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ABSTRACT

This study has investigated the protective role of melatonin against SARS-CoV-2 infection. For
this purpose, 62 adults were recruited who were in daily relatively high doses of melatonin
intaking, with the particularity that they started taking it before the beginning of the COVID-19
pandemic and continued to present. A continuous validation process has been carried out with a
series of questionnaires to identify the risk factors, whether they were contacts, were infected, if
yes, the level of disease severity, need for treatment, hospitalization, etc. According to the dose of
melatonin the individuals took/are taking, they were divided into two groups: a) those taking 20
mg (n =27) and, b) those taking > 40 mg (n = 32). For statistical analysis, the shi2 test and Fisher's
exact test were used. The number of infected subjects with positive PCR was 7 (11.9%). Only one
required medication, the rest had a very favorable clinical evolution, mild in three cases and
asymptomatic in three others. While in their environment this percentage is 22.05% (chi2 = 2.928;
p < 0.087). Melatonin offers a good safety profile, is well tolerated and can play an important role
in the different levels of COVID-19 prevention.
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1. INTRODUCTION

Depending on the point in the natural history of the disease in which the activities are carried
out, preventive medicine has been described as four levels of prevention (1-5) (Figure 1): 1) At
the primary level, the disease is not present, and focuses are on disease prevention by eliminating
causes or increasing people's resistance to disease. In the current COVID-19 pandemic, the
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following procedures could be used during the primary level: the use of masks, maintaining the
appropriate distance between people, the administration of vaccines, and even medications that
make it difficult for SARS-CoV-2 to initiate its pathophysiological process, such as the
administration of melatonin (6-12). 2) At the secondary level, the disease is diagnosed at an early
stage, and measures are applied to stop or delay the progress of the disease that the person already
has; important features include early detection, diagnosis, and treatment of the disease. An
example of what secondary preventive medicine is the campaign for the early detection of COVID-
19. Due to its various actions (Figure 2), including its role as an immune system enhancer,
melatonin should receive serious consideration as a treatment for COVID-19 in the early disease
stage (13-24). 3) When it is evident that there is a disease, preventive medicine acts at the tertiary
level. At this stage the treatments are directed reducing complications, including the risk of
disability or death. The properties of melatonin such as; antioxidant, anti-inflammatory,
immunomodulatory, etc. once again are relevant to its use at this stage of the disease (25-33). 4)
Finally, the main goal of quaternary prevention is to protect people from unnecessary and
excessive medical interventions.

Preventive role of melatonin

Primary prevention Secondary prevention

<3
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[Prevent the onset of disease or contagion

Stop or slow the progress of the disease.
Prevent tissue damage

Quaternary prevention

Avoid its inappropriate,
uncontrolled use, wrong doses, or
not considering circadian
rhythmicity.

Tertiary prevention

o

Prevent complications and
sequelae of the disease.
Improve the patient's quality of life

Fig. 1. The illustration of the potential preventive effects of melatonin at different levels of
disease development.

Patients in the health care system may be at risk of excessive or inappropriate interventions,
resulting in unnecesary and/or erroneous diagnostic testing and medical procedures. Relative to
the use of melatonin, some issues are unknown, e.g., the optimal doses suitable for each of level
of treatment, best routes of administration, consideration of circadian variation, pharmaceutical
form, etc. In this sense, various authors have recommended the need to carry out adequate clinical
trials to identify essential aspects to provide guidelines that should be used in each case of a patient
with COVID-19 (34-38). (Figure 1).
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As an antioxidant, melatonin capacity to chemically reduce up to ten free radicals per
molecule, while other antioxidants, with high antioxidand power such as vitamins C and E, have
the capacity to scavenge a single radical (39). Indirectly, antioxidant efficiency also is related to
stimulation of antioxidative enzymes including superoxide dismutase, glutathione peroxidase,
reductase and catalase (40, 41). Melatonin stimulates the activities of each of these enzymes and
additionally has immunomodulatory, anti-inflammatory, sleep-inducing, chronobiological,
oncostatic, etc. 42-51) (Figure 2). Several of these actions would improve melatonin’s ability to
protect againts a SARS-CoV-2 infection.

| Oncostatic | Antioxidant
| Antiaging \\ // Chronobiological |
Melatonin

i Cell protection \

propertles _ Sleep regulation

Nuerogenesis | / \ Antnnﬂammatory \

| Metabolic regulator] \ lmmunoregulatory ]

Fig. 2. The proposed physiological effects of melatonin related to its disease protective
potentials.

