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ABSTRACT: Melatonin is an indole-like hormone secreted by the pineal gland. It regulates circadian rhythms
and exerts antioxidants, anti-inflammatory, immunomodulatory, tumor-suppressing, and sleep-improving
effects. With global population aging, neurodegenerative diseases have gained public attention. Melatonin has
been increasingly studied for brain diseases. This review synthesizes evidence on melatonin in circadian rhythm
regulation, Alzheimer's disease (AD), Parkinson's disease (PD), cerebral ischemia-reperfusion, depression,
insomnia, brain aging and dietary applications. We critically evaluate study methodologies, sample sizes, and
reproducibility. While melatonin shows promise, many findings derive from small clinical trials or animal
models requiring validation. We conclude that melatonin may positively affect brain health through multiple
pathways but emphasize that evidence strength varies across conditions. From a safety perspective, obtaining

melatonin from food and dietary supplements is ideal for consumers.
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1. Introduction

A neurohormone released from pineal cells, melatonin
belongs to the indole class and possesses the chemical
structure N-acetyl-5-methoxytryptamine. Its molecular
formula is C3N2H 603, and its relative molecular mass
amounts to 232.27. Melatonin is highly lipophilic, slightly
hydrophilic, displaying neutral and weakly acidic, slightly
soluble in water, easily soluble in organic solvents, such
as acetone, ethanol and ether, and easily destroyed by
heat. As an ancient molecule found across biological
organisms, melatonin exhibits a strong association with
mammalian circadian rhythms [1]. Evidence indicates
that the primitive third eye of mammals evolved into the
pineal gland, and that melatonin synthesis is light-
dependent [2, 3].

In this article, "brain health management" refers to the
maintenance and enhancement of neurological function,

including cognition, sleep regulation, emotional stability,
as well as the prevention of neurodegenerative changes
and cerebrovascular injury. In each of these areas,
melatonin has been the subject of relevant research.
Melatonin exerts its biological effects through two
major pathways: receptor-mediated (MT1/MT2, RORa)
and non-receptor-mediated  (direct free radical
scavenging) [1, 4, 5]. Its antioxidant effects include direct
neutralization of hydroxyl radicals (*OH), peroxynitrite
(ONOQO"), and singlet oxygen (*O2) [6], as well as indirect
activation of Nrf2/HO-1 and upregulation of glutathione
peroxidase and superoxide dismutase [7]. Its anti-
inflammatory effects involve inhibition of NF-kB nuclear
translocation, reduction of pro-inflammatory cytokines
(IL-1B, IL-6, TNF-a) [8, 9], and suppression of NLRP3
inflammasome activation [10]. These core mechanisms
are discussed in detail below; subsequent sections will
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focus on disease-specific pathways rather than repeating
these general properties.

Melatonin has antioxidant [6], anti-aging [11, 12],
circadian rhythm-regulating [13, 14], anti-inflammatory
[9], anti-diabetic [15-17], anti-osteoporosis [18], tumor-
suppressing [19] and immunomodulatory effects in the
body [20]. In recent years, with the continuous deepening
of brain research, melatonin, a highly efficient brain free
radical scavenger that exerts a powerful antioxidant
effect, has received widespread attention in the field of
brain neurology. The potential use of melatonin in
everyday foods and dietary supplements has piqued the
interest of researchers due to its ability to offer
neuroprotective effects.

In mammals, melatonin mainly acts through two
pathways: one is the receptor-mediated pathway, and the
other is the non-receptor-mediated pathway. Among the
receptor-mediated pathways, the melatonin receptors
MT1 and MT2 belong to the family of G-protein-coupled
receptors. They are found not only in the brain but also
throughout the retina, liver, kidneys, spleen, intestines,
and cardiovascular system [21]. MT1 receptors are
associated with reproductive activity, metabolism and
vasoconstriction, while MT2 receptors play a role in the
control of circadian rhythms, retinal dopamine release,
and vasodilatation. MT1 and MT2 receptors are involved
in a variety of physiological activities in the body, and the
level of activity of these receptors, in conjunction with
melatonin, affects a number of body functions [4]. In
addition to MT1 and MT2, the other receptors have a
putative binding site known as MT3, as well as a fourth
binding site currently identified as an analog of quinone
reductase type 2 in hamster pups [1].

Endogenous melatonin levels decline with age,
necessitating exogenous supplementation through foods
or dietary supplements. The development of melatonin-
rich foods has become a focus for food manufacturers.
This review focuses on melatonin's neuroprotective
mechanisms and its applications in food and dietary
supplements, aiming to provide a reference for developing
melatonin-enriched functional foods.

