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Purkinje cells are the sole output of the cerebellar cortex. As such, the patterns of action potentials in these cells are central to cerebellar function. Bi-stability of Purkinje cell membrane potential has been demonstrated both in vitro and in vivo. Currently there is an ongoing debate regarding the existence of Purkinje cell bi-stability in awake animals. Serotonin (5-HT) has been shown to emphasize bi-stability in slice preparation (Williams et al 2002), and is known to be elevated in the cerebellum of awake animals during alertness and around significant events (Schonewille et al. 2006).
To investigate the role of 5-HT in controlling bi-stability in intact animals, we performed extra-cellular recordings of Purkinje cell activity in anesthetized guinea pigs using sharp glass pipettes, and locally applied 5-HT using a custom-built injection pipette whose tip was 100-300 (m away from the recording pipette. Purkinje cell were recorded from the superficial layer of the cerebellar cortex and identified by complex spikes existence.  We compared the spontaneous activity of Purkinje cells before and after application of serotonin. We analyzed the modulation in simple spikes activity focusing on the statistics of the inter-spike-intervals of the simple spikes and their instantaneous firing rate.
We found that 5-HT significantly modulated the firing patterns of cerebellar Purkinje cells. The most significant modulation was observed when tonically firing Purkinje cells exhibit bi-stability after 5-HT application. Since there was a clear tendency toward longer quiescent period, we propose that 5-HT accentuated the bi-modal behavior of Purkinje cell.
