Evoked ‘up’ states in the cat auditory cortex.
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In vitro recordings have recently shown that cortical or thalamic electrical stimulation can provoke network activity indistinguishable from the ‘up’ states of the cortically generated slow oscillations (SO). SO is characteristic of natural sleep, ketamine anesthesia, it can be induced in brain slices and it is functionally correlated with respiration in the olfactory system. In SO, cortex oscillates between synaptically active, depolarized ‘up’ states and silent, hyperpolarized ‘down’ states. To test the hypothesis, that sensory stimulus in vivo can also evoke ‘up’ states, we recorded laminar electrical activity of the cat auditory cortex under ketamine anesthesia in response to rhythmic acoustic click stimuli.
We used current source density, single- and multiple unit activity, time-frequency and phase analysis to study the relationship between spontaneous and evoked ‘up’ states. Continuous phase estimate of the SO was defined by Hilbert transformation. Evoked responses were selectively averaged based on the phase of the SO, when the stimulus was presented. 
We have observed strong nonstationarity in the auditory processing as it was shown earlier in animal experiments and in humans. Population transmembrane currents and firing rate were the largest when the stimulus was presented during the ‘down’ state – ‘up’ state transition. Single trial analysis revealed that the extracellular signatures of evoked responses in this transitory period were similar to the signatures of spontaneous ‘up’ states.

Rhythmic acoustic input is sufficient to evoke ‘up’ states in the auditory cortex. The phase of the ‘down’ state, when the sensory input reaches the cortex determines the appearance of the evoked ‘up’ state. Evoked ‘up’ states might partially be responsible for the observed nonstationarity of the auditory evoked potentials. In our view, rhythmic sensory input creates favorable conditions for the initiation of cortical ‘up’ states, and might also shape the slow oscillations.
