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Medial vestibular nucleus neurons show spontaneous repetitive spiking. This spiking activity was repro-
duced by a Hodgkin–Huxley-type mathematical model, which was developed in a previous study. The 
present study performed computer simulations of this model to evaluate the contribution of the excitatory 
ionic conductance to repetitive spiking. The present results revealed the difference in the influence of the 
transient sodium, persistent sodium, and calcium conductance on spiking activity. The differences 
between the present and previous results obtained from other neuronal mathematical models were dis-
cussed.
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The Hodgkin–Huxley model is an important mathematical model in the field of neu-
roscience [2]. Analyses of various neuron models based on the Hodgkin–Huxley 
model are very useful for understanding the characteristics of ionic conductance 
[3–8]. Previous studies have revealed that repetitive spiking of various neurons is 
generated by an interaction between persistent and transient sodium conductance 
[4–6] or between calcium and sodium conductance [3, 7]. The present study investi-
gated the Hodgkin−Huxley-type mathematical model, which describes spontaneous 
repetitive spiking of type B medial vestibular nucleus neurons (MVNn) [1]. MVNn 
are second-order neurons within the vestibulo-ocular and vestibulo-spinal network, 
and play an important role for computation of internal representations of head move-
ment velocity in the horizontal plane [1]. This model includes the persistent sodium, 
transient sodium, and calcium conductance. However, the contribution of these three 
ionic conductance to spiking was not clarified in a previous report [1]. Therefore, in 
the present study, we performed computer simulation analysis of the type B MVNn 
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Fig. 1. Time courses of the simulated membrane potential. (A) gCa, gNaP, and gNa = 0.25, 0.05, and 10, 
respectively. (B) gCa, gNaP, and gNa = 0.00, 0.05, and 10, respectively. (C) gCa, gNaP, and gNa = 0.25, 0.00, 

and 10, respectively. (D) gCa, gNaP, and gNa = 0.25, 0.05, and 0, respectively
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model and aimed to reveal the relationship between spiking and these three conduct-
ance in detail.

The model analyzed in the present study was previously developed [1] and is 
described by a system of coupled nonlinear ordinary differential equations (ODEs) 
(Model equations are provided in “2 Model development” in [1]). In order to inves-
tigate the relationship between spiking and the three conductance, the present study 
focused on three problem parameters in the ODEs, the maximal conductance of per-
sistent sodium current (gNaP), transient sodium current (gNa), and calcium current 
(gCa), and systematically varied these parameter values to obtain numerical results of 
the ODEs. Numerical results were obtained using the free and open source software 
Scilab (http://www.scilab.org/). 

Figure 1 shows the time courses of the membrane potentials of the model under 
different conditions. When gCa, gNaP, and gNa were set at default values (Fig. 1A), the 
model showed spontaneous repetitive spiking as previously reported (Fig. 2a in [1]). 
When gCa was blocked, the model showed spiking, but the spiking frequency was 
greater than that in Figure 1A (Fig. 1B). When gNaP was blocked, the model showed 
spiking, but the frequency was smaller than that in Figure 1A (Fig. 1C). When gNa was 
blocked, spiking was completely blocked (Fig. 1D).

The dynamic states of the model in the (gCa, gNa)-parameter space under different 
gNaP conditions (Figs 2A1, 2A2, and 2A3) and in the (gNaP, gNa)-parameter space 
under different gCa conditions (Figs 2B1, 2B2, and 2B3) were revealed. Irrespective 
of gNaP values, the (gCa, gNa)-parameter space consisted of a spontaneous repetitive 
spiking state (black circle) and a quiescent state (white circle), and a decrease in gCa 
induced a decrease in the gNa threshold required to induce spiking. Irrespective of gCa 
values, the (gNaP, gNa)-parameter space consisted of a spontaneous repetitive spiking 
state (black circle) and a quiescent state (white circle), and a decrease in gNaP induced 
an increase in the gNa threshold required to induce spiking.

Three important conclusions can be drawn based on the above results. First, 
although a previous study [1] did not indicate the difference in the contribution of 
gNaP, gNa, and gCa on spiking, the present study revealed that gNa was indispensable, 
whereas both gNaP and gCa were dispensable to spiking under a default condition  
(Fig. 1). Therefore, it is considered that the ionic channel mediating the transient 
sodium current plays a more important role in generating spontaneous repetitive spik-
ing of type B MVNn than the ionic channels mediating the persistent sodium and 
calcium currents. Second, the present study revealed the relationship between spiking 
and the sodium conductance. Previous studies indicated that a decrease in the persis-
tent sodium conductance induced either an increase in the transient sodium conduct-
ance threshold required to induce spiking (Type 1) (Fig. 2 in [4, 6]) or a decrease in 
the transient sodium conductance threshold (Type 2) (Fig. 2 in [5]). The results of the 
present study (Fig. 2B) indicate that the MVNn model can be categorized into Type 
1 (see above). Third, the present study discovered a novel type of relationship 
between spiking and the calcium and sodium conductance. Previous studies indicated 
that a decrease in the calcium conductance induced an increase in the sodium con-
ductance threshold required to induce spiking (Fig. 4 in [3] and Fig. 2 in [7]). In 
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contrast, the results of the present study indicate that a decrease in the calcium con-
ductance induced a decrease in the sodium conductance threshold required to induce 
spiking (Fig. 2A). Generally speaking, activation of the calcium channel leads neu-
rons to a more excitable state. However, surprisingly, it is conjectured that the calci-
um channel of type B MVNn has a suppressive effect on the repetitive spiking. The 
present numerical results are predictions of the electrophysiological recording of type 
B MVNn spiking behavior in in vitro under various strengths of the sodium and cal-
cium conductance. The present numerical predictions will be tested experimentally 
by manipulating the conductance strengths by dynamic clamp technique.

Fig. 2. State diagrams of the model. (A1), (A2), and (A3), The (gCa, gNa)-parameter space under different 
gNaP conditions. (B1), (B2), and (B3), The (gNaP, gNa)-parameter space under different gCa conditions. 
Black circle indicates a spontaneous repetitive spiking state, whereas white circle indicates a quiescent 

state
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