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ABSTRACT

This short review aimed at (i) providing an update on the health benefits associated with melatonin supplementa-
tion, while (ii) considering future potential research directions concerning melatonin supplementation use relative
to Coronavirus disease of 2019 (COVID-19). A narrative review of the literature was undertaken to ascertain the
effect of exogenous melatonin administration on humans. Night-time melatonin administration has a positive im-
pact on human physiology and mental health. Indeed, melatonin (i) modulates the circadian components of the
sleep-wake cycle; (ii) improves sleep efficiency and mood status; (iii) improves insulin sensitivity; and (iv) reduces
inflammatory markers and oxidative stress. Melatonin has also remarkable neuroprotective and cardioprotective
effects and may therefore prevent deterioration caused by COVID-19. We suggest that melatonin could be used
as a potential therapy in the post-COVID-19 syndrome, and therefore call for action the research community to
investigate on the potential use of exogenous melatonin to enhance the quality of life in patients with post-COVID-

19 syndrome.

Keywords: Antioxidant status, cytokines, dose, free radicals, stress

INTRODUCTION

Melatonin is an indoleamine produced by
the pineal gland in humans (Ackermann and
Stehle, 2006; Arendt, 2006; Zawilska et al.,
2006). Its regulation is impacted by dark-light
and both seasonal, and lunar cycles (Arendt
and Broadway, 1987; Dergaa et al., 2019;
Dergaa et al., 2021b;, Nelson et al., 2015).
Melatonin secretion decreases progressively
with advancing age, resulting in a reduction in
sleep duration (Iguchi et al., 1982). Endoge-
nous melatonin levels are known to decrease
substantially after 40 years, and this decline
can be causally linked to lowered sleep effi-
cacy (Haimov et al., 1994; Pierpaoli et al.,
1995), eventually affecting physical and men-
tal health (Karasek, 2004). Exogenous mela-
tonin supplementation may potentially have
beneficial effects on sleep as well as age-re-
lated diseases (Karasek, 2004). Therefore, the
potential role of melatonin supplementation
in the prevention and/or treatment of insom-
nia and age-related diseases is promising. Im-
portantly, at least for short regimens, melato-
nin supplementation in humans is safe, as
demonstrated by preclinical and clinical data
(Colella et al., 2016; Minich et al., 2022;
Sanchez-Barcel0 et al., 2010).

Interestingly, the high levels of melatonin
concentration in children may be a contrib-
uting factor to their high protection against
the coronavirus disease of 2019 (COVID-19)
(Shneider et al., 2020). Indeed, endogenous

melatonin seems to play a key role in sup-
pressing COVID-19 infections. Therefore,
melatonin supplementation may have a vari-
ety of health benefits, including improved
quality of life and cost savings in healthcare,
and may help prevent complications associ-
ated with COVID-19 (Giri et al., 2021;
Ramos et al., 2021). However, for years, data
obtained in animals have been uncritically ex-
trapolated to humans (Kennaway, 2019).

Thus, the purposes of this narrative re-
view were to (i) summarize recent findings re-
garding melatonin supplementation in hu-
mans and its clinical implications; and (ii)
provide some suggestions on what future re-
search in the field should focus on.

TREATMENT OF SLEEP DISORDERS
WITH EXOGENOUS MELATONIN

The primary physiological function of
melatonin is to inform the human body about
the diurnal light/dark cycle and to synchro-
nize the central and peripheral oscillators lo-
cated in tissues and organs (Khullar, 2012;
Rong et al., 2020). Melatonin secretion is
widely regarded as the best known indicator
of the circadian body clock's state (Folkard,
2008). Importantly, the circadian clock sys-
tem is critical for homeostasis and human
health maintenance (Pickel and Sung, 2020;
Van Someren, 2000). Specifically, melatonin
exerts chronobiotic effects by stimulating G
protein-dependent receptors types 1 and 2
(Khullar, 2012; Slominski et al., 2012). This
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function is critical because disruptions in cir-
cadian rhythm can increase the risk of meta-
bolic, cardiovascular, and/or mental diseases,
as well as result in poorer health outcomes
(Aly and Rizk, 2018; Hacisevki and Baba,
2018).

