Influence of extrareticular GABAergic inhibition on higher order thalamic relays.
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GABAergic inhibition has a major role in shaping network activity in the thalamocortical system. Up to now this has largely been attributed to the reticular thalamic nucleus (nRT). Recently, however, a novel GABAergic system has been described, which exerts strong control over the relay cells via specialized giant terminals. This extrareticular pathway arises in the anterior pretectal nucleus (APT) and selectively innervates higher order thalamic relays.

In order to characterize the responses of higher relays to the chemical activation or inactivation of APT  in vivo we injected bicucculine (BIC) or muscimol (MUSC) to the APT, while recording neuronal activity simultaneously in the APT, the higher order, somatosensory, posterior nucleus of thalamus (Po) and local field potential (LFP) in the primary somatosensory cortex (S1) of urethane anaesthetized rats. A laminar 24-channel multiunit electrode equipped with an inner cannula was used in the APT for multiunit recording and drug administration, whereas juxtacellular recording and labeling or another 24-channel electrode was used to record neuronal activity in the Po.
BIC caused strongly elevated firing in the APT that manifested as 200-300 ms long, rhythmically recurring bouts of multiunit activity. When cortical LFP was characterized by low amplitude fast oscillations and Po cells fired in a tonic mode, the activation of APT increased the prevalence of burst activity in Po cells. Under deeper states of anesthesia dominated by slow cortical oscillations activation of APT induced heterogeneous changes. In Po cells which fired after the peak of the cortical “up-states” APT activation induced a phase shift of their action potentials to a later phase of the oscillation. In Po cells which fired at the peak of the “up-states” increased APT activity did not cause a phase-shift but was accompanied by a reduction of firing rate and/or the incidence of burst firing. Silencing APT by MUSC induced the elevation of burst activity in several Po cells during slow oscillation dominated states.
The changes in the firing of Po cells following chemical activation/inactivation of APT are consistent with a strong APT-thalamic GABAergic pathway. During fast oscillation dominated states increased APT activation promotes burst firing probably via low threshold T-current mediated mechanisms. Thus, inhibition arising in APT or other extrareticular sources may be responsible for the high incidence of burst firing observed in higher order nuclei during awake states. During slow oscillations APT dampens the effect of thalamocortical rhythms on higher order relays. Activation of APT in these states reduce relay cell firing and/or induces phase-shifts, whereas inactivation of APT, paradoxically increase burst activity, probably leaving Po cells under the full control of the thalamocortical circuit including nRT. In sum extrareticular inhibition is able to influence the timing of action potentials in thalamocortical cells of higher order nuclei. In this way they can affect the synchrony of thalamic signals in the cortex and can change the way cortical networks integrate inputs from different thalamic sources. 
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