@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 23: 219, 2022

Benefits and adverse events of melatonin
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Abstract. Melatonin is a hormone secreted by the pineal
gland in accordance with the circadian rhythm when the
light level decreases. Reduction of melatonin secretion with
age may be associated with physiological aging in neurode-
generative diseases by affecting the suprachiasmatic nucleus
or of the neuronal pathways of transmission to the pineal
gland. A significant decrease in melatonin synthesis has
been reported in various disorders and diseases, including
cardiovascular diseases, metabolic disorders (particularly
diabetes type 2), cancer and endocrine diseases. In addition
to the fact, that melatonin is a sleep inducer, it also exerts
cytoprotective properties as an antioxidant and free radical
scavenger. The therapeutic role of melatonin has been demon-
strated in sleep disorders, eye damage and cardiovascular
disease. The association between melatonin and B-blockers
has had a positive impact on sleep disorders in clinical
trials. Previous studies have reported the anti-inflammatory
effect of melatonin by adjusting levels of pro-inflammatory
cytokines, including interleukin (IL)-6, IL-1f and tumor
necrosis factor-a.. Melatonin treatment has been demonstrated
to decrease IL-6 and IL-10 expression levels and efficiently
attenuate T-cell proliferation. Currently, there is an inconsis-
tency of scientific data regarding the lowest optimal dose and
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safety of melatonin for long-term use. The aim of the present
review was to summarize the evidence on the role of melatonin
in various clinical conditions and highlight the future research
in this area.
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1. Introduction

Melatonin, or N-acetyl-5-methoxy-tryptamine, was discov-
ered by Aaron B. Lerner and colleagues in 1958 and was
initially thought to change the skin color of frogs, and thus
was considered to be associated with human skin disorders,
such as vitiligo (1). However, later investigations revealed that
melatonin cannot treat disruptions in skin pigmentation.
Melatonin is mainly produced by the pineal gland and
secreted into the blood (2). Melatonin secretion is affected
by the circadian rhythm, namely the dark light cycle.
Artificial illumination during the night can decrease the
natural release of melatonin and thus can disrupt the body's
internal circadian rhythm with consecutive sleep disorders
and immunity (2). It has been reported that melatonin
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plays important roles in various biological processes,
including sleep, ageing, stress response and immunity (3).
Although skepticism exists in the scientific community
regarding melatonin as a ‘cure for all’, previous studies have
reported the benefits of melatonin supplementation, such as
antioxidant, analgesic and anxiolytic effect, thus slowing
age-related diseases (1,3.,4).

A well-known role of melatonin remains in the treatment of
insomnia. Clinical studies have revealed the role of melatonin
in significantly improving the quality and depth of sleep at
night, especially in patients with schizophrenia, traumatic
brain injury and insomnia associated with other comorbidities,
such as Alzheimer's disease, cancer, cardiovascular disease,
diabetes and obesity (5).

In addition, sales of exogenous melatonin have increased in
recent years (6). Melatonin is available without a prescription
in numerous countries, and is sold in the form of capsules,
tablets with sublingual dissolution, syrup or transdermal
patches (2). However, there are concerns regarding the
long-term use of melatonin in the elderly despite its low
side effect profile and low potential for abuse. These concerns
also stem from inappropriate dosing and use in specific
clinical situations, such as an adjuvant in benzodiazepine
dose-reduction schemes, where there are insufficient clinical
studies to support efficacy (7,8).

2. Literature review methodology

Here, an updated review of clinical trials and theoretical
considerations published between 1980-2021 are discussed,
which focus on the role of melatonin in sleep regulation,
pathophysiology of inflammatory and cardiovascular diseases,
regulating stress levels and the possibility of complementary
therapy in Coronavirus 2019 infection (COVID-19). Databases,
such as Elsevier (https://www.eu.elsevierhealth.com/medi-
cine-and-surgery), PubMed (https:/pubmed.ncbi.nlm.nih.gov),
ScienceDirect Freedom Collection(https://www.sciencedirect.
com) and Medline (https://www.medline.com)were used for
data collection, by introducing the term ‘melatonin’ alone or
in combination.