Consequently, exogenous melatonin sup-
plementation has been proven to be effective
at restoring sleep-wake cycles and enhancing
sleep quality, and is frequently used as a med-
ication to treat sleep disorders, such as sleep-
lessness and jet lag syndrome (Laudon and
Frydman-Marom, 2014). Melatonin increases
sleepiness and shortens sleep onset latency by
exerting its sedative effect on the central nerv-
ous system (Gandolfi et al., 2020; Marseglia
et al., 2015; Souissi et al., 2020, 2022c).

CAN MELATONIN IMPROVE
COGNITIVE FUNCTION?

It has been shown that 1 mg of exogenous
melatonin administered at night may be effec-
tive in improving sleep quality, memory, and
cognitive functioning in elderly people (Peck
et al., 2004). It seems that exogenous melato-
nin is also a useful therapeutic agent in the
treatment of mental impairment associated
with aging (Peck et al., 2004). In fact, exoge-
nous melatonin is particularly effective in re-
versing age-related cognitive decline when
decreased endogenous melatonin secretion
has been detected in patients (Pandi-Perumal
et al., 2005).

Endogenous melatonin secretion is de-
creased in people of advanced age, for in-
stance (Burgess and Fogg, 2008), or lower in
those who are blind (Warman et al., 2011), or
in patients with neurodegenerative disorders
(Rajpoot, 2020). Consequently, melatonin
treatment in these populations resulted in a
significant improvement of the clinical and
neurophysiological aspects of rapid eye
movement and sleep behavior disorders in
blind populations (Warman et al., 2011), and
in elderly patients with underlying neuro-
degenerative disorders (St Louis and Boeve,
2017; Videnovic et al., 2020). In the same
context, meta-analysis studies reported that
melatonin treatment improved sleep quality in

patients with Alzheimer and Parkinson dis-
eases, and it may be used as an exclusive or
adjunctive therapy in patients with neuro-
degenerative disorders and associated behav-
ioral and cognitive function disorders
(Ferracioli-Oda et al., 2013; Zhang et al.,
2016).

WHAT IS THE BENEFICIAL ROLE OF
MELATONIN IN PHYSICAL
PERFORMANCE?

The association between physical exercise
and melatonin secretion has been well dis-
cussed (Escames et al., 2012). Melatonin con-
centration increases temporarily in the blood
during exercise (Carr et al., 1981; Ronkainen
et al., 1986; Theron et al., 1984), suggesting
that melatonin plays a role during physical ex-
ercise (Souissi et al., 2022b). However, mela-
tonin supplementation may be beneficial or
useless depending on the type of physical ex-
ercise (LOpez-Flores et al., 2018).

Sleep and recovery are key components of
athletes’ health and performance enhance-
ments (Gander et al., 2008; Walsh et al.,
2021). According to a recent study (Kruk et
al., 2021), athletes frequently use sleep-en-
hancing supplements. In this regard, melato-
nin is among the most commonly used sup-
plement due to its wide-range effects on the
organism, including, but not limited to, its an-
tioxidant properties that protect muscles and
mitochondria from oxidative stress (Liesa and
Shirihai, 2013). Furthermore, exogenous mel-
atonin has been proven to be an effective an-
tioxidant and anti-inflammatory agent, even-
tually maintaining mitochondrial function
(Hu etal., 2019), as well as muscular strength
and adaptability during heavy exercise
(Borges et al., 2015; Ochoa et al., 2011;
Trionfante et al., 2017). It has been recently
shown that melatonin supplementation during
congested training periods can enhance anti-
oxidant status and glucose resistance in differ-
ent types of training, including soccer training
camps and resistance training athletes
(Farjallah et al., 2022; Leonardo-Mendonga et
al., 2017; Souissi et al., 2022a).
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Endurance exercise consumes glucose, re-
sulting in a decrease in muscle and liver gly-
cogen stores (Trefts et al., 2015). For ATP
synthesis, melatonin can partly shift glucose
metabolism from anaerobic glycolysis to aer-
obic mitochondrial oxidative phosphoryla-
tion, and consequently result in decreased lac-
tate production (Mazepa et al., 1999; Sayed et
al., 2018). Therefore, pre-exercise melatonin
administration can enhance lipid utilization as
a substrate energy source (Mazepa et al.,
1999; Souissi et al., 2022a; Trionfante et al.,
2017). Future studies should investigate the
relationship  between melatonin  secre-
tion/supplementation and the body mass in-
dex, and why not considering melatonin as a
potential way to help patients with obesity to
optimize the outcome of their exercise pro-
grams.

