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The information processing in the brain dynamically changes depending on behavioral context, and
psychological state. The dynamics are regulated mainly by neuromodulators such as serotonin (5-
hydroxytryptamine; 5-HT), regulating various brain functions such as arousal, sleep, emotion, and memory.

Serotonergic neurons in raphe nucleus project their axons to the cerebral cortex including visual areas,
modulating neural activities in the areas via various subtypes of 5-HT receptors. A previous study reported that
5-HT receptor-selective agonists facilitate or suppress visual responses in monkey primary visual cortex (V1),
suggesting that serotonin may optimize visual information processing by the bidirectional effects (Watakabe
et al., 2009). However, it remains unclear whether and how serotonin affects visual functions at perceptual
level. To investigate this point, firstly, | measured contrast sensitivity (CS) of freely moving rats as an index
of perceptual visual detectability using a two-alternative forced choice-visual detection task (2AFC-VDT) with
drifting grating stimulus in combination with the staircase method. Fluoxetine (FLX), a selective serotonin
reuptake inhibitor, or saline was intraperitoneally administered at 5 mg/kg 30 minutes before the task. FLX
administration significantly improved CS only at grating spatial frequency (SF) of 0.1 but not 0.5 cycle/degree,
suggesting that endogenous serotonin modulates perceptual visual detectability and the possible action site is
V1 neurons showing specificity for SF of grating.

Next, to clarify the neural mechanism of the effect of serotonin on CS, | established a new visual stimulus
detection task under head-fixed condition, which enables perceptual CS measurement and recordings of
extracellular single-unit activity in V1 simultaneously. | tested the effect of Ketanserin, an antagonist of 5-
HT2A receptor, on the CS and neural activities of V1 neurons using the task. Ketanserin was intravenously
administered with 2 mg/kg via the tail vein of rats, improving significantly CS and facilitating the neuronal
visual responses. It suggests that serotonin modulates visual perception via 5-HT2A receptor. However, it is
not unclear whether and how much neuronal activity in V1 contributes to perceptual decision-making.
Therefore, we compared visual responses between Hit and Miss trials for each neuron using a receiver
operating characteristic analysis. Under control (no drug) condition, about 20% of V1 neurons were observed
to be correlated to the task performance, and interestingly, the correlation was increased by ketanserin,
suggesting that serotonin modulates not only cortical visual information processing but also contribution of
visual signal in V1 to perceptual decision-making via 5-HT2A receptor.

This study showed that endogenous serotonin in the brain improves perceptual visual detectability, but
decreases perceptual visual detectability via activation of 5-HT2A receptors alone. The discrepancy for
serotonin actions can be explained by different subtypes of 5-HT receptors. In V1, at least, 5-HT2A and 1B
receptors are present, and those have been known to act in an opposing way. Serotonin may improve visual
detectability mainly via 5-HT1B receptor and may be balanced with 5-HT2A receptor.

In conclusion, serotonin released to V1 depending on behavioral context, such as rhythmical exercise,
controls perceptual visual detectability by modulating neural activities bidirectionally in V1 and changing
contribution of V1 activity to visual percept.
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