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Introduction
The regulation of consciousness and sleep–wake states depends 

on the interaction between circadian timing systems and homeostatic 
sleep processes. The Suprachiasmatic Nucleus (SCN), located in the 
anterior hypothalamus, functions as the central circadian pacemaker, 
synchronizing physiological and behavioral rhythms to the external 
light–dark cycle through direct retinal input.1

Gamma-aminobutyric acid (GABA), the principal inhibitory 
neurotransmitter in the central nervous system, plays a critical role 
in regulating neuronal excitability and facilitating sleep initiation 
and maintenance.2 Disruptions in GABAergic signaling have been 
implicated in insomnia and states of cortical hyperarousal.3 While 
the role of light in circadian entrainment is well established, the 
mechanistic pathways linking circadian regulation to inhibitory 
neurotransmission and conscious experience remain insufficiently 
characterized. This manuscript proposes an integrative hypothesis in 
which circadian alignment and GABAergic balance jointly regulate 
the neural substrate of consciousness.

The role of light in circadian regulation

Light entrainment of the SCN

Light is the primary environmental zeitgeber regulating circadian 
rhythms. Photoreceptive retinal ganglion cells containing melanopsin 
transmit luminance information to the SCN via the retinohypothalamic 
tract, independent of image-forming vision.4 Exposure to morning 
light reinforces circadian alignment, whereas artificial light exposure 
at night—especially blue wavelength light—suppresses melatonin 
secretion and delays circadian phase, contributing to sleep disruption.5

Retinal GABA and visual signal modulation

Within the retina, GABAergic interneurons, including amacrine 
and horizontal cells, mediate lateral inhibition and enhance contrast 
sensitivity. These mechanisms regulate photoreceptor and bipolar 
cell signaling, particularly under light-adapted conditions, preventing 
signal saturation and optimizing visual processing.6 Importantly, 
GABA-mediated modulation of retinal activity is functional and does 
not alter the structural or refractive properties of ocular components 
such as the lens or cornea.6

GABAergic Modulation of Neural Excitability

GABAergic inhibition maintains the balance between excitatory 
and inhibitory signaling across neural circuits. Increased GABAergic 
tone during the night promotes sleep onset by reducing cortical and 
subcortical excitability.2,7

Within the SCN, most neurons are GABAergic, where GABA 
contributes to the synchronization of circadian oscillations rather than 
simple inhibition.1,8 Reduced cortical GABA levels—particularly 
in the anterior cingulate cortex—have been observed in individuals 
with chronic short sleep duration, supporting a model of cortical 
hyperarousal associated with impaired sleep quality.3

Circadian output pathways linking scn activity to extra-
hypothalamic GABAergic regulation

Beyond its role as a central pacemaker, the SCN influences extra-
hypothalamic GABAergic tone through integrated neural and endocrine 
pathways. SCN projections to the dorsomedial hypothalamus (DMH) 
and paraventricular nucleus (PVN) act as key relays, coordinating 
circadian signals with autonomic and neuroendocrine outputs.8
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Abstract

Background: Circadian rhythms and inhibitory neurotransmission are fundamental 
regulators of sleep–wake cycles and the functional state of consciousness.

Objective: To propose an integrative hypothesis linking environmental light exposure, 
Suprachiasmatic Nucleus (SCN) circadian timing, and gamma-aminobutyric acid (GABA) 
signaling in the modulation of sleep quality and conscious processing.

Methods: Conceptual synthesis of evidence from circadian biology, retinal neurophysiology, 
and sleep neuroscience.

Results: Light entrains the SCN, which coordinates circadian rhythms and modulates 
GABAergic inhibitory tone through defined neural and neuroendocrine pathways. Retinal 
GABA shapes visual signal processing without affecting optical refractive properties. 
Disruption of circadian alignment—through inadequate light exposure, nocturnal blue light, 
or chronic short sleep—reduces inhibitory control and promotes cortical hyperarousal.

Conclusions: This model provides a mechanistic framework linking circadian timing and 
inhibitory neurotransmission to the quality of consciousness, with implications for sleep 
disorders and neuropsychiatric conditions.
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Through these relay centers, circadian signals modulate major 
arousal-related nuclei, including the locus coeruleus, dorsal raphe 
nucleus, and tuberomammillary nucleus. These regions regulate 
cortical and limbic activity, thereby indirectly influencing GABAergic 
inhibitory balance and neuronal excitability. In parallel, the SCN 
regulates the hypothalamic–pituitary–adrenal (HPA) axis, generating 
circadian rhythms in cortisol secretion. Cortisol has been shown 
to influence GABA receptor expression and synaptic inhibition in 
cortical and subcortical structures.7

Additionally, SCN-mediated control of pineal melatonin synthesis 
provides a hormonal mechanism that enhances GABAergic signaling 
and facilitates sleep-related neural inhibition.5 At the molecular 
level, circadian clock genes—including CLOCK, BMAL1, PER, and 
CRY—exhibit rhythmic expression across multiple brain regions and 
contribute to the regulation of GABA synthesis, receptor composition, 
and synaptic plasticity.1

Together, these pathways extend SCN influence beyond the 
hypothalamus, coordinating circadian modulation of inhibitory 
neurotransmission across distributed neural networks. Disruption 
of these pathways—due to irregular light exposure, circadian 
misalignment, or sleep deprivation—may impair GABAergic 
homeostasis and contribute to cortical hyperarousal and altered 
consciousness.