CAN MELATONIN IMPROVE MOOD
STATUS?

Environmental disruptions of circadian
rhythms, including the sleep-wake cycle, can
result in mood-related perturbations in sus-
ceptible people (Altun and Ugur-Altun, 2007;
Germain and Kupfer, 2008; Ghazel et al.,
2022; Monteleone and Maj, 2008), and in ath-
letes (Romdhani et al., 2019). Indeed, numer-
ous preclinical and clinical findings have sug-
gested a strong link between circadian
rhythms, melatonin secretion dysregulation,
and mood regulation (Altun and Ugur-Altun,
2007; Etain et al., 2011; Germain and Kupfer,
2008; Lanfumey et al., 2013; Lerner and
Nordlund, 1978; McClung, 2011; Monte-
leone and Maj, 2008; Monteleone et al., 2011,
Munk-Jargensen, 2014).

Exogenous melatonin ingestion has a fa-
vorable clinical response for reducing sleep
difficulties or improving health problems as-
sociated with circadian rhythms disruption,
which may be prevalent in the symptomatol-
ogy of mood disorders (Coogan and Thome,
2011; Maldonado et al., 2009). A prospective
observational study identified that exogenous
melatonin consumption improved sleep and
mood (Livianos et al., 2012). This suggests
that its use may be part of a therapeutic toolkit

for the treatment of anxiety and depression re-
lated to sleep deprivation (Quera Salva and
Hartley, 2012; Robillard et al., 2018). In this
context, a recent study revealed that salivary
melatonin levels were negatively correlated
with the severity of depression (Sundberg et
al., 2016) and suggested that melatonin could
become a clinically useful biomarker of
stress, anxiety and depression (Chojnowska et
al., 2021; Kudo et al., 2021; Sundberg et al.,
2016). The effects of melatonin ingestion on
depressive symptoms may represent an inter-
esting area of research in the future.

CAN MELATONIN REDUCE
CARDIOVASCULAR RISK?

Low blood melatonin levels have been
found in a variety of clinical diseases, such as
arterial hypertension (Dominguez-Rodriguez
et al., 2014; Jonas et al., 2003; Kozirdg et al.,
2011), heart failure (Dominguez-Rodriguez et
al., 2016; Dzida et al., 2013; Girotti et al.,
2003; Kimak et al., 2014), ischemic and heart
diseases (Altun et al., 2002; Brugger et al.,
1995; Dominguez-Rodriguez et al., 2002),
and cardiovascular related risk conditions
such as diabetes mellitus and obesity
(Méntele et al., 2012; McMullan et al., 2013).
In this context, exogenous melatonin has been
shown to be beneficial to reduce the internal
carotid arteries’ pulsatility index and blood
clotting (Del Zar et al., 19904, b), and to de-
crease catecholamine levels in the blood
(Arangino et al., 1999; Souissi et al., 2021).
Indeed, a negative correlation between endog-
enous melatonin levels and cardiovascular
diseases has been reported (Dominguez-
Rodriguez et al., 2010). The potential thera-
peutic involvement of melatonin in the patho-
physiology of coronary artery disease is being
increasingly acknowledged (Jiki et al., 2018;
Pandi-Perumal et al., 2016). Furthermore, due
to its direct free radical scavenging activity,
melatonin appears to have cardioprotective
benefits  (Dominguez-Rodriguez, 2012;
Paulis and Simko, 2007; Reiter et al., 2010;
Sun et al., 2016). The cardiovascular protec-
tive action of melatonin supplementation is
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particularly promising for cardiovascular dis-
orders (Jiki et al., 2018) and exercise-induced
cardiovascular fatigue (Souissi et al., 2021)
amongst others.