2. Methods

This is a narrative review. A comprehensive literature
search of original melatonin-related articles was
conducted using PubMed, Web of Science, and Google
Scholar databases. The search used a combination of the
following terms: “melatonin”, “circadian rhythm”,
“neurodegenerative diseases”, “Alzheimer's disease”,
“Parkinson's disease”, ‘“cerebral ischemia”, “aging”,
“depression”,  “insomnia”, “metabolic  diseases”,
“immunomodulation”, “dietary supplements”, “food”,

“dairy products”, “plants”, “herbs”, “oxidative stress”,

“mitochondrial”, “brain” and “cognition”. We prioritized
peer-reviewed original research articles and authoritative
reviews published in English up to December 2024.
Conference abstracts, preprints, and non-English articles
were excluded. Inclusion in the search results was
screened by reviewing titles and abstracts. Highly cited
and influential articles were included as references.
Newer papers were generally prioritized if related papers
covered similar topics. The full text of eligible papers was
scrutinized. A limitation of this narrative review is that we
did not perform a formal risk-of-bias assessment or meta-
analysis, which would be required for a systematic
review. Therefore, our synthesis is qualitative and may be
subject to selection bias.

3. Melatonin regulates circadian rhythms by sensing
light

In vivo melatonin synthesis falls under the control of the
circadian clock. This clock resides in the suprachiasmatic
nucleus (SCN) of the hypothalamus and exerts its
regulation via a multisynaptic neural pathway [22, 23].
The hypothalamic SCN senses external light and dark
signals through the retina, and the resulting nerve
impulses travel through the paraventricular nucleus
(PVN), the intermediate paraventricular nucleus of the
spinal cord, the pre-sympathetic ganglionic fibers of the
adrenocortical fibers, and the supracarotid ganglion
(SCG), ultimately reaching the pineal gland[24]. After
that, the conversion of tryptophan to 5-hydroxytryptophan
is catalyzed by tryptophan hydroxylase, followed by
decarboxylation of the intermediate to form serotonin (5-
hydroxytryptamine, 5-HT). The conversion of 5-HT to
melatonin largely depends on two enzymatic reactions:
acetylation via aryl alkylamine-N-acetyltransferase (AA-
NAT) and methylation via hydroxyindole O-
methyltransferase (HIOMT) [25]. Most melatonin is
generated during the methylation step [26, 27]. Numerous
studies have shown that melatonin is secreted sparingly
during the day and exerts its physiological effects mainly
at night, and its secretion follows a circadian rhythm (Fig.
1).

Circadian rhythm describes the roughly 24-hour
oscillation of an organism's physiological, biochemical,
behavioral, and other life activities [28]. This oscillation
is driven by the periodic expression of biological clock
genes and clock-controlled genes [29]. Jet lag, shift work,
sleep disruption, and variations in food intake all
contribute to circadian disruption in the human body [30].
About 80% of melatonin is produced at night, and
frequent exposure to light during sleep affects the amount
of melatonin secreted in the body. Staying up late is a
major factor in the disruption of melatonin levels in the
body. Circadian rhythm disorders can lead to a variety of
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diseases, such as insomnia, anxiety, depression,
neurodegenerative  diseases, metabolic  disorders,
coronary heart disease, and even malignant tumors in the
body. They can induce aging and accelerate the
occurrence of age-related diseases [31]. Shao Guan Fang
found that melatonin could alter the circadian rhythm of
heart rate to a certain extent by studying rats with
spontaneous hypertensive disorders [32]. Melatonin
injected at different time points had varying effects on
blood pressure rhythms, with the most pronounced effect
observed when melatonin was injected before the peak of
heart rate variability. Scheer FA et al. investigated the
effect of melatonin intake on the biological clock by

assessing the function of the biological clock by
repeatedly administering melatonin at night to 16
untreated male patients with essential hypertension [33].
The study examined the impact of melatonin consumption
on 24-hour ambulatory blood pressure and sleep quality
activity chart estimation. The results suggest that
melatonin increases the output of the SCN to the
cardiovascular system. The output of the biorhythm then
influenced the cardiovascular system through the
autonomic nerve or induced an upregulation in the
expression of cardiovascular cell biorhythm genes,
resulting in a reduction in blood pressure. All indications
are that melatonin is closely related to circadian rhythms.
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Figure 1. Melatonin Synthesis in the Pineal Gland. Note: This figure is self-designed by the authors using Biorender® software.

4. Melatonin possesses neuroprotective effects.

The strength of evidence for melatonin's efficacy varies
considerably across these conditions, from strong clinical
support in insomnia to promising but preliminary
preclinical findings in cerebral ischemia and brain aging.

4.1 Melatonin offers new insights into insomnia
disorders in diverse populations

Insomnia is a sleep disorder syndrome in which the
initiation and maintenance of sleep are impaired, resulting
in a quality and quantity of sleep that do not meet the