A particularly interesting evolutionary aspect is melatonin’s capacity as a cellular protector.
This universal action is attributed to the fact that melatonin is synthesized in the mitochondria of
every cell in an organism so it is always available for this purpose (52). Circulating melatonin is
derived primarily from the pineal gland and secrets into the systemic circulation as well as into the
cerebrospinal fluid. In contrast, extrapineal melatonin generated in mitochondria does not enter
the circulation (53). Melatonin in the blood is primarily for modualtion of circadian rhythms (54).
Being highly lipophilic, melatonin can penetrate all subcelluar organelles and is in especially high
concentrations in the mitochondria (55, 56).

Melatonin exerts its actions through a variety of molecular pathways, some of the best
characterized pathway being the activation of two types of specific membrane receptors, the high-
affinity MT1 receptors and the low-affinity MT2 receptors (57, 58). Likewise, this molecule also
has relevant intracellular actions by binding to cytosolic calmodulin (59) and to two nuclear
binding sites of the retinoid Z family of nuclear receptors (60). Melatonin receptors have been
found in various peripheral tissues, including the heart, adrenal gland, kidney, lung, liver,
gallbladder, small intestine, adipocytes, ovaries, uterus, breast, prostate, and skin and probably
exist on all cells (61) . Its actions as a direct radical scavengre are, of course, receptor independent.
Given this functional diversity attributed to melatonin, we objectively evaluated its possible
preventive aspects on SARS-CoV-2 infection in humans keeping in mind the multiple means by
which this molecule acts. The involvement of multiple signaling pathways (i.e., NF-xB, STAT1
and Nrf2) related to anti-inflammatory and antioxidant control and mitochondrial protection in
experimental animals have been described (62).
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Regarding SARS-CoV-2 infection, due to the continuous appearance of new variants of the
virus, together with the considerable number of people who object to receiving the vaccine and the
insufficient availability of the vaccine for underdeveloped countries and regions, we believe that
other alternatives should be considered to combat SARS-CoV-2 infection. We feel that melatonin
could be one of these alternatives, due to the various functions that allow it to slow down or reduce
the pathogenic actions of SARS-CoV-2 infection, significantly reducing the mortality of critically
ill patients with COVID-19 and the length of stay in hospital Intensive Care Units (ICU) (23, 35).
Thus, we propose the following working hypothesis: melatonin plays a preventive and protective
role against SARS-CoV-2 infection.

The data that we provide in this survey fundamentally aim at studying the preventative and
protective role that melatonin could have at the primary level (avoid contagion/colonization), as
well as stopping or reducing the evolution of the infection in its different stages.

2. MATERIALS AND METHODS
2.1. Patients and Data Collection.

A total of 62 adults who were administered melatonin and completed a series of follow-up
questionnaires voluntarily participated in this research study. In the process, informed consent and
follow-up of the procedure were signed in accordance with the current regulations established in
terms of confidentiality and privacy of data for each of the participants included. Cronbach's alpha
coeffi-cient (0.87) was calculated to validate the consistency of the questionnaires. The 62 adults
had taken melatonin continuously prior to the onset of the COVID-19 pandemic, and were still
taking it today. Each of the 62 participants followed the same circadian administration protocol
for intake (30 minutes before bedtime), at doses ranging from 20 mg to 500 mg. In addition to the
62 participants involved and considered, other potential participants were excluded for various
reasons: doses lower than the minimum considered for this study, having temporarily interrupted
the intake of melatonin during the study period, not providing informed consent and/or not
agreeing to provide data for the study. All the subjects included were correctly vaccinated
according to the protocol and phases in which they corresponded according to the program
proposed by the health authorities; the great majority had received the Pfizer vaccine and the
others the Astra Seneca or Moderna preparations. The study was conducted in accordance with the
Declaration of Helsinki. And informed consent was obtained from all subjects involved in the
study.

