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Abstract
Intra-peritoneal administration of riluzole has been shown to preserve the 

-
ebellar ataxia induced by 3-acetylpyridine (3-AP). However, the exact mechanism(s) by 
which riluzole restores the normal electrophysiological properties of Purkinje neurons is 
not completely understood. Changes in the conductance of several ion channels, includ-
ing the BK channels, have been proposed as a neuro protective target of riluzole.  In this 
study, the possible cellular effects of riluzole on Purkinje cells from 3-AP-induced ataxic 
rats that could be responsible for its neuro protective action have been investigated by 
computer simulations.

 This is a computational stimulation study. The simulation envi-

activity of Purkinje cells without concerns about its other effects and interfering param-
eters in the experiments. Simulations were performed in the NEURON environment (Ver-
sion 7.1) in a time step of 25 μs; analyses were conducted using MATLAB r2010a (The 
Mathworks). Data were given as mean ± SEM. Statistical analyses were performed by the 

channel current, as suggested by previous experimental studies, should not be consid-
ered as the only possible target for the neuro protective effects of riluzole to restore the 

Changes in the conductance of several potassium channels, including volt-
age-gated potassium (Kv1, Kv4) and big Ca2+-activated K+ (BK) channels may be respon-

properties of Purkinje cells in a rat model of ataxia.
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Introduction

cells play an important role in the normal function 
is the result of changes in the physiological func
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In study by Janahmadi et al. on a rat model of cer

in vivo 

rons and restored the electrophysiological characteris

 

that a suitable therapeutic target for the treatment of 

K

or numerous other uncontrollable parameters that 

were changed as the possible mechanism of action 

Materials and Methods
Computer simulations

ied the cellular mechanisms of neuroprotection by rilu

Only the soma is included in this model which con
sists of eight types of ion channels (resurgent Na
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mum conductance of the resurgent Na  current was 
2 2; 

the diameter and length of soma were both increased 

Electrophysiological assessment

tial duration was calculated as the duration measured 

The input resistance was calculated from the change 

Results
Comparison of the electrophysiological charac-
teristics of control and ataxic Purkinje neurons 

cell under normal conditions. A. Fast time scale and  B.Slow 
time scale.

cell current clamp recording from a mean resting 

-
rons under whole cell current clamp. A. Fast time scale and 
B.Slow time scale.

A

B

A

B
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Fig 3: Bursting activity of a real ataxic Purkinje neuron. A. 
Fast time scale and  B.Slow time scale.

A

B

 

ataxia conditions. A.Fast time scale and  B.Slow time scale.

Electrophysiological characteristics of real and 

The results agreed with simulations reported by 

A

B

Table 1: Electrophysiological characteristics of real and simulated Purkinje cells under normal and ataxia conditions
Simulated ataxic 
purkinje cell

Simulated normal 
purkinje cell

Purkinje cells from 
ataxic rats

Normal purkinje 
cell

Electrophysiological 
parameters

Frequency (Hz)

AP amplitude (mV)

AHP amplitude (mV)

AP duration (ms)
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Neuroprotective effects of riluzole on ataxic 
Purkinje neurons 

The mean input resistance of these cells almost 

recorded from 3-AP + riluzole treated rats. A. Fast time scale 
and B. Slow time scale.

different ionic currents and compared the resultant 

 

ments focused on changes in these ionic cur
rents as possible mechanisms of action of rilu

The results of the simulations indicated that 
 channels in 

A

B

In the model we changed conductance of indi

cells did not significantly affect neuronal re

channel conductance suppressed cell firing 

increased BK channel conductance. A. 30% increase and B. 
40% increase.

could not be restored to the normal condition be

A

B
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increased Kv1 channel conductance. A.40% increase and 
B.50% increase.

neuron with a 50% increase in Ih channel conductance. A. 
Fast time scale and  B.Flow time scale.

A

B

A

B

neuron with reduction in the conductance of Kv4 channels. 
A. 10% reduction and  B. 20% reduction.

The simulations showed that changes in the con

it could theoretically be suggested that changes in 

A

B
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responses closer to the control neurons.

neuron with a 10% reduction in Kv4 channel conductance 
along with 75% enhancement in BK channel conductance. 
A. Fast time scale and  B. Slow time scale.

To restore input resistance to the normal condi

A

B

cell in A. Normal, B. Ataxia, and C. Riluzole-treated ataxia 
conditions.

ances were not the only possible alterations in 

could be through a combination of changes in 

channels could also simulate the neuro protec

normal condition.

and Ih channels did not restore the electrophysi

cell to the normal condition.  

cell. Table 2 summaries these combinations. 

B

C

A
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Table 2: Summary of the results, which demonstrate the minimum changes in the conductance of 

Ability to restore electrophysiological 
characteristics of ataxia to normal 
conditions

Channel modulation

NoKv4 inhibition

NoBK stimulation

NoKv1 stimulation

NoIh stimulation

Kv4 inhibition (10%) and BK stimulation (75%)

Kv4 inhibition (10%) and Kv1 stimulation (90%)

Kv4 (10%) inhibition, Kv1 (40%) and BK (40%) 
stimulation

Ih (40%) and BK (80%) stimulation

Ih (40%) and Kv1 (80%) stimulation

Ih (40%), Kv1 (40%) and BK (40%) stimulation

Discussion
In the present study we discussed the possible 

plain restoration of the electrophysiological prop
erties of these cells. 

The simulation findings suggested that modu
lation of the conductance of each of the pro
posed channels alone could not be responsible 

effects on two or three of the proposed channels 

cells. These proposed combinations consisted 

found in the literature for an increase in Ih chan

Fig 12: Simulated effects of riluzole on the electrophysi-
ological characteristics of Purkinje neurons, including A. 
Input resistance, B. Action potential (AP) duration, C. AHP 
amplitude, D.AP amplitude and  E: Frequency.
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A

C

B

D

E

Fig 13: Real effects of riluzole on the electrophysiological characteristics of Purkinje neurons, including A.Input resistance, 
B.Resting membrane potential, C.AHP amplitude, D. Action potential (AP) amplitude and  E. AP half width (1).

amplitude and a significant increase in its dura

ed groups. The results were almost the same in 

neurons.

The results of this study may be used in fu

electrophysiological properties of neuronal cells 
against normal conditions.

Conclusion 
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