Circadian disruption and GABA deficiency

Individuals with chronic short sleep duration (<6 hours per night) 
exhibit reduced GABA levels in cortical regions, as demonstrated by 
proton magnetic resonance spectroscopy studies.3 These reductions 
are associated with increased neural excitability, impaired cognitive 
function, and decreased sleep efficiency.

Circadian misalignment, resulting from shift work, irregular sleep 
schedules, or excessive nighttime light exposure, further disrupts 
sleep architecture and inhibitory balance, reinforcing a cycle of 
reduced GABAergic tone and heightened cortical activity.5

A proposed model of consciousness modulation

This hypothesis conceptualizes consciousness as an emergent 
property of interactions between circadian timing, environmental 
light exposure, and inhibitory neurotransmission:

1.	 Light entrains the SCN, stabilizing circadian rhythms. 

2.	 SCN outputs propagate through neural and endocrine pathways. 

3.	 These pathways modulate GABAergic inhibitory tone across 
brain networks. 

4.	 Balanced inhibition supports stable and efficient conscious 
processing. 

5.	 Disruption leads to cortical hyperarousal and degraded 
consciousness quality. 

Thus, impaired GABAergic inhibition does not eliminate 
consciousness but alters its functional quality, resulting in reduced 
alertness and cognitive performance.

Clinical and research implications

i.	 Sleep disorders: Combined circadian and GABA-targeted 
interventions may improve insomnia outcomes. 

ii.	 Mental health: Circadian and inhibitory dysregulation may 
contribute to mood and anxiety disorders. 

iii.	 Critical care: Light-based circadian interventions may support 
cognitive recovery. 

iv.	 Public health: Improved light hygiene and sleep practices could 
mitigate widespread circadian disruption. 

Future research should focus on longitudinal neuroimaging, 
experimental light manipulation, and molecular studies of circadian–
GABA interactions.

Conclusion
The interaction between environmental light exposure, SCN-

mediated circadian regulation, and GABAergic inhibitory signaling 
represents a fundamental mechanism underlying sleep and 
consciousness. This integrative hypothesis provides a mechanistic 
framework linking circadian alignment to inhibitory balance and 
cognitive function. Disruption of this system may lead to cortical 
hyperexcitability and impaired conscious processing.

Acknowledgements
None.

Conflicts of interest
The author declares that there is no conflicts of interest.

References
1.	 Ono D, Honma KI, Honma S. GABAergic mechanisms in the 

suprachiasmatic nucleus that influence circadian rhythm. J Neurochem. 
2021;157(1):31–41. 

2.	 Enna SJ, McCarson KE. The role of GABA in the central nervous system. 
Adv Pharmacol. 2006:54:1–27. 

3.	 Park S, Kang I, Edden RAE, et al. Shorter sleep duration is associated 
with lower GABA levels in the anterior cingulate cortex. Sleep Med. 
2020;71:1–7. 

4.	 Hattar S, Liao HW, Takao M, et al. Melanopsin and rod-cone 
photoreceptive systems account for major accessory visual functions. 
Nature. 2003;424(6944):76–81. 

5.	 Brainard GC, Hanifin JP, Greeson JM, et al. Action spectrum for melatonin 
regulation in humans. J Neurosci. 2001;21(16):6405–6412. 

6.	 Sandell JH. GABA as a developmental signal in the inner retina and optic 
nerve. Perspect Dev Neurobiol. 1998;5(2–3):269–278. 

7.	 Möhler H. The GABA system in anxiety and depression and its therapeutic 
potential. Neuropharmacology. 2012;62(1):42–53. 

8.	 Meijer JH, Michel S, VanderLeest HT, et al. Daily and seasonal adaptation 
of the circadian clock requires plasticity of the SCN neuronal network. 
Eur J Neurosci. 2010;32(11):2143–2151.

https://doi.org/10.15406/jnsk.2026.16.00659
https://pubmed.ncbi.nlm.nih.gov/32198942/
https://pubmed.ncbi.nlm.nih.gov/32198942/
https://pubmed.ncbi.nlm.nih.gov/32198942/
https://pubmed.ncbi.nlm.nih.gov/17175808/
https://pubmed.ncbi.nlm.nih.gov/17175808/
https://pubmed.ncbi.nlm.nih.gov/32447224/
https://pubmed.ncbi.nlm.nih.gov/32447224/
https://pubmed.ncbi.nlm.nih.gov/32447224/
https://pubmed.ncbi.nlm.nih.gov/12808468/
https://pubmed.ncbi.nlm.nih.gov/12808468/
https://pubmed.ncbi.nlm.nih.gov/12808468/
https://pubmed.ncbi.nlm.nih.gov/11487664/
https://pubmed.ncbi.nlm.nih.gov/11487664/
https://pubmed.ncbi.nlm.nih.gov/9777642/
https://pubmed.ncbi.nlm.nih.gov/9777642/
https://pubmed.ncbi.nlm.nih.gov/21889518/
https://pubmed.ncbi.nlm.nih.gov/21889518/
https://pubmed.ncbi.nlm.nih.gov/21143668/
https://pubmed.ncbi.nlm.nih.gov/21143668/
https://pubmed.ncbi.nlm.nih.gov/21143668/

	Title
	Abstract 
	Keywords
	Introduction 
	The role of light in circadian regulation 

	Conclusion 
	Acknowledgements 
	Conflicts of interest 
	References 

