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RINGKASAN 

MOH IMAM MASUDI KALIM. Pengembangan Model Dinamika Basal Ganglia 
Thalamus (BGTH) dan Respon Imunoterapi pada Penyakit Parkinson. Dibimbing 
oleh AGUS KARTONO dan SITTI YANI. 

Penyakit Parkinson merupakan penyakit neurodegeneratif progresif yang 
ditandai  dengan degenerasi neuron dopaminergik di substantia nigra pars 
compacta (SNc). Penyakit ini menyebabkan gangguan pada sistem basal ganglia 
thalamus (BGTH) serta gejala motorik seperti bradikinesia, rigiditas, dan tremor. 
Selain kekurangan dopamin, penumpukan protein α-synuclein yang mengalami 
misfolding menyebabkan aktivasi mikroglia yang  berlebihan dan mempercepat 
degenerasi neuron. Penelitian terdahulu memodelkan sistem BGTH dan respons 
imun secara terpisah, sehingga keterkaitan antara proses imunoterapi dan gangguan 
sistem BGTH tidak terintegrasi. Penelitian ini bertujuan mengembangkan model 
matematika terintegrasi yang menggabungkan model dinamika sistem BGTH 
dengan respons imunoterapi, untuk mengevaluasi efektivitas imunoterapi dalam 
menghambat progresi penyakit Parkinson. Kedua model diintegrasikan melalui 
parameter imunoterapi sebagai variabel kontrol yang mengatur perubahan 
konsentrasi α-synuclein. Perubahan tersebut digunakan untuk memodulasi 
konduktansi sinaptik antar-nukleus pada model BGTH. Simulasi dilakukan 
menggunakan MATLAB pada kondisi fisiologis, patologis, dan pasca-imunoterapi 
dengan tiga tingkat efektivitas (rendah, sedang, maksimal). 

Hasil penelitian menunjukkan bahwa pada kondisi Parkinson terjadi 
perubahan pola firing neuron yang ditandai dengan penurunan aktivitas GPe 
(globus pallidus externa) serta peningkatan aktivitas STN (subthalamic nucleus)  
dan GPi (globus pallidus interna). Perubahan tersebut meningkatkan inhibisi 
terhadap TH (thalamus) sehingga mengganggu transmisi sinyal motorik. 
Pemberian imunoterapi mampu memperbaiki pola firing neuron dan 
mengembalikan aktivitas sistem BGTH menuju kondisi normal. 

Kata kunci: α-synuclein, Basal ganglia thalamus, Imunoterapi, Neuroinflamasi,  
Penyakit Parkinson. 

  



 

SUMMARY 

MOH IMAM MASUDI KALIM. Development of a Basal Ganglia Thalamus 
(BGTH) Dynamics Model and Immunotherapy Response in Parkinson's Disease. 
Supervised by AGUS KARTONO and SITTI YANI. 

Parkinson's disease is a progressive neurodegenerative disorder 
characterized by the degeneration of dopaminergic neurons in the substantia nigra 
pars compacta (SNc). This disease causes disruption of the basal ganglia thalamus 
(BGTH) system and motor symptoms such as bradykinesia, rigidity, and tremor. In 
addition to dopamine deficiency, the accumulation of misfolded α-synuclein protein 
leads to excessive microglia activation and accelerated neuronal degeneration. 
Previous studies have modeled the BGTH system and the immune response 
separately, thus lacking an integrated understanding of the relationship between 
immunotherapy processes and BGTH system disorders. This study aims to develop 
an integrated mathematical model that combines the dynamics of the BGTH system 
with the immunotherapy response to evaluate the effectiveness of immunotherapy 
in inhibiting Parkinson's disease progression. The two models are integrated 
through immunotherapy parameters as control variables that regulate changes in α-
synuclein concentration. These changes are used to modulate internuclear synaptic 
conductance in the BGTH model. Simulations were performed using MATLAB 
under physiological, pathological, and post-immunotherapy conditions with three 
levels of effectiveness (low, moderate, and maximal).  

Research results show that in Parkinson's disease, neuron firing patterns 
change, characterized by decreased activity of the external globus pallidus (GPe) 
and increased activity of the subthalamic nucleus (STN) and internal globus 
pallidus (GPi). These changes increase inhibition of the thalamus (TH), thus 
disrupting motor signal transmission. Immunotherapy can improve neuron firing 
patterns and restore normal BGTH system activity. 

Keywords: α-synuclein, Basal ganglia thalamus, Immunotherapy, 
Neuroinflammation, Parkinson's disease 
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