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Abstract—The membrane potential is used to compute the coefficient of correlation between 
normal state and Parkinson's state. The emphasis of this manuscript is to aim at the parameters 
that shows a noteworthy part for refining the correlation between a normal state in addition to 
Parkinson's state and similarly to learn the consequence of one parameter in contrast to other 
parameters on the coefficient of correlation. This study is significant to look inside the reasons 
for deviation of Parkinson discharge outline also towards classify the parameters which might 
show a vital part in rectifying the illness. Consequences display that the activity outlines are 
much sensitive to numerous parameters and these consequences also deliver insight into the 
motor dysfunction.  
 
Index Terms— Calcium current, current, sodium current, synaptic conductance, correlation 
coefficient. 

I. INTRODUCTION 

Awareness programs and initiatives play a significant role in educating people on Parkinson’s illness, especially 
the elderly population. Furthermore, to provide efficiently enhanced services dedicated to the diagnosis and treat 
the illness early, the neurosciences team at the hospitals has opened a special Parkinson’s illness clinic [1, 2]. 
The PD clinic will play a significant role in the holistic treatment of the disorders with support from a team of 
experienced neurologists, neurophysiologists, and trained nursing staff. Basal ganglia have four chief nuclei, 
which are (1) substantia nigra, (2) striatum, (3) Subthalamic nucleus (STN), and (4) Globus pallidus (GP) [3]. 
Substantia nigra itself is further separated into two sub-regions pars compacta and pars reticulata and GP is more 
separated into Globus pallidus (GPi) also to Globus pallidus (GPe) [4]. Thus, the part of neuronal action inside 
basal ganglia in the growth of Parkinson's ailment is uncertain [5]. The emphasis is on the assembly of the 
subthalamic nucleus is as shown in Fig. 1.  
The GPe cells scheme to the subthalamus and extra basal ganglia structures and constrain the cells in those 
regions via GABAA-receptor facilitated inhibition [7]. The subthalamic nucleus straightaway obtains indication 
from the cortex. It offers excitatory post-synaptic indications to globus pallidus and extra nuclei. It obtains 
inhibitory  post-synaptic  indication from globus pallidus [6]. A representation diagram of STN-GPe construction  
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Figure 1. Representation figure of STN-GPe construction inside Parkinson illness [6] 

in basal ganglia in Parkinson's illness is revealed in Fig. 1. 

II. MODEL OF STN-GPE GENERATION 

To produce the activity outlines in Parkinson's illness in the subthalamic nucleus model of basal ganglia, a 
conductance-based model has been taken. The membrane potential in the subthalamic neuron in a normal state 
and Parkinson's state is considered. This model [8] includes sodium, calcium and potassium current. It too 
deliberates the synaptic currents from GPe also applied current. Equivalences leading membrane potential is 
specified [9]: 
 

ܥ ௗ௏
ௗ௧

= ௅ܫ− − ௄ܫ − ே௔ܫ − ்ܫ − ஼௔ܫ − ஺ு௉ܫ − ௦௬௡ܫ +  ௔௣௣,  (1)ܫ
 
Where various membrane current is given by [10]. 
 

௅ܫ = 	 ݃௅ . [ܸ − ௅ܸ],     (2) 
 

௄ܫ = ݃௄.݊ସ . [ܸ − ௄ܸ],     (3) 
 

ே௔ܫ = 	 ݃ே௔ .݉ஶ
ଷ 	. (ܸ).ℎ. [ܸ − ேܸ௔]                                         (4) 

 
்ܫ = 	 ்݃ .ܽஶଷ . (ܸ). .	ݎ [ܸ − ஼ܸ௔]                                               (5) 

 
஼௔ܫ = 	 ݃஼௔ . ஶଶݏ . (ܸ). [ܸ − ஼ܸ௔]                                                     (6) 

 
஺ு௉ܫ = 	 ݃஺ு௉	 . ቀ

[஼௔]
[஼௔]ା௞భ

ቁ . [ܸ − ௄ܸ]                                              (7) 
 

஼ܸ௔ , ௄ܸ , ேܸ௔  and ௅ܸ  are the calcium, potassium, sodium, and leakage membrane potential. ݇ଵ is the dissociation 
constant of ܽܥଶା-dependent AHP current. 
An equation that describes calcium current [11]: 
 

d[஼௔]
ௗ௧

= ஼௔ܫ−]	ߝ	 ்ܫ	− −  (8)                                [[ܽܥ]ܽܥ݇
 
Calcium influx is categorized by ε and calcium pump rate is described by ݇ܽܥ. The gating variable equation for 
m, n, h, s, and a is described by: 
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ௗ௫
ௗ௧

