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One of the challenges of neuroscience is to understand the
relation between multiple levels of neuronal organization: from ion channels to single cells to local neuronal
networks to the entire brain. In particular, the relation
between single neurons and population activity has
recently gained much interest. Combining experimental
and modeling work, we investigate here how these two
levels are related in a phenomenon called 'population
bursting'. This term refers to short trains of action potentials that are synchronous over a large population of neurons and thus rendered visible in local and even far field
potentials (LFP, EEG). Such responses were identified in
many brain areas, among others in hippocampus and cortex. Here, we focus on bursts elicited by neurons in primary somatosensory cortex after peripheral nerve
stimulation. We show that these single-unit bursts are
closely related to high-frequency EEG responses (hf-EEG
>500 Hz) recorded from scalp or dura in both, human
subjects and non-human primates [1,2]. In order to
understand the mechanisms of burst generation, we
developed a simple single-neuron model that reproduces
burst activity and provides a means for estimating the contribution of a single neuron to the macroscopic EEG. The
model consists of a linear neuron with spiking threshold
(leaky integrate-and-fire) that receives conductance-based
inputs through depressing synapses (short-term synaptic
depression). The inputs to the neuron are provided by a
population of Poisson neurons all firing at a constant rate.

We fitted the model to spike trains recorded in the somatosensory cortex of non-human primates and found that
the subthreshold potential produced by the neuron
resembles the time-course of evoked hf-EEG oscillations
(Figure 1). This suggests that the hf-EEG might give access
to the microscopic properties of neural systems, such as
synaptic and neuronal time constants, thus bridging the
gap between single-neuron dynamics and macroscopic
population response.
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Figure 1 population bursts in S1 cortex of macaques
Modeling
Modeling population bursts in S1 cortex of macaques. (A) The post-stimulus time histogram (PSTH, bin width 0.2 ms)
of spikes elicited in a single neuron by an electrical stimulation of the median nerve (solid line) is well reproduced in a model
neuron (dashed line). (B) Average subthreshold membrane potential recorded from the model (dashed line) aligns with several
peaks of evoked hf-EEG response (average of 956 trials); both traces band-pass filtered (400–1200 Hz).
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