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ABSTRACT

Introduction: Melatonin (N-acetyl-5-methoxytryptamine), an endogenous hormone produced by the pineal gland and released
exclusively at night, is known to influence many biological processes in the body, including circadian rhythms, the immune
system, and neuroendocrine and cardiovascular functions, due to its great therapeutic potential and safety for application.
This molecule is being widely studied in order to establish safe and effective therapeutic protocols for the treatment of several
disorders, such as sleep disorders, cardiovascular diseases, metabolic bone diseases, covid-19, schizophrenia, neurofetal
protection, among others. In view of this, the present article aims to demonstrate the numerous possible applications and
their respective benefits of melatonin use.
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Introduction its effects occur through different pathways. It is

Melatonin  (N-acetyl-5-methoxytryptamine) is important to point out that due to its rapid metabolism,
a molecule widely present in nature, present in some properties result from the action of its
unicellular organisms, plants, fungi and animals'. It ~metabolites; the local concentration of melatonin and
was discovered in 1958 by Aaron Lerner, in which itis its metabolites define phenotypic regulations, acting
produced and secreted by pinealocytes, present in the in a receptor-dependent or receptor-independent
pineal gland, from the amino acid tryptophan. Its manner*. Melatonin has long been recognized for its
higher plasmatic levels are found during the night regulation of circadian and circannual functions,
period, with serum concentrations varying between acting at different levels, regulatingvarious biological
80 and 120 pg / ml, since the secretion is increased functions (figure 1), with multiple sources and targets,
by darkness and suppressed by light, during the day being able to exert antioxidant, immunomodulatory,
the serum concentrations vary between 10-20 pg / ml>.  pro-apoptotic,  antiproliferative,  antiangiogenic
Its secretion is made by the pineal gland during the effects, besides presenting other functions related to
nocturnal phase of the day®. Its metabolism occurs aging, obesity, insulin sensitivity, sexual maturation,
directly at the site of production or in the liver, and antidepressant actions, antinociceptive, locomotor
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Figure 1. Schematic diagram demonstrating the biological functions related to melatonin. Source: personal collection.
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activity regulators, neuroprotectors, pain modulators,
blood pressure reducers, control of hormone secretions
(growth, adrenal and thyroid hormones) and as an
antioxidant, onco- static and osteogenic agent®S.

Melatonin, can act by different molecular pathways,
whose most characterized is by the activation of
specific membrane receptors, being them high-
affinity ML1 sites and low-affinity ML2 sites’.

Melatonin levels decrease with age, so older adults
are more likely to suffer from inadequate melatonin
levels. Melatonin was first isolated in 1960 from
200,000 bovine pineal glands in a study that achieved
a recovery of a few hundred micrograms, since then
several studies, have been conducted about the use and
benefits of melatonin. It is now known that exogenous
melatonin supplementation is well tolerated and has
no adverse effects in the short or long term?.

In view of this, melatonin is widely studied in the
literature, and its various applications have been
documented, in search of establishing new therapies,
in the health area. In the specific literature, one can
find several studies that relate the use of melatonin
for the treatment of bone lesions, cancer, COVID-19,
autism, schizophrenia, sleep disorders, cardiovascular
diseases and osteoporosis, due to its main actions, as
shown in the figure below (figure 2).

This article, however, aims to address the different
applications of exogenous melatonin and describe
its positive effects for the treatment of different
disorders and pathologies.
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Melatonin and bone tissue:

Melatonin has the function of synchronizing the
circadian cycle of all peripheral tissues, including
bone tissue® by keeping metabolism in synchrony with
the light-dark cycle. This will allow maximum bone
growth to occur during the nocturnal phase of the
day, when melatonin exhibits its highest plasma level.
Reported that melatonin has shown great therapeutic
potential in the bone microenvironment, with effects
including regulation of bone metabolism, acceleration
of osteoblastogenesis, inhibition of osteoclastogenesis
and induction of apoptosis in mature osteoclasts, as
well as suppression of osteolytic bone metastasis'.
Several studies have suggested a beneficial effect of
melatonin on bone metabolism, including anabolic
effects and anti-absortive effects, which result in
osteogenesis. While the anti-absortive effects are
due to melatonin action on osteoclasts", promoting
apoptosisin mature osteoclasts, consequently reducing
their lifespan and suppressing bone resorption, the
anabolic effects on bone remodeling promoted by
melatonin are due to its action on osteoblasts'.

