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Sensory experience shapes the mammalian brain dur-
ing ‘critical periods’ of development. After even a brief
period of monocular occlusion in early life, input to vi-
sual cortex from the closed eye is functionally weakened,
then anatomically reduced in size. For the first time, we
have achieved direct control over the timing of this classical
plasticity by manipulating inhibitory (GABAergic) trans-
mission. To further understand the cellular and molecular
mechanisms that produce changes in connectivity within
cortical circuits, we are pursuing the pharmacological or
genetic disruption of candidate plasticity proteins using a
mouse model. Moreover, we are investigating the inter-
play between visual experience-dependent plasticity and
endogenous sleep rhythms emerging along the same thala-
mocortical circuits.

1. Molecular mechanisms of visual cortical plas-
ticity

Weak inhibition within visual cortex early in life pre-
vents experience-dependent plasticity. Loss of responsive-
ness to an eye deprived of vision can be initiated prema-
turely by enhancing GABAergic transmission with ben-
zodiazepines. We used a mouse ‘knock-in’ mutation to
a-subunits that renders individual GABAA receptors in-
sensitive to diazepam to show that a particular inhibitory
network controls expression of the critical period. Only
al-containing circuits were found to drive cortical plastic-
ity, whereas a2-enriched connections separately regulated
neuronal firing. This dissociation carries implications for
models of brain development and the safe design of benzo-
diazepines for use in infants.

2. Thalamocortical interactions in visual cortical
development

The mammalian visual cortex is structurally organized
into columns. We examined cortical influences upon de-
veloping visual afferents in the cat by altering intrinsic
GABAergic inhibition with benzodiazepines. Local en-
hancement by agonist (diazepam) infusion did not perturb
visual responsiveness but did widen column spacing. An
inverse agonist (DMCM) produced the opposite effect. In-
tracortical inhibitory circuits, thus, shape the geometry of
incoming thalamic arbors, suggesting that cortical colum-
nar architecture depends upon neuronal activity.

3. Visual cortical plasticity and developing sleep
states

Thalamocortical circuits process sensory input dur-
ing waking and spontaneously generate complex patterns
of neural activity characteristic of sleep. Moreover, at
each stage along the pathway (retina, LGN, visual cor-
tex), spontaneous synchronized activity is observed in well-
organized fashion. Since manipulating visual input can be
causally linked to physiological consequences in vivo (oc-
ular dominance, perceptual learning) with less complex-
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ity compared to other learning systems (e.g. hippocam-
pal learning, amygdala fear conditioning, songbird learn-
ing, human procedural learning), we are establishing an
on-line, chronic (tetrode) recording system for the mouse
visual pathway. This enables us to trace neuronal events in
different sleep stages and to test the relationship between
sleep and cortical plasticity more directly.
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