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 The basal ganglia (BG) play an essential role in controlling voluntary movement 

and posture. The BG receive inputs from the cerebral cortex and  project back to the 

original cortex through the thalamus. The output nuclei  of the BG are the internal 

segment of globus pallidus (GPi) and the substantia nigra pars reticulata (SNr). 

According to the basic circuits of the BG, the motor cortical inputs are transmitted to 

the output nuclei of the circuit via the three pathways: that is hyperdirect, direct, and 

indirect pathways. In the hyperdirect pathway, the subthalamic nucleus (STN) relays 

direct inputs from the cerebral cortex to the GPi/SNr. The direct pathway originates 

from the striatum (Str) and projects to the GPi/SNr. The indirect pathway originates 

from the Str projects to the GPi/SNr via the external segment of globus pallidus (GPe) 

and STN. Thus, the GPe can be considered as a connecting nucleus within the indirect 

pathway, while the GPi is the output nucleus of the basal ganglia.  

 The synchronized neuronal activity is important for the information processing 

in the brain circuits, such as the cerebral cortex and cerebellum. The lack of GPe/GPi 

neuronal correlated activity was reported in resting state of monkeys but the activity 

during movements has not been studied yet. Firstly, I simultaneously recorded multiple 

neuronal activity in the GPe/GPi of monkeys during hand reaching movement by using 

the multi-channel electrodes and analyzed the cross-correlation of spike trains. I found 

that a limited number of GPe/GPi neuronal pairs exhibited correlated activity either at 

rest or during movement periods even they received common cortical inputs and showed 

movement related activity. The weak correlated activity in the GPe/GPi suggests the 

parallel information processing that movement-related neuronal information is parallely 



and independently processed in the GPe and GPi.  

 Alteration of neuronal activity along BG circuit causes movement disorders 

such as Parkinson’s disease (PD) and dystonia. The electrophysiological studies in PD 

model monkeys have shown that oscillatory and synchronized activity are observed in 

the GPe and GPi. The non-synchronized independent activity of GPe/GPi neurons in 

normal state became the oscillatory and synchronized activity in PD state. However, it 

was studied only in monkeys during resting state, because the monkeys exhibited severe 

PD symptoms and could not perform behavioral tasks. The correlation of GPe/GPi 

neuronal activity of PD monkeys during movements has not been studied yet. Secondly, 

I generated a mild PD model monkey using 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP), a neurotoxin selective to dopaminergic neurons. Then, 

activity of multiple neurons in the GPe/GPi was simultaneously recorded during hand 

reaching movement, and the cross-correlation of spike trains was analyzed. Even though 

the low dose of MPTP was injected (3.9 mg/kg), the task performances were disturbed. 

However, neuronal cross-correlation during task performance in PD state did not 

increased compared to normal state. Moreover, GPe/GPi neuron did not show any 

oscillatory firing activity as examined in the cross spectral density (CSD) analysis. 

These results suggest that independent GPe/GPi activity is essential to control  voluntary 

movements even in mild PD state.  

 To clarify pathophysiology of PD, it is necessary to investigate relationship 

between abnormal neuronal activity and PD symptoms. Dopamine replacement therapy 

using the dopamine precursor, L-dihydroxyphenylalanine or L-dopa, is the main 

standard treatment for PD patients. Lastly, I would like to know causal relationship 

between oscillatory/synchronized activity in the GPe/GPi and PD symptoms by 

combining dopamine replacement therapy, which alleviates PD symptoms, and 

electrophysiological recording of GPe/GPi neurons. I administrated L-dopa into a 

severe PD monkeys induced by injection of MPTP, and examined the oscillatory firing 



and cross correlated activity of GPe/GPi neurons before and after L-dopa treatment. I 

found that the PD monkey showed significant peaks in power spectral density (PSD) 

and CSD around the beta frequency that the height of peaks decreased after L-dopa 

administration. L-dopa treatment abolished oscillatory and correlated activity of 

GPe/GPi neurons when PD symptoms were alleviated. These results support the 

hypothesis that correlated activity in the BG disturb information flow and impairs 

normal control of movements. 

 Observations in the present study suggest that the GPe/GPi neurons could be 

activated independently and that this independent activity is necessary for normal 

information processing within the BG. Moreover, the L-dopa treatment in PD state may 

target the oscillation and correlated activity but not  firing rate. Further studies are 

required to investigate the neural mechanism of correlated activity within the BG, 

leading to exploration of more effective therapeutic targets for PD. 






