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Abstract 

 

The ghostbursting model is a mathematical model that mimics the in vitro 

dynamics of the electrosensory neurons of the weakly electric fish. This model is 

described by a system of nonlinear ordinary differential equations based on the 

Hodgkin – Huxley theory. The ghostbursting model is divided into two 

compartments, namely, the somatic compartment and the dendritic compartment, 

and both compartments contain the leak current. In addition, since the leak current 

of each compartment is described by two parameters, the leak conductance and 

the reversal potential, there are in total four parameters describing the leak current 

of the ghostbursting model: the somatic parameters (i.e., the somatic leak 

conductance and the somatic leak reversal potential) and the dendritic parameters 

(i.e., the dendritic leak conductance and the dendritic leak reversal potential). This 

study performs a numerical simulation of the ghostbursting model. The effect on 

the model of variation in these four parameters is investigated . Simulation results 

reveal that there are several quantitative differences in the effect when comparing 

the parameters specific to the somatic and dendritic compartments. These results 

will contribute to a deeper understanding of the leak current with the 

ghostbursting model. 
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1 Introduction 
 

   The ghostbursting model is a mathematical model that has been extensively 

studied [1-3]. This model mimics the in vitro dynamics of the electrosensory 

neurons of the weakly electric fish, and is formulated based on the Hodgkin–

Huxley theory. The model description requires a system of six coupled nonlinear 

ordinary differential equations (ODEs). This model is also divided into two 

compartments: the somatic compartment, for which the dynamics are described by 

two equations, and the dendritic compartment, with dynamics described by the 

remaining four equations. Each compartment contains sodium, potassium, and 

leak currents. In particular, previous studies reported the characteristics of the 

sodium and potassium currents [1, 3]. However, in those studies, the 

characteristics of the leak current were not studied. Studies of mathematical 

models that describe a leech interneuron indicate that the leak current plays an 

important role in regulating the dynamics of the models [4-6]. Taking this into 

account, to understand the dynamics of the ghostbursting model in detail, it is 

necessary to explore the relationship between the leak current and the dynamics of 

the ghostbursting model. The leak current comprises two parameters: the leak 

conductance and the reversal potential. In addition, since the leak current is 

contained in both the somatic and dendritic compartments, each parameter is 

divided into somatic and dendritic forms. Therefore, the present study performs a 

numerical simulation of the ghostbursting model, and investigates how variation 

in the somatic parameters (i.e., the somatic leak conductance and somatic leak 

reversal potential) and the dendritic parameters (i.e., the dendritic leak 

conductance and dendritic leak reversal potential) affects the dynamics of the 

ghostbursting model. 

 

 

2 Materials and Methods 
 

   The present study begins with a numerical simulation of the ghostbursting 

model. This model is described by a system of six coupled ODEs. The state 

variables are the membrane potential of the somatic compartment [Vs (mV)], the 

activating variable of the potassium conductance of the somatic compartment (ns), 

the membrane potential of the dendritic compartment [Vd (mV)], the inactivating 

variable of the sodium conductance of the dendritic compartment (hd), the 

activating variable of the potassium conductance of the dendritic compartment 

(nd), and the inactivating variable of the potassium conductance of the dendritic 

compartment (pd). The time evolution of the state variables is described as follows: 
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The control parameters of the ghostbursting model are the injected current to the 

somatic compartment Is (A/cm2), the somatic leak conductance gL,s (mS/cm2), the 

dendritic leak conductance gL,d (mS/cm2), the somatic leak reversal potential EL,s 

(mV), and the dendritic leak reversal potential EL,d (mV). Is was varied from 5.2 to 

6.2 (A/cm2) or from 7.8 to 9.0 (A/cm2). The default values of gL,s and gL,d are 

0.18 mS/cm2, whereas the default values of EL,s and EL,d are both 70 mV. The 

values of gL,s and gL,d were varied from 90% to 110% of the default ones, whereas 

EL,s and EL,d were varied from 99% to 101% of the default values. Detailed 

explanations of these equations have already been provided [1]. Equations (1)–(6) 

were numerically solved using the free and open source software Scilab 

(http://www.scilab.org/) with initial conditions of Vs = 70 mV, ns = 0.00005, Vd = 

70 mV, hd = 0.973, nd = 0.002, and pd = 0.697. 

