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The subthalamic nucleus (STN) plays a-f key role in the control of voluntary
movements and basal ganglia (BG) disorders, such as Parkinson’s disease and
hemiballismus. It is known that lesion, ch‘emical blockade or deep brain stimulation
(DBS) of the STN is an effective treatment of movement disorders. The STN receives
glutamatergic inputs directly from the cerebral cortex and gamma-aminobutyric acid
mediated (GABAergic) inputs from the external segment of the globus pallidus (GPe),
which are mediated by the cortico-STN hyperdiret and cortico-striato-GPe-STN indirect
pathways, respectively. Then, the STN drives the internal segment of the globus
pallidus, the output nucleus of the BG. Thus, it is important to clarify how STN neuronal
activity is controlled by these inputs.

In the first part of the study, I investigated the origin of each component of the
biphasic response in the STN induced by cortical stimulation in awake monkeys
(Macaca fuscata, n = 2). In the present study, I considered two hypothetical options for
the formation of the STN biphasic response evoked by cortical stimulation. 1) Early and
late excitations are mediated by the hyperdirect and indirect pathways, respectively. In
that case, the origin of early excitation is excitatory input from the cortex and the origin
of late excitation is disinhibition from the GPe. 2) Cortically induced long excitation is
intervened by the inhibition from the GPe through Cx-STN-GPe-STN transmission. In
order to clarify this issue, I recorded neuronal activity in the STN combined with
electrical stimulation of the motor cortices: primary motor cortex (MI) and

supplementary motor area (SMA). Cortical stimulation induced early excitation and



following late excitation in STN neurons. In order to examine the origin of these
biphasic responses, neuronal responses were compared before and after drug application
into the basal ganglia. Local application of glutamatergic antagonists, especially N-
methyl-D-aspartate (NMDA) receptor antagonist, into the vicinity of recorded STN
neurons, diminished the early excitation among biphasic responses. Blockade of the
striatum by local injection of muscimol, GABA‘A receptor agonist and blockade of the
GPe by local injection of muscimol diminished late excitation. Blockade of the striato-
GPe transmission by local injection of gabazine, GABAa receptor antagonist, into the
GPe also abolished late excitation. These results suggest that cortically induced early
and late excitation in STN neurons are mediated by the hyperdirect and indirect
pathways, respectively, and that cortical inputs to the STN are mainly mediated by
NMDA receptors.

In the second part of the study, I examined the degree to which STN neuronal
activity is involved specifically in voluntary movement control and their origins as
described above. Monkey § was trained to perform goal-directed reaching task with
delay that includes “Go/Stop/NoGo” types of trials. In “Go” trials after the triggering
signal, the monkey was required to perform reaching movements to the target, which
was indicated by an instruction signal. In “Stop” trials, same types of instruction signals
were presented as in “Go” trials, however, the triggering signal was different and
indicated stopping of action. In “NoGo” trials, from the beginning the monkey was
informed by instruction signal that movement performance is not required. This task
paradigm combined with cortical stimulation and manipulation of inputs by local drugs
application into the STN allows us to investigate cortical control of STN activity during
motor performance. The results showed that MI-receiving region in the STN is involved
in both motor execution and cancellation. Task-related STN activity was also controlled
through direct glutamatergic and indirect GABAergic inputs from the cortex. Stop-

related activity was mainly transmitted through the Ayperdirect pathway that caused



facilitation in the STN, while the role of the indirect pathway was minor. I revealed the
direction selective (DS) activity in both “Go™ and “Stop” trials, suggesting that some
neurons with stop-related activity involved in"a specific stop, while other neurons
participated in a global stop.

The functions and neural dynamics of the STN in voluntary movement control
are still under debates nowadays. In the present. study, I demonstrated the influence of
the hyperdirect pathway on early excitation and .t:he indirect pathways on late excitation
of the STN biphasic response induced by corticél stimulation. I also discussed the role
of glutamatergic and GABAergic inputs to the STN in motor control. T would like to
suggest based on the results that the STN plays a specific role in motor execution and

cancellation, which is regulated by inputs from both hyperdirect and indirect pathways.
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