physiological needs of the individual. Currently, insomnia
and anxiety have become common health problems
globally, and statistics from the World Health
Organization (WHO) indicate that approximately 2 billion
people worldwide have sleep problems. In the United
States, 35% of Americans experience insomnia, while
over 70% of young people in Japan are dissatisfied with
the quality of their sleep. Melatonin, a compound that
regulates circadian rhythms, has garnered public
attention, and its use in treating insomnia has become a
focal point for researchers seeking alternatives to
benzodiazepines and "Z" drugs. Studies on insomnia
medications other than benzodiazepines, such as the
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melatonin receptor agonist agomelatine, the calcium
channel modulator gabapentin, and the 5-
hydroxytryptamine receptor antagonist trazodone, have
found that these medications have been successful in
treating comorbidities while improving sleep, and that
they have unique mechanisms of action unlike
conventional medications in terms of their side effects
[34]. As another melatonin receptor agonist, ramelteon
was evaluated alongside melatonin in a systematic review
and meta-analysis that assessed their efficacy for treating
insomnia in older adults [35]. The findings revealed
significant enhancements in total sleep time, sleep
latency, and sleep quality among users of melatonin
and/or ramelteon. No significant differences were
observed in sleep efficiency. However, when safety is
considered for treating insomnia in older adults, these
medications may represent the preferred option [36].
Furthermore, a systematic literature review examined the
efficacy and safety of non-benzodiazepine and
non-Z-drug hypnotics for geriatric insomnia. The findings
indicate that doxepin and ramelteon may serve as
effective and safe alternative agents in this population
[37].

In addition to insomnia in the elderly, melatonin has
been shown to have a positive effect on regulating sleep-
wake patterns in children with refractory bipolar disorder
and developmental disorders [38, 39]. For children and
adolescents with Attention Deficit Hyperactivity Disorder
(ADHD), Autism Spectrum Disorder (ASD), and other
special populations, melatonin has been shown to be
effective in treating their sleep disorders with minimal
side effects [40]. It provides relief from sleep disorders
and improves the sleep parameters of these populations
[41, 42]. In an in-depth study of the multifunctional role
of melatonin in regulating sleep to alleviate
neuropathology in Alzheimer's disease, it was noted that
melatonin improves sleep quality by regulating the sleep
cycle, which has the potential to control circadian rhythm-
related genes [43]. Despite these promising findings,
several limitations should be noted. Most studies in
children with ASD/ADHD involved small sample sizes
(typically <50 participants) and short follow-up periods
(<6 months). In elderly populations, while meta-analyses
suggest efficacy, heterogeneity in dosing (0.5-10 mg) and
outcome measures limits generalizability.

4.2. Melatonin acts as a receptor agonist to treat
depression

Depression is a persistent and serious mental illness. A
substantial body of experimental evidence suggests that
the central norepinephrine system's function is altered in
patients with depression, and that the key mechanism for
the pathogenesis of depression is believed to be the over-

activation of the hypothalamic-pituitary-adrenal axis,
which is also associated with inflammatory cytokines or
endogenous metabolites [44]. Melatonin, a hormone with
multiple actions, is particularly known for regulating
sleep and circadian rhythms. It has also shown promising
results in alleviating depressive symptoms, improving
mental health indicators, and has garnered widespread
attention in the field of depression treatment. A
randomized, double-blind, placebo-controlled trial found
that 12 weeks of melatonin administration had beneficial
effects on mental health indicators, insulin levels, and
other markers in women with polycystic ovary syndrome
[45]. In addition, in diabetic hemodialysis patients, 12
weeks of melatonin taken one hour before bedtime had
positive effects on mental health, glycemic control, and
oxidative stress markers [46]. Preclinical studies suggest
that melatonin may exert antidepressant effects,
potentially via the Sirt//Nrf2/HO-1 signaling pathway
and by restoring mitochondrial function in stressed
neurons. Ali et al. demonstrated that melatonin attenuated
LPS-induced neuroinflammation in mice by targeting
Sirtl/Nrf2/HO-1  signaling [8]. A comprehensive
assessment emphasized that melatonin ameliorates mental
disorders by affecting mitochondrial activity [47].

The significant role of melatonin in treating
depression is attributed to its receptor agonists, such as
agomelatine (a melatonin receptor agonist and 5-
hydroxytryptamine receptor antagonist), which is
recognized for its antidepressant properties due to its
specific capability to enhance the release of
norepinephrine and dopamine in the prefrontal cortex [48,
49]. An in-depth review of melatonin clinical trials
highlighted the multiple clinical uses of melatonin,
including its transdiagnostic potential for treating
depression and sleep disorders associated with depression
[50, 51]. This is consistent with the arguments of Chauhan
et al., who systematically evaluated the importance of
pineal gland abnormalities in mood disorders and
psychosis, suggesting the transdiagnostic relevance of
melatonin [52] (Fig. 2).

Most clinical evidence comes from studies in
comorbid conditions (PCOS, diabetes) rather than major
depressive disorder. Direct RCTs in primary depression
are limited. The optimal dosing and duration for
antidepressant effects remain unclear.

4.3. Melatonin's  therapeutic
Alzheimer's disease intervention

potential in early

The use of melatonin in Alzheimer's disease (AD) has
been the subject of extensive research in the field of brain
diseases in recent years [53]. AD is a degenerative
condition of the central nervous system that primarily
affects older individuals or those in menopause stages. Its
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key characteristics involve gradual cognitive decline and
behavioral changes. In a six-month randomized placebo-
controlled trial, patients with Alzheimer’s disease and

comorbid insomnia who received long-acting extended-
release melatonin (PRM) showed improvements in both
cognitive function and sleep maintenance [54].
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Figure 2. Brief schematic diagram of the partial mechanisms underlying the antidepressant effects of melatonin (adapted from

the authors' PowerPoint manuscript).

