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Spike time response curves (STRC's) are used to study the
influence of synaptic stimuli on the firing times of a neu-
ron oscillator without the assumption of weak coupling.
They allow us to approximate the dynamics of synchro-
nous state in networks of neurons through a discrete map.
Linearization about the fixed point of the discrete map
can then be used to predict the stability of patterns of syn-
chrony in the network. General theory for taking into
account the contribution from higher order STRC terms,
in the approximation of the discrete map for coupled neu-
ronal oscillators in synchrony is still lacking. Here we
present a general framework to account for higher order
STRC corrections in the approximation of discrete map to
determine the domain of 1:1 phase locking state in the
network of two interacting neurons. We begin by demon-
strating that the effects of synaptic stimuli through a
shunting synapse to a neuron firing in the gamma fre-
quency band (20-80 Hz) last for three consecutive firing
cycles (See Figure 1). We then show that the discrete map
derived by taking into account the higher order STRC con-
tributions is successfully able predict the domain of syn-
chronous 1:1 phase locked state in a network of two
heterogeneous interneurons coupled through a shunting
synapse (See Figure 2).
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(a) Schematic diagram demonstrating the effect of perturba-
tion received by a spiking neuron at time t. The cycle con-
taining the perturbation defines the first order STRC and the
subsequent cycles define the higher order STRC terms. (b)
The STRC's computed for neuron receiving perturbation
through a GABA , mediated synapse at hyperpolarizing
reversal potential of Eg = -80 mV. (c) The STRC's computed
for neuron receiving perturbation through a GABA, medi-
ated synapse at shunting reversal potential of E; = -55 mV.
The resting membrane potential of neuron is -65 mV. The
synaptic parameters are tg = 0.1 ms, t; =8 ms, g, = 0.15 mS/
cm?. The intrinsic period of firing for the neuron was T, = 31
ms.
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Figure 2

() Schematic diagram of the network considered: Two neu-
rons with heterogeneity in their firing rates coupled through
a shunting inhibitory synapse. (b) Schematic diagram repre-
senting spike timing for neurons A and B when they are
phase locked in I:1 synchrony. In (c) and (d) we show
domain of I:l synchrony (phase locked state) estimated
through STRC's from the discrete map derived by taking into
account higher order STRC contributions for shunting syn-
apse.
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