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Abstract
The intricate relationship between light exposure and brain development has been a subject of growing interest. 

Melanopsin retinal ganglion cells (mRGCs) are specialized photoreceptors that play a unique role in regulating non-
image-forming visual functions, including circadian rhythms and pupillary light responses. Recent research has 
revealed a compelling connection between mRGCs, light exposure, and the developing brain. This article reviews the 
latest findings on how mRGCs mediate light-promoted brain development, shedding light on their potential implications 
for various neurological and neuropsychiatric conditions.
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Introduction
Traditionally, the primary function of the retina was understood 

to be capturing visual information for conscious perception. However, 
it has become evident that the eye serves a broader role in regulating 
various physiological and behavioral processes, including circadian 
rhythms, sleep, and mood. mRGCs, a subset of retinal ganglion cells, 
are uniquely adapted to convey light information to non-image-
forming brain regions. This article explores the involvement of mRGCs 
in promoting brain development and their potential significance in 
understanding and addressing neurological and neuropsychiatric 
conditions. During development, melanopsin-expressing intrinsically 
photosensitive retinal ganglion cells (ipRGCs) become light sensitive 
much earlier than rods and cones. IpRGCs project to many subcortical 
areas, whereas physiological functions of these projections are yet to be 
fully elucidated. Here, we found that ipRGC-mediated light sensation 
promotes synaptogenesis of pyramidal neurons in various cortices and 
the hippocampus. This phenomenon depends on activation of ipRGCs 
and is mediated by the release of oxytocin from the supraoptic nucleus 
(SON) and the paraventricular nucleus (PVN) into cerebral-spinal 
fluid [1].

•	 Light sensation through ipRGCs early in life promotes 
cortical synaptogenesis

•	 Light enhances CSF oxytocin level via an ipRGCs-SON-PVN 
oxytocin neuron circuit

•	 Oxytocin is essential for light-promoted ipRGC-mediated 
synaptogenesis

•	 Lack of light sensation in early development impairs learning 
ability in adult mice

•	 Melanopsin Retinal Ganglion Cells

Function

mRGCs express melanopsin, a photopigment sensitive to short-
wavelength blue light [2]. These cells transmit information about 
ambient light levels to the brain, regulating various non-image-forming 
visual functions.

Projection targets: mRGCs send projections to the suprachiasmatic 
nucleus (SCN), the master circadian clock in the brain, the olivary 
pretectal nucleus, which controls pupillary light responses, and several 
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other brain regions.

Light-Promoted Brain Development:

Circadian rhythms: Exposure to natural light, particularly in the 
early developmental stages, plays a crucial role in entraining circadian 
rhythms. The integrity of circadian rhythms is essential for overall 
brain health.

Neuroplasticity: Light exposure has been linked to neuroplasticity, 
the brain's ability to reorganize and adapt. This may have implications 
for learning, memory, and recovery from brain injuries.

Mood regulation: Disruptions in light exposure patterns have 
been associated with mood disorders such as seasonal affective disorder 
(SAD) and major depressive disorder (MDD).

Neuropsychiatric conditions: Emerging research suggests that 
disturbances in mRGC-mediated light input may contribute to the 
pathophysiology of neuropsychiatric conditions such as autism 
spectrum disorder (ASD), attention deficit hyperactivity disorder 
(ADHD), and schizophrenia.

Future directions and implications

Understanding the role of mRGCs in mediating light-promoted 
brain development may open new avenues for research and clinical 
applications. Further studies are needed to elucidate the specific 
mechanisms through which mRGCs influence brain development 
and to explore potential therapeutic interventions for neurological 
and neuropsychiatric conditions. Insights from this field may lead to 
innovative treatments targeting circadian rhythm disruption, mood 
disorders, and other brain-related conditions.
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Early light sensation by melanopsin-expressing ipRGCs is 
crucial for cortical synaptogenesis

The development of the mammalian visual system is a highly 
orchestrated process influenced by various factors, including early 
light exposure. In recent years, melanopsin-expressing intrinsically 
photosensitive retinal ganglion cells (ipRGCs) have gained 
prominence for their role in non-image-forming visual functions. 
This article examines the significance of early light sensation by 
ipRGCs in facilitating cortical synaptogenesis, shedding light on the 
intricate relationship between light input and the development of the 
visual cortex. The developing brain undergoes significant changes in 
response to sensory input, and the visual system is no exception. The 
role of ipRGCs, a unique subset of retinal ganglion cells containing 
melanopsin, in orchestrating early light sensation and its impact on 
cortical synaptogenesis are topics of increasing interest. This article 
explores the connections between ipRGCs, light exposure, and the 
development of the visual cortex [3-6].