Invitro studies have shown that melatonin promotes
proliferation® and differentiation of osteoblastic
cells. The action of melatonin on osteoblastic cells is a
determinant of whether mesenchymal stem cells are
targeted for differentiation into osteogenic lineages®.
In vivo studies have shown that topical application
of melatonin is able to activate osteogenesis around
titanium implants, thus allowing osseointegration'.
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Figure 2. Actions of melatonin. Source: personal collection.
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Thus, melatonin-induced osteoblastic cell formation
occurs through increased expression of bone
morphogenetic proteins (BMP-2 and BMP- 4), involved
in osteoblast differentiation.

The homeostasis and maintenance of the bone
microenvironment metabolism is kept in tune, with
the help of melatonin, due to the beneficial effects,
resulting from anabolic and antiresorptive actions. In
humans, melatonin stimulates proliferation of bone
cells and synthesis of Type I collagen in these cells
and inhibits bone resorption by negatively regulating
RANKL-mediated osteoclastformation and activation”.

The mechanisms of action for these effects,
may be by three routes: increasing osteogenic
differentiation markers (Runx2, Opn, and Ocn) and
increasing osteoblast activity; inhibiting the expression
of osteoclast differentiation markers (Calcr, Ctsk, and
Rank); and, scavenging free radicals'®.

Below is a figure demonstrating the bone
neoformation induced by topical application of
melatonin in critical defects of rat calvaria (figure
3), resulting from an ongoing research project by the
research group of the department of Basic and Oral
Biology, University of Sdo Paulo of Ribeirao Preto.
The figure, corroborates the idea that melatonin
has osteogenic properties that favor bone repair, it
can be observed the presence of a large area of
newly formed bone, in addition to blood vessels and
osteogenic cells.

Different Clinical Uses and Advantages of Melatonin

Melatonin and osteoporosis:

Osteoporosis is a progressive bone disease, in which
low bone mass and structural deterioration of bone
tissue increase bone fragility and the subsequent risk
of fracture. Like cardiovascular disease, osteoporosis
is also responsible for a high rate of morbidity and
mortality in the elderly population®.

Bone loss and osteoporosis resulting from aging
is related to the reduction of melatonin. Since its
discovery, a plethora of research has been conducted,
duetothepotentialuse of thismolecule,since melatonin
is able to regulate bone density, as it promotes the
acceleration of osteoblastogenesis, suppression of
osteoclast differentiation and osteoclastogenesis and
induction of apoptosis in osteoclasts, and suppression
of osteolytic bone metastasis, interesting properties
for osteoporosis treatment?’.

Wang X and colleagues?, concluded that melatonin
stimulates bone formation and reduces bone loss
in ovarectomized rats, stemming from inhibiting
osteoclast differentiation and promoting osteogenic
differentiation.

In summary, current researches conclude that
melatonin exhibits a great potential for osteoporosis
treatment, considering that anti-osteoporotic drugs
reduce the rate of bone loss and aid in fracture
healing, but do not stimulate bone formation. Thus,
melatonin emerges with great potential for the
development of therapeutics that can effectively treat

Fibloblast

Figure 3. Image of experimental calvaria bone defect in rat, with topical application of melatonin. A: Neoformed bone at the extent of the defect (nb), with formation
of bony tabulae (green arrows) and connective tissue adjacent to the defect area (ct). B: Formation of blood vessels (red arrow), neoformed bone (nb) with regions of
more dense (*) and less dense (#) calcium deposition and connective tissue adjacent to the defect (ct). C: Presence of osteocytes in the bone matrix and fibroblasts
and fibrocytes in the connective tissue. Staining: Masson’s Trichrome. Magnification: 10x (A), 20x(B), 40x(C). Scale bars:

46 pum. Source: personal collection.Thus, we conclude that melatonin is directly related to the bone repair process, presenting great therapeutic potential in the bone

microenvironment, being directly related to the treatment of bone diseases.
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bone loss-related pathologies such as osteoporosis
and osteolysis®.