Additionally, we would like to highlight
that the sudden cardiac arrests caused by
COVID-19 infection depend primarily on the
damage inflammation and the cytokine storm
induced by the host immune reaction (Tan
and Reiter, 2022; Zhang et al., 2020a). In this
case, melatonin could be used to downregu-
late the overreaction of the immune system,
potentially suppressing/dampening the in-
flammation and reducing the risk of mortality
(Tan and Reiter, 2022). Larger clinical trials
are therefore needed to determine the efficacy
of melatonin supplementation as a novel pre-
ventive intervention in cardiovascular disor-
ders (in the pathophysiology of coronary ar-
tery disorder, arterial hypertension, conges-
tive heart failure, COVID-19, and cardiovas-
cular fatigue induced by exercise) in humans.

CAN MELATONIN BE UTILIZED TO
TREAT RESPIRATORY DISEASE AND
VIRAL INFECTIONS?

Melatonin has been successfully used to
treat respiratory disease and viral infections
(Reiter et al., 2020b), with its beneficial ef-
fects on acute respiratory stress caused by vi-
ruses and bacteria being identified (Wu et al.,
2019; Yip etal., 2013). Although melatonin is
not viricidal, it has indirect anti-viral actions
(Reiter et al., 2020b) owing to its antioxida-
tive, anti-inflammatory, and immune-enhanc-
ing properties (Anderson et al., 2015; Boga et
al., 2012; Lee and Glickman, 2021; Reiter et
al., 2020a). Melatonin use resulted in lowered
viremia, decreased viral load, and decreased
paralysis and death (Bonilla et al., 2004).
Moreover, melatonin has been proven to sup-
press the effects of viral infections in several
conditions (Bahrampour Juybari et al., 2020).
In previous respiratory syncytial virus mod-
els, melatonin ingestion resulted in a down-
regulation of acute lung oxidative injury, pro-
inflammatory cytokine release, and inflam-
matory cell recruitment (Zhang et al., 2020b).
These findings, along with those summarized

by Reiter et al. (2020b), support the rationale
use of melatonin supplementation for respira-
tory viral diseases.

CAN MELATONIN BOOST THE
IMMUNE RESPONSE?

The ability of melatonin to influence the
immune response is one of its most intriguing
properties (Carrillo-Vico et al., 2013;
Kurhaluk and Tkachenko, 2020). Some dec-
ades ago, the first evidence that melatonin
could boost antibody production and reverse
the immunosuppressive impact of corticoster-
oids and/or acute stress was reported
(Maestroni et al., 1987; Maestroni, 2001). The
immunoregulatory role of melatonin has re-
cently been well established (Kurhaluk and
Tkachenko, 2020; Manka and Majewska,
2016). Melatonin may operate as an immuno-
logical buffer, boosting the immune response
in basal or immunosuppressive situations or
acting as an anti-inflammatory agent in the
context of excessive immune responses
(Carrillo-Vico et al., 2013; Mortezaee et al.,
2019). Although, it has been recently shown
that melatonin could be used to treat some au-
toimmune diseases, such as multiple sclerosis
(Farez et al., 2016) and autoimmune thyroid
diseases (D’Angelo et al., 2016), more inves-
tigations are warranted to confirm its potential
promising therapeutic use (Zhao et al., 2019).

Interestingly, exogenous melatonin treat-
ment may significantly enhance the strength
and persistence of the immunological re-
sponse elicited by the severe COVID-19
(Wichniak et al., 2021). Additionally, it has
been shown that the antioxidant properties of
melatonin and its pleiotropic effect on the im-
mune system may help reduce some of the
deleterious side effects of the COVID-19 vac-
cination (Maestroni, 2020). It would be possi-
ble that melatonin treatment could be more
beneficial in elderly people with sleep disor-
ders. So far, the available information sug-
gests that melatonin has a broad capacity to
increase both cell-mediated and humoral im-
mune responses regardless of sex or age
(Maestroni, 2020).
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CAN MELATONIN AID MITIGATE
THE HARMFUL EFFECTS OF THE
COVID-19 EPIDEMIC?