Disturbances in the endogenous pro-
oxidant/antioxidant balance are considered a key factor in
aging and neurodegeneration of the brain [55]. A recent
study provided new insights into the relationship between
the pathogenesis of AD and pineal function. The findings
suggest that cognitive decline and sleep disturbances in
patients with AD are closely associated with reduced
pineal volume and pineal calcification in the brain [56].
The study also indicates that the pineal gland acts as a
storage carrier for melatonin, indirectly implying that the
role of melatonin in AD is related to the immuno-pineal

axis and sleep disturbances [57]. Melatonin's
neuroprotection in AD involves gut microbiota
modulation (increasing Akkermansia and Bifido-
bacterium abundance), reduction of tau

hyperphosphorylation via PP2A4 activation, and inhibition
of AP aggregation through direct binding to monomeric
AP, Endogenous melatonin reduction mediates systemic
changes in the microbiota, which could be a potential
target for the prevention and treatment of AD [58]. It has
been shown that exposure to blue-attenuated light-rich
white light every morning helps alleviate the split between
rest-activity and light rhythms in AD patients with AD
and improves the quality of sleep and cognitive
functioning. This is a clear indication that melatonin
secretion is closely linked to light exposure [59]. Patients
with  AD often experience severe sleep/wake
disturbances. Insomnia can result in faster cognitive
decline and memory impairment. Therefore, besides

addressing neurotoxicity in AD patients, it is crucial to
identify medications that can normalize disrupted sleep-
wake patterns and enhance sleep quality. Evidence
suggests that melatonin may offer therapeutic benefits for
patients with early-stage Alzheimer’s disease, as well as
for those possessing functional melatonin receptors [60].

Given that type 2 diabetes is a risk factor for AD,
melatonin's metabolic effects may be relevant, but this
requires further investigation [61]. There is growing
evidence that melatonin may play a multifaceted role in
AD as an exogenous supplement for mitigating disease
progression in AD patients [62-64]. Most clinical trials in
AD are small (n<200) and short (<6 months). The optimal
dose and formulation (immediate-release vs. prolonged-
release) have not been established. Melatonin may be
most effective in early-stage patients with intact
melatonin receptors.

4.4. Melatonin in Parkinson's Disease

Parkinson's disease (PD), like AD is a prevalent
neurodegenerative disorder, but the pathogenesis of PD
remains unclear. Genetic factors, environmental factors,
aging, oxidative stress, and chronic diseases may
contribute to the degenerative death of dopaminergic
neurons in PD.43-46 Melatonin is of wide interest in the
field of PD as an antioxidant that plays a crucial role in
coping with oxidative stress, which is a common risk
factor for PD [55, 65]. A study evaluated the effects of the
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combination of melatonin and levodopa on sleep
disorders in patients with PD [66]. Levodopa alone
reduced nocturnal awakenings, but the effect was not
significant. In contrast, the use of melatonin as an
adjunctive therapy significantly increased total sleep time
and sleep efficiency. This suggests that melatonin has
potential in the treatment of sleep disorders in patients
with PD [67]. Melatonin can also affect sleep quality in
PD patients by modulating the expression of the clock
genes PERI and BMALI, demonstrating its potent
circadian rhythm-regulating effects [68]. In addition, a
meta-analysis and systematic review qualitatively
analyzing the efficacy of melatonin on sleep quality in PD
patients with PD demonstrated that melatonin
significantly improves subjective and objective sleep
quality in PD patients, with a favorable safety and
tolerability profile [66]. Ongoing clinical trials have also
highlighted the neuroprotective role of melatonin in
managing sleep disorders associated with PD [65, 69-72].
A daily dose of 3-12 mg of melatonin at bedtime has been
shown to be effective in treating sleep behavior disorders
and may also help prevent neurodegeneration [73].
Mitochondrial dysfunction and oxidative stress are
closely related to the pathogenesis of PD [74]. A

Melatonin Administration
3-12 mg at bedtime

l

randomized, double-blind clinical trial evaluated the
effects of melatonin on oxidative stress markers,
mitochondrial activity, and mitochondrial respiratory
control ratio in patients with PD [75], and the results
suggest that melatonin reduces markers of oxidative stress
and partially restores mitochondrial activity, a finding that
could help examine the deeper effects of melatonin on
cellular organelles [76]. Another prospective study
examined the antinociceptive effects of melatonin in
patients with Parkinson's disease and showed that
melatonin helps to reduce the sensory and emotional
experience caused by pain, and that it has a potential anti-
injurious effect in the treatment of circadian rhythm
disorders [77]. In conclusion, these findings have
demonstrated the multifaceted effects of melatonin in the
treatment of PD, including its antioxidant, sleep-
modulating, neuroprotective, certain symptomatic relief,
and impediment to disease progression effects [76, 78-
81]. However, most trials are small (n<100) and of short
duration (<3 months). Effects on motor symptoms
(tremor, bradykinesia) remain unclear. Larger, longer-
term RCTs are needed to determine whether melatonin
modifies disease progression [65, 82, 83] (Fig. 3).
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Figure 3. Brief summary diagram of the mechanism of action and potential clinical application of melatonin in improving
Parkinson's disease (adapted from the authors' PowerPoint manuscript).
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4.5. Melatonin exerts pleiotropic effects against
cerebral ischemia-reperfusion injury via Nrf2/HO-1,
RORa, and mitophagy pathways