 

 

3 Results 
 

   Earlier reports stated that the ghostbursting model shows three dynamical states, 

namely, a quiescent state, a repetitive spiking state, and a bursting state, 

depending on the Is values. When Is is increased, the dynamical state moves from 

a quiescent state through a repetitive spiking state into a bursting state [1, 3]. The 

present study focuses on the Is threshold for the transition from a quiescent state to 

a repetitive spiking state and the Is threshold for the transition from a repetitive 

spiking state to a bursting state. This study investigates how these two thresholds 

are affected by control parameters (i.e., gL,s, gL,d, EL,s, and EL,d). 

    Figure 1 shows the effect of variation in gL,s and gL,d on the thresholds. The Is 

threshold for the transition from a quiescent state to a repetitive spiking state 

changes such that 5.6 A/cm2 → 5.8 A/cm2 → 6.2 A/cm2 when gL,s is changed 

from 90% → 100% → 110% of the default values, whereas the Is threshold 

changes such that 5.4 A/cm2 → 5.8 A/cm2 → 6.2 A/cm2 when gL,d is changed 

from 90% → 100% → 110% of the default values (Figure 1A). The Is threshold 

for the transition from a repetitive spiking state to a bursting state changes such  

http://www.scilab.org/
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that 8.4 A/cm2 → 8.6 A/cm2 → 8.8 A/cm2 when gL,s is changed from 90% → 

100% → 110% of the default values, whereas the Is threshold changes such that 

8.0 A/cm2 → 8.6 A/cm2 → 9.0 A/cm2 when gL,d is changed from 90% → 

100% → 110% of the default values (Figure 1B). 

    Figure 2 shows the effect of variation in EL,s and EL,d on the thresholds. The Is 

threshold for the transition from a quiescent state to a repetitive spiking state 

changes such that 5.8 A/cm2 → 5.8 A/cm2 → 6.0 A/cm2 when EL,s is changed 

from 99% → 100% → 101% of the default values, whereas the Is threshold 

changes such that 5.6 A/cm2 → 5.8 A/cm2 → 6.0 A/cm2 when EL,d is changed 

from 99% → 100% → 101% of the default values (Figure 2A). The Is threshold 

for the transition from a repetitive spiking state to a bursting state changes such 

that 8.4 A/cm2 → 8.6 A/cm2 → 8.8 A/cm2 when EL,s is changed from 99% → 

100% → 101% of the default values (Figure 2B). The change in the Is threshold 

when EL,d is changed from 99% → 100% → 101% of the default values is the 

same as when EL,s is changed from 99% → 100% → 101% of the default values 

(Figure 2B). 

 

 

4 Discussion 

 

Are the effects of variation in the parameter of a specific ionic conductance on 

the Is threshold for the transition from a repetitive spiking state to a bursting state 

qualitatively different or the same when comparing the somatic and dendritic 

compartments? A previous study [3] revealed that the sodium and potassium 

conductances provide examples in which the effects are qualitatively different (i.e., 

the Is threshold increases owing to an increase in the somatic sodium conductance, 

but decreases owing to an increase in the dendritic sodium conductance; the Is 

threshold decreases owing to an increase in the somatic potassium conductance, 

but increases owing to an increase in the dendritic potassium conductance). 

However, that previous study did not clarify whether there is an example in which 

the effects are qualitatively the same. The present study established this example: 

The Is threshold increases owing to an increase in the leak conductance, 

irrespective of whether the conductance is somatic or dendritic (Figure 1B). 

However, the increase in the Is threshold in response to an increase in the 

conductance values is quantitatively different between the somatic and dendritic 

parameters: The increase in the Is threshold is larger in the case of an increase in 

the dendritic leak conductance than in the case of the somatic leak conductance. 

    A previous study reported the effect on the ghostbursting model of variation in 

the reversal potential [2]. However, in contrast to the present study, the previous 

study changes reversal potential values of all the ionic conductances 

simultaneously, so that it cannot reveal the effect of variation of the leak reversal 

potential alone on the ghostbursting model. The present study can resolve this 

problem (Figure 2). In addition, the previous study did not investigate the effect of 

variation in the leak conductance on the ghostbursting model [2]. The present 

study can also resolve this problem (Figure 1). The previous study did not reveal  
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the difference between the somatic and dendritic parameters [2]. As described in 

the previous paragraph, the present study clarifies the quantitative difference 

between the two parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The dependence of the dynamical states of the ghostbursting model on 

Is, gL,s, and gL,d. (A) The sensitivity of the Is threshold for the transition from a 

quiescent state to a repetitive spiking state when there is variation in gL,s and gL,d. 

