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Neuronal correlates of attention and its disengagement

in the superior colliculus of rat
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The superior colliculus (SC) constitutes a part of the brain network involved in visual attention.
Previous studies suggested that the SC play a crucial role in orientation of attention. Orienting
attention to a new target requires three sequential mental operations; 1) disengagement of attention
from its current focus, 2) moving attention to the target, and 3) engagement of the target. To date, the
neural mechanisms underlying the disengagement processing, a primary initial step in orienting, are
still poorly understood. In the SC, only one case study reported that a patient with lesions including
the SC showed deficits in saccade to the contralateral target in an overlap condition requiring
disengagement, suggesting that this structure is involved in attention disengagement. However, no
previous neurophysiological studies have investigated neural mechanisms of attention
disengagement in the SC. In the present study, we analyzed rat SC neuronal activity during

performance of an attention shift task with and without disengagement.

In this experiment, we used eleven male Wistar rats. The rats were trained to perform the
attention shift task with and without attention disengagement. In this task, conditioned stimuli (CSs)
(right and/or left light flash, or sound) were sequentially presented. To obtain an intracranial
self-stimulation reward, rats were required to lick a spout when an infrequent conditioned stimulus
appeared (reward trials). In the disengagement reward trials, configural stimuli consisting of an
infrequent stimulus and frequent stimulus in the former trials were presented, while only an
infrequent stimulus was presented in the non-disengagement reward trials. While rats performed the
attention shift task, activities of the SC neurons, lick behavior and the event triggers were monitored
and recorded continuously. Then, neuronal signals were isolated into single neurons for further
analysis.

The basic characteristics (response magnitudes, response latencies) of the SC neurons in
responses to the CSs, and correlations between neuronal activities and lick behaviors were analyzed.
Locations of the SC neurons were stereotaxically estimated by analyzing histological sections of the
SC.

Of the 583 SC neurons recorded, 186 neurons responded to the CSs. Of these 186 neurons,
41 showed stronger responses to the CSs in the disengagement reward trials than the
non-disengagement reward trials (disengagement-related neurons). Furthermore, lick latencies in the
disengagement reward trials were negatively correlated with response magnitudes to the CSs in half

of the disengagement-related neurons. These disengagement-related neurons were located mainly in



the deep layers of the SC. Another 70 SC neurons responded to the CSs in both disengagement and
non-disengagement reward trials, suggesting that these neurons were involved in attention

engagement.

The present results provide first neurophysiological evidence that the SC, especially the
deep layers, plays an important role in attention disengagement. The visual attention system can be
in two stages; engaged or disengaged. We suggest following neural mechanisms of attention
engagement and disengagement; reward and attention shift-related neurons might be involved in
engagement process, while attention disengagement-related neurons might be involved in
disengagement process.

Several studies suggest that deficits in attention disengagement is a unique feature of autism.
Furthermore, some pathological changes in the SC were observed in human autistic patients and
animal models of autism. The present results along with the previous studies suggest that the deep
layers of SC, which plays crucial role in attention disengagement, might be involved in pathology of

autism.
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