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Summary (Abstract) of doctoral thesis contents

Higher motivation boosts motor performance in sports. Motivation to engage in
rehabilitative training is important for functional recovery after neuronal damage. However, the
neural mechanism underlying such a psychological effect on motor outputs or functional
recovery is still unclear. Recent studies have demonstrated that the reward-related information
which instigates incentive motivation modulates the activity of the primary motor cortex (M1) in
humans and in non-human primates. These results imply that brain areas related to regulation of
motivation may modulate the brain activity of motor-related areas, which would facilitate motor
outputs. The mesolimbic system consisting of the ventral midbrain (VM) and the ventral striatum
(VSt) is critical for regulating motivation-driven behavior. Thus, the mesolimbic system might be
a critical node for motivational control of motor outputs.

From neuroanatomical point of view, the VM has direct projection to the M1. However,
whether this pathway effectively modulates the motor outputs from M1 or not remains unclear.
To address this question, in the Part | of this thesis, | examined the hypothesis that the VM is
involved in modulation of motor outputs from M1 using macaque monkeys (Macaca mulatta and
Macaca fuscata). | first investigated the multisynaptic projection from the VM to the spinal
circuits controlling muscle activities using a retrograde transsynaptic tracer. Then, | found the
oligosynaptic VM-spinal pathway. To further understand the functional significance of the
VM-spinal pathway as a modulator of the motor outputs, | recorded cortical and forelimb muscle
responses induced by electrical stimulation of the VM. The result showed that the VM modulated
the activities of not only the motor-related areas including the M1 but also upper limb muscles
with a few milliseconds delay after the M1 response. To clarify whether the M1 mediated the
muscle responses evoked by the VM stimulation, | compared evoked muscle responses before and
during M1 inactivation. Then, evoked muscle responses were diminished during the reversible
inactivation of M1. This result indicated that the M1 causally mediated the muscle responses
evoked by the VM stimulation. From these findings, | demonstrated the existence of the
VM-M1-spinal pathway which can facilitate motor outputs in monkeys. The VM-M1-spinal
pathway might be a candidate for the neural substrate underlying motivational control of motor
outputs.

In Part Il of this thesis, | used a monkey model of spinal cord injury (SCI) to investigate
the functional significance of the mesolimbic system in functional recovery of finger dexterity.
Individuals with motor impairment after neuronal damage are required to expend effort for
voluntary movement. The VSt, as another part of the mesolimbic system, has been reported to be
involved in effort-related behavior. Thus, | hypothesized that the VSt is more critically involved
in the recovery of demanding movements such as precision grip, in which a great deal of effort
would be required, than less demanding whole-finger grip. To clarify the involvement of the VSt
in controlling demanding finger movements, | first compared the neural substrates underlying the

control of precision grip and whole-finger grip before and after SCI, respectively, by
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investigating the movement-related brain activity with positron emission tomography in macaque
monkeys (Macaca mulatta and Macaca fuscata). The result revealed that the VSt showed
functional connectivity with motor-related networks in precision grip during the recovery process
after SCI but not in less demanding finger movement. Secondarily, to clarify the causal role of
the VSt in the recovery of demanding dexterous finger movement after SCI, | made the
permanent lesion of bilateral VSt and investigated the recovery course of precision grip in these
VSt lesioned monkeys (Macaca mulatta). The result showed that the VSt lesion did not affect
finger dexterity before SCI, however, impeded the recovery of dexterous finger movements after
SCI but not less dexterous movements. These results demonstrated that VSt was essential for
functional recovery of demanding dexterous finger control after SCI, and suggest that the VSt
activity might be required for neuroplastic reorganization of motor-related networks.

Up to today, the neural mechanism how the mesolimbic system regulates the
motor-related areas and motor outputs have been unclear. However, in this thesis, | have
demonstrated the functional role of the mesolimbic system in motor control and showed the
neural substrate bridging the mesolimbic system and the motor networks. From these lines of
evidence, | propose that the mesolimbic system might be a modulatory node which can regulate

motivation and motor outputs simultaneously.
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