Injuries caused by cerebral ischemia and reperfusion are
closely associated with inflammatory responses,
intracellular Ca2+ overload, and a rapid increase in free
radicals [84]. Beyond these well-recognized effects,
recent mechanistic studies have identified several specific
signaling pathways through which melatonin ameliorates
cerebral ischemia-reperfusion injury. The Nrf2/HO-1
antioxidant pathway: Melatonin activates nuclear factor
erythroid 2-related factor 2 (Nrf2), which translocates to
the nucleus and binds to the antioxidant response element
(ARE), upregulating downstream genes including heme
oxygenase-1 (HO-1), NAD(P)H quinone oxidoreductase
1 (NQOI), and glutamate-cysteine ligase (GCL). In
rodent MCAO models, melatonin pretreatment
significantly increased nuclear Nrf2 accumulation and
HO-1 expression, reducing infarct volume by
approximately 30-40% compared to vehicle controls [85].
The RORa-mediated circadian pathway: The circadian
nuclear receptor RORa (retinoic acid receptor-related
orphan receptor alpha) plays a crucial role in mediating
melatonin's inhibition of cerebral ischemia-reperfusion
injury. Melatonin binds to RORa, which then represses
transcription of pro-inflammatory cytokines (IL-1, IL-6,
TNF-0) and reduces neutrophil infiltration into the
ischemic penumbra. RORa knockout mice showed
complete loss of melatonin's neuroprotective effects, with
infarct volumes comparable to untreated controls [86].
Mitophagy via the NLRXI pathway: Preclinical evidence
indicates that melatonin can induce selective autophagic
clearance of damaged mitochondria (mitophagy) through
nucleotide-binding oligomerization domain and leucine-
rich repeat-containing protein X1 (NLRXI). In neonatal
hypoxic-ischemic brain damage models, melatonin
treatment increased LC3-II/I ratio and decreased p62
expression, indicating enhanced autophagic flux.
Inhibition of autophagy with 3-methyladenine (3-MA)
abolished melatonin's neuroprotective effects [87].There
is evidence of increased neuronal survival in the cerebral
cortex of preterm fetal sheep after melatonin
administration, suggesting potential neuroprotective
effects in preterm infants[88].Melatonin also attenuates
cerebral ischemia-reperfusion injury through anti-
inflammatory and anti-apoptotic effects [89], and by
inducing cellular autophagy [90-93].

However, despite robust preclinical evidence, human
data remain limited. A small randomized controlled trial
(n=60) found that 10 mg/kg melatonin administered
within 6 hours of stroke onset reduced 90-day mortality
but did not significantly improve functional outcomes
(modified Rankin Scale) [94]. Larger phase III trials are

needed. Importantly, the classical melatonin receptors
MT1 and MT2 may not be directly involved in these
neuroprotective effects, as MTI1/MT2 antagonists
(luzindole) did not block melatonin's benefit in focal
cerebral ischemia models [87].

4.6. Melatonin acts as a guardian of the aging brain
through SIRT1/FOXO03a and mitochondrial pathways

Melatonin, a potent free radical scavenger, has been
extensively studied in aging-related brain pathology.
Brain aging is associated with cumulative oxidative
damage to macromolecules, mitochondrial dysfunction,
and abnormal inflammatory activity [95]. Emerging
evidence has elucidated specific molecular pathways
underlying melatonin's anti-aging effects. Emerging
evidence suggests that melatonin may upregulate sirtuin 1
(SIRTI), a NAD*-dependent deacetylase that plays a
central role in longevity regulation. Activated SIRTI
deacetylates forkhead box class O3a (FOXO3a),
promoting its nuclear translocation and transcriptional
activity. FOXO3a then increases expression of
antioxidant enzymes (catalase, superoxide dismutase 2,
thioredoxin) and anti-apoptotic proteins (Bcl-2, Bcl-xL).
In aged rat hippocampus (24 months old), melatonin
administration (10 mg/kg/day for 4 weeks) significantly
reduced FOXO3a acetylation levels and decreased
cleaved caspase-3 and Bax expression [96]. Aging
neurons exhibit reduced mitochondrial membrane
potential (A¥m) and increased mitochondrial ROS
production. Melatonin preserves A¥m by inhibiting the
mitochondrial permeability transition pore (mPTP)
opening and maintaining cardiolipin integrity. In aged
mouse brains (18 months), melatonin treatment restored
mitochondrial complex I and IV activities to levels
comparable to young controls (3 months) [97].
Neuroinflammation and microglial modulation: Long-
term melatonin administration (10 mg/kg/day for 6
months) attenuated age-associated microglial activation,
reducing Iba-1-positive cell density and pro-inflammatory
cytokine (IL-1p, TNF-a) levels in the hippocampus and
cortex of aged mice [98].This effect is mediated in part by
NF-«kB inhibition and upregulation of anti-inflammatory
cytokine IL-10. The intertwined anti-inflammatory and
antioxidant effects of melatonin work from pregnancy
through development and aging [99].

