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SUMMARY

Neuronal synchronization occurs when two or

more neuronal events are coordinated across

time. Local synchronization produces field poten-

tials. Long-range synchronization between distant

brain sites contributes to the electroenceph-

alogram. Neuronal synchronization depends

on synaptic (chemical/electrical), ephaptic, and

extracellular interactions. For an expanded treat-

ment of this topic see Jasper’s Basic Mechanisms of

the Epilepsies, Fourth Edition (Noebels JL, Avoli M,

Rogawski MA, Olsen RW, Delgado-Escueta AV,

eds) published by Oxford University Press (avail-

able on the National Library of Medicine Bookshelf

[NCBI] at www.ncbi.nlm.nih.gov/books).
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Neuronal synchronization is a correlated appearance in
time of two or more events associated with various aspects
of neuronal activity. Neuronal synchronization depends
on chemical synaptic interactions, electrical synaptic
interactions, ephaptic interactions, and nonspecific
interactions mediated by extracellular conditions that rest
on activity-dependent changes in ionic concentrations.
Herein, we consider two distinct types of neuronal syn-
chronization (Timofeev et al., 2011): local synchroniza-
tion that is responsible for the generation of local field
potentials; and long-range synchronization, detected with
distantly located electrodes and mediated primarily via
chemical synaptic interactions. Neocortical synchroniza-
tion during sleep is often associated with rhythmic oscilla-
tions of neuronal activity: slow oscillation, delta, spindle,
beta, gamma, and ripples. In many cases, a primary oscil-
lator generates a rhythm (example: spindle oscillation
generated in thalamus) that projects and drives oscillations
in target structures (such as neocortex). In other cases, dif-
ferent oscillations occur quasi-independently in different
locations and can be synchronized in a particular pattern.

Normal thalamocortical oscillations during sleep or
wake states (Steriade et al., 1993; Bazhenov & Timofeev,
2006) are generated as a result of both local and long-
range synchronization. During paroxysmal (i.e., seizure)
activity, the role of chemical synaptic interactions
decreases because of depletion of extracellular Ca2+ that
impairs synaptic transmission. Synchronized activities in

large populations of neurons (such as neocortex) may
occur as nearly simultaneous patterns across an entire
population or as propagating waves. When propagating
activities occur, the synchronized activities appear with a
distance-dependent phase shift. Neocortical synchroniza-
tion also depends on extracortical mechanisms, since
activation of cholinergic, noradrenergic, and serotoniner-
gic systems abolishes sleep synchronization patterns and
generates activated cortical patterns. The presence of
cortical–thalamic–cortical feedback loops contribute to
the synchronization of cortical activities.
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