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Summary of thesis contents

The basal ganglia (BG) are a group of nuclei located at the base of forebrain
and receive inputs from the cerebral cortex (Cx) and send outputs to the originating
Cx via the thalamus. The striatum (Str) and subthalamic nucleus (STN) are two
major input stations of the BG. The output stations of the BG are the internal
segment of the globus pallidus (GPi or entopeduncular nucleus in rodents) and
substantia nigra pars reticulata (SNr). Three BG pathways connect input and output
stations: the ‘direct’, ‘indirect’ and ‘hyperdirect’ pathways. The direct pathway arises
from GABAergic striatal neurons and projects monosynaptically to the GPi/SNr. The
indirect pathway derives from GABAergic striatal neurons and projects
polysynaptically to the GPi/SNr through sequential connections of the external
segment of the globus pallidus (GPe or GP in rodents) and STN. The hyperdirect
pathway arises from glutamatergic STN neurons that receive direct cortical inputs and
projects to the GPi/SNr.

The BG plays an important role in the execution of voluntary movement and
motor learning. Dysfunction of the BG results in inability to control movements that
can be seen in Parkinson’s disease (PD) and Huntington’s disease. PD 1is a
neurological disorder that is caused by loss of dopaminergic neurons in the substantia
nigra pars compacta (SNc), which project to the Str. Reduced dopamine signals in the
Str lead to the appearance of its cardinal symptoms, including bradykinesia/akinesia,
tremor at rest, and rigidity. These PD symptoms can be successfully treated by
dopamine supplement therapy: Dopamine precursor L-dopa (levodopa) is
administrated and is converted to dopamine in the brain. Although L-dopa remains as
gold standard for PD treatment, the progression of the disease and long-term L-dopa
treatment induce motor complications. Most PD patients experience shorter motor
response to each medication dose, known as wearing—off fluctuation, often
accompanied with the appearance of dyskinesia. L-dopa-induced dyskinesia (LID)
denotes an idiosyncratic mixture of choreiform (repetitive, jerky, and rapid
involuntary movement) and dystonic (sustained muscle contraction) movements. Once
LID appears, the same involuntary movements occur on every administration of
L-dopa. Thus, prolonged L-dopa treatment should induce irreversible changes in the
BG. In the present study, we recorded neuronal activity in the GP and SNr from LID
mice in awake conditions and tried to elucidate electrophysiological mechanism
underlying LID.

PD model mice were generated by injection of 6-hydroxydopamine (6-OHDA)
into the medial forebrain bundle. Behavioral changes were observed to evaluate PD
symptoms after 6-OHDA lesion. Then L-dopa was intraperitoneally injected
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repeatedly until the mice develop LID. Spontaneous neuronal activity and response to
motor cortical stimulation were recorded in the GP and SNr from normal mice, PD
mice, LID mice during “dyskinesia-off” period (at least 24 hours after last L-dopa
treatment), and LID mice during “dyskinesia-on” period (during 20-120 minutes after
L-dopa treatment when mice develop dyskinesia) in awake conditions.

The following results were obtained: (1) Spontaneous activity of GP and SNr
neurons showed a little changes in term of its firing rate, irregularity and number of
bursts in disease states compared to control state. (2) Cortically evoked inhibition of
GP neurons in PD, dyskinesia-off and dyskinesia-on states was increased compared to
control state, and late excitation of GP neurons was increased in PD and
dyskinesia-off states. (3) Cortically evoked inhibition and late excitation of SNr
neurons were decreased in PD and dyskinesia-off states. In dyskinesia-on state,
cortically evoked inhibition of SNr neurons was prolonged compared to control, PD
and dyskinesia-off state, and late excitation was decreased compared to control state.

Based on the dynamic model of the BG function, signals through the Cx-STN-SNr
hyperdirect pathway excite the SNr. Then, signals through the Cx-Str-SNr direct
pathway inhibit the SNr and release appropriate movements, and finally signals
through the Cx-Str-GP-STN-SNr indirect pathway excite the SNr again and stop
movements released by the signals through the direct pathway. This model can be used
to explain the results of the present study. In PD state, inhibition through the direct
pathway is significantly decreased; as a result, signals through the direct pathway
cannot release movements, resulting in akinesia. In dyskinesia-off state, inhibition
through the direct pathway remains decreased and excitation through the indirect
pathway is decreased. As a result, release signals through the direct pathway are still
weak to release movements. In dyskinesia-on state, inhibition through the direct
pathway is restored to normal level and excitation through the indirect pathway is
significantly decreased; as a result, stop signals are reduced, and dyskinesia is
induced.
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