2.2. Statistical Analysis.

The data included in the survey aim at assessing various aspects related to the possible role that
melatonin may have in the prevention and protection against COVID-19, as well as in its
evolutionary process. The following data have been included: 1) Affiliation and identification of
the person surveyed, 2) Sex, 3) Age, 4) Weight, 5) Fundamental inclusion criteria, taking
melatonin continuously since before the pandemic beganing and continuing to do so (it is the way
to guarantee its possible protective effect), 6) Identify and/or describe possible adverse or
secondary effects after ingestion, 7) Describe beneficial effects as indicated by the collected data,
8) Have or suffer from any co-morbidity risk factor for SARS-CoV-2 (hypertension, obesity, lung
disease, heart disease, immunodeficiency, cancer, etc.), 9) If you have had a PCR-confirmed
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infection by SARS CoV-2, 10). If you have been vaccinated against to SARS CoV-2, 11) What
vaccine have you received and how many doses, 12) Your professional activity can be considered
arisk for contracting SARS CoV-2 infection (caring for infected patients, serving the public during
the pandemic, being a teacher, etc.), 13) Have you had any contact narrow during the pandemic.
Close contact is considered when three conditions are met: a) Being close to an infected person
less than 1.5 meters away, b) Not wearing a face mask, c) Staying in these circumstances for at
least 15 minutes. 14) If it has been close contact, on how many occasions has this occurred, 15) If
infected, how was the SARS CoV-2 infection classified: Asymptomatic, Mild. Moderate, Severe.
16) Has required medication during the infection: a) Symptomatic, b) Specific according to the
protocol: Corticosteroids, biological therapy, heparin, sedatives, antivirals, antibiotics, etc. 17)
You have had to be admitted to the hospital due to COVID-19. 18) How many people in your
family environment, with whom you have lived, have suffered from the COVID-19 disease.

For the analysis of the results, we divided the survey sample into two groups, the group that
takes 20 mg of melatonin daily (N = 30), and the group that takes > 40 mg of melatonin daily (N
= 32). For the statistical study, the chi2 test and Fisher's exact test (when the number of cases was
<5) were used. To show an overview of the scope of the surveys carried out. the Table 1 included
each of item from the survey.

Table 1. Items included in the survey.

Survey Items

Surveyed Affiliation and identification data

Gender

Age

Weight

Fundamental inclusion criteria, taking melatonin continuously since before the pandemic began and
continuing to (it is the way to guarantee its possible protective effect)

Identify and/or describe possible adverse or secondary effects after ingestion

Describe beneficial effects if appreciated

Have or suffer from any risk factor to get sick from SARS-CoV-2 (hypertension, obesity, lung disease, heart
disease, immunodeficiency, cancer, etc.)

If you have had a PCR-confirmed infection by SARS CoV-2

You have been vaccinated against to SARS CoV-2

What vaccine have you received and how many doses.

Your professional activity can be considered a risk for contracting SARS CoV-2 infection (caring for
infected patients, serving the public during the pandemic, being a teacher, etc.).

Have you had any contact narrow during the pandemic. Close contact is considered when three conditions
are met: a) Being close to an infected person less than 1.5 meters away, b) Not wearing a face mask, c)
Staying in these circumstances for at least 15 minutes.

If it has been close contact, on how many occasions has this occurred

If infected, how was the SARS CoV-2 infection classified: Asymptomatic, Mild. Moderate, Severe

Has required medication during the infection: a) Symptomatic, b) Specific according to the protocol:
Corticosteroids, biological therapy, heparin, sedatives, antivirals, antibiotics, etc.

You have had to be admitted to the hospital due to COVID-19

How many people in your family environment, with whom you have lived, have suffered from the COVID-
19 disease
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3. RESULTS

The number of surveys conducted and completed for all items was 62, of which 30 (48.38%)
were male and 32 (51.61%) were female. The mean age of the respondents was 58.46 +/- 12.7
years. The mean weight was 71.87+/-15.61 kg. The mean dose of melatonin they had received
during the study period was 50.96 +/- 77.16 mg; all respondents had followed the same protocol
during the pandemic period, taking the same dose daily half an hour before bedtime with a
minimum of 20 mg and a maximum of 500 mg (With this last dose there is only one male
respondent). Regarding possible adverse effects with melatonin intake after two consecutive years
of use, only one respondent (1/62; 1.61%) reported having gained more weight and this was mainly
attributed to the combination of higher intake and lower physical activity during the whole
pandemic period rather than to melatonin as many reports claim (65). We emphasize that in the
rest of participants no adverse effects or intolerance were found among their answers. On the other
hand, the positive or beneficial effects described by the respondents were the following: 1) 58.06%
(36/62), had had a more restful sleep and better rest. 2) 3.22% (2/62) of the respondents indicated
a better state of health and 3) Another 3.22% (2/62) reported better performance in their daily
activities (Table 2).

Table 2. The risk factors that were detected in the surveyed population.