Melatonin and healthy ageing:

Aging is an extremely complex and multifactorial
process, accompanied by circadian changes and closely
associated with oxidative damage and mitochondrial
dysfunction, which can lead to consequences such
as metabolic disorders. In addition, aging has been
associated with a significant reduction in sleep
efficiency and continuity, which coincides with a
significant reduction in the amplitude of the melatonin
rhythm. Sleep cycle disturbances cause numerous
pathophysiological changes that accelerate the
aging process, in the central nervous system, sleep
disruption impairs several functions, including the
clearance of waste molecules. Melatonin deficiency
may result in reduced antioxidant protection in the
elderly, which may have significance not only for
aging itself, but may also contribute to the incidence
or severity of some age-related diseases?®.

In fact, aging may be a process resulting in part
from relative melatonin deficiency, and melatonin
may be effective in improving quality of life in the
elderly®* .

The decrease in plasma melatonin plays a particular
role in the endocrine sequelae of aging. In addition,
melatonin exerts a significant cytoprotective action
by buffering free radicals and reversing inflammation
through negative regulation of pro-inflammatory
cytokines, suppression of low-grade inflammation,
and prevention of insulin resistance.

There is a constant search for any therapeutic
agent that improves the quality of life of the elderly.
The administration of melatonin to elderly animals
counteracts a significant number of senescence-
related changes. In humans, melatonin is effective
both as a chronobiotic and cytoprotective agent to

Montarele LF et al.

maintain healthy aging. Circulating levels of melatonin
are consistently reduced in the metabolic syndrome,
ischemic and nonischemic cardiovascular diseases,
and neurodegenerative disorders such as Alzheimer's
and Parkinson's diseases.

Melatonin levels decrease considerably with
aging, and its decline is associated with several age-
related diseases. Several clinical trials have suggested
the therapeutic potential of melatonin, due to its
cytoprotective effects. However, more controlled
studies are still needed, especially to establish the
minimum necessary dose of melatonin?6?’.

The highest serum levels of melatonin occur at
night, especially in winter, because of the longer
nights. However, it is noted that this value decreases
with aging, as shown in the figure below (figure 4)%2.

Melatonin and sleep disorders:

Due to the growing increase in sleep disorders, new
treatment alternatives are being sought that aim to
improve the quality of life of people who suffer from
these pathologies. Currently, there are several drug
treatments on the market for this purpose, however,
these drugs have considerable side effects, so there
is a growing demand for new therapeutic approaches
that minimize these effects and do not have addictive
potential®.

As one ages, the ability to sleep decreases and,
consequently, the incidence of sleep disorders
gradually increases. It is known that melatonin
(N-acetyl-5-methoxytryptamine) is an endogenous
hormone produced by the pineal gland its production
is activated by the suprachiasmatic nucleus, inhibited
by light and released exclusively at night, able to
synchronize circadian rhythms and improve sleep
quality, it is also already established in the literature
that exogenous supplementation with melatonin has
no adverse effects®.

MELATONIN PRODUCTION
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Melatonin [pg/mL]
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Circadian profiles of serum melatonin

concentrations at various age; gray area—darkness
(Experimental Gerontology 39 (2004) 1723-1729).

Figure 4. Melatonin production inversely proportional with age. Serum levels higher at night, especially in winter.
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Supplementation with exogenous melatonin is able
to alter sleep architecture, consequently improving its
quality, as well as increasing sleep time and efficiency
and decreasing sleep latency in patients suffering from
sleep disorders, such as psychophysiological insomnia,
and patients taking beta-blockers (suppression of
endogenous secretion of nocturnal melatonin). In
addition, melatonin is able to synchronize the sleep-
wake cycle in blind individuals and in individuals
suffering from jet lag and the onset of advanced
sleep in individuals suffering from delayed sleep
phase syndrome. These sleep restorative effects
of exogenously administered melatonin represent a
promising investigative route for early intervention to
promote healthy physical and mental aging®.

The figure below (figure 4), represents a schematic
of the production of melatonin by the suprachiasmatic
nucleus, which occurs during the night.

Sleep Breathing Abnormalities:

Sleep breathing abnormalities (SBDs) include
obstructive sleep apnea (OSA), central sleep apnea
disorders, sleep-related hypoventilation disorders,
and sleep-related hypoxemia disorders.

The treatments for these disorders have significant
disadvantages, requiring new therapies. In view of this
need, it was observed that melatonin had a beneficial
effecton the complications caused by these disorders,
both in animal models and in human clinical trials.
In addition, melatonin prevents the development of
secondary cardiovascular diseases.

