Cholinergic Modulation of Arousal in the Pedunculopontine (PPN) and Parafascicular (Pf) Nuclei

Abstract:

The pedunculopontine nucleus (PPN) is the cholinergic arm of the Reticular Activating System (RAS), which is active during waking and REM sleep. The PPN has ascending projections to the intralaminar thalamus, especially the parafascicular (Pf) nucleus, and descending projections to SubCoeruleus (SubC) nucleus.  We have found evidence for the presence of gap junctions in the Pf, PPN and SubC. The proposed research will address how electrical coupling modulates the ascending and local interactions of the PPN, and how the Pf is modulated by the cholinergic input from the PPN, especially during the developmental decrease in REM sleep. REM sleep decreases from about 8 hours in the newborn to about 1 hour in the adult in the human, and this decrease occurs mostly from birth to the end of puberty. We hypothesized that, if the developmental decrease in REM sleep does not occur, it will lead to lifelong increases in REM sleep drive, which are exhibited in a number of neuropsychiatric disorders, such as schizophrenia, panic attack and bipolar disorders. Electrical coupling, which was found to modulate the synchronization of high frequency oscillations can be blocked by neuroactive agents inducing sleep or anesthesia, and is assumed to play a role in the modulation of sleep-wake cycles, as well as arousal. The proposed study is designed to understand the mechanisms by which electrical coupling in the PPN and Pf modulate sleep-wake cycles. Specific aim 1. To investigate the manner in which ascending projections from the PPN modulate electrical coupling and postsynaptic potentials in the parafascicular (Pf) nucleus during the developmental decrease in REM sleep. Specific aim 2. To investigate the manner in which electrical coupling modulates local interactions and membrane oscillations at the level of PPN. Specific aim 3. To identify the subgroup of neurons with electrical coupling in the PPN and Pf. Techniques of sharp intracelluar recordings, whole-cell patch-clamp recordings and immunocytochemistry will be employed in this proposed study.