Risk factor’s Number of cases Percentage (%) Infected with SARS-CoV-2
Avrterial hypertension 10 16.2 0
Obesity 7 11.29 2
Cancer 3 4.83 1
Inflammatory bowel disease 1 1.61 0
Heart disease 2 3.22 0
Pneumopathy 3 4.83 0
Immunosuppression 3 4.83 1
Bronchial asthma 2 3.22 1
Multiple sclerosis 1 1.61 0
Diabetes 3 4.83 0

The number of respondents who have been infected by SARS CoV-2, with positive PCR were
7/62 (11.9%), and 88.70% (55 respondents) were not infected. Chi2 = 26.54 (p = 2.579-7).
Among those infected with SARS CoV-2, 5 of the 7 people belong to the group that takes 20 mg
of melatonin, which represents 71.42% of those infected, 18.51% of the group that takes 20 mg
(5/27) and 8.06 % (5/62) of the total sample. While in the group that takes > 40 mg of melatonin
only 2 people were infected, which represents 28.5% of those infected (2/7), 5.71% of the group
that takes > 40 mg of melatonin (2/35) and 3.22 % of total respondents (2/62) (Figure 3).

If we compare the infected numbers of individuls reported here with those of the background
numbers during the similar period occurred in Spain, we find the following data: 1) Total
population in Spain were 47,326,687, number of people infected (officially) were 10,439,302
(22.05%), 2) Survey data: Numbers of respondents were 62, numbers of infected were 7. (11.9%),
chi2 =2,928; p < 0.087. With the particularity that the number of infected we know is much higher
than the reported due to the impossibility of confirming all cases, among other reasons due to the
collapse of the health system. On the other hand, if we analyze the data on the frequency of those
infected between the group that takes > 40 mg of melatonin and the general group in the country,
we find the following results: chi2 = 4.009 (p < 0.045). Regarding infected and the evolution of
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the disease, of the seven cases detected, only one required medication, a patient who was taking
20 mg of melatonin, the rest had a very favorable clinical evolution, classified as mild in three
cases and asymptomatic in other three cases. In relation to the two cases that took > 40 mg of
melatonin, both had the disease without problems, with minor manifestations and without the need
for a specific medication, finally classified as mild.

%
(A-20/A-40) chi= 12.551; p<0.00039
(B-20/B-40) chi= 6.05; p<0.01
1{1.;2)% (C-20/C-40) chi= 1.96; p<0.16
5/7
28.5%
(2/7)
18.51%
(s/27)
8.06%
(s/62) 5.71% 3.22%
(2/35) (2/62)
A-20 B-20 c-20 A40  B40 | c40

Percentage of infected people taking Percentage of infected people taking
20 mg of melatonin 40 mg of melatonin

Fig. 3. Percentage of infected individuals who take 20 or = 40 mg of melatonin, respectively.
(A = Relative percentage among those infected) (B = Relative percentage among those in each
group 20 and 40 mg) (C = Relative percentage with the total number of respondents).

Among the participants, 38 (61.40%) are considered at risk due to their professional activities,
of these only 3 people (7.89%) of this group and (4.83%) of the total number of respondents were
infected. While the rest 24 respondents did not have risk activities (38.59%), among these there
were two infected with SARS CoV-2. (p = 0.35; N.S). In five of the seven infected, their
professional activity is considered risky; they are health workers, some of whom have been treating
COVID-19 patients throughout the pandemic, and teachers, in permanent contact with the children
and/or adolescent population.

In this representative patients samples, we found 151 contacts as risk antecedents, who met the
previously indicated criteria, which represents an average contact/respondent of 2.43
contacts/person surveyed. On the other hand, the number of people who had suffered from the
COVID-19 disease and were living with the respondents were 102 individuales, which represents
an average of 1.64 patients per respondent. Data that are synthesized in the following, for each
person surveyed there have been 2.43 contacts and they have lived with 1.64 patients, an aspect
that in some way also reflects a certain protective effect of melatonin, without considering the
presence of these data in the general population, clearly inferior. The seven patients who finally
became infected had an asymptomatic process in 3 cases, mild without the need for medication in
two cases, and mild-moderate with the need for medication in another two cases. Finally, after a
few days of treatment there was a favorable evolution, without the need for intensive treatment (no
patient required admission to the Intensive Care Unit), the condition evolving favorably and with
no recognized sequelae to date.
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4. DISCUSSION
a. Melatonin and first level prevention.

