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Developmental change of noradrenergic function in

lateral superior olivary nucleus
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The lateral superior olivary nucleus (LLSO) is an auditory relay center within the
brain stem which encodes interaural differences in sound level that is used to localize the
sound source. It achieves this by integrating glutamatergic input from the ipsilateral ear,
via the ventral cochlear nucleus (VCN), and y-amino butyric acid (GABAergic)/ glycinergic
input from the contralateral ear, via the medial nucleus of the trapezoid body (MNTB). The
circuit matures during the first three postnatal weeks, undergoing several structural and
functional changes that are affected by afferent activity. The modulation of this neuronal
activity in the LSO by neuromodulators may participate in this circuit maturation.

The present study describes novel and robust effects of noradrenaline (NA) on LSO
synaptic function. Using whole cell patch clamp recordings from mouse LSO neurons in both
in vitro slice and acutely dissociated neuron preparations, the present study demonstrates
noradrenergic inhibition of VCN-LSO glutamatergic synaptic transmission via presynaptic
a2 adrenergic receptors. This noradrenergic action decreased during development so as to
disappear by hearing onset, two weeks after birth. This developmental decrease is
independent of any change in voltage-dependent calcium channels and G protein-coupled
inwardly rectifying potassium channels, two common downstream effectors of a2 adrenergic
receptors. NA also modestly inhibited MNTB-LSO GABA/glycinergic synaptic transmission
via presynaptic a2 adrenergic receptors, and this inhibition also decreased developmentally
to be absent by hearing onset. These results indicate that NA may regulate glutamatergic
and GABA/glycinergic transmission elicited by the spontaneous afferent activity observed in
the brainstem auditory system before hearing onset.

To probe whether endogenous activation of these adrenergic receptors may shape LSO
synapses, NA content was depleted by DSP-4 neurotoxin treatment. This pharmacological
NA depletion reduced both the functional loss of VCN-LSO afferent inputs, and the
strengthening of residual synapses, that occurs during development. In addition, there was
a reduced pruning of LSO dendrites in the rostro-caudal direction in the NA depleted mice.

These results demonstrate the developmental effects of presynaptic a2 adrenergic
receptors in the LSO, and indicate a possible contribution of NA to the development of LSO

neuronal circuits.
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