3. Melatonin physiology

Melatonin is a hormone secreted by the pineal gland under
nerve modulation of the suprachiasmatic nucleus (9). Although
melatonin is predominantly secreted by the pineal gland
in mammals, some studies have reported that melatonin is
produced in most cells, tissues and organs (9-11). Melatonin or
N-acetyl-5-methoxytryptamine is an acetamide, synthesized
from tryptophan, with the intermediate chemical compound
serotonin and N-Acetylserotonin (10). Melatonin receptors are
expressed in the brain, cardiovascular system, retina of the
eye, liver and gallbladder, kidney, colon and skin, suggesting
its role as an immunological adjuvant, an antioxidant, a
radical scavenger, an anticonvulsant, and a central nervous
system depressant (12). There are three types of melatonin
receptors, MT1, MT2 and MT3. Activation of receptors MT1
and MT?2 helps promote sleep, modulates locomotor activity
and regulates circadian rhythm (12). The MT3 receptor is best
known for its detoxification role as a quinine reductase 2, and

is found in the heart, liver, intestine, muscle, kidney and fat
tissues (12,13).

4. Dosage and side effects of melatonin

The maximal effective doses of melatonin range from
0.5-10.0 mg, although some studies have suggested that effect
doses range from 1-6 mg (14). Higher than physiological
concentrations may cause desensitization of melatonin
receptors, thus others have recommend low doses ranging
from 0.3-2.0 mg (14,15). Notably, the European Food
Safety Authority recommends the use of maximum doses
of 0.3-1.0 mg (15). However, further studies are required to
identify the minimal effective dose.

Administration timing is also important as mela-
tonin phase-shifting effects are only exerted only when
a response phase curve is produced (16). Melatonin
elimination half-life is 1-2 h, and bioavailability is 1-74%,
which is highly variable with formulation and dose.
Different melatonin formulations are available, such as
extended-release, immediate-release, combined immediate
and extended-release (16). Metabolization predominantly
occurs in the liver (90%), where the CYP1A2 enzyme is
mainly involved (16). The molecular mechanism by which
melatonin secretion decreases with age remains unclear, and as
melatonin supplementation may imply long-term use, there are
concerns with regards to the side effects in certain groups of
the population. The most common side effects are headaches,
nausea and dizziness (17). In the elderly, exogenous melatonin
may decrease blood pressure and cause hypothermia (17).
The National Agency for the Safety of Medicines and Health
Products from France published in 2016 listed 200 side effects
associated with the use of melatonin, which was reported
between 1985 and 2016, of which 43% were neurological
disorders (convulsion, syncope and headache), 24% were
psychiatric disorders (anxiety and depression), 19% were skin
disorders (rashes and maculopapular rashes) and 19% were
digestive problems (constipation, nausea and acute pancre-
atitis) (18). Currently, over the counter melatonin supplements
are extensively used for their purported benefits associated
with insomnia or insomnia caused by stress (19). These supple-
ments often contain vitamins and micronutrients to increase
the effect of melatonin (19). The most common supplements
are magnesium and B complex vitamins, including B12 and
B6 (19,20). In addition to the various benefits of magne-
sium, such as preventing migraines, anti-inflammatory
effect, increasing exercise performance, reducing the risk of
developing type 2 diabetes, lowering blood pressure, it also
reduces the risk of depression, which is a common cause of
sleep disorders (21-23).

