expression of resurgent sodium current in pyramidal neurons of rat perirhinal cortex: evidence for axonal location of the underlying channels
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The resurgent sodium current (INaR) has been observed in cerebellar, subthalamic, and sensory neurons, where it has been proposed to subtend depolarizing afterpotentials and spike conglomeration, and/or to enhance firing frequency during tonic discharge. The possible presence and properties of this current in intact cortical neurons, including parahippocampal neurons, has never been investigated. In this study we performed whole-cell patch-clamp experiments in brain slices and acutely isolated neurons to analyze INaR expression in rat perirhinal cortex (PRC, area 35) layer II. In experiments on slices, the isolation of tetrodotoxin (TTx)-sensitive currents allowed an evident INaR component to emerge in a large majority of cells (10/11 neurons). In acutely isolated neurons obtained with an enzymatic-mechanical dissociation procedure, INaR was never observed (0/10), despite the presence of prominent transient sodium currents (INaTs). As a positive control, INaR was successfully recorded in cerebellar Purkinje cells acutely isolated using the same enzymatic and mechanical dissociation procedure (4/4). This suggests that INaR absence in acutely isolated PRC neurons is not due to enzymatic degradation of some molecular component(s) responsible for the current’s generation. Instead, INaR could be generated by channels selectively expressed in processes that are lost with the dissociation procedure, i.e. the axon or distal dendrites. To test this hypothesis, experiments of focal TTx (100 nM) application were carried out in PRC slices, taking advantage of the clearly polarized morphology of layer II pyramidal neurons. TTx application close to the emergence of the axon from the basal pole of the soma resulted in prominent INaR inhibition (n = 4). By contrast, TTx application close to the apical pole of the soma produced much less effect on INaR, despite a similar degree of INaT inhibition (n = 4). These data suggest that INaR depends on channels located in the proximal axon. Our results are consistent with INaR playing a role in the physiology of parahippocampal neurons. They also indicate that in PRC layer-II pyramidal neurons the expression of Na+ channels able to generate INaR may be a specific feature of the axon initial segment, where the process of neuronal discharge encoding is believed to take place.