Cardinali DP and colleagues®, reported that the use
of melatonin analog drugs also increased total sleep
time and sleep efficiency, as well as in reducing

Different Clinical Uses and Advantages of Melatonin

sleep latency, in patients with insomnia, but there is
still a need for long-term studies of melatonin.

The table below, summarizes the effects of melatonin
on some types of sleep disorders (table 1).

Melatonin and fetal neuroprotection:

It has been reported in the specific literature that
melatonin is able to pass from the placenta to the fetus
and display its effects, the use of melatonin during
pregnancy and lactation period presents positive
effects, and may decrease the risk of complication in
risky pregnancies. The highest levels of melatonin in
the gestational period are after 32 weeks®, having as
function to ensure the formation of the neural tube,
protecting against damage and dysfunction caused by
oxidative stress.

The human placenta produces melatonin through
two en-zymes that metabolize serotonin into
melatonin, serotonin N-acetyltransferase (AANAT)
and N-acetylserotonin methyltransferase expressed in
villoustrophoblasts®¢.Inthe uterus of pregnant women,
melatonin and oxytocin may act synergistically to
promote and maintain strong uterine contractility®.

Liu S and colleagues®®, reported in a rat study
that in gestational diabetes, there is a decrease in
melatonin levels, increasing glucose transport to
the embryos, consequently increasing the oxidative
status of the cells, decreasing free radical scavenging,
increasing oxidative metabolism or both, which may
lead to various diabetic embryopathies. Furthermore,
they concluded that melatonin, may help protect the
neural tube of the embryo, in diabetic pregnancy in
addition to its high safety of use, with no adverse
effects.

Table 1. Summarizes the effects of melatonin on some types of sleep disorders (33 e 34)

Sleep disorders

Effetcts of Melatoninn

Insomnia

1. Improves the quality of sleep
2. Increase total sleep time

3. Improves sleep efficiency

4. Decreases sleep onset latency

SBDs (Sleep-related breathing disorders)

1.Lowers blood pressure

2. Increases blood flow in poorly perfused tissues
3. Antihypertensive effects

4. Management of cardiovascular diseases

Central hypersomnia disorders

1. Decreases plasma levels of TNF-alpha and IL-1-beta

2. Increases BDNF, S100B and IL-10

3. Prevents neuronal dopamine loss or negative regulation of the
dopaminetransporter

4. Antiapoptotic effects

CRSWDs (Circadian rhythm sleep-wake
disorder (circadian rhythm sleep disorder)

~WON =

. Reduces nocturnal activity

. Reduces activity and position changes during naps

. Modulates the circadian rhythm of the sleep-wake cycle
. Improves Sleep Efficiency

—_

Parasomnias

w

. Decreases muscle tone during REM sleep
2. Reduces injuries
. Less adverse effect
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Evidence was found in in vitro studies that revealed
that melatonin, when given during pregnancy, may
help protect the developing fetal brain from injury
due to its antitioxidant, anti-inflammatory, and anti-
apoptotic potential®.

Pre-eclampsia is a condition caused by placental
dysfunction, which can put the fetus at risk due to
increased oxidative stress, thus due to the protective
potential of melatonin, its use may be beneficial.

Fetal brain protection against free radicals, induced
by increased oxidative stress, occurs due to the
antioxidant, anti inflammatory and anti apoptotic
effects of melatonin, in addition to the ability to
indirectly increase gene expression*.

Laste G et al.* published a review on the importance
of melatonin during risky pregnancies and suggested
further studies related to this subject

Furthermore, in the literature, studies are
found showing decreased maternal blood levels in
preeclamptic pregnancies compared to normotensive
pregnancies, so melatonin can be used as a potential
treatment for preeclampsia®?.

However, further studies are still needed to
establish this therapy, which evaluate infants over a
long period of time, defining the long-term effects of
melatonin®.

