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Abstract
Melatonin, a hormone primarily produced by the pineal gland, is well-known for its regulatory role in sleep-wake 

cycles. However, its influence extends beyond circadian rhythms, with growing evidence suggesting a significant role 
in various neurological conditions. This paper explores the neuroprotective properties of melatonin and its potential 
therapeutic applications in neurological disorders such as Alzheimer’s disease, Parkinson’s disease, stroke, and 
multiple sclerosis. The molecular mechanisms underlying its effects, including antioxidant, anti-inflammatory, and 
neurogenesis-promoting actions, are reviewed. Additionally, the challenges and future directions in melatonin-based 
treatments for neurological diseases are discussed.
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Introduction
Melatonin, a hormone synthesized in the pineal gland, plays a crucial 

role in regulating sleep and circadian rhythms. However, emerging 
research has revealed its broader implications, particularly within the 
realm of neurology. Beyond its sleep-regulating function, melatonin 
exhibits potent neuroprotective properties, influencing various 
biological pathways that are critical for maintaining brain health [1]. 
These include antioxidant defense, modulation of neuroinflammation, 
and promotion of neuronal survival. Melatonin’s ability to protect 
against oxidative stress, reduce neuroinflammation, and support 
neurogenesis makes it a promising candidate for the management of 
several neurological conditions, including neurodegenerative diseases, 
ischemic stroke, and even certain psychiatric disorders [2]. This review 
delves into the latest findings surrounding melatonin’s neurological 
effects, exploring its potential as a therapeutic agent in both clinical 
and preclinical settings. Understanding the mechanisms of melatonin’s 
action in the brain is essential for developing novel strategies to address 
the increasing global burden of neurological diseases [3].

Discussion
Melatonin’s neuroprotective properties have garnered significant 

attention in the context of neurological disorders. The hormone’s 
potent antioxidant capabilities are central to its ability to counteract 
oxidative stress, a major contributor to neurodegeneration in diseases 
such as Alzheimer’s and Parkinson’s. By scavenging free radicals 
and enhancing the activity of endogenous antioxidants, melatonin 
helps to mitigate cellular damage in neurons, glial cells, and vascular 
structures [4]. In addition to its antioxidant properties, melatonin’s 
anti-inflammatory effects play a critical role in protecting the brain 
from neuroinflammation, which is implicated in the pathophysiology 
of many neurological conditions. Studies have shown that melatonin 
can modulate microglial activation and reduce the production of 
pro-inflammatory cytokines, providing a protective effect against 
neurodegenerative processes [5-7]. Furthermore, melatonin’s 
influence on mitochondrial function is another essential factor, as it 
helps maintain cellular energy production, which is vital for optimal 
brain function. The therapeutic potential of melatonin extends beyond 
its basic neuroprotective roles. For instance, it has been explored in 
clinical trials for its efficacy in managing sleep disturbances in patients 
with neurological disorders. Its ability to regulate circadian rhythms 

in patients suffering from neurodegenerative diseases has also been 
highlighted as a potential adjunctive therapy [8]. Additionally, its role 
in enhancing neurogenesis and promoting neuronal repair after injury 
or stroke provides a promising avenue for future research.

Despite these promising findings, several challenges remain. The 
bioavailability of melatonin, optimal dosing, and the best route of 
administration need to be better defined for its therapeutic application 
in neurological disorders. Furthermore, while the bulk of research 
suggests beneficial effects, more extensive human trials are necessary 
to substantiate the long-term safety and efficacy of melatonin for these 
conditions [9]. Additionally, while melatonin offers neuroprotective 
benefits, it is not a cure for neurodegenerative diseases but rather a 
supportive adjunct that can complement existing treatments. The 
precise molecular mechanisms underlying its effects remain an area 
of ongoing investigation [10]. Understanding how melatonin interacts 
with other signaling pathways in the brain, particularly in the context 
of disease, will be crucial for designing targeted therapies.

Conclusion
Melatonin holds significant promise as a neuroprotective agent 

with potential therapeutic applications in a range of neurological 
disorders. Its antioxidant, anti-inflammatory, and neurogenesis-
promoting actions make it a versatile candidate for preventing and 
managing diseases such as Alzheimer’s, Parkinson’s, and stroke-related 
brain injuries. Although the available evidence supports its efficacy, 
further research, particularly well-designed clinical trials, is essential 
to fully establish the role of melatonin in clinical practice. With 
continued investigation, melatonin may become a valuable tool in the 
management of neurological diseases, offering hope for patients and 
providing an avenue for adjunctive therapies that can improve quality 
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of life and slow disease progression.
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