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Coupled oscillators are well known to shift their natu-
ral frequencies and eventually reach a frequency locking
regime. Usually these oscillators are supposed to be har-
monic and the coupling diffusive. This is a rare situation
in nature, since biological oscillators, for instance, have
a broad frequency spectrum and their phase dynamics
are highly non-stationary due to the variety of incom-
ing inputs. In many cases, diffusive coupling (if at all
present) is not the most relevant type of connection, as
most biological systems rely on a chemical transmission
of information that is closer to pulse coupling rather than
to diffusive coupling.
We have studied the relevant case of coupled brain os-

cillations, in particular those recorded in the local field
potential (LFP) that reflects the average synaptic activ-
ity of a neuronal network. To that end, we have modeled
a cortical population composed of randomly connected
Hodgkin-Huxley neurons, including both excitatory and
inhibitory elements. The parameters characterizing the
dynamics of the ionic channels in the neuronal mem-
brane, as well as the time constants of the neurons and
the synapses (both GABA and AMPA), are tuned ac-
cording to experimental observations.
Each neuron receives a Poisson train of excitatory ac-

tion potentials of slowly varying rate, resulting in a firing
activity of the individual neurons that is low and irreg-
ular (Fig. 1, top). In spite of the seemingly irregular
dynamics of single neurons, a faster collective rhythm
emerges (bottom panel of Fig. 1), apparent in the LFP,
resulting from the recurrence within the population that
gives place to alternation of periods of excitation and
inhibition.
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FIG. 1. Rasterplot (top panel) and LFP (bottom panel)
of a simulated cortical network of 2000 neurons receiving a
non-homogeneous Poisson train of action potentials at an av-
erage rate of 2.4 kHz.

We have characterized the changes in the frequency
peak in the gamma range (30 Hz–80 Hz) of the LFPs of
two cortical populations in terms of the coupling strength
and directionality.

Using these neuronal oscillations, we have tested the
hypothesis of communication through coherence1, accord-
ing to which oscillations emerging as a collective behavior
of a group of neurons provide a mechanism for the con-
trol of communication between distinct brain areas. We
have found, in a simple scheme of brain connectivity, the
conditions for which two neuronal populations oscillate
coherently (see Fig. 2), so that their phase difference at
precise frequencies remains constant for some interval of
time and is unchanged from trial to trial.
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FIG. 2. Coherence index (colored scale) between two neu-
ronal populations. A value of 1 indicates that the phase differ-
ence between two oscillatory signal is unchanged across trials.
In this case the two signals are the LFPs of two neuronal pop-
ulations bidirectionally coupled at t = 1000 ms.

If the two neuronal groups maintain their phase co-
herence, the transmission delay of action potentials from
one group to the other can be expected to play a crucial
role in order to choose at which LFP-phase of the post-
synaptic group the presynaptic action potentials arrive.
Depending on that phase, the receiving neurons will be
excited above threshold or not, as has been experimen-
tally proven by Singer and colleagues2. Our modeling
results indicate that this firing selectivity might underlie
the mechanism of communication through coherence.
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