5. Melatonin and insomnia

Variations in sleep-wake patterns are amid the consequences
of biological ageing (24,25). Insomnia, defined as the inability
to initiate or continue sleep with significant discomfort
experienced during the next day (Diagnostic and Statistical
Manual of Mental Disorders, 4th edition), is estimated to
affect ~30% of people >55 years (25). There is an age-related
decrease in cerebral sleep regulation depending on circadian
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rhythm, which is associated with melatonin secretion (26). In
people >55 years, who suffer from lack of sleep, melatonin
production is much lower compared with healthy individuals
without sleep disorders (25-28). When dealing with insomnia
there is a need to assess a plethora of factors that can cause
it, such as chronic medical conditions (Parkinson's disease,
dementia, schizophrenia, depression, chronic obstructive
pulmonary disease, congestive heart failure and pain) and
concomitant medication (29). Several medicines favor or cause
insomnia, such as selective serotonin reuptake inhibitors, dopa-
mine agonists, antipsychotics, theophylline, anticonvulsants,
decongestants, 3-agonists, antihypertensive drugs (a-agonists
andp-blockers), diuretics, thyroid hormone, steroids, caffeine,
alcohol and niacin (29,30). Melatonin and melatonin agonists
are considered safer than benzodiazepines and nonbenzodi-
azepines (31,32). Melatonin does not cause withdrawal or
dependence symptoms, or a cognitive decline. However, there
are contradictory studies, suggesting that cognitive decline in
benzodiazepines users may be due to prodromal symptoms
caused by preclinical dementia processes (32). Thus, melatonin
is considered a safer alternative in treating insomnia (31-34).
For sleep onset insomnia, American Academy of Sleep
Medicine recommended r amelteon, a melatonin receptor
agonist, which has no reported adverse effects (35).

6. Melatonin and skin ageing

As life expectancy and the percentage of the elderly popula-
tion continues to increase (>65 years), the risk of age-related
diseases also continues to increase (36-38). It is suggested that
there may be an association between longer life expectancy
and disability (38). Therefore, ageing as a physiological process
implies a series of sensory changes, muscle strength and fat
changes, somatic disease, immunosenescence, urological
changes, multiple chronic conditions (cardiovascular disease,
hypertension, cancer, osteoarthritis diabetes mellitus and
osteoporosis), physical function changes (mobility disability
in activities of daily living), and psychological and cognitive
changes, including minimal hepatic encephalopathy (38).
Physiological brain ageing is portrayed by significant biochem-
ical and structural changes and by the imbalance among
different neurotransmitters and neuromodulators (36-38).
Previous studies have reported that melatonin secretion is also
affected. Age-related melatonin decrease may be based on
different mechanisms, such as degeneration of the suprachias-
matic nucleus or neural pathways of transmission to the pineal
gland that occurs in neurodegenerative disorders (39-41).
Another study suggested that 24 h synthesis of melatonin is
not significantly modified in normal ageing instead nocturnal
peak serum concentration of melatonin may decrease (42).
The skin a significant extrapineal site of melatonin synthesis
and activity considering that important enzymes are present in
skin cells and can independently produce melatonin (43-45).
Ageing of the skin is a complicated mechanism, which
happens over several years in a human's lifetime (46-50).
Several environmental conditions hasten ageing; thus, plentiful
research within dermato-endocrinology are being performed
to identify efficient anti-ageing agents using indole mela-
tonin (51). It has been reported that melatonin has powerful
antioxidative properties and indispensable protective outcomes
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in different types of cells (skin epithelium, hair follicles, kerati-
nocytes, melanocytes and fibroblasts) (47,48). Thus, melatonin
at physiological or pharmacologically supplemented levels
acts as a cellular and tissue protector (46-51).

