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Serotonin (5-HT) is a ubiquitous modulator of synaptic transmission in the brain regulating both
cognitive and sensory function. In the mammalian retina, the first station for visual sensory
processing, the serotonergic system has been shown to be expressed in all five classes of retinal
neurons in several species, including rodents and humans. Previous evidence suggests that
pharmacological manipulation of the 5-HT system can modify both spontaneous activity and light-
evoked responses of retinal ganglion cells (RGCs), suggesting that 5-HT might shape the retinal output
to the brain by regulating RGC function. This could be achieved either by a direct effect of 5-HT onto
RGC excitability or by a modulation of the synaptic inputs they receive. Moreover, the transporter
responsible for 5-HT reuptake (SERT) might also play a role in the modulation of visual processing and
RGCs function by regulating the extracellular levels of 5-HT in the inner retina. However, how exactly
5-HT modulates retinal synapses in the inner retina and its impact on visual function remain poorly
understood. Thus, in this thesis, we focused on elucidating the complex modulatory effects of the
serotonergic system in the inner retinal circuitry with particular attention to the role of endogenous 5-
HT, the receptors subtypes involved and the regulation by SERT.

To this end, we performed electrophysiological recordings from different RGCs, classified based on their
response to light in ON, OFF and ON-OFF, to study 5-HT-mediated regulation of both spontaneous
and evoked synaptic responses in acute mouse retinal slices. Our results demonstrated that
exogenous 5-HT application produces a cell-type specific reduction of spontaneous excitatory
postsynaptic currents (sEPSCs) and light-evoked EPSCs in ON-OFF RGCs, but not ON RGCs. Such
depression is likely mediated by a presynaptic mechanism affecting glutamate release from bipolar
cells. Likewise, we found that increasing the extracellular availability of endogenous 5-HT by using
the selective serotonin reuptake inhibitor (SSRI) citalopram (CTL) also reduces in a cell-type specific
manner both spontaneous and light-evoked EPSCs in ON-OFF RGCs, but not ON RGCs. Moreover,
pharmacological manipulations suggested that both the 5HT1 and 5HT2 receptor families are involved
in the modulation of light- evoked EPSCs in RGCs. Altogether these findings not only indicate that
5-HT modulates excitatory synapses onto RGCs in a cell-type specific manner, but also provide
evidence for a tonic endogenous release of 5-HT in the mouse retina and the involvement of two 5-HT
receptor families in the serotonergic modulation of excitatory transmission in the inner retina.

Given the important role of 5-HT in the physiological regulation of synaptic efficacy in ON- OFF RGCs, we
finally asked if a chronic disruption in the serotonergic system could affect retinal function. To answer
this question, we took advantage of a well-studied model of 5-HT disruption, the SERT knock-out (KO)
mouse, in which 5-HT levels in brain circuits are altered due to the impairment of its reuptake from
the extracellular space. Consistently, we found that 5-HT levels are reduced in the retina of both
SERT heterozygous (HET) and KO mice compared to WT littermates. Multielectrode array
recordings in whole mount retinas showed that the global spontaneous firing of all types of RGCs
was significantly reduced in KO mice compared to WT littermates. This reduction in RGCs activity
was not associated with a change in RGC intrinsic excitability, but likely involves an alteration of
synaptic function in the inner retina. Importantly, ON- OFF RGCs were particularly affected in KO mice,
supporting the possibility that this class of cell is a major target of serotonergic regulation in the mouse
retina.

Altogether our results support the physiological role of 5-HT in the modulation of mouse inner retinal
synapses, by showing not only that the endogenous serotonergic system modulates the excitatory
inputs onto RGCs in the WT retina, but also that a disruption in the levels of retinal 5-HT results in an
alteration in synaptic transmission onto RGCs, that ultimately impacts RGC function, the retinal
output to the brain, potentially affecting visual function.
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