Special features of sleep slow oscillation in humans
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Slow oscillation (SO) detected in deep stages of sleep plays an important role in memory consolidation and other homeostatic brain functions. SO in vitro, under anesthesia, and in natural slow wave sleep (SWS) in animals is composed of rhythmically recurring phases of hyperpolarization with cell firing secession called down-state, and depolarization with high firing rates called up-state. In the human scalp EEG, down-state appears as a surface negative and the up-state as a surface positive potential with superimposed spindle and higher frequency oscillations. However, we have no information about the cellular and trans-membrane events occurring in different layers of the human cortex during SWS. Here we provide the first direct experimental evidences that supragranular layers play a leading role in SO generation, moreover cell firing during up-state is relatively sparse, unstructured and near probabilistic.

Patients with drug resistant epilepsy were implanted with laminar multielectrodes in the frontal cortical region. Current source density (CSD), multiunit activity (MUA), single unit activity (SUA) and time frequency analysis (TFR) were performed on the signal recorded during overnight sleep.

We found that supragranular oscillatory power, cell firing and estimated trans-membrane currents were larger than the same measures in infragranular layers. Supragranular cells fired more often earlier after the onset of the up-state than infragranular cells. These observations contrast the idea that SO is generated in the infragranular layers. Firing rates were about 1/10th of what was previously observed emphasizing excitability differences between human and animal cortical neurons.
Compared to lower level mammals, primate and human brain size and cognitive capacity is enormously enlarged reflected in increased metabolism and corticalization, which is compatible with the observed major supragranular activation. The increased human glia-neuron ratio may enhance glial buffering and thus implicate relatively lower cellular excitability. In addition, sparse representation of long term memory traces in humans may be better supported by a sparse firing strategy during memory consolidation periods of SWS.