7. Melatonin and UV protection

The human body has a system of genes that regulate its activity
according to the circadian rhythm (52,53). Several cells in the
body express these genes and adapt their metabolism via inter-
dependent feedback loops of transcription and translation (53).
Thus, this clock gene family, impose a homeostatic circadian
rhythm (53). Clinical studies have demonstrated that altera-
tions in these mechanisms can lead to increased skin lesions,
which are associated with increased production and accumula-
tion of reactive oxygen species (ROS) (54). In vitro studies on
murine fibroblast cultures have reported associations between
oxidative stress and clock gene reset (55). Increases in inflam-
matory markers have also been reported in conjunction with
clock gene desynchronizations in skin cells (53). Melatonin
plays a direct role in controlling the expression of the PER1
clock gene, and natural secretion of melatonin follows a
circadian rhythm, which increases at night and decreases
during the day (53). Melatonin secretion is receptive to light,
thus variations in the light/dark cycle generate considerable
changes in melatonin release (53). Aging is associated with
increased oxidative stress in most cells; further studies are
required to elucidate the molecules involved in triggering and
maintaining this increased oxidative stress (56).

Under the effect of ultraviolet rays (UVR), ROS instantly
develop in skin cells, participating in the degradation of nucleic
acids, proteins and lipids (56). It has been demonstrated that the
effect between UVR and type B ultraviolet (UVB) is mostly
absorbed by the epidermis, which causes harmful effects on
keratinocyte DNA, resulting in cellular apoptosis (57,58). It
has been reported that UVB acts on dermal fibroblasts and
is involved in the process of accelerating aging (58). The
genome repair system, after UVB exposure, is more effective
in keratinocytes compared with fibroblasts, which makes them
more resistant to UVB (58-61). The dermis absorbs most of
the ultraviolet A (UVA), and they are responsible for aging of
the skin, particularly by apoptosis of fibroblasts, but also by
apoptosis of keratinocytes when the skin is exposed to high
doses of UVA (58).

With regards to the cellular destruction caused by UV,
melatonin neutralizes the production of ROS, which reduces
mitochondrial and DNA degradation (60). It has been reported
that melatonin can prevent sun damage when it reaches optimal
intracellular levels prior to UV irradiation (62-65). The
production of free radicals in the skin cells, under UV condi-
tions, is a prompt event immediately after UV irradiation (66).
Thus, it is suggested that oxidative stress that increases all
known destructive aspects of the skin can be counterbalanced
by the antioxidant effect of melatonin, in the presence of
optimal intracellular concentrations at the time of UV expo-
sure (57,60,67,68). Collectively, these mechanisms suggest a
significant UV damage protection mechanism for melatonin.
However, whether melatonin protects against purported
drug-induced cancers, such as those arising from tetracyclines
and hydrochlorothiazide, remains unclear (69,70).
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8. Melatonin and Bateman purpura

Actinic purpura is a dermatological condition described by
Batermanin 1918, which is common in the elderly (71). It is
a benign condition of the dermal connective tissues, which is
caused by sun exposure (72). It is also known as the senile
purple Bateman and appears in the form of dark purple spots
on regions predominantly exposed to the sun, including the
dorsal part of the hands and the extension surface of the
forearm (71-73). Chronic exposure to solar UV is one of the
central environmental aspects that can hasten the ageing
process, followed by progressive deterioration of epidermal
stem cell function (74).

Melatonin levels decrease with age, causing the skin's anti-
oxidant capacity to decrease (50,73,74). The decrease in cellular
melatonin levels is associated with alteration of the clock
genes that regulate cell circadian rhythm (75-77). Exposure
of the skin to solar radiation intensifies oxidative stress (77).
An in vitro study reported that MT-1 receptor levels in human
fibroblasts are variable with age and that temporary suppres-
sion of the melatonin receptor increases H,O, production
and attenuates UV-induced DNA destruction in human skin
fibroblast culture (50). Melatonin directly defends mitochon-
dria by eliminating ROS and indirectly defends mitochondria
by stabilizing the mitochondrial membrane potential and
maintaining mitochondrial homeostasis in UV-exposed kera-
tinocyte cultures (66,50,75).

The most important effects of melatonin are the restric-
tion of tyrosinase production and activation of melanocytes
in the epidermis (76). Based on evidence from clinical trials
demonstrating the role of melatonin and its metabolites,
cytoprotective and antiaging, it is suggested that topical
application of exogenous melatonin and/or its metabolites can
be an effective future approach against skin aging (77-79).

