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Glutamatergic and GABAergic Control of Monkey Pallidal

Neuronal Activity during Performing A Motor Task
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Summary of thesis contents

The basal ganglia are a group of nuclei composing loop circuitries with cerebral cortex
(Cx) and thalamus, and are essential for voluntary movement control and motor leaning. Lesions
in the basal ganglia result in severe disturbance in the execution of voluntary movements as
typically observed in movement disorders, such as Parkinson’s disease and dystonia. The
striatum (Str) and subthalamic nucleus (STN) are the input nuclei of the basal ganglia. On the
other hand, the internal segment of the globus pallidus (GPi) and the substantia nigra pars
reticulata (SNr) are the output stations. The external segment of the globus pallidus (GPe) is a
connecting nucleus that relays information from the input nuclei to the output stations. Thus,
analyzing the mechanism controlling GPi and GPe activity especially during voluntary
movements is the key to understand the functions of the basal ganglia.

In fact, GPi and GPe neurons either increase or decrease their activity during voluntary
limb movements. They receive excitatory glutamatergic inputs from the STN and inhibitory
GABAergic inputs from the Str and GPe. In the present study, the activity of these neurons in
behaving monkeys was recorded before and after blocking these glutamatergic and GABAergic
inputs in order to analyze how these inputs contribute to the movement-related GPi/GPe activity.
Three macaque monkeys were trained to perform a goal-directed forelimb reaching task with a
delay. An electrode assembly consisting of a glass-coated Elgiloy microelectrode for unit
recording and two silica tubes for drug delivery was inserted into the GPi/GPe. First, cortically
evoked responses in the GPi/GPe were examined using stimulating electrodes implanted
chronically in the forelimb regions of the primary motor cortex (MI) and supplementary motor
area (SMA). Next, GPi/GPe neuronal activity during the performance of the task was recorded.
Then, one of the following drugs was injected (0.2—-0.6 pL) through a silica tube in the vicinity
of recoding neurons: @)) a mixture of
1,2,3,4-tetrahydro-6-nitro-2,3-dioxo-benzo[f]quinoxaline-7-sulphonamide disodium (NBQX, the
AMPA/kainate receptor antagonist, 0.5mM) and
(£)-3-(2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid (CPP, the NMDA receptor antagonist,
0.5mM) (NBQX+CPP); (2) gabazine (the GABA-A receptor antagonist, 0.5mM). After
confirming the effects of the injected drug by observing the changes in the cortically evoked
responses, GPi/GPe neuronal activity during the performance of the task was recorded again.
Finally, the other drug was injected through the other silica tube, and recordings were performed
again. By comparing neuronal activity before and after NBQX+CPP/gabazine injections,
glutamatergic and GABAergic components during the task performance could be calculated. The
present study was designed to induce activity changes of a limited number of neurons without
behavioral changes.

The present study revealed the following results: 1) Both glutamatergic and

GABAergic inputs contributed to the movement-related GPi/GPe activity, and their weights were
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different among neurons; 2) Phasic changes of glutamatergic and GABAergic inputs preceded the
onset of movements in more than half of GPi/GPe neurons; 3) Phasic changes of both
glutamatergic and GABAergic inputs were dependent on the directions of reaching movements;
4) In addition to incremental glutamatergic and decremental GABAergic components,
decremental glutamatergic and incremental GABAergic components were also observed, although
their contribution was small. They were considered to be caused by disfacilitatory and
disinhibitory mechanisms; 5) Sustained glutamatergic inputs in the GPi were observed during
delay periods.

The present study has clearly indicated that both glutamatergic and GABAergic inputs
transfer specific neuronal information on movements to the GPi/GPe in a similar timing and
contribute to GPi/GPe activity. Observed activity changes in GPi/GPe neurons during movements
should be the results of competition between glutamatergic and GABAergic inputs. The main
origins of glutamatergic inputs are considered to be the Cx-STN-GPi/GPe and
Cx-Str-GPe-STN-GPi/GPe pathways, while GABAergic inputs seem to be brought by the
Cx-Str-GPi/GPe pathway (The pathways targeting the GPi are referred to as the hyperdirect,
indirect and direct pathways, respectively). Other minor pathways, such as the
Cx-Str-GPe-GPi/GPe, Cx-STN-GPe-STN-GPi/GPe and Cx-STN-GPe-GPi/GPe pathways, may
also contribute to GPi/GPe activity. Activity changes in the GPi are finally transferred to the
motor cortices through the thalamus and may control voluntary movements. Further analyses are
necessary to determine which pathways exemplified above transfer specific movement-related

information through glutamatergic and GABAergic inputs.
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