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ABSTRACT 
In this study, compartmental model of squid giant axon is 
constructed, and axonal response to sinusoidal stimulation is 
examined based on the squid giant axon. Axonal membrane 
potentials are obtained for a stimulus frequency range and 
spike counts are estimated. Then sodium ionic channels that 
cause membrane depolarization in the model are blocked by 
application tetrodotoxin(TTX), so magnitude of axonal 
membrane potential oscillations are investigated. 
 

I. INTRODUCTION 
Modeling of neuronal structure is an important tool for 
neuroscientists on understanding of neuronal functions. 
In this context methods of neuronal excitability have been 
significantly influenced by Hodgkin and Huxley [1]. 
Hodgkin and Huxley derived mathematical equations that 
describe two types of voltage-dependent conductances in 
squid giant axon [2]. Squid axon has a simple neural 
structure in terms of voltage-dependent ionic channel 
number. It contains a fast Na+ current, a delayed rectifier 
K+ current, and a leak current. Fast Na+ current and 
delayed rectifier K+ current are voltage-dependent. 
Hodgkin-Huxley�s mathematical formalism is still used 
to describe behaviour of voltage-gated ionic channels [3-
7]. Therefore new studies are reported on simulating 
biological systems and neuronal excitability based on 
squid giant axon as a basis for modeling of neuronal 
structures include more than two voltage-dependent ionic 
channels [8,9]. 
 

II. HODGKIN-HUXLEY FORMALISM OF AN 
IONIC CURRENT 

In Hodgkin-Huxley mathematical formalism, an ionic 
current channel is assumed to have gates which are in one 
of two states, i.e. open or closed state [10]. Conductance 
of an ionic channel is defined with Hodgkin-Huxley as 
follows [2]: 
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where m and h show voltage-dependent probability of 
being open state for activation and inactivation gates 

respectively, gx is maximal conductance of ionic channel, 
p is the number of activation gates  and q is the number of 
inactivation gates. 
 
Transitions between open and closed states are modelled 
with first order differential equations as follows: 
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where )(vα  and )(vβ  are voltage-dependent rate 

functions which determine rate of transitions from one 
state to the other within the ion gates. )(vm∞  and )(vh∞  

are steady-state activation(i.e. steady-state open gate 
fraction for activation) and inactivation(i.e. staedy-state 
open gate fraction for inactivation) respectively; )(vmτ  

and )(vhτ  show voltage-dependent activation and 

inactivation time constants which are the times taken to 
reach a steady-state values for a given potential 
respectively, and may be written as 
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III. VOLTAGE-DEPENDENT IONIC CHANNELS 

OF SQUID GIANT AXON 
Squid giant axon contains a fast Na+ current which causes 
membrane depolarization, a delayed rectifier K+ current 
which causes membrane repolarization, and a leak current 
which determines resting membrane potential.  
 



 Conductance of fast Na+ channel is given by 
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where gNa is 120 mS/cm2. Rate functions of fast Na+ 
channel are as follows: 
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Conductance of delayed rectifier K+ channel is given 
by 
 

4
KK ngG =                  (9) 

 
where gK is 36 mS/cm2. Rate functions of delayed 
rectifier K+ channel are as follows: 
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IV. COMPARTMENTAL MODEL OF SQUID 

GIANT AXON 
Squid giant axon model is constructed  by using 
compartmental modeling approach. . Compartmental 
modeling in which a neuron is divided into small parts 
called as compartment is derived from linear cable 
theory [11]. Equivalent electric circuit for squid giant 
axon compartment is shown in Figure 1. Specific 
membrane capacitance, CM is taken as 1 µF/cm2, leak 
conductance as 0.3 mS/cm2, resting potential as �65 
mV, and reversal potentials ENa as 50 mV, EK as �77 
mV and EL as �59.4 mV. 

 
Figure 1. Equivalent electric circuit for the model 
 
In Figure 1, current equation is obtained as 
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where Cm , Vm , Iion , Iinject  represent membrane 
capacitance, membrane potential, sum of ionic 
currents, and injected current respectively. Sum of the 
ionic currents is given by 
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So the change in membrane potential is expressed as 
follows: 
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V. INTEGRATION METHOD 

It�s necessary to compute m and h values at each time 
step before calculating of membrane potential. Eq. (2) 
and Eq. (3) have a general form as 
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where A=α , B=α+β. We use Forward Euler method to 
obtain the values of m and h for each time step. 
Solution of Eq. (14) for time increment ∆t is given as 
follows [1]: 
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After calculating of m and h values, it�s easy to 
calculate an ionic current with Eq. (12) . Next step at 
the integration is to calculate the membrane potential 
according to Eq. (13). The expression on the right side 
of Eq. (13) was calculated, so have a constant value. 
Therefore the integration of membrane potential is 
done with Forward Euler method [1]: 
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VI. SIMULATION RESULTS AND DISCUSSION 

Simulations  were run with fixed time increment of 40 
ms same as in [8,9]. Sinusoidal currents with different 
frequencies were injected into the compartment for 
several different magnitudes, and membrane potentials 
were calculated. Then spike counts were estimated 
over 200 ms simulation duration and a plot of spike 
count vs. stimulus frequency was obtained as shown in 
Figure 2. As seen in Figure 2, range of spike activity 
increases with increasing current magnitude. These 
ranges were observed as nearly 60 Hz, 110 Hz, 250 Hz, 
300 Hz for 2.5, 5, 10 and 15 µA magnitudes 
respectively. At the same time the total spike count 
decreases with increasing frequency, but the decrease 
didn�t happen smoothly. 



 To determine relation between magnitude of axonal 
membrane potential oscillations and stimulus 
frequency, sodium channels that causes membrane 
depolarization are blocked, i.e. their conductance was 
reset to zero. Then sinusoidal currents with different 
frequency were injected into the compartment for 
several different magnitudes, peak depolarization 
potentials were recorded and a plot of peak 
depolarization vs. stimulus frequency was obtained as 
shown in Figure 3. Setting fast sodium channel 
conductance to zero, spike activity was blocked. 
Therefore only membrane potential oscillations were 
allowed. As seen in Figure 3, all curves showed same 
characteristic. A higher frequency stimulus resulted in 
a smaller membrane potential oscillations. Magnitude 
of the peak depolarization increased up to nearly 50 
Hz, and then decayed exponentially.  

Figure 2. Relation between spike count and stimulus 
frequency 
 

Figure 3. Relation between peak depolarization and 
stimulus frequency 
 
 

VII. CONCLUSION 
In this study, axonal response to sinusoidal stimulation 
based on squid giant axon is examined. Compartmental 
model of squid giant axon is constructed for the aim. 
Investigation consists of two steps. In the first step, the 
effect of stimulus frequency on the spike activity is 
analysed for several different magnitudes. In the 
second step, magnitude of membrane potential 
oscillations is taken into consideration. Therefore a fast 
sodium ionic channel that causes spike activity is 
blocked, and peak depolarization to stimulus frequency 
is calculated for the magnitudes. Results show that 
sinusoidal stimulus with a higher frequency results in 
the potential oscillations with a smaller magnitude. 
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