In a model of senescence-induced apoptosis, the
addition of melatonin to neuronal cell cultures can have
neuroprotective and anti-apoptotic effects by increasing
the cell survival pathway via Akt or preventing DNA
damage [100]. Long-term melatonin use slows brain
aging, demonstrating protective effects against age-
related inflammatory diseases [95]. Notably, a study
examining melatonin and non-excitatory amino acids in
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stroke and aging verified that these substances protect
neuronal function by regulating calcium homeostasis,
modulating apoptosis, and reducing inflammation [101].
Subarachnoid hemorrhage (SAH) studies further
elaborate melatonin's neuroprotective effects [102].
While human studies are limited, observational data
indicate that endogenous melatonin levels decline with
age, and lower nocturnal melatonin peak levels correlate
with worse cognitive performance in older adults [103] A
6-month trial of prolonged-release melatonin (PRM) in
mild-to-moderate Alzheimer's disease patients showed
modest improvements in cognitive function (ADAS-Cog
score) and sleep quality [54]. However, no large-scale

primary prevention trials have been conducted to
determine whether melatonin supplementation delays
brain aging in healthy elderly populations.

Most mechanistic data derive from rodent studies
(typically aged 18-24 months). Human evidence is largely
correlational or from small trials (n<100). The translation
of dosing (rodent doses 5-20 mg/kg vs. human doses 1-10
mg/day) and timing (circadian-dependent effects) remains
challenging.

This study summarizes the effects of melatonin on
brain health management, including the strength of
evidence and limitations, as shown in Table 1.

Table 1. Summary of melatonin’s effects across brain disorders: evidence strength and limitations.

Condition Key effects Evidence level Strength of Major limitations
evidence
Insomnia Improved sleep latency, total Clinical (RCTs, Strong Small sample sizes in some
sleep time, sleep quality meta-analyses) subgroups; dose heterogeneity (0.5—
10 mg)
Depression Improved mental health Clinical (RCTs) Moderate Limited trials in primary MDD;
parameters, insulin sensitivity unclear dosing
Alzheimer’s Modest cognitive Clinical (RCTs) + Moderate Small trials (n<200); short duration
disease improvement, sleep quality preclinical (<6 months); mixed results
Parkinson’s Improved sleep quality, Clinical (RCTs) + Moderate Small trials (n<100); unclear effects
disease reduced oxidative stress preclinical on motor symptoms
markersmarkers
Cerebral Reduced infarct volume Preclinical + one Preliminary Few human trials; optimal dosing
ischemia (rodents); limited human data  small human RCT unknown
Brain aging Anti-inflammatory, Preclinical (aged Preliminary Most data from rodent models;

antioxidant, mitochondrial
protection

5. Obtaining
supplements

melatonin from food and dietary

Substantial evidence indicates that the neuroprotective
properties of melatonin, attributed to its antioxidant, anti-
inflammatory, and mitochondrial homeostasis-regulating
activities, are significant in the context of brain health
[104]. Given that melatonin levels are frequently
disrupted in age-related and brain injury-related disorders,
exogenous melatonin supplementation has emerged as a
promising therapeutic strategy. This potential has spurred
research into both the pathological alterations following
brain injury and the clinical applications of melatonin
within the nervous system [105-108]. Furthermore,
melatonin and its biosynthetic precursors, tryptophan and
5-hydroxytryptophan (5-HTP), are naturally present in
various dietary sources, including meat, fish, eggs, grains,
fruits, and vegetables [96, 109]. Dietary intake of these
compounds has been positively correlated with
improvements in sleep-wake rhythms, psychoemotional
status, and anthropometric parameters, highlighting
melatonin's broader role in human health and well-being

rodent models)

human translation lacking

[110]. Therefore, the quantitative analysis of melatonin in
foods provides a rational basis for developing dietary
interventions to promote human health [111, 112].

