Research & Reviews: Research Journal of Biology

ISSN: 2322-0066

Neurophysiological Mechanisms Underlying Sleep Regulation and Disorders

Alexander Carter*

Department of Neurobiology, Center for Sleep Medicine, Stanford University, Stanford, United States

Received: 24-Dec-2024, Manuscript
No. JOB-24-156398; Editor
assigned: 27-Dec-2024, PreQC No.
JOB-24-156398 (PQ); Reviewed: 10-
Jan-2025, QC No. JOB-24-156398;
Revised: 09-Dec-2025, Manuscript
No. JOB-24-156398 (R); Published:
16-Dec-2025, DOI:
10.4172/2322-0066.13.4.004

*For Correspondence: Alexander
Carter, Department of Neurobiology,
Center for Sleep Medicine, Stanford
University, Stanford, United States;
Email: acarter@stanford.edu

Citation: Carter A. Neurophysiological
Mechanisms Underlying Sleep
Regulation and Disorders. RRJ Biol.
2025;13:004.

Copyright: © 2025 Carter A. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License, which
permits unrestricted use,
distribution and reproduction in any
medium, provided the original

author and source are credited.

Perspective

INTRODUCTION

Sleep is a fundamental biological process, essential for maintaining cognitive
function, emotional regulation and overall health. The regulation of sleep
involves complex neurophysiological mechanisms that orchestrate the
transitions between sleep and wakefulness, as well as the different stages of
sleep. Disruptions in these mechanisms can lead to various sleep disorders,
which in turn can have significant consequences on mental and physical
health. Understanding the neurophysiological processes behind sleep
regulation is crucial for developing effective treatments for sleep-related

disorders.

At the core of sleep regulation is the hypothalamus, a small region of the brain
that plays a central role in controlling both sleep and wakefulness. The
Suprachiasmatic Nucleus (SCN), located within the hypothalamus, is
responsible for regulating the circadian rhythm or the body’s internal clock. The
SCN synchronizes the sleep-wake cycle with environmental light and darkness,
ensuring that sleep occurs at appropriate times. Light input from the retina
helps reset the SCN, signaling to the brain when to initiate wakefulness or

sleep.

The Ventrolateral Preoptic nucleus (VLPO), located in the hypothalamus, plays a
key role in promoting sleep. The VLPO releases inhibitory neurotransmitters,
such as Gamma-Aminobutyric Acid (GABA) and galanin, to suppress the activity
of wake-promoting neurons in the RAS. This inhibition allows the body to enter
non-REM sleep, which is characterized by deep, restorative rest. Additionally,
during REM (Rapid Eye Movement) sleep, the VLPO continues to be active,
promoting the neurophysiological changes necessary for dreaming and memory

consolidation.
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DESCRIPTION

Several neurotransmitters are crucial for sleep regulation. GABA, the primary inhibitory neurotransmitter in the brain, is
essential for initiating sleep by dampening neural activity in areas of the brain that promote wakefulness. Adenosine,
another important neurotransmitter, accumulates in the brain during wakefulness and increases the drive for sleep.
Adenosine’s levels peak during the later part of the day, promoting sleep onset as it binds to adenosine receptors, reducing

the activity of wake-promoting systems.

Melatonin, a hormone produced by the pineal gland, also plays a key role in sleep regulation. Melatonin is released in
response to darkness, signaling to the brain that it is time to sleep. Its levels typically rise in the evening, peak during the

night, and fall in the early morning, helping to regulate the sleep-wake cycle.

On the other hand, serotonin and norepinephrine are involved in promoting wakefulness and are reduced during sleep.
Serotonin is crucial for regulating sleep-wake transitions, while norepinephrine modulates the brain’s ability to remain alert

and responsive to external stimuli.

Disruptions in the neurophysiological mechanisms underlying sleep regulation can lead to various sleep disorders. Insomnia,
one of the most common sleep disorders, is characterized by difficulty falling or staying asleep. This condition can result
from overactivity in the arousal systems of the brain, such as the RAS or an imbalance in neurotransmitters like GABA and
serotonin. Stress, anxiety, and certain medications can also exacerbate insomnia by increasing the activity of these arousal

pathways.

Sleep apnea, another prevalent sleep disorder, is characterized by repeated interruptions in breathing during sleep. It
results from dysfunction in the brain’s respiratory control centers, leading to reduced oxygen levels and frequent arousals
from sleep. Sleep apnea is often associated with increased sympathetic nervous system activity, which can result in

elevated blood pressure and other cardiovascular problems.

Narcolepsy, a disorder characterized by excessive daytime sleepiness and sudden sleep attacks, is believed to involve
dysfunction in the orexinergic system. Orexin (also known as hypocretin) is a neuropeptide that promotes wakefulness and
regulates the sleep-wake cycle. A deficiency in orexin production or dysfunction in its receptors leads to the abnormal sleep-

wake transitions seen in narcolepsy.

CONCLUSION

The neurophysiological mechanisms underlying sleep regulation are incredibly complex and involve a delicate balance
between brain structures, neurotransmitters and circadian rhythms. Disruptions in these processes can lead to various
sleep disorders that impact both physical and mental health. Understanding these mechanisms provides valuable insight
into the development of targeted treatments for sleep disorders, improving the quality of life for those affected. Ongoing
research into the molecular and cellular pathways governing sleep offers the promise of new therapeutic approaches,

advancing our understanding of this critical biological process.

RRJOB | Volume 13 | Issue 4 | December, 2025 2