9. Melatonin and hypertension

Melatonin secretion begins immediately after dark, reaches
maximum secretion in the middle of the night and gradually
decreases until sunrise (80). Reduced melatonin production
during the night is common in patients with severe hyper-
tension and coronary heart disease (81). As a metabolite,
melatonin has a half-life of 40-50 min, and after a fast-release
oral dose of exogenous melatonin, peak serum concentrations
reached 20-30 min after ingestion, are sustained for 90 min,
and then rapidly decrease (82-85). Fast-release melatonin
pharmaceutical formulations are effective in the first half
of the night and completely ineffective in the second half of
the night (82). Slow-release formulations manage to maintain
optimal concentrations throughout the night if the dose is
higher (82-85).

Several clinical trials have reported an association between
melatonin levels, heart rate and blood pressure (82-85). A
previous study demonstrated the role of melatonin in lowering
blood pressure in a group of essential hypertensive patients
and a crossover, placebo-controlled study in a group of healthy
young normotensive subjects found a weak hypotensive effect
following melatonin administration associated, with a decrease
in heart rate during the day (86-88). Following pinealectomy,
an improvement in vascular reactivity to vasoconstrictive

agents was observed (89). The potential pathophysiological
mechanisms by which melatonin influences blood pressure are
as follows: A direct effect on nerve centers, low catecholamine
concentrations, and antioxidant effect and relaxation of smooth
muscle in blood vessels (86). Some studies have reported
that patients with coronary heart disease, particularly those
at higher risk of myocardial infarction and/or sudden death,
have low levels of melatonin (83,90,91). Another study demon-
strated that patients with high levels of low-density lipoprotein
(LDL) cholesterol have low melatonin secretion (90).
Melatonin lowers cholesterol formation and LDL accumula-
tion in the serum, and changes the fatty acid composition of
rat plasma (90). Further studies are required to determine
the role of melatonin in cardiovascular hemodynamics, lipid
metabolism and the potential influence on cardiovascular
morbidity and mortality (87-91).

10. Melatonin and drug interaction

Cardiovascular disease is common in the elderly, and
[-adrenergic receptor blockers are often used in therapy (92).
Lower concentrations of melatonin in serum and 6-sulfatox-
imelatonin in urine were observed in the elderly compared with
young people (93,94). Vascular melatoninergic receptors are
associated with the vasoconstrictor or vasodilating effects of
melatonin (95). Norepinephrine stimulates the formation and
release of melatonin through f1-adrenoceptors and a-1 adreno-
ceptors (96). Thus, B-blockers decrease melatonin production
by distinctly inhibiting (-1 adrenergic receptors (96). A
total of two placebo-controlled studies in hypertensive
patients reported the association between melatonin levels
in nocturnal urine and sleep disorders as an adverse effect of
[-blockers. The studies concluded that the side effects of sleep
disorders and nightmares during -blockade are associated
with a decrease in nocturnal melatonin levels. Thus, taking
melatonin at bedtime can prevent this common side effect of
[-blockers (92,97,98).

Previous studies have reported that melatonin inhibits
glucocorticoid synthesis in different species (99,100).
Melatonin exerts inhibitory effects on adrenocorticotropin
(ACTH) secretion in the anterior pituitary gland and adrenal
cortisol production via various mechanisms (for example,
suppress ACTH secretion via BMP-4 in corticotropic
cells) (101-104). It has also been demonstrated that, under the
control of ACTH, melatonin improves aldosterone produc-
tion by cooperating with activation in adrenal cells (105).
Melatonin decreases the toxicity caused by glucocorticoids,
which was observed during treatment with dexamethasone in
combination with neurotoxins. The mechanism of this action
is the ability of the melatonin to reduce glucocorticoid receptor
nuclear translocation (106).