= 	߶௫[[௫ಮ[௏]ି௫]
ఛೣ(௏) ]                                                 (9) 

 
For the gating variable, the constant is defined by ߶. ߬௫ is the time constant function. It is described by: 
 

߬௫(ܸ) = 	 ߬௫଴ + [߬௫ଵ/[1 + exp ቂ− [௏ିఏೣഓ]
ఙೣഓ

ቃ                        (10) 
 
Here, the constant function is τ and half inactivation/activation variable is ࣂ. The total of synaptic currents from 
the GPe in addition to other nearby neurons is equivalent to synaptic current in STN neurons. From GP to STN 
synaptic inputs and since feedback neurons from STN is well-defined for synaptic current ܫ௦௬௡. 

 
௦௬௡ܫ = ݃௚→௦ ∗	 ܸൣ	௚ݏ − ௚ܸ→௦൧+ 	݃௙→௦ ∗ ܸ]௙ݏ − ௙ܸ→௦]               (11) 

 
Synaptic conductance is defined by ݃௚→௦ and ݃௙→௦. Synaptic variables are defined by ݏ௚ and ݏ௙. To display the 
disintegration of dopamine, synaptic inputs show a chief part. We have modified the synaptic current input 
strength in the range [12]. Lower standards correlate to lesser dopamine points and sturdier conductance signifies 
the bigger dopamine points. The first-order kinetic equation is used for entire synaptic variables in the model 
circuit. The strength of synaptic current has been moderated through the assistance of these variables, and it is 
used to display higher and lesser dopamine points [4] so that the lesser values of ݏ௚  and ݏ௙ resemble to lesser 
dopamine points also sturdier conductance and higher values signify the reverse.  
The standards of synaptic strengths in the usual state (high dopamine level) are taken as ݃௙→௦ = 0.215 and ݃௚→௦ 
= 0.695, and the utmost conductance of the AHP current in a subthalamic neuron is ݃஺ு௉	 = 4.23 nS/mm2. The 
standards of synaptic strengths equivalent to the PD (low dopamine level) points are ݃௚→௦ = 1.39, ݃௙→௦ = 0.43, 
with subthalamic cells AHP conductance set to ݃஺ு௉	 = 8.46 nS/mm2 [4].  

III. RESULT OF CALCIUM MEMBRANE POTENTIAL IN PARKINSON ILLNESS FOR STN-GPE MODEL 

Calcium, sodium, and potassium remain the significant constraints for the human intellect [13]. Current learning 
signifies the outcome on Parkinson illness ejection outlines after the concentration of calcium membrane 
potential has been moderated keeping in sight the further constraints standards as ஼ܸ௔  = 140 mV, ேܸ௔  = 55 mV 
and ݃௚→௦ = 2 and ݃௙→௦ = 1 [6]. Further parameters continue unaffected [14]. The original value of calcium was 
140 mV. Some moderations have been done in the range from 100 to 180 and noted the variation in ejection 
outline for every value. Outcomes are exhibited for dissimilar standards of ஼ܸ௔  in Table 1 and Fig 6 and 7. 

TABLE I: CROSS-CORRELATION COEFFICIENT PERCENTAGE FOR DISSIMILAR VALUES OF ஼ܸ௔  KEEPING THE VALUES OF SYNAPTIC 
CONDUCTANCE I.E., ݃௚→௦= 2 AND ݃௙→௦=1 

஼ܸ௔  CCF 

100 96.95 

110 96.77 

120 96.75 

130 95.96 

140 96.59 

150 93.69 

160 84.91 

170 91.09 

180 94.12 

There is no noteworthy development inside the correlation coefficient even if we decrease or rise the value of 
calcium besides keep the value of sodium membrane potential as it is. Extreme correlation attained in this case is 
when ஼ܸ௔  =100 mV. The percentage of Coefficient is 96.95%. 
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Figure 2.  Line graph for table 1 showing the cross-correlation coefficient values for synaptic conductance values ݃௚→௦ and ݃௙→௦ and values 

of ஼ܸ௔  in the range of 100-180 mV 

 
Figure 3. This represents the activity outline for Normal state vs Parkinson’s illness state for ஼ܸ௔  =100 mV. Series X represents normal state 

