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Abstract

In this paper, based on the Hodgkin-Huxley model of neurons, the chemical synaptic model is in-
tegrated into, and multiple monomer neurons are connected into neural nucleus clusters through
excitatory and inhibitory synaptic models to study the internal potential of neural nucleus clusters
when the cerebral cortex is not stimulated. Secondly, multiple nuclear clusters (Cortex, Stria-
tum/dMSN/iMSN, SNc, GPe, GPi/SNc, STN, Thalamus) are constructed according to the connection
method of the neural nuclear clusters inside the basal ganglia, and the direction of excitement or
inhibition in the meantime is certain. The basal ganglion circuit model with the removal of the ni-
gra SNc nucleus cluster is used as the model of the state of Parkinson’s disease, the basal ganglion
circuit model of the healthy state and the state of Parkinson’s disease is simulated, and the cha-
racteristic indicators unique to the two states are expounded. Then based on the PID automatic
control theory, sinusoidal high-frequency electrical stimulation is applied to the basal ganglion
targets of Parkinson’s disease, and the advantages and disadvantages of the stimulation effect of
DBS at different target locations are analyzed and evaluated. At the same time, the optimized elec-
trical stimulation parameters are obtained to provide a reference for the treatment of DBS. Final-
ly, based on the basal ganglion circuit model, the purpose is to find out whether there are other
optimal targets in addition to the known stimulation targets. Through the research in this paper, it
is found that the STN target is determined as the best stimulation target with an error result of 6
mV during the treatment of Parkinson’s disease, while the iMSN of the selected target in other lo-
cations has an error of 17 mV during the treatment process, which provides a data and model ba-
sis for the selection of electrical stimulation targets in the later stage, and provides an in-depth
understanding of the potential and related parameter signal indicators of the normal state of Par-
kinson'’s disease.
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Table 1. Parameter table

+* 1 BHE
SH ZHUA
C 1 uF
ONa 120 ms/cm?
Via 50 mVv
Ok 30 ms/cm?
o 0.3 ms/cm?
Vg =77 mV
A —54.5mV
gampa 50 ns
Eampa 0mv
a (47) 1.1 x 10%Ms
B () 190/s
YA 2mv
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Continued
Kp 5mV
JcaBa 1ns
Ecasa -80 mV
o (F011) 5 x 10%/Ms
B () 180/s
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Figure 1. HH model equivalent circuit
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Figure 2. Action potential under DC stimulation-time chart. (a) The action potential-time diagram of the
model in this article; (b) Enlarged view of a single frequency in this article; (c) Reference action poten-
tial-time chart; (d) Reference single frequency enlargement diagram
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Figure 3. (a) Action potential-time chart under AC stimulation; (b) Enlarged view of a single frequency
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Figure 4. Ganglion connection diagram: (a) Series type; (b) layered type; (c)
Fully connected type
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Figure 5. Neuronal potential distribution diagram
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Figure 6. Distribution of potentials of each nuclear group in the PD state
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Figure 7. Distribution of potentials of each nuclear group in a healthy state
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Figure 9. The result of stimulating the target GPi/SNr
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Figure 10. The result of stimulating the target STN
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Figure 11. The result of stimulating the target iIMSN
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