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Firing Activities of The Single Cells in The Basal Ganglia
Controlling Motor Movement

KIM Sang-Yoon ', LIM Woochang ™
'Daegu National University Of Education
wclim@icn.re.kr

Abstract:

The basal ganglia (BG) are ?roup of subcortical nuclei located at the base of the forebrain. One of their
main functions is control of voluntary motor movement. The striatum (which is the largest component)
is the primary input to the BG, receiving sensorimotor information from the cerebral cortex. Spiny
projection neurons (SPNs) with D1and D2 dopamine (DA) receptors constitute a major population of
primary inhibitory striatal neurons. The globus pallidus internal segment (GPi) / substantia nigra pars
reticulata (SNr) is the output nucleus of the BG, projecting its inhibitory output to the thalamus.
Voluntary motor movement is made via balance between the direct and the indirect pathways from the
striatum to the GPi/SNr: direct pathway (D1 SPNs — GPi/SNr) and indirect pathway (D2 SPNs — GPe —
STN (subthalamic nucleus) = GPi/SNr). The DA from the substantia nigra pars compacta (SNc)
modulates the D1 and D2 SPNs differently; it excites the D1 SPNs (facilitating the direct pathway), while
it inhibits the D2 SPNs (suppressing the indirect pathway). For construction of our spiking neural
network for the BG, we first study firing activities of the single cells in the Izhikevich neuron models for
the DA-modulated D1and D2 SPNs (input cells), the GPi/SNr (output) cells, and the intermediate GPe
and STN cells (related to the indirect pathway).
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