and series Y represents Parkinson’s illness state 

IV. RESULT OF POTASSIUM MEMBRANE POTENTIAL OF PARKINSON’S ILLNESS ON STN-GPE MODEL 

After witnessing the not so noteworthy consequence of calcium ionic current on the subthalamic nucleus model 
in Parkinson's illness, other significant parameter, i.e., potassium ionic current in the human mind is being 
considered. Outlines are produced for dissimilar periods for normal and Parkinson's illness state for the 
subthalamic nucleus model. Table 2 displays the cross-correlation coefficient used for various values of 
potassium membrane potential. Figure 4 displays the graph for the same. These spikes/ejection outlines are 
differentiated by finding out their correlation coefficient. Value of calcium membrane potential ஼ܸ௔  is taken 
among 140 mV, the sodium membrane potential is 55 mV, and potassium membrane potential is too modified 
from −50 to −100 mV [6]. There is changeability in the correlation coefficient with alteration in the potassium 
membrane potential. But there is absolutely no noteworthy development in the correlation coefficient with rising 
or decline in the potential because of potassium ionic current. Growing calcium meaningfully progresses the 
correlation amid STNHS also STNPS, but an upsurge in potassium shows the reverse outcome on consequences. 
Table 2 displays the correlation coefficient calculated for dissimilar values of ௄ܸ = -50 to -100 mV. Correlation 
progresses from 65.28% to 90.86% from ௄ܸ  = -50 to -60 mV. It slightly declines for ௄ܸ = -60 to -70 mV. It once 
more starts improving for ௄ܸ = -70 to -80 mV. It is extreme for ௄ܸ  = -80 mV, and it declines after ௄ܸ = -80 mV 
to -100 mV. 
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TABLE II: CROSS-CORRELATION COEFFICIENT PERCENTAGE FOR DISSIMILAR VALUES OF ௄ܸ  KEEPING THE VALUES OF SYNAPTIC 
CONDUCTANCE I.E., ݃௚→௦= 2 AND ݃௙→௦=1 AND ஼ܸ௔= 140 MV 

௄ܸ CCF 
-50 65.28 
-60 90.86 
-70 90.01 
-80 97.07 
-90 96.71 

-100 96.42 

 
Figure 4. Line graph for table 2 showing the cross-correlation coefficient values for synaptic conductance values ݃௚→௦ and ݃௙→௦ and values 

of ௄ܸ  in the range of 100-180 mV 

 
Figure 5. This represents the activity outline for Normal state vs Parkinson’s illness state for ௄ܸ  =-80 mV. Series X represents normal state 

and series Y represents Parkinson’s illness state 

V. RESULT OF SODIUM MEMBRANE POTENTIAL IN PARKINSON ILLNESS ON STN-GPE MODEL 

We cannot randomly upsurge the calcium concentration only. It might have a contrary consequence on the 
complete classification. To find out whether the grouping of calcium and sodium might show an important part 
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for Parkinson sufferers, we moderated the value of sodium potential from its ideal value, i.e., 55 mV. Cross-
correlation for ேܸ௔  = 10−100 mV [6] has been calculated and signified in Table 3. Correlation coefficient has 
been shown for dissimilar values of ேܸ௔  in table 4. The extreme value of the correlation coefficient calculated is 
for ேܸ௔  = 40 mV. Varying the value of sodium ionic current with calcium ionic current do not affect the 
classification in an optimistic method. Calcium unaided shows an important part along with synaptic 
conductance. 

TABLE III: CROSS-CORRELATION COEFFICIENT PERCENTAGE FOR DISSIMILAR VALUES OF ேܸ௔  KEEPING THE VALUES OF SYNAPTIC 
CONDUCTANCE I.E., ݃௚→௦= 2, ௙݃→௦=1, ஼ܸ௔= 140 MV AND ௄ܸ  = 55 MV 

ேܸ௔  CCF 
10 8.57 
20 48.28 
30 73.25 
40 99.96 
50 91.28 
60 95.78 
70 93.18 
80 91.53 
90 88.68 
100 89 

 
Figure 6. Line graph for table 4 showing the cross-correlation coefficient values for synaptic conductance values 

݃௚→௦ and ݃௙→௦ and values of ேܸ௔  in the range of 10-100 mV 

We can understand the modification in the graph produced. There is an enhancement in the correlation 
coefficient if the value of calcium is decreased and the value of sodium membrane potential is as it is. Extreme 
correlation attained here is when ேܸ௔ =40 mV. The percentage of Coefficient is 99.96%. 

