Evoked cortical hyperpolarization controls auditory information processing in natural non-REM sleep.
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The auditory information stream invades the acoustic system continuously, with virtually no opportunity of willful attenuation. As the vigilance state changes towards quiescence and sleep, one of the most important modality in alerting is audition. Sleep maintenance and steady environmental monitoring is an antagonistic task. The acoustic system has to protect sleep, while it also has to activate arousal mechanisms on demand.
Our aim was to investigate the changes in cortical information processing as a function of vigilance states. Cats were implanted with laminar electrodes into the auditory cortex in addition to epidural, hippocampus, EOG, EMG electrodes and bone conductor to deliver auditory stimuli. Natural sleep-wake cycle was monitored with closed loop video system and electrophysiological recordings. To map acoustic responses, we used single and paired pulse click stimulus paradigm. 
In natural non-REM sleep only, single clicks evoked a pronounced depth positive field potential component (30-100ms) after the initial transient response. This positivity was characterized by outward (hyperpolarizing) currents in the middle cortical layers, decreased cell firing and decreased oscillatory power in all layers. The second click in the paired stimulus experiments evoked smaller synaptic and cellular responses in non-REM sleep than in awake and REM sleep, if it was presented during the hyperpolarized period.
We hypothesize, that evoked cortical hyperpolarization in non-REM sleep serves as an important regulating mechanism via literally ‘shutting down‘ cortical information processing for a brief period of time.  Besides cortical reset, evoked hyperpolarization prevents adequate processing of further incoming information at the cortical level.