The first objective of this work was to assess the possible preventive role that melatonin may
have against SARS CoV-2 infection. The literature has already pointed out various possibilities
and mechanisms that would justify this initial hypothesis. In this sense, it has been described that
melatonin constitutes a first line defense mechanism, without the participation of the immune
system (16). In fact, melatonin concentrations in the skin and liver are higher than in the serum,
where it reaches picomolar levels because it is synthesized by two different pathways (63, 64).
Melatonin synthesized in the skin promotes DNA repair and the expression of antioxidant enzymes,
in addition, it regulates mitochondrial function through interaction with cytochrome ¢ and the
electron transport chain (63).

In the lung, melatonin has the capacity to protect against particles that arrive in suspension (65,
66). Alveolar macrophages participate in this process (65), which could synthesize melatonin when
stimulated by airborne biotic and abiotic particles (67). These macrophages are the first defense
barrier against the entry of material through inhaled air and are essential for the resolution of
pulmonary inflammation (68). In addition, they reduce the deleterious effects of apoptotic
neutrophils (69), attenuate the inflammatory response induced by the inoculation of large numbers
of bacteria (70), and phagocytize medium particles and microorganisms (62, 64, 71). The
melatonin synthesized by these alveolar macrophages probably coordinates the first line of defense
and could even be a factor in distinguishing symptomatic from asymptomatic carriers (72).
Therefore, it should be considered that the melatonin of these physiological barriers forms part of
the first line of defense against infection, without the involvement of the immune system.

Our results must initially be included in this context, since if, in addition to these considerations,
we add continuous melatonin supplementation, it is logical to deduce that it is probably synergizing
in enhancing these mechanisms against SARS-CoV-2 infection. Although we have found
significant differences between the respondents and the general population, in terms of the
proportion/percentage of infection, we cannot ignore two important aspects: 1) Our population
must be considered at risk due to the age of a considerable number of people, with a mean age of
58.46 years, of which 61.40% (34 cases) are older than 60 years, and 14.51% (9 cases) are older
than 70 years. Persons who have also had 35 risk factors as a whole (Table 2), to which must be
added the contacts they have had during the study period (2.43 contacts/person), and 2) The data
used for the comparison with the Spanish reference population, are clearly lower than the real ones
as there are a significant number of cases that have not been recorded , among other reasons, due
to the collapse of the health system.

There is increasing evidence about the role that melatonin can play when administered together
with vaccines and/or medications, improving the immune response in the case of vaccines and
acting synergistically or minimizing certain side effects of some medications. As an immune
enhancer in vaccines, melatonin promotes T-cell immunity and plays an immunoregulatory role
by inhibiting inflammatory phenomena. Knowing its anti-inflammatory and immunomodulatory
properties (73, 74), Wang et al. (10) confirmed that the supplementation of the vaccine against
bovine diarrhea virus (BVDV) with melatonin caused the production of T lymphocytes in BALB/c
significantly inhibited the NF-xB signaling pathway both in vitro and in vivo. Concluding that
melatonin can be used as an immunopotentiator in recombinant vaccines because it has a direct
inhibitory effect against the virus in vitro and exhibits the ability to stimulate hosts to produce
adequate T lymphocytes to protect against BVDV infection.
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In contrast to downregulation of the overreaction of innate immune response, melatonin can
enhance the adaptive immune response, including balancing the ratio of T cell populations (75)
and increasing the number of B lymphocytes and their antibody titer after vaccination (76).
Gurunathan et al. (77) have suggested that melatonin administration could increase the potency of
the immune response and the duration of vaccine-induced immunity.

b. Melatonin and second level prevention.

The use of melatonin in the early stage of the COVID-19 disease, as already indicated in Figure
1, is about analyzing what role melatonin can have in the infected patients, to slow down its
evolution and avoid tissue damage. Considering the results that we have provided in this work,
and other contributions from the literature, the use of melatonin, before and even in the early stages
of the disease, could be a beneficial procedure for the patient. This idea is also supported by its
low cost and its tolerance to relatively high doses (78-82). Along with the possible role of
melatonin in early viral replication, its use in patients with COVID-19 could curb viral infection
(83). In the case of SARS-CoV-2 infection, the reduction of the prolonged inflammatory and
oxidative stress of the virus by melatonin allow the patient's own immune system to respond
appropriately to the infection and recover more efficiently with a reduced recovery time (84).

