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Establishment of an animal model of unilateral spatial neglect
with macaque monkeys: Quantitative behavioral analysis and

functional imaging
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Summary (Abstract) of doctoral thesis contents

Unilateral spatial neglect (USN) is a characteristic failure to explore the side of
space contralateral to a brain lesion, which cannot be explained by primary sensory
or motor disorders. The neural mechanisms of USN involve the dorsal attention
network (DAN) and the ventral attention network (VAN). The most influential
theory in recent years proposed that USN is caused by damage to VAN. The theory
also hypothesized the neural mechanisms of USN as follows. The damage to VAN
reduces the functional connectivity of the ipsi-lesional DAN and enhances the
functional connectivity of the contra-lesional DAN. This imbalance causes the
symptoms of USN. However, this hypothesis has not been experimentally validated.
The purpose of this study is (1) to establish a monkey model of USN by testing
monkeys with behavioral tasks and (2) to elucidate the neural mechanisms of USN
in the monkeys using functional magnetic resonance imaging (fMRI) techniques.
Previous anatomical and imaging studies suggest that the homologous region of
VAN in humans includes the superior temporal gyrus (STG) in monkeys. Based on
this knowledge, | made a surgical lesion in the right STG of four monkeys and
investigated the effects of the lesion using behavioral tasks and functional imaging
techniques.

To establish a monkey model of USN (the purpose #1), three kinds of behavioral
tasks were used. (i) In a ‘food-choice’ task, six wells were presented to the monkeys
in their cage. If the monkeys selected a target well which had a cover in a striped
pattern, the monkeys got the reward. In this task, the mean reaction time to touch
the target in the contra-lesional side was longer than that in the ipsi-lesional side for
3 months after the lesion in three monkeys. (ii) In a ‘target-selection’ task, visual
stimuli were presented on a display with a touch panel. The visual stimuli consist of
one target and nine distractors. If the monkeys touched the target within 2 sec, the
monkeys got a reward. In this task, the mean reaction time for the target in the
contra-lesional side was longer than that for the target in the ipsi-lesional side for
more than two months after the lesion in three monkeys. (iii) In the free-viewing
task, gaze positions were measured in a head-free condition while the monkeys
freely viewed natural images. In this task, gaze positions were strongly biased
toward the ipsi-lesional side of the display for more than one month after the lesion
in three monkeys. Sensory deficits and motor deficits were not detected in
behavioral tasks and clinical tests. These results suggest that the monkeys with the
right STG lesion showed similar behavioral deficits to those of human USN patients.
These results suggest that a monkey model of USN was established in this study.

Next the neural mechanisms of USN in the monkeys were examined using
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functional imaging techniques (the purpose #2). For this purpose, resting-state fMRI
was used to evaluate functional connectivities in DAN in the monkeys under
anesthesia. To quantify the functional connectivities in DAN, temporal correlations
between MR signals in the frontal eye field (FEF) and those in the lateral
intraparietal area (LIP) were calculated. The functional connectivity between the
ipsi-lesional FEF and the ipsi-lesional LIP was significantly decreased for two
weeks after the lesion in three monkeys. On the other hand, the functional
connectivity between the contra-lesional FEF and the contra-lesional LIP was
significantly increased at one week after the lesion in three monkeys. Both the
functional connectivity between the contra-lesional FEF and the ipsi-lesional LIP
and the functional connectivity between the ipsi-lesional FEF and the
contra-lesional LIP were significantly decreased for three months after the lesion in
three monkeys. These results suggest that the acute stage of the lesion can be
characterized by an imbalance between the connectivity within the ipsi-lesional
DAN and the connectivity within the contra-lesional DAN. On the other hand, the
chronic stage of the lesion can be characterized by reduced inter-hemispheric
interaction between the ipsi-lesional DAN and the contra-lesional DAN. These
results suggest that neural mechanisms similar to those hypothesized to explain
USN in human patients were identified in the current study.

Taken together, the current study established a monkey model of USN and
succeeded in elucidating the neural mechanisms of USN in the monkeys. The
current study will contribute to develop new rehabilitation strategies by
incorporating the idea that different networks are involved in different recovery
stages of USN.
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