COVID-19, designated a public health
emergency and a global threat of international
concern by the World Health Organization, is
one of the most worrisome diseases in recent
history, with a clear 2020-lockdowns disrup-
tion observed in most countries globally
(Dergaa et al., 2022c, d; Ghram et al., 2021,
Mohammed, 2020; Varma et al., 2021). As of
January 23, 2022, severe acute respiratory
syndrome coronavirus 2 is estimated to have
infected globally approximately
663640386 people so far, with 6713093 esti-
mated deaths (https://covid19.who.int/). The
stringent public health measures, although ef-
fective in reducing person-to-person trans-
mission of COVID-19 (Dergaa et al., 2021a,
2022a-d) have been shown to negatively im-
pact individuals’ lifestyle behaviors (eg;
physical activity levels, sleep/wake behav-
iors, diet) (Ammar et al., 2020, 2021; Dergaa
et al., 20223, c¢; Romdhani et al., 2022a-c;
Trabelsi et al., 2021), their mental wellbeing
and mood state (Akbari et al., 2021).

Since, endogenous melatonin levels were
reduced in patients with COVID-19 infection
(Anderson and Reiter, 2020; Attademo and
Bernardini, 2021), melatonin has been re-
searched for its potential role in COVID-19
infected patients (Golombek et al., 2022;
Zhang et al., 2020b). Indeed, melatonin treat-
ment may help mitigate the harmful effects of
the COVID-19 epidemic on sleep and mental
health (Lee and Glickman, 2021; Wichniak et
al., 2021). In addition, the anti-inflammation,
antioxidant, and immune enhancing actions of
melatonin potential support its potential atten-
uation of COVID-19 infection (Zhang et al.,
2020Db). Melatonin seems to play a key role in
suppressing COVID-19 infection (Martin
Giménez et al., 2020). The results of the re-
search projects regarding the melatonin effect
on COVID-19 patients are indeed very prom-
ising.

CAN MELATONIN REDUCE THE
SEVERITY OF POST-COVID-19
SYNDROME?

Importantly, it has been shown that more
than 60 % of COVID-19 survivors experi-
enced post-COVID-19 syndrome (PC19S)
(Fernandez-de-Las-Pefias et al., 2021). How-
ever, contrary to the symptoms and complica-
tions of acute COVID-19 that are well estab-
lished, the sequelae induced by the PC19S
need more studies (Malik et al., 2022). So far,
patients with PC19Ss have been reported to
have persistent symptoms and a poor quality
of life (Malik et al., 2022). The exact patho-
physiological mechanisms explaining the
PC19S are not well understood due to their
multifactorial properties. However, since the
major serious persistent symptoms high-
lighted after the infections were sleep disturb-
ance, fatigue, anxiety, depression and/or men-
tal impairment (Malik et al., 2022), one could
speculate that endogenous melatonin disturb-
ance is a potential factor contributing to the
long-term consequences of COVID-19 infec-
tion (Magdy et al., 2022).

Furthermore, it has been recently shown
that severe PC19S was associated with radio-
logical evidence of cardiac damage (myocar-
ditis: cause of mortality) (Dennis et al., 2021).
Mechanisms explaining myocarditis in pa-
tients with  PC19S remain  unclear
(Ackermann et al., 2020; Dennis et al., 2021).
However, it is evident that myocarditis has
been associated with several factors, particu-
larly with older age (Dennis et al., 2021). In
fact, aging is associated with increased oxida-
tive stress (Abete et al., 1999; Ferrucci and
Fabbri, 2018), and decreased endogenous
protective mechanisms (Abete et al., 1997,
2001), including decreased melatonin produc-
tion (Dominguez-Rodriguez et al., 2010).
Briefly, inflammaging (chronic inflammation
in aging) is the main factor of myocarditis
(Ferrucci and Fabbri, 2018; Soysal et al.,
2020). Therefore, inflammaging associated
with PC19S are potential factors for increas-
ing the risk of myocarditis and weakening the
immune system efficiency (Soysal et al.,
2020).
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Melatonin ingestion could reduce the se-
verity of PC19S-inducing myocarditis by at-
tenuating aging and inhibiting the production
of inflammatory cytokines (Su et al., 2022).
Furthermore, it has been shown that melato-
nin supplementation significantly improved
coxsackie-virus B3-inducing myocarditis in
mouse hearts (Sang et al., 2018). Sang et al.
(2018) suggested that melatonin could be a
promising new therapeutic approach against
viral myocarditis. It would be interesting in
the future to assay the effect of melatonin sup-
plementation against COVID-19-inducing
myocarditis in human hearts.

