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Visually guided movements consist of a series of processes, i.e. orienting of the head (head
orienting) and eyes to objects in the visual field, selection of an object of interest among them
(visual discrimination} and actions on it with forelimbs (forelimb movements). We studied
pathways involved in the above movements and processes, their functions, and compensatory
processes after their lesions of the pathways in cats.

Head orienting Pathway analyses in anesthetized cats revealed that dorsal neck moto-
neurones receive di- and poly-synaptic excitation from the superior colliculus (SC). The effects were
mediated chicfly by two pathways, one via reticulospinal neurones (RSNs) in the nucleus reticu-
laris pontis caudalis (NRPC) and nucleus reticularis gigantocetlularis (NRG) and the other via
neurones of Forel's field H (FFH). Each of FFH neurones and RSNs innervated preferentially
either head elevator or lateral head flexor motoneurones.

The roles of relay nuclei were assessed from deficits following lesions of the above pathways
in trained cats to perform orienting; i.e., cats fixated a cenier LED on a perimeter and then oriented
to a peripheral LED when it was turned on and the center LED turned off simultaneously.
Bilateral lesions of FFFH by kainic acid injection produced deficits in the vertical orienting but not
in the horizontal orienting, whereas a lesion of the NRPC and NRG impaired primarily horizontal
orienting. A lesion of the 3C caused deficits in both vertical and horizontal orienting.

FFH neurones and NRPC-RSNs fired preferentially in the vertical and horizontal head
orienting, respectively. It is concluded that the SC control head movements of all directions by
using orthogonal coordinate system, vertical and horizontal.

Visual discrimination The SC, FFH and NRPC and NRG received projections from the
cerebral cortex, chiefly from the frontal eye field (FEF). The role of FEF in orienting and visual
discrimination was assessed by analyzing deficits following its ablation. In the visual discrimina-
tion task, cats were required to stand watching a horizontal window of the front wall through
which two plastic models of orange and grape were presented, and to direct the head to and keep
fixating the correct object {orange) after discrimination. Following unilateral ablation of FEF,
latencies of orienting directing contralateral to the lesion were transiently increased, but other-
wise orienting was normal. However, cats could not discriminate objects in the visual field of the
lesioned brain, but became able to do so by using the brain of the intact side (compensation). This
suggests that the FEF acts as the cortical output after discrimination and sends commands to the
SC for execution of orienting.

The geniculate {lateral geniculate body-areas 17-19} and extrageniculate (5C-suprasylvian
visual areas) systems constitute two major visual pathways. We analyzed roles of the two
pathways in the above visual discrimination. Following ablation of bilateral areas 17-18; cats
could perform orienting normally, and could discriminate and direct to the orange from the first
postoperative day, although they often overshot the target. Posterior lateral suprasylvian area
(PLLS) among suprasylvian visual areas was found essential in visual discrimination. Following
ablation of the left PLLS, cats could orient to the LED in the left visual field {of intact brain)
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but fail to direct to the right side (visual neglect) for 1-2 postoperative days, After the recovery
from visual neglect, cats could not discriminate objects in the right visual field of lesioned (left}
brain. The cats compensated the deficit by using the intact side of the brain, L.e. they first directed
the head to the object in the left visual field (of the intact right brain) for discrimination and
correctly stayed or redirected to the correct target. The results indicate that SC-PLLS-FEF
pathways play an essential role in visuai discrimination,

Forelimb movements Analyses of interneurone pathways to cat forelimb motoneurones
revealed the following results. 1) Segmental distribution of premotor neurones: Motoneurones of
biceps and triceps brachii and ulnar hand muscles all received inputs from premotor neurcnes
located in each of C4-T1 segments. The rostrocaudal distribution of excitatory and inhibitory
premotor neurones varied with the motoneurone species (muscles) to which they projected.
Premotor neurones in the rostral cervical segments received inputs monosynaptically and those in
the caudal cervical segments mono- and disynaptically from both afferent and descending fibers.
2) Input patterns of C6-C8 premotor neurones: Analyses of spatially facilitated PSPs in moto-
neurones showed that C6-C8 premotor neurones mediating skin reflex effects to T1 moto-
neurones received mono- and disynaptic excitation from pyramidal and rubrospinal tract fibers,
and that premotor neurcnes mediating disynaptic pyramidal and rubrospinal effects received
mono- and disynaptic excitation from cutanecus afferents. Input patterns were investigated of
C6-C8 premotor and candidate premotor neurones projecting to T1 motor nucleus by directly
recording from these neurones. Thus revealed patterns of inputr convergence and their axonal
conduction time well explained the spatially facilitated PSPs of motoneurones. The above results
and further studies of premotor neurones showed the presence of multiple premotor pathways
which may be used in different aspects of motor functions.

To disclose neural mechanisms of motor control, cats were trained to reach and take a piece
of food from within & tube (35 mm diameter} with one forelimb, while supporting the body with
the other forelimb. Trajectories and other properties of reaching and food taking movements
were analyzed with a position sensor system and video cameras, and responses of the foot of the
supporting limb to perturbation given to the foot plate were investigated with a pressure sensor
system. These forelimb movements were first characterized in normal cats, and then effects of
deafferentation of the foot skin were studied. After deafferentation, all these movements became
disordered. Thus, finger flexion and hand supination which normally occurred synchronously
with contact to the food, became absent or delayed, and cats became unable to take food.
Reaching showed a slight dysmetria initially which, however, became more marked when the foot
hit the tube or the wall nearby. When supporting the body, active phasic responses of digits to
perturbation became decreased, It is suggested from these results that skin sensory signals from
the foot play important roles in the control of forelimb movements, acting not only as exterocep-
tive but also as proprioceptive signals,

To elucidate the role of the cerebellum in forelimb movements, reaching and food-taking
movements were compared before and after lesion of the interpositus and dentate nuclei with
kainic acid. After lesion of the two nuclei, the paw did not reach the tube directly but hit the wall
below (3 cats) or above (1 cat) the tube, moved along the wall and entered the tube {dysmetria).
Trajectories and velocity profiles of the shoulder, elbow and wrist indicated that the reaching
movements usually consisted of two or more discontinuous phases, which may characterize
“decomposition”. In the tube the paw overshot the food and raked it out without grasping.
Dysmetria and discontinuous trajectories improved gradually over months. The compensation
was achieved mainly by movements of the body. The integral of the jerk normalized by the
distance and duration of reaching (jerk index) was found useful to quantify the degree of
decomposition. Localized injection of muscimol into the inferpositus nucleus also affected
reaching and food taking movements.
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