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Model study of synaptic noise on neuronal excitability regulation

YANG Dongyan, ZHANG Qiang, WANG Xingyu, XU Weihang, DAI Yue

School of Communication & Electronic Engineering, East China Normal University, Shanghai 200241, China

Abstract: A mathematical model of the membrane characteristics of motoneurons under similar physiological conditions is
established based on the previous studies on the firing patterns of neurons under synaptic input. The established model reproduces
the basic form of neuron firing in the two cases of with or without synaptic noise; and membrane oscillation was reproduced in
the case of synaptic noise. On the basis of this, the number, amplitude and threshold of action potentials in the two cases are
described quantitatively. Compared with double-ramp stimulation, the excitatory synaptic input increases the number of action
potentials by about 16, but the excitation threshold is increased; while the inhibitory synaptic input decreases the number of action
potentials by about 19, and the excitation threshold is decreased. In the case of the inhibitory and mixed synaptic inputs, the
amplitude increment of action potential are significantly smaller than those at double-ramp stimulation, and the average values
are decreased by 0.68 mV and 0.33 mV, respectively. The mathematical model can well simulate the neuron action potentials with

membrane oscillation, which provides an approach and a basis for the subsequent analysis of electrophysiological neurons and

the pathological study on cell firing.
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Fig.1 Neuronal model with 5 compartments
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Tab.1 Properties of passive membrane

HBAL BEf/um  KE/um JEEH B /Qem? Bm R/ Qem  EHLZS/UF - om?
JIEAEN 5~20  2000~3000 7 000~10 000 20~60 1
(ES 5~20  2000~3 000 7 000~10 000 20~60 1

2 EFNRFE (mS/em?)

Tab.2 Properties of active membrane (mS/cm?)

%ﬁ{ﬁ GNaF GNaP GKDR GKCa H GCaL
MR 10~50  0.02~0.03 10~50 0.3~0.5 0.01~0.03
(ES 0.008~0.100
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Tab.3 Hodgkin—Huxley equations

AL ARk
Inar = Gxar m’ e hoes (Vi = Ey)
inap = Gyap * Mg~ Sy = (V,, = Ey,)
JHIUEEN ixca = Gxea * Mamp ~ (V, = Ex)
ixpr = Gyor * mﬁlm “(V,, = Ey)
iy =Gy ny - (V, - Ey)
(BN i = Gear " Mea " B " (Vs = Ec)
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Fig.2 Neuron input and output
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Fig.3 Comparison of action potential parameters
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