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Acetylcholine (ACh) modulates neuronal activities widely throughout the cerebral cortex, including the
primary visual cortex (V1). However, a number of issues regarding this modulation, such as the effect and its
function and the receptor subtypes involved, remain unknown. To address these issues, I measured visual
responses to drifting sinusoidal grating stimuli in a single V1 neuron of anesthetized macaque monkeys before,
during, and after local and microiontophoretic administration of ACh. ACh was found to have mostly
facilitatory effects, and suppressive effects in a minority of cells. To assess the functional role of ACh, I further
examined the effects of ACh on the stimulus contrast-response function, finding that ACh increased the
response gain in the facilitated cells. The facilitatory effects were completely or strongly blocked by atropine
(At), a muscarinic ACh receptor (mAChR) antagonist, in almost all neurons, whereas any residual effects after
At administration were fully removed by mecamylamine, a nicotinic AChR (nAChR) antagonist, suggesting a
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predominant role for mAChRs in this mechanism. Furthermore, I found no laminar distribution bias for the
facilitatory modulation, although the relative contribution of mAChRs was smaller in /ayer 4C than in other
layers. These results demonstrate that ACh plays an important role in visual information processing in V1 by
controlling the response gain via mAChRs across all cortical layers and via nAChRs, mainly in /ayer 4C (Soma
et al., J. Neurophysiology, 2012).

However, it is not clear how ACh modulates visual information processing under normal
(physiological) conditions, since ACh is not locally but widely released throughout all cortical layers of V1. To
examine the effects of ACh on the cortical network processing, I used anesthetized rats, and examined the
effects of ACh administered locally by microiontophoresis and widely by topical administration. Under both
methods of ACh administration, ACh facilitated or suppressed visual responses from cell to cell, and changed
the response gain. On the other hand, there was a significant difference in laminar distribution of ACh effects
between two methods. Under topical administration, the response suppression was predominantly distributed in
the supragranular layers, whereas the response facilitation was mainly observed in the infragranular layers. No
laminar bias was seen in microiontophoretic administration.

Finally, I examined the qualitative influence of the results of ACh on the visual responses, and found
that ACh caused modulatory effects on the F1/FO ratio and the signal-to-noise ratio (S/N ratio). In the
suppressed cells, ACh remarkably decreased the FO component of visual responses but not the F1 component.
This effect increased the F1/F0 ratio, meaning that visual responses became more sensitive to the phase of a
grating stimulus. On the other hand, in the facilitated cells, ACh decreased the F1/F0 ratio but improved the
S/N ratio by increasing the visual responses irrespective of the stimulus phase. Given the laminar bias, ACh
enables to send precisely represented spatio/temporal information from the supragranular layers to higher visual
areas in smaller amount of spikes by suppressive effect, suggesting the refined and effective signal transmission
and to enhance the amount of excitatory feedback outputs from infragranular layers to subcortical areas,
suggesting the modulation of bottom-up signal transmission from subcortical areas to V1. Thus, ACh has
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distinct functional roles in visual information processing in a laminar-specific manner by simultaneously
affecting all cortical layers.
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