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It is generally accepted that inhibitory neurons play an
important role in the generation of synchronous brain
rhythms. A number of theoretical studies have been
conducted over last decade to determine the properties
of the inhibitory neuronal networks that can result in
stable network synchrony and much work has focused
on synaptic properties of GABA inhibition (the decay
time of the synapse and the reversal potential), the het-
erogeneity in the intrinsic neuron firing rates and the
architecture of the underlying networks. Very few stu-
dies, however, have focused on the role for explicit sig-
nal propagation delays in modulating synchrony in
inhibitory networks. One reason for the paucity of work
in this area stems for the fact that mathematical studies
of a general network of coupled nonlinear delay-

differential equations resulting from the presence of sig-
nal propagation delays is a formidable task. Here our
goal is to systematically investigate, in the setting of
computer simulations, the role of signal propagation
delays in the synchronization of inhibitory networks.

We consider a random network G of N=10 interacting
inhibitory neurons (Type-1 parvalbumin positive inter-
neurons) with the following network constraints: (1) Uni-
directional neuronal interaction (2) Mean in-degree for
each node of the network is k=3. In order to systemati-
cally investigate how neuronal synchrony in this random
network changes as a function of signal propagation
delay 15, 1000 instances of G were generated and each
network was simulated 100 times with random initial
conditions. All simulations were performed for fixed
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Figure 1 a) Examples of specific instances of G. b) Two dimensional color plot summarizing the dynamical state of a given instance of G as
function of .. Black corresponds to the case when the network does not exhibit unique stable state of synchronous oscillations. Brown
represents the situation when the network exhibits a unique stable state of synchronous oscillations.
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synaptic parameters: the synaptic conductance g=0.1 mS/
cm?, reversal potential Ex=-75 mV, synaptic decay time
7,=10 ms, and the intrinsic period of oscillation for neu-
ron Tp=33 ms™.

In Figure 1A, we show examples of instances of G
satisfying the constraints described above. The key result
of our simulation experiments is summarized in Figure
1B. For zero propagation delay none of the 1000
instances of G produced complete synchrony. This
observation can be explained mathematically by consid-
ering the Arnold’s tongue for two uni-directionally
coupled interneurons [1]. As the signal propagation
delay increases, the fraction of networks that completely
synchronize independent of the initial conditions
increases. For signal propagation delay of 7,=12 ms, all
the 1000 instances of G completely synchronize inde-
pendent of initial conditions. The number of G
instances that exhibit complete synchrony drops as 7; is
increased beyond 12 ms. In addition, the period of syn-
chronous oscillation is 40.2 ms for all 1000 instances of
G at 7,=12 ms. This observation suggests that there is a
unique value for signal propagation delay for which all
random networks subject to the constraints mentioned
above exhibit a “single stable state of synchrony.” This
result is in sharp contrast to multi-stable attractors
observed in neuronal networks with large signal propa-
gation delays. This rather striking phenomenon is a
peek at the very important role of delays in synchrony
in inhibitory neuronal networks.
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