(B) The sensitivity of the Is threshold for the transition from a repetitive spiking 

state to a bursting state when there is variation in gL,s and gL,d. In (A) and (B), × 

indicates a quiescent state; ○ indicates a repetitive spiking state; ● indicates a 

bursting state. 

 

 

 

 

 

(A)

(B)

×: quiescence, ○ : spiking, ● : bursting.

I s  (A/cm
2
)

5.2 5.4 5.6 5.8 6.0 6.2

90% × × ○ ○ ○ ○

g L ,s 100% × × × ○ ○ ○

110% × × × × × ○

90% × ○ ○ ○ ○ ○

g L ,d 100% × × × ○ ○ ○

110% × × × × × ○

I s  (A/cm
2
)

7.8 8.0 8.2 8.4 8.6 8.8 9.0

90% ○ ○ ○ ● ● ● ●

g L ,s 100% ○ ○ ○ ○ ● ● ●

110% ○ ○ ○ ○ ○ ● ●

90% ○ ● ● ● ● ● ●

g L ,d 100% ○ ○ ○ ○ ● ● ●

110% ○ ○ ○ ○ ○ ○ ●
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Figure 2. The dependence of the dynamical states of the ghostbursting model on 

Is, EL,s, and EL,d. (A) The sensitivity of the Is threshold for the transition from a 

quiescent to a repetitive spiking state when there is variation in EL,s and EL,d. (B) 

The sensitivity of the Is threshold for the transition from a repetitive spiking to a 

bursting state when there is variation in EL,s and EL,d. In (A) and (B), × indicates a 

quiescent state; ○ indicates a repetitive spiking state; ● indicates a bursting state. 

 

 

    Many studies have reported the analysis of the effect on neuronal mathematical 

models when there is variation in the ionic conductances. For example, the effect 

on a dopaminergic retinal neuron model when there is variation in the sodium and 

potassium conductances [7] and the effect of variation on a snail RPa1 neuron 

model when there are different types of calcium conductances [8] have been 

reported. However, these two studies do not investigate the effect on the models 

when there is variation in the leak conductance. Similarly to the present study, 

studies using leech interneuron models reveal the effect on the models when there 

is variation in the leak conductance and reversal potential [4] – [6].  However, in  

 

 

(A)

(B)

×: quiescence, ○ : spiking, ● : bursting.

I s  (A/cm
2
)

5.2 5.4 5.6 5.8 6.0 6.2

99% × × × ○ ○ ○

E L ,s 100% × × × ○ ○ ○

101% × × × × ○ ○

99% × × ○ ○ ○ ○

E L ,d 100% × × × ○ ○ ○

101% × × × × ○ ○

I s  (A/cm
2
)

7.8 8.0 8.2 8.4 8.6 8.8 9.0

99% ○ ○ ○ ● ● ● ●

E L ,s 100% ○ ○ ○ ○ ● ● ●

101% ○ ○ ○ ○ ○ ● ●

99% ○ ○ ○ ● ● ● ●

E L ,d 100% ○ ○ ○ ○ ● ● ●

101% ○ ○ ○ ○ ○ ● ●
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contrast to the present study, the leech interneuron models used in the previous 

studies [4-6] are single-compartment models, so that the difference between the 

somatic and dendritic parameters cannot be studied in the leech interneuron 

models. 

 

 

5 Conclusion 

 

The present study, performing a numerical simulation of the ghostbursting 

model, focuses on (1) the Is threshold for the transition from a quiescent state to a 

repetitive spiking state and (2) the Is threshold for the transition from a repetitive 

spiking state to a bursting state. It demonstrates the sensitivity of these two 

thresholds to variation in the leak conductance and the reversal potential. In 

particular, the present study evaluates the characteristics of the somatic 

parameters and the dendritic parameters separately. An important contribution of 

the present study is the detailed clarification of the characteristics of the leak 

conductance and reversal potential of the ghostbursting model. 
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