11. Melatonin and autoimmune diseases

Melatonin can adjust immune responses by modulating the
Th1/Th2 balance and cytokine secretion (107). Autoimmune
diseasesareabroad spectrumofdisordersthatinclude inequality
of T-cell subgroups, extensive inflammation and successive
tissue damage. In the autoimmune mechanism, modified
Th1 and Th17 cells can produce proinflammatory cytokines,



interferon y and IL-17 (108). Previous studies have suggested
the potential of melatonin to modulate the humoral and cellular
immune response, cell proliferation and levels of immune
mediators. Pharmacological addition of melatonin immediately
influences T-cell differentiation, regulates the balance between
pathogenic and regulatory T-cells and modulates the secretion
of proinflammatory cytokines (107,108).

The pathophysiological mechanisms involved in allergic or
atopic diseases include the activation of Th2 cells and conse-
quently, the production of IgE antibodies (109). Autoimmune
diseases involve the alteration of the mechanisms of main-
taining self-tolerance in B lymphocytes, T lymphocytes
or both, identification of autoantigens by lymphocyte, and
overactivation of these cells by excessive proliferation and
differentiation into effector cells, with consequences in tissue
damage (107). Melatonin treatment has been studied in atopic
diseases and autoimmune diseases in animal and human
models (109). Thus, melatonin may serve as a potential new
therapeutic object, leading to favorable circumstances for the
treatment of autoimmune diseases (109). Melatonin may also
provide an explanation as to why certain therapeutic strategies
provide benefits in lichen planus (an autoimmune disease),
while improving the general sense of well-being, including
sleep (110).

12. Melatonin and COVID-19

COVID-19, caused by Coronavirus 2 (SARS-CoV-2), was
first cited as cases of pneumonia of unknown cause in
December 2019 in Wuhan, China. Today, we are witnessing
the most important contemporary pandemic, a pathology that
has restructured all health systems worldwide, and is estimated
to cause >200 million cases and 4 million deaths worldwide
by September 2021 (111). The variability of clinical forms of
COVID-19, from asymptomatic forms to severe forms with
death, opened the discussion about the variability of the host
immune response to viral infection. The predominance of
severe forms in the elderly has also opened the discussion
about the vulnerability of these hosts, in terms of the immune
system, vascular fragility and even low melatonin levels
in the elderly. The response to viral infection is associated
with oxidative stress and the response of mononuclear cells
in peripheral blood (112). A study by researchers at Oxford
University and the Oxford Health Center for Biomedical
Research reported that nearly 1/5 people who had COVID-19
were diagnosed with a psychiatric disorder, such as insomnia
within 3 months of testing positive for SARS-CoV-2 (113,114).
Several clinical studies highlight the antiviral, antioxidant
and anti-inflammatory properties of melatonin in respiratory
viral infections. Melatonin has been reported to play a role
in reducing vessel permeability, sedation, decreasing agitation
and improving sleep quality. These valuable features of
melatonin open the prospect of clinical trials assessing the
efficacy of melatonin in COVID-19 (115-118).

13. Conclusions
Melatonin, in addition to its best-known effect in combating

insomnia, may be an adjunct in anticonvulsant therapy,
supporting the immune system and preventing skin aging.
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Its role as an antioxidant and free radical scavenger can be
useful in topical application prior to UV exposure to prevent
skin lesions caused by UV and skin aging. Melatonin inter-
venes in the regulation of blood pressure and particularly in
combating the adverse effect of 3-blockers, namely insomnia.
The involvement of melatonin in modulating the secretion of
inflammatory cytokines means it exerts antiviral properties.

Further clinical trials are required to verify the safety and
potential side effects of melatonin at optimal doses, particu-
larly in the elderly, where long-term use may be unavoidable.
The potential use of melatonin as an adjunct in the treatment
of mental, neurodegenerative, metabolic, cardiovascular
disorders, reproductive dysfunction, neoplasms and acute or
chronic infections should also be studied.
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