Another aspect of interest has been its use together with other antiviral drugs such as ribavirin
and acyclovir, demonstrating a synergistic effect and a better response to infection (85-88). In
addition, in pharmacological therapy, the joint administration with melatonin has been documented
that can also improve their efficacy and reduce certain adverse effects (89). With caution in
polymedicated patients due to possible interactions and inhibition of cytochrome P450 since
melatonin is mainly metabolized by this enzyme (90-92). For all these reasons, it seems logical to
consider the possibility of using melatonin for these purposes against the infection of patients with
COVID-19, at least we believe there are reasons for this.

c. Melatonin and third level prevention.

At this level of prevention, the role that melatonin plays through its ability to slow down the
progress of the disease, avoiding or reducing the possible complications that COVID-19 may
generate is discussed. These actions can be carried out by various mechanisms, among which the
following stand out:

4.3.1. Its role as an antioxidant.

An important effect of melatonin in the treatment of patients with COVID-19 is based on its
action to reduce tissue and cell damage caused by the virus and its pathophysiological
consequences. One of these functions is its potent antioxidant activity, in this sense we know that
antioxidants, such as GSH, and the antioxidant enzymatic activity of CAT, SOD, GPx and GR, are
the main contributors of total antioxidant capacity (TAC) in human plasma (93). The beneficial
effects of melatonin on GSH levels have been confirmed in many studies (94, 96) and are explained
by its direct antioxidant and scavenging effect, even more effectively than any other endogenous
antioxidants such as GSH (97).

It has been reported that melatonin reduces MDA levels (98-100), an action related to its
ability to scavenge free radicals (101), such as the peroxynitrite anion (102), the hydroxyl radical
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(103), and to detoxify the hydrogen peroxide (104), remove peroxynitrous acid (105), nitric oxide
(106) and singlet oxygen (107), which normally contribute to increased MDA levels by elevating
lipid peroxidation (108). Melatonin significantly decreases MDA levels (109).

Melatonin improves the activity of the main antioxidant defense enzymes, such as GPx (110,
111) and the activity of the enzyme glucose 6-phosphate dehydrogenase (G6PD) (112-114). Thus,
melatonin supplementation may lead to a decrease of DNA damage by increasing the activity of
the aforementioned enzymes and increasing ROS scavenging through high GSH levels (115).

Similarly, melatonin administration increases SOD activity as indicated by the elevated mMRNA
gene expression for both Mn-SOD and Zn-Cu-SOD (116, 117). SOD preserves and protects the
mitochondrial membrane from oxidative damage (118, 119) and melatonin increases
mitochondrial membrane protection and decreases calcium overload (120). It also has a critical
role in mitochondrial physiology through its impact on SOD gene expression and high GSH
recycling (121). In conclusion, melatonin administration can increase TAC, GSH levels, and GPx,
GR, and SOD activity, and significantly decrease MDA levels (109).

4.3.2. Melatonin as an anti-inflammatory molecule

Among the different effects exerted by melatonin, its role as an anti-inflammatory molecule
through several pathways (122-125), including down-regulation of NF-xB activation in T cells
and lung tissue (126, 127) and upregulation of Nrf2 (128). Since inflammation has a direct
relationship with cytokine and chemokine produc-tion, it appears that melatonin not only reduces
the proinflammatory cytokines TNF-a, IL-1B, IL-6 and IL-8, but also increases level of the anti-
inflammatory cytokine 1L-10 (129, 130). Certainly, it is possible that under certain conditions,
such as in immunosuppression or in its excessively high doses melatonin may promotes pro-
inflammatory actions to induce the proinflammatory cytokines, IL-1p, IL-2, IL -6, IL-12, TNF-a
and IFN-y (130). However, generally, melatonin exhibits an anti-inflammatory and protective
function (131) in models of infection presenting acute lung injury.

As previously mentioned, the use of melatonin attenuates circulating cytokine levels caused
by lung tissue damage, this was confirmed by a recent a randomized controlled trial (132). In this
work they treated patients with diabetes mellitus and periodontitis, who were orally administered
6 mg/day of melatonin for a period of 8 continuous weeks. This caused a significant decrease in
serum levels of IL-6, TNF-a and hs-C reactive protein (hs-CRP) as described by the authors. In
patients suffering from severe multiple sclerosis (133), melatonin 25 mg/day was administered
orally, for a period of 6 months a significant reduction of serum levels of TNF-a, IL-6, IL-1
and lipoper-oxides was observed (133). In this line, there are different works implemented during
the acute phase of inflammation or even during surgical stress (134), cerebral reperfusion (135),
and coronary artery reperfusion (136), the melatonin intake at different doses achieved reduction
in the levels of proinflammatory cytokines. For a corroboration of all these studies, a meta-analysis
consisting of a total of 22 randomized controlled trials was performed and the results showed that
the supplementation of melatonin was associated with a significant reduction in the level of TNF-
a and IL-6 as clinical evidence (137). It can be derived from this evidence that the use of melatonin
as a supplement can effectively reduce the levels of circulating cytokines and, potentially, can also
reduce the levels of proinflammatory cytokines in patients with COVID-19.