Based on pharmacological studies, a recent literature
review focuses on delivering melatonin via solid lipid
nanoparticles to boost its neuroprotective effects against
cerebral ischemia [113]. This review highlights that
melatonin could be incorporated into food products,
thereby improving its delivery and bioavailability [114].
Nevertheless, the drug's therapeutic promise has been
hard to achieve in clinical settings because of its off-target
effects and unfavorable pharmacokinetics following oral
administration [115]. As a result, some countries
commonly use melatonin as a food supplement or
nutraceutical [116]. Coupled with the fact that melatonin
is secreted more at night, many young people work
overtime and stay up late, resulting in insufficient
melatonin secretion at night, which affects sleep quality
and thus induces a variety of diseases [117], and thus
young individuals with certain health knowledge are more
inclined to purchase sleep aids with higher safety levels.
According to the China Sleep Index Report, 62% of young
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consumers under the age of 30 have purchased emerging
sleep aids such as melatonin. The American Academy of
Sleep Medicine (AASM) found that 46% of parents would
give melatonin to a child under 13 years of age, with
parents in the 25-34 age group being the most likely to do
sO.

5.1 Obtaining melatonin from food sources

The potential application of melatonin in food has become
an area of interest for researchers [118]. In recent years,
melatonin has been widely identified and quantified in
plants, animals, and microorganisms, showing varying
levels of melatonin in different types of food. Some
studies have shown that among animal foods, eggs and
fish have higher melatonin concentrations than meat
[119]. Due to the circadian rhythmicity of melatonin in
mammals, milk collected at night contains 10 times more
melatonin than during the day [120, 121]. In some
developed countries, dairy products with high levels of

Black Rice

naturally occurring melatonin have now been developed
for commercial production by regulating light exposure
and collecting raw milk at specific times of the day. For
example, Lullaby milk produced in Ireland, Ndream3
produced in New Zealand, and Dreamerz produced in the
United States have been widely acclaimed and recognized
by consumers for their better sleep and stress relief effects
[122].

Melatonin is also widely found in common fruits and
vegetables. Grapes [123], cherries [124], and strawberries
[125] are the most popular varieties in the melatonin
content survey, and these three fruits have higher
melatonin content than other fruits. Among common
vegetables, melatonin was detected in potatoes, while
tomatoes and peppers showed relatively high levels of
melatonin [125-128]. Melatonin is also found in various
types of nuts, with pistachios having the highest levels
[129]. Because of the high melatonin content in coffee
beans, the melatonin levels are elevated in daily coffee
consumers [130].

\ E :'-‘.* 2
g
ariae

Figure 4. Various foods rich in melatonin, including milk, fish, grapes, cherries, etc.

Melatonin is also present in some herbs. One study
quantified 108 herbs, and 64 of them contained more than
10 ng/g DW of melatonin [131, 132], with the melatonin
content in Scutellaria baicalensis reaching 7110 ng/g DW
[133].

The typical diet consists of melatonin-rich fruits and
vegetables, supplemented with high-quality fatty nuts.
Consuming tryptophan-rich foods (raw materials for
melatonin synthesis) may help replenish melatonin levels,
improve sleep quality, boost immunity, and prevent aging

(Fig. 4).
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5.2,
Status

Melatonin Dietary Supplements and Regulatory

Under the influence of various electronic information in
modern society, people are overexposed to artificial blue
light, resulting in a "darkness deficiency", which further
aggravates the shortening of sleep time. As a result, the
number of people suffering from insomnia is increasing.
Melatonin, a hormone known as a "sleep-aid," is secreted
at night and has gradually gained public attention. Young
people and the elderly have recognized the importance of
taking exogenous melatonin to extend sleep duration and
reduce the time needed to fall asleep. Consequently,
healthcare products containing melatonin as the primary
ingredient have been developed [134]. Melatonin ranked
among the most popular dietary supplements in 2020.
Reasons include its general immune-modulating and
sleep-promoting effects [135-138].

With advances in chemical synthesis technology,
melatonin can now be produced on a large scale through
chemical synthesis. Although synthetic melatonin offers
greater economic viability compared to animal-derived
products, highlighting its cost-effectiveness and safety
advantages, concerns regarding the content and purity of
melatonin dietary supplements available to the general
public on retail shelves remain significant. [139, 140].

A survey of melatonin product dosages in 20 major
overseas brands reveals a significant disparity between the
actual melatonin content in tablets and the melatonin
content stated on the bottle. Compared with the standard
amount stated on the bottle, the melatonin content in the
actual tablets may vary by 80% lower or 460% higher,
which shows that the accuracy of melatonin doses in
dietary supplements is an issue that deserves attention
[141]. In the United States, melatonin is categorized as a
dietary supplement, while in China, it is sold as a
nutraceutical and therefore does not require a prescription.
In contrast, in the EU, UK, Australia, Japan, and Canada,
it can only be purchased by prescription. Therefore, we
have compiled a list of melatonin dietary supplements that
are registered with the National Institutes of Health (NIH)
(https://dsld.od.nih.gov/) and melatonin  products
categorized under health food by the National Medical
Products Administration (NMPA) (www.nmpa.gov.cn/),
which contain both short-acting and long-acting types, as
well as tablets, capsules, softgels, and liquid melatonin
preparations. We have found that melatonin is often
present in dietary supplements or nutraceuticals along
with vitamin B6, which may be attributed to the fact that
vitamin B6 (pyridoxine) acts as a coenzyme in the
biosynthesis of melatonin [142], and the combination
enhances melatonin production in the body [143, 144].
Compared with Chinese health products, some melatonin
dietary supplements in the United States also include plant

extracts like Chamomile Flower Extract, Passion flower
extract, Lemon Balm leaf extract, etc., as well as trace
elements such as calcium, magnesium, zinc, etc., and have
been formulated for children's use. In general, melatonin
is best taken one hour before bedtime. It should not be
used by individuals engaged in high-intensity labor, and
the daily intake should not exceed 1 mg.

Table 2. Purchase restrictions on melatonin in various
countries.

Country/ Regulatory Purchase
Region Classification Accessibility
United Dietary Very Easy
States Supplement (supermarkets,
drugstores, online)
Canada Natural Health Easy (pharmacies,
Product some supermarkets)
Mainland some as health Easy (supermarkets,
China food drugstores, online)
UK Pharmacy Restricted (low-dose
Medicine in pharmacy, high-
/Prescription Drug  dose by prescription)
Most EU Prescription Drug Difficult (requires a
doctor's prescription)
Australia Prescription Drug Difficult (requires a
doctor's prescription)
New Prescription Drug Difficult (requires a
Zealand doctor's prescription)
Japan Prescription Drug Difficult (requires a
doctor's prescription)
Hong Kong  Pharmacy-only Restricted (sold by
Medicine pharmacist in
pharmacy only)
Taiwan Prescription Drug Difficult (requires a
doctor's prescription)
Singapore Controlled Restricted (low-dose
Substance (low- in registered
dose OTC) pharmacies only)

It should be noted that while melatonin is generally
recognized as safe (GRAS) with a low abuse potential,
long-term, high-dose (e.g., 210 mg/day for >6 months)
exogenous melatonin supplementation may theoretically
downregulate endogenous melatonin synthesis via
feedback inhibition on the pineal gland and possibly via
reduced AA-NAT expression [145]. However, current
clinical evidence does not support classical drug
dependence (i.e., addiction, tolerance requiring dose
escalation, craving, or withdrawal syndrome) as seen with
benzodiazepines or Z-drugs [146]. A systematic review of
40+ clinical trials found no reports of dependence or
withdrawal symptoms upon discontinuation [147].
Nevertheless, to preserve the natural circadian rhythm, we
recommend: (1) using the lowest effective dose (typically
0.5-5 mg), (2) limiting continuous use to <3 months
unless medically supervised, and (3) obtaining melatonin
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preferentially from dietary sources (fruits, vegetables,
milk) rather than high-dose supplements for long-term use
(Table 2).

6. Discussion and Future Perspectives

In this review, we have summarized the evidence for
melatonin’s neuroprotective effects across a spectrum of
brain health conditions. A comparative analysis reveals
that the strength and nature of evidence vary substantially
by condition.

For circadian rhythm-related disorders such as
insomnia and delayed sleep phase syndrome, melatonin
demonstrates strong clinical efficacy, likely mediated
through MT1/MT2 receptors on the suprachiasmatic
nucleus. In contrast, for acute neurological insults like
cerebral ischemia-reperfusion injury, the evidence is
largely preclinical, with neuroprotection attributed to non-
receptor-mediated pathways including direct free radical
scavenging, Nrf2/HO-1 activation, and mitophagy.
Neurodegenerative diseases such as Alzheimer’s and
Parkinson’s occupy an intermediate position: small
clinical trials suggest benefits on sleep and certain
biomarkers, but disease-modifying effects remain
unproven. Brain aging, while mechanistically linked to
melatonin’s decline, lacks large-scale primary prevention
trials.

A major limitation of the current literature is the
predominance of preclinical data. While clinical trials
exist for insomnia and depression, they are often small (n
< 200) and of short duration (< 6 months). For conditions
like cerebral ischemia and brain aging, the evidence is
almost entirely from rodent models. Furthermore,
publication bias toward positive results cannot be
excluded. For most clinical conditions, the optimal
dosage, timing of administration, and formulation
(immediate-release vs. sustained-release) remain unclear.

In the future, large-scale, multicenter randomized
controlled trials with standardized dosing regimens are
urgently needed to validate the efficacy of melatonin and
ensure the reliability of results. In the context of acute
neurological injury, high-dose melatonin should be used
with caution and under medical supervision. In contrast,
low-dose dietary intake may be safe for general
neuroprotective purposes, and non-pharmaceutical routes
of administration (e.g., functional foods and beverages)
offer a promising approach for chronic, low-dose
supplementation. Beyond food products, household items
containing melatonin—such as masks, soaps, eye masks,
pillows, aromatherapy capsules, and pendants—that
incorporate herbal components with high melatonin
content may also be explored for transdermal absorption
or environmental exposure applications

In summary, the interdisciplinary exploration of the
neuroprotective effects of melatonin and its potential
applications in food represents a highly attractive
direction for future research and development. The
integration of insights from diverse research fields—
including neuroscience, nutrition, and molecular
biology—holds the potential to drive innovation in both
the food and neuroprotection industries, ultimately
benefiting human health and well-being.
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