In the context of the hypothalamus, the SON (Supraoptic Nucleus) 
and PVN (Paraventricular Nucleus) are two important nuclei known 
for their role in regulating various physiological and behavioral 
functions, primarily through the release of oxytocin and vasopressin 
(antidiuretic hormone). One interesting aspect of their function 
is the mutual projection between oxytocin neurons in the SON and 
PVN, which plays a crucial role in regulating social and reproductive 
behaviors, as well as homeostasis.

Mutual projection between oxytocin neurons in the SON and 
PVN

Oxytocin neurons: Both the SON and PVN contain populations 
of oxytocin-producing neurons. These neurons synthesize oxytocin, 
a neuropeptide known for its roles in uterine contractions during 
childbirth, milk ejection during breastfeeding, and various social 
bonding and affiliative behaviors.

Mutual connectivity: Oxytocin neurons in the SON and PVN send 
projections to one another, establishing a reciprocal connection. This 
means that neurons in the SON project to the PVN, and those in the 
PVN project back to the SON.

Regulation of oxytocin release: This mutual projection plays 
a significant role in regulating oxytocin release. When certain social 
or physiological cues are received, such as touch, stress, or labor 
contractions, these neurons become active and release oxytocin into 
the bloodstream.

Social and reproductive behaviors: The mutual projection 
between SON and PVN oxytocin neurons is crucial for the regulation 
of social behaviors like maternal caregiving, bonding between mates, 
and affiliative behaviors in general. Oxytocin also plays a role in 
the regulation of reproductive behaviors, including childbirth and 
lactation.

Homeostasis: Beyond its social and reproductive functions, 
oxytocin is also involved in various aspects of homeostasis. This 
includes regulating blood pressure, fluid balance, and stress responses.

Research and clinical significance: Understanding the reciprocal 
connection between SON and PVN oxytocin neurons has clinical 
implications. Oxytocin-based therapies and research into disorders 
related to social bonding and reproductive health often consider this 
connectivity.

In summary, the mutual projection between oxytocin neurons 

in the SON and PVN is a crucial neural circuit that regulates a wide 
range of physiological and behavioral functions. It is essential for social 
bonding, reproductive behaviors, and the maintenance of homeostasis 
[7]. This intricate connectivity highlights the significance of oxytocin 
in both normal human physiology and the potential for therapeutic 
interventions in various medical conditions.

Conclusion
Melanopsin retinal ganglion cells, as specialized photoreceptors 

for non-image-forming functions, are integral to the interplay between 
light exposure and brain development. Their involvement in circadian 
rhythms, neuroplasticity, and mood regulation underscores their 
significance in understanding brain health and addressing a range of 
neurological and neuropsychiatric conditions. Ongoing research in 
this field promises to illuminate the complex interactions between 
light, mRGCs , and brain development, ultimately offering new avenues 
for therapeutic interventions and preventive measures. The role of 
melanopsin-expressing intrinsically photosensitive retinal ganglion 
cells (ipRGCs) in mediating light-promoted brain development 
represents a fascinating and evolving field of research. These specialized 
photoreceptor cells, primarily known for their involvement in non-
image-forming visual functions, have been found to play a critical 
role in shaping the developing brain, particularly the visual cortex 
[8-10]. In summary, the interaction between melanopsin-expressing 
ipRGCs and early light sensation provides a fresh perspective on the 
intricate relationship between the visual system, light exposure, and 
brain development. The ongoing exploration of these connections 
promises to uncover new insights into neural plasticity, developmental 
disorders, and the potential for interventions that enhance brain 
health. Ultimately, this research may have far-reaching implications 
for understanding and supporting healthy brain development in 
individuals across the lifespan.
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