With these considerations and the data provided in this study seem rather conclusive: we found
no deaths or seriously ill patients, and without the need to admit any of the surveyed and infected
patients who take melatonin to the Intensive Care Unit. We consider that these are new arguments
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to recommend, as already indicated, to use melatonin as a drug according to the protocol that has
been proposed by these authors (138). Although we have the feeling that higher doses could be
even more effective, but these statements we believe are still pending the results of clinical trials
that are already underway.

4.3.3. Immunoregulatory role of melatonin.

The COVID-19 pandemic has made it possible to study melatonin as a pharmacological agent
to control the immune response triggered by SARS-CoV-2. Both virus and cell apoptosis trigger
and amplify the immune response. Exacerbation of cytokine production, excessive recruitment of
immune cells, and uncontrollable epithelial damage create a vicious cycle related to this vitus
infection (139). In this context, melatonin can modulate the immune response, on the one hand, by
reducing the excessive response of innate immunity and, on the other, by facilitating the response
of adaptive immunity (140).

The innate immune system uses receptors for pathogen-associated molecular patterns (PAMPS)
that recognize the RNA, DNA, proteins, and lipids of pathogens. These receptors help cells of the
innate immune system to eliminate pathogens. A response that has capacity to produce colleteral
tissue damage. For example in the case of TLR4 in sepsis, TLR4 recognizes bacterial LPS and
participates in the defense of pathogens, but its overactivation can exacerbate the septic condition
(141), Same as the TLR-9 and cGAS, which recognize the double-stranded pathogen DNA and
their overactivations induce the formation of the NLRP3 inflammasome. In this sense, melatonin
can inhibit the overactivation of TLR4, TLR9 and cGAS and balance the innate immune response
and consequently reduce tissue damage caused by their overaction (142-145).

The NLRP3 inflammasome is part of the innate immune response during pulmonary infection.
The pathogen would trigger the activation of NLRP3 to amplify inflammation. There is probably
a balance between the protective and damaging actions of NLRP3 in the lung. In an experiment
with mice, inhibition of NLRP3 early in infection increased mortality, while suppression of
NLRP3 at peak infection had a protective effect (146). This supports the use of melatonin when
inflammation is most intense. The efficacy of melatonin in regulating NLRP3 has been tested in
models of radiation-induced lung injury, allergic airway inflammation, and oxidative stress and
LPS-induced lung damage, in which melatonin reduced macrophage and neutrophil infiltration
into the lung due to inhibition of the NLRP3 inflammasome, (147; 148; 149).

Melatonin also participates directly in the cellular mechanisms of the innate immune response,
especially by decreasing its intensity, as occurs with the migration of neutrophils to inflammatory
areas. In this sense, the ability of melatonin to block ERK phosphorylation enables the inhibition
of neutrophil migration and associated tissue damage (150). Macrophages and mast cells
participate in antigen processing, and their exaggerated involvement leads to cytokine storm and
subsequent tissue damage. Melatonin receptors have been identified on these cells, indicating that
melatonin involves in the physiological functions of these immune cells (124, 151), indeed,
melatonin treatment down-regulates mast cell activation and it reduces the production of TNF-a
and IL-6, and inhibits the IKK/NF-kB signal transduction pathway in activated mast cells (152).

Regarding macrophages, in the evolution of COVID-19 in severely ill patients, there is a
depletion of the anti-inflammatory macrophage M2 and an increase in the proinflammatory
phenotype M1 (153). Mechanisms that have been shown to be reversed by administration of
melatonin (154), such that increased M2 macrophages help cleaning SARS-CoV-2 and suppress
the hyperinflammatory response mediated by M1 macrophages (155). Under physiological
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conditions, melatonin favors the mechanisms of innate immunity (156), without influencing the
protective effects of this system during the arrival of pathogens.

