Gamma band activity in the nuclei of the Reticular Activating System
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Introduction: During activated states (waking and paradoxical sleep), EEG responses are characterized by low amplitude, high frequency oscillatory activity in the gamma band range (~20-100 Hz).  Gamma frequency oscillations have been proposed to participate in conscious perception, problem solving, memory, and rapid eye movement (REM) sleep.  It has been suggested that such coherent activation occurs at cortical or thalamocortical levels, and that electrical coupling may play an important role in these events. The Reticular Activating System (RAS) is involved in the control of active states such as waking and REM sleep. These studies tested the hypothesis that population responses of PPN, Pf, and SubC (all part of the RAS) nuclei are capable of generating gamma band frequency activity when activated by specific glutamatergic and cholinergic receptor agonists. 

Methods: We used the specific glutamatergic receptor agonists n-methyl-d-aspartic acid (NMDA) and kainic acid (KA), and the cholinergic agonist carbachol (CAR) to activate inputs to these RAS nuclei. Population responses were recorded using extracellular microelectrodes in an interface chamber on 11-25 days old rat brainstem slices, which included the PPN, Pf, or SubC nuclei. Power spectra of activity were compared between control and after perfusion with NMDA (1, 5 and 10 uM), KA (0.2, 1 and 2 uM), or CAR (10, 30 and 50 uM) in each region. 300 µM modafinil was used to examine the role of gap junctions in PPN nucleus.
Results: Population responses in RAS nuclei showed that gamma band oscillations can be induced by glutamatergic and cholinergic agonist in a dose-dependent manner. NMDA and KA produced significant overall increases in activity in PPN and Pf, but specific peaks in SubC, while CAR induced specific peaks in all three nuclei. Modafinil increased the amplitude of population responses in PPN neurons at theta and gamma frequencies.
Conclusion: These results represent novel insights into the role of RAS nuclei in sleep-wake cycles. In the presence of sufficient excitation, PPN, Pf, and SubC generate gamma band activity, which may be relayed to ascending and descending targets. Gap junctions appear to play an important role in coherent activity of PPN neurons. These RAS regions may provide gamma band oscillatory activity that may help stabilize coherence related to arousal states.     
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