VI. CONCLUSION 

We have studied numerous variations in activity detected in a normal state and Parkinson’s state [15]. Numerous 
neurons in the cortico-basal-thalamic system have their particular ejection manner. We have taken the above-
mentioned ionic currents together with synaptic conductance to learn their result on the ejection outlines 
produced inside the subthalamic nucleus. We conclude that sodium current is extremely significant for finding 
the PD state. Calcium, sodium, and potassium ionic currents are significant for data movement inside the human 
mind. Because of the reduction of dopamine, the networks got disturbed among dissimilar nuclei. But the reason 
for this dopamine depletion is not so far totally known. Laterally with calcium, synaptic conductance too shows a 
significant part in enlightening the correlation between normal and PD state.  
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Figure 7. This represents the activity outline for Normal state vs Parkinson’s illness state for ேܸ௔  =40 mV. Series X represents normal state 

and series Y represents Parkinson’s illness state 

The higher the cross-correlation coefficient value, the improved the results are for the parameter under 
observation. From the results above we can accomplish that by decreasing the concentration of calcium current 
and sodium current progresses the discharge outlines in PD. So, sodium could be the chief parameter under 
deliberation which extremely affects the STN model in PD. The outcomes in the above study display that the 
STN model in Parkinson's disorder is delicate to numerous parameters, but the model seems extremely delicate 
to sodium and calcium current. Outcomes disclose the importance of witnessing the sodium current thoroughly 
to classify the reason for this illness. This model can be broken further to practice slightly optimization method 
for the enhancement of correlation among PD and normal states. It is similarly an extremely significant 
parameter to advance the correlation between spiking patterns of Non-PD and PD state. 

REFERENCES 

[1] P. Brown, A. Oliviero, P. Mazzone, A. Insola, P. Tonali, V.  Di Lazzaro, “Dopamine dependency of oscillations 
between subthalamic nucleus and pallidum in Parkinson's disease,” J Neurosci, 21(3), pp. 1033-8, Feb 2001. 

[2] M. Magnin, A. Morel, D. Jeanmonod. “Single-unit analysis of the pallidum, thalamus and subthalamic nucleus in 
parkinsonian patients,” Neuroscience, 96(3), pp.549-64, 2009.  

[3] RQ. So, AR. Kent, WM. Grill, “Relative contributions of local cell and passing fiber activation and silencing to changes 
in thalamic fidelity during deep brain stimulation and lesioning: a computational modeling study,” J Comput Neurosci, 
32(3), pp. 499-519, June 2012. 

[4] J. Singh, P. Singh P, V. Malik V, “Sensitivity analysis of discharge patterns of subthalamic nucleus in the model of basal 
ganglia in Parkinson disease,” J Integr Neurosci, 16(4), pp. 441-452, 2017. 

[5] D J. Gelb, E. oliver, S. Gilman, “Diagnostic criteria for parkinson disease,” Arch Neurol., vol. 56, pp. 33-39, 1999. 
[6] J. Singh, P. Singh, V. Malik, “Role of Sodium, Potassium and Synaptic Conductance in STN-GPe Model of Basal 

Ganglia in Parkinson Disease,” Soft Computing Applications, vol 761, 2018. 
[7] P. Gorzelic, SJ. Schiff, A. Sinh, “Model-based rational feedback controller design for closed-loop deep brain stimulation 

of Parkinson's disease,” J Neural Eng, 10(2), 026016, April 2013. 
[8] D. Terman, JE. Rubin, AC. Yew, CJ. Wilson, “Activity patterns in a model for the subthalamopallidal network of the 

basal ganglia,” J Neurosci, ;22(7), pp. 2963-76, April 2002. 
[9] S.A. Van Gills, H.G.E. Meijer, Ir. T. Heida, “The STN-GPe-network -a bifurcation analysis, October 2007. 
[10] S. Santaniello, G. Fiengo, L. Glielmo and W. M. Grill, "Basal Ganglia Modeling in Healthy and Parkinson's Disease 

State. I. Isolated Neurons Activity," American Control Conference, pp. 4089-4094, 2007. 
[11] T. Otsuka, T. Abe, T. Tsukagawa, WJ. Song, “Conductance-based model of the voltage-dependent generation of a 

plateau potential in subthalamic neurons,” J Neurophysiol. July 2004. 
[12] Dovzhenok, LL. Rubchinsky, “On the Origin of Tremor in Parkinson’s Disease,” PLOS ONE, 7(7), 2012. 
[13] D. Martinez-Ramirez, W. Hu, A. R. Bona, et al., “Update on deep brain stimulation in Parkinson’s diseas,” Transl 

Neurodegener 4, 12 ,2015. 
[14] Sharott, PJ. Magill, JP. Bola, P. Brown, “Directional analysis of coherent oscillatory field potentials in the cerebral 

cortex and basal ganglia of the rat,” J Physiol., vol. 562, pp. 951-63, Feb 2005. 

[15] JE. Rubin, CC. McIntyre, RS. Turner, T. Wichmann, “Basal ganglia activity patterns in parkinsonism and computational 
modeling of their downstream effects,” Eur J Neurosci., 36(2), pp. 2213-28, July 2012. 