Melatonin and Cardiovascular Diseases:

Cardiovascular diseases are the main cause of
mortality and morbidity,and the prognosisisnotalways
so favorable, even with the evolution of treatments.
Epidemiological studies indicate that melatonin is
reduced in patients with some kind of cardiovascular
disease, indicating an inverse relationship, supporting
the idea that melatonin has a fundamental role of
protective effect related to cardiovascular pathologies
(hypertension, cardiovascular diseases, heart failure,
arrhythmias, myocardial infarction, diabetes, obesity,
etc). Melatonin presents a cardioprotective effect,
due to the fact that it is an antioxidant and anti
inflammatory agent, being able to produce beneficial
effects in lesions caused by ischemia/reperfusion (IR)
injury in several organs, including heart, liver, kidney,
intestine, testis, brain and lung*44546,

Melatonin supplementation protects the heart
in several experimental models, animal studies
demonstrate the ability to regulate blood pressure
with the presence of melatonin?, as well as human
studies have also shown favorable results for
treating patients with hypertension and normotensive
patients, with decreased blood pressure, decreased
tachycardia, and increased antioxidant defense*.

Studies have reported that melatonin prevents
atherosclerotic progression through various signaling
pathways by producing anti-inflammatory and anti-
proliferative effects, which result in the reduction of
atherosclerotic plaque lesions®.

There are reports that melatonin has significant
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effects on ischemia-reperfusion injury, chronic
intermittent myocardial hypoxia injury, pulmonary
hypertension, hypertension, heart valve disease,
vascular disease, and lipid metabolism, and is an
excellent therapeutic option because it is an
inexpensive and well-tolerated drug®.

Jiki and colleagues®, reported the beneficial
cardioprotective  effects of endogenous and
supplemental melatonin for cardiovascular diseases,
as well as its safety of consumption.

Despite the need for more randomized clinical trials
for clinical practice, melatonin is known to decrease
complications associated with infarction, myocardial
injury, hypertrophy, and may have a synergistic
effect with surgical or non-surgical treatment of
these patients.

Melatonin and schizophrenia:

Schizophrenia is a chronic disorder that affects the
ability to think, feel and behave clearly, its etiology
and pathophysiology remain a challenge, asthey are
not fully known and presenta combination of genetic,
environmental and brain chemical alterations factors,
therefore the existing treatments have limitations and
tend to be needed throughout life, with a combination
of drugs and therapies.

Some evidence has suggested that schizophrenic
patients have reduced melatonin levels, a fact that
considerably affects the quality of life of these
patients®.

People with schizophrenia may have sleep
disturbances as symptoms, and because of melatonin's
ability to improve sleep quality, it can be used as a
therapeutic to decrease these symptoms®.

Although it has been shown that there is a
relationship between melatonin and this disease, the
findings of the studies are still inconclusive. Today,
there are easy and inexpensive methods to measure
melatonin, making it easier to conduct new research,
since research on therapeutic applications is very
scarce compared to the new research conducted on
the role of melatonin as a marker for schizophrenia®.

Melatonin and autism:

Autismisa health conditioncharacterized by deficits
in social communication (socialization and verbal and
non-verbal communication) and behavior (restricted
interest or hyper-focus and repetitive movements).
Autistic children tend to have sleep disorders and
consequently have reduced sleep quality, a fact that
can further aggravate the symptoms of the autistic
disorder.

The action of melatonin in different pathologies
has been frequently studied, and it has been reported
that in autistic patients, there seems to be a lower
production of this hormone, instigating several studies
with different formulations of the use of melatonin
with immediate or prolonged release.
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It has been reported that melatonin not only helps
to minimize the problem, but also to reduce behavioral
disturbances. Positive effects on sleep quality and
latency, and improvement of behavioral impairments
in autistic patients have been reported, however, more
studies need to be conducted®.

It is worth noting that the dosage, depends on the
age and weight of the child and the effects of topical
use of melatonin depend on several factors, such as
age, time of administration, dose and association with
other substances. In addition, the use of melatonin
does not present any side effects.

Rossignol DA et al. (2011), reported that melatonin
administration in autistic children improves behavior,
sleep quality and decreases side effects in these
children®. In conclusion, melatonin is a safe, effective,
well-tolerated, and potent therapeutic agent to
aid in sleep disorders in children and adolescents
with autism. Further exploration of the factors
that influence the pharmacokinetics of melatonin
may improve its use and the establishment of new
therapeutics®®¥.

Melatonin and COVID-19

The COVID-19 pandemic has infected and killed
millions of people worldwide. These large numbers
necessitated the rapid development of clinical trials to
evaluate therapies capable of reducing the alarmingly
high mortality rate; as a result, a large number of
drugs have been studied in patients with COVID-19.