Melatonin exerts regulatory actions on the immune system and directly enhances the immune
response by enhancing the proliferation and maturation of natural killing cells, T and B
lymphocytes, granulocytes, and monocytes in both bone marrow and other tissues (157).
Consequently, during viral infection, melatonin reduces the exaggerated response of the innate
immune system (158), and secondarily improves the adaptive immune response, including the
balance of the ratio of populations of T and B lymphocytes (75, 76).

d. Melatonin and fourth level prevention.

Initially we must consider that melatonin offers an acceptable safety profile, especially when it
has been used in specific problems and with defined doses, such as in insomnia, cancer,
neurological problems, etc. (44, 46, 47, 91, 159-163). But, as shown in Figure 2, there are several
aspects to consider when discussing the possible role that melatonin may play at this level of
prevention. Probably the lack of randomized, double-blind clinical trials that more precisely define
aspects such as safety, dosage, routes of administration, adaptation to circadian rhythmicity,
usefulness in specific diseases, pharmacological interactions, adverse effects, etc., is the
fundamental reason why we still do not have specific guidelines for its use in the clinic, except for
some contributions such as the protocol recently proposed by Reiter et al. (138).

In any case, the available scientific literature allows us to comment on some of these aspects.
In a meta-analysis, the safety of melatonin has been studied when high doses >10 mg are used,
analyzing the number of adverse events (AEs), serious adverse events (SAEs) and withdrawals
due to AE, concluding that melatonin seems to have a good security profile. Across all studies
included in the review, there were approximately 913 AEs in 2114 participants receiving melatonin,
effects referred to as tiredness, fever, headache, and diarrhea. However, these side effects were
also present in the control groups, with 708 AEs reported from a total of 2,258 participants (33).
We have found no adverse effects in survey results with much higher doses and in the long term,
results that are consistent with a study in trained young athletes taking 100 mg of melatonin daily
for 4 weeks (164). In the data that we provide, we have 3 respondents who take 500 mg, 300 mg
and 245 mg respectively during the entire period of time that has elapsed without noticing any
adverse effect. With respect to the rest of the respondents, only one person has collected a "weight
gain”, and in no case were they recorded: headaches, fever, tiredness, etc. Results in line with two
other well-designed, double-blind, randomized studies with controls in which the toxicity and
adverse effects of melatonin have been analyzed (80, 165). In short, and as has already been
mentioned in another study, melatonin is safe in the short term, even when administered in high
doses (79).

AS drug interactions, melatonin metabolism is primarily mediated by CYP1A enzymes.
Therefore, interactions between melatonin and other active ingredients may occur because of their
effect on CYP1A. In practice, melatonin is often given as a substitute for drugs with known AD
profiles, such as glucocorticoids, opioids, benzodiazepines, and nonsteroidal anti-inflammatory
drugs (166).

Pharmacokinetic studies in humans have documented that drugs are metabolized by hepatic
CYP (1A2) enzymes, such as fluvoxamine (167), caffeine (168), and oral contraceptives (169),
increase plasma melatonin levels after exogenous administration, as does smoking cigarettes (170).
In contrast, plasma levels are reduced when combined with carbamazepine, rifampin, and zinc.
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Considerations that do not seem to have a special repercussion in the clinic, at least they have not
been clearly communicated. Melatonin in combination with a hypnotic (Zolpidem) for a few hours
affects psychomotor and driving performance, with no pharmacokinetic interactions detected (171).
In clinical trials, melatonin is usually administered as a hypnotic, anxiolytic, analgesic, or anti-
inflammatory drug (172, 173). Therefore, the adverse effects and safety profile should be
compared with drugs such as benzodiazepines, opiates, nonsteroidal anti-inflammatory drugs
(NSAIDs), and corticoids. These drugs induce both short-and long-term adverse effects and
complications (174). Benzodiazepines induce amnesia, confusion, dizziness, respiratory
dysfunction, and sedation (175). Opioids cause constipation, dizziness, itching, postoperative
nausea and vomiting, respiratory dysfunction, and sedation (176). Benzodiazepines and opiates
also induce tolerance and may pose a risk of addiction. An aspect that does not happen with
melatonin.

Nonsteroidal anti-inflammatory drugs increase the risk of gastrointestinal diseases, bleeding,
renal failure, cardiac and cerebral morbidity (177-180), and increase the risk of serious
postoperative complications (181). Finally, corticosteroids cause a series of serious adverse effects,
including osteoporosis, edema, hyperglycemia, glaucoma, and increased risk