On the other hand, numerous studies have
demonstrated the beneficial effects of exoge-
nous melatonin on mental health and sleep
(Limetal., 2022). Effective sleep disturbance
management and early sensorium correction
are reported to be critical in preventing post-
intensive care syndrome and lowering mor-
bidity (Hashmi et al., 2017). Although evi-
dence regarding the impact of exogenous mel-
atonin on PC19S is lacking, its efficacy and
safety have been repeatedly demonstrated in
humans (Buscemi et al., 2006), and we expect
that its use by patients with PC19Ss would be
highly beneficial. The present review is there-
fore a call to action for public health to ex-
plore the effect of exogenous melatonin on
PC19S patients.

Finally, we highlight that exogenous mel-
atonin may present some side effects for some
populations (pregnant and breast-feeding
women) (Andersen et al., 2016), and should
not be consumed at high doses and/or for long
time as we do not know the long-term endo-
crine effects of melatonin administration
(Minich et al., 2022). Therefore, it is im-
portant that we suggest some recommenda-
tions based on expert knowledge and scien-
tific research for optimizing health and offer
concrete steps for increasing endogenous
melatonin (Table 1).

Table 1: Fight Coronavirus disease of 2019
(COVID-19) and boost immunity by increasing en-
dogenous melatonin levels. Concrete tips for in-
creasing endogenous melatonin and promoting
sleep.

®,

> Some recommendations for the
optimal use of melatonin

e Exogenous melatonin is beneficial and
safe for people with low melatonin produc-
tion.

e Melatonin use has generally been re-
garded as safe by study authors and re-
viewers.

e Melatonin is considered as a dietary sup-
plementin USA, but care is warranted be-
cause some formulations contain melato-
nin derived from animals.

¢ Like every antioxidant, a high dose of mel-
atonin can induce side effects.

<> Melatonin:

- Can cause dependence by reducing the
endogenous production of the hormone

- Has not been adequately tested for long-
term safety

- Can cause drowsiness when taken dur-
ing the day (Cajochen et al., 1997)

- Should be ingested at night to avoid its
side effects

- Should not be ingested after a short pe-
riod of food intake

<> Somerecommendations to increase

safely endogenous melatonin at night:

v' Upon waking, get at least 15-60 min of
bright light

v Exercise earlier can enhance endoge-

nous melatonin production (Carr et al., 1981,
Strassman et al., 1989, Theron et al., 1984)

v' Consume foods rich in tryptophan and

melatonin (Katuzna-Czaplinska et al., 2019,
Peuhkuri et al., 2012)

v Taking a deep breath at night can reduce
stress and increase melatonin secretion

v' Relaxing massage lasting 10 minutes can
promote endogenous melatonin

v" Wet cupping therapy application can pro-

mote endogenous melatonin

Reduce food intake at night

Avoid drinks that can reduce melatonin

production (i.e. alcohol)

v" Avoid exercise, caffeine, and light expo-
sure at night before sleeping

v Avoid Smartphone use at night

v Avoid smoking

+ High caution should be taken for smokers
with post-COVID-19 syndromes who are
exposed to a high risk of myocarditis and
sudden death.
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CONCLUSIONS

Exogenous melatonin supplementation
may improve sleep efficiency, mood status,
and cognitive performance. In addition, it
may have potential therapeutic use in mental
health and cardiovascular disorders. At pre-
sent, melatonin is known to potentially atten-
uate the COVID-19 infection through its anti-
inflammatory, antioxidant, and immune-en-
hancing properties. We call for research on
the potential beneficial use of melatonin in
patients with PC19S.
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