesis that are
relevant to human epilepsy.

Previous studies in this laboratory had shown that area
CA3 pyramidal neurons have extremely large axon arbors in
the immature animal, and that these are pruned gradually dur-
ing maturation, similar to other neuronal types in the CNS.
They also showed that there was abnormal excitability in area
CA3 of hippocampus at the time during development when
CA3 axons had not yet been pruned. This led to the hypothe-
sis that excess axonal connections might be the reason for the
hyperexcitable state, and if the pruning process could be pre-
vented, this hyperexcitability might persist, leading to epilepsy.

To test this hypothesis, the investigators made use of the
large literature on the effects of blocking neuronal activity to
impair normal circuit development. They used the sodium chan-
nel antagonist tetrodotoxin (TTX) to block neuronal activity,
and infused the drug into one hippocampus at an early age. Sub-
sequently animals were evaluated both electrographically and
area CA3 neurons were recorded in hippocampal slices. The
results were clear: electrographic and behavioral seizures fol-
lowed TTX infusion, and perhaps just as important, they con-
tinued into adult life. In hippocampal slices, spontaneous syn-
chronized discharges occurred in area CA3.

This was a thorough study that carefully tested the animal
model. For example, 2-deoxyglucose studies showed that in-
deed there was a region of hypometabolism in the hippocam-
pus where TTX infusion had occurred, but in the contralateral
hippocampus, ipsilateral ventral hippocampus, and other brain
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areas, metabolism appeared normal. This suggests that TTX
acted within the hippocampus, and did not spread outside the
hippocampus. However, all three subfields appeared to have
reduced metabolism after TTX infusion, so effects may not
have been due entirely to effects within area CA3.

Unfortunately, proving axon arbors have changed in neu-
rons with as complex and far-reaching an axon as CA3 pyra-
midal cells is a daunting task. Therefore, whether blockade of
pruning occurred, and whether it might also have occurred in
area CA1 or the dentate gyrus, is unclear at this time. The au-
thors raise the point that TTX blockade may have had other
actions, such as effects on dendritic spine formation, as has
been described in other studies. Also mentioned is the work of
Niesen and Ge (1) who showed that cultures exposed to TTX
develop abnormal T-type calcium currents. So there are still
many possible effects of TTX that could have contributed to
the results, besides blockade of pruning.

Several aspects of this study were intriguing. First, the re-
sults seemed most robust if TTX was infused at a particular
time during development, supporting the hypothesis of the
authors that there is a “critical period” during which insults or
injury may be particularly effective in altering excitability with
long term consequences. Also of interest was the progression
of the abnormalities, which started with one apparent focus
ipsilateral to the infusion site, followed by the development of
contralateral hippocampal foci, and ultimately foci located
outside the hippocampus. This emphasizes the evidently wide-
spread effects that can develop from an action that is initially
relatively small, both spatially and temporally. Finally, abnor-
mal discharges were primarily from the ventral hippocampus,
although TTX was infused dorsally, and seemed to be restricted
to dorsal hippocampus based on 2DG studies. This under-
scores previous suggestions of a dorsal-ventral axis of excitabil-
ity in the hippocampus, with the ventral hippocampus most
prone to seizures. It also suggests, as the authors point out, that
in fact the TTX infusion may have acted indirectly to alter the
ventral hippocampus by inhibiting dorsal hippocampal neu-
rons that are synaptically-connected to ventral hippocampus.

 

This study has several implications, many of which are
discussed by the authors. For example, the results suggest that
a stimulus that reduces neuronal activity during development
may have long lasting effects on excitability, even if the reduc-
tion in activity is transient. Indeed, this provides a potential
mechanistic basis for epilepsies that are due to abnormalities
during development. Of course, one of the next questions is
whether something like activity blockade ever occurs in young
children, but it may at the very least be reduced, for example
after inflammation releases cytokines that depress synaptic trans-
mission.

If one is skeptical whether the results of this study could
apply to many different types of epilepsy, i.e., apply to areas
outside the hippocampus, the authors remind us of previous
studies in inferior colliculus that showed very similar results.
Temporary hearing loss at 2–3 weeks led to a permanent sus-
ceptibility to audiogenic seizures and excess innervation of the
inferior colliculus (2,3). In addition, visual deprivation in young
children can result in cortical interictal spikes (4). Therefore,
this article provides a novel animal model of epilepsy that allows
research into phenomenon that may have widespread clinical
relevance.
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