Melatonin is known to have numerous beneficial
effects for humans, considering viral infections,
melatonin exhibits anti inflammatory, antioxidant
and immunosuppressive properties®. It is possible to
observe the decrease of melatonin in viral infections,
a fact that reflects its importance, Simko F and
collaborators identified that melatonin suppression,
increases the susceptibility to SARS-CoV-2 infection®.

The efficacy of melatonin as adjunctive therapy has
been demonstrated in a variety of diseases, however,
there are few studies evaluating the use of melatonin
in patients with COVID-19%°.

Studies in animals, point to the efficacy and safety
of melatonin for treating patients with COVID-19 by
reducing viremia and viral load. In addition, melatonin
brings other beneficial effects to COVID-19 patients,
such as reducing vascular permeability, reducing
anxiety, and improving sleep quality®.

In the paper Zhang R et al® demonstrated that oral
melatonin, when added to standard treatment, was
more effective than standard treatment alone in
hospitalized patients with severe COVID-19. Better
rates of thrombosis, sepsis, and mortality support
the adjuvant efficacy of melatonin in attenuating
this infectious disease. Given melatonin's superior
performance as an inexpensive, highly safe and readily
available drug, it is highly recommended that this be
addressed in future studies.
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Although the safety of melatonin, even at high doses,
isalready well established in the literature, monitoring
of administration in patients with COVID-19 and
further experimental and clinical studies are needed.

Melatonin and beverages (wine and beer):

The various beneficial effects of melatonin on
the human body are already well established in
the literature, including benefits in sleep quality
and in the treatment of several pathologies,
such as cardiovascular diseases, bone diseases,
neurodegenerative diseases, Parkinson's, Alzheimer's,
sleep disorders, among others.

Part of these effects is due to the antioxidant
capacity of melatonin, which is able to act on reactive
molecules.

In view of so many benefits, different ways of
exogenous melatonin administration are being sought,
one of them is through the consumption of wine and
beer. Wine and beer are beverages that have melatonin
and its intake can reach considerable plasma levels to
exert the desired effects, thus, through diet, moderate
consumption of these beverages is a good source of
melatonin absorption®.

Melatonin and cancer treatment:

The conventional treatment against cancer, still has
several disadvantages, such as decreased quality
of life of patients and undesirable tissue responses,
and even with treatment the prognosis often remains
unfavorable. Thus, new approaches are desirable to
improve the treatment and quality of life of cancer
patients.

Currently, it is known that melatonin can also act in
the treatment against cancer, since it has anti-cancer
mechanisms. There are studiesin literature thatreport
these significant effects, especially in hormone-
dependent neoplasms®®. The antitumor activity of
melatonin is due to apoptosis regulation, angiogenesis
inhibition, antioxidant activity, antimetastatic and
circadian disruption prevention

The main advantage of the use of melatonin in
cancer treatment and prevention is due to the ability
to potentiate the therapeutic effects when associated
with other conventional therapies, besides reducing
the side effects of drugs, such as drug resistance
and improving the quality of life of these patients.
Sanchez-Barcelo EJ etal.(2012) reported the benefits of
melatoninasanadjuvantindrug treatment and the lack
of contraindications for continuous use, besides that
melatonin is able to diffuse into various tissues and cells
of the body, protecting against different damages,
mainly due to radiation. A considerable number of
clinical studies have suggested decreased side effects
of chemotherapy and radiation therapy, and increased
efficiency when melatonin is administered, due to
its antioxidant role and ability to penetrate all types of
cells in the body, protecting different organs against
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radiation®+6566,

Studies have suggested that the anticancer effect of
melatonin is not tissue-specific and its therapeutic and
preventive properties have been reported as different
types of cancer.

Farhood B et al. (2019), mentioned that
melatonin, can modulate responses to radiation
through various pathways, different from other
conventional antioxidants, ensuring radioprotective
and radiosensitive effects, decreasing undesirable
reactions to different organs. In addition to all this,
some studies have revealed that it has a synergistic
effect with radiation on tumor cells®".

Ahabrach H et al. (2021), concluded that circadian
rhythm and blood melatonin concentration are altered
in breast cancer patients, affecting quality of life,
furthermore, he reported that due to the antioxidant
role, new therapies can be developed®s.

New studies about the pharmacokinetics and
bioavailability of exogenous melatonin need to be
performed, as these are factors that are not yet fully
understood and affected by factors that depend from
person to person®s.

In summary, the safety, lack of contraindication
and high efficiency of melatonin justifies its use in
cancer prevention and treatment.

Melatonin and skin:

The skin plays an important role in protecting
against damage from ultraviolet (UV) radiation,
because besides being a target for the protective
actions of melatonin, it is also a site of synthesis and
metabolism®.

Topical application of melatonin and its metabolites
along with endogenous production has great potential
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for defense against ultraviolet radiation due to its
antioxidant effects. The radioprotective effect is
given by melatonin and its metabolites™.

It is worth noting that some metabolites exhibit
an even greater impact than melatonin alone, all of
these metabolites can potentially affect mitochondrial
functions in skin cells and consequently the skin
phenotype™.

In addition to antioxidant and oncotastic effects,
melatonin may play a role in regulating skin and
barrier functions®.

In mammals, the skin is able to synthesize and
metabolize melatonin, and its cutaneous effects are
a consequence of its local concentration and of its
metabolites. Protection against UV damage also occurs
through the effect of melatonin and its metabolites.

However, that of topically applied melatonin and
its derivatives needs further evaluation and more
assessments in future clinical trials.

Future prospects:

Due to the enormous potential presented by
melatonin and its safety profile already established
in literature, there are numerous therapeutic
applications for melatonin. Emerging researches
aim to establish different therapies with exogenous
melatonin alone or in association that allow greater
safety, better effectiveness and fewer adverse effects
for drug manufacturing, for treatment of pathologies
of various classes, besides the protective effect and
improvement in biological functions related to this
endogenous hormone

The table below (Table 2), summarizes all the
applications of melatonin and its respective effects,
cited in this article.

Table 2. Summarizes all the applications of melatonin and its respective effects, cited in this article.

Applictions of Meltonin

Effect of melatonin

References

Bone Metabolism * Increased osteoblast activity

« Inhibition of free radicals

« Increase in markers of osteogenic differentiation

« Inhibition of the expression of osteoclast differentiation markers

Nakade et al., 1999%
Roth et al., 19997
Park et al., 2011™

« Stimulates bone formation

. » Reduces bone loss
Osteoporosis

« Inhibition of osteoclast differentiation
« Promotion of osteogenic differentiation.

Coyle D. et al., 2019"
MacDonald 1) et al., 2021%°

- Reduce nocturnal activity
Sleep disorders
» Reduces blood pressure

 Decreases sleep onset latency

- Improves sleep quality and efficiency

- Reduces muscle tone during REM sleep

Xie Z et al., 2017%°
Zisapel N., 2018

« Antioxidant agent
« Anti-inflammatory agent
« Anti-proliferative agent

Cardiovascular disease

Reiter RJ. et al., 2014

Autism

« Therapeutic benefits of melatonin have been observed for sleep
disorders in autism, notably on sleep latency and sleep quality.

Palagini L. et al., 2021™
Rossignol DA, et al., 2011%
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COVID-19 « Indirect antiviral actions

« Anti inflammatory, anti oxidant, immune strengthening

Ameri A. et al., 2021%¢

- Potential for a possible
Schizophrenia
schizophrenia.

therapeutic and/or adjuvant agent in the management of

Morena-Fumero AL. et al.,
2013%

« Adjuvant action with

Kubatka P. et al., 2018%

Cancer chemotherapy to enhance therapeutic effects. Farhood B. et al, 2019%
« Melatonin concentrations in wine and beer make them two
Drinks excellent vehicles for incorporating melatonin into the diet Marhuenda J. et al., 2021%°

naturally.

Pregnancy at risk « Treatment for pre-eclampsia

- Decreases the risk of injury to the fetus

- Protection against oxidative stress

Laste G. et al., 20214
Lanoix D et al., 2012%

» Tissue homeostasis
« Antioxidant defense

Skin

- Protection against ultraviolet radiation

Slominski, A. T et al., 2017%°
Fischer TW et al., 2006

Conclusion

In view of all the above, it is evident the great
therapeutic potential associated with melatonin
and the great importance of studies on these
various applications, to discover safe and effective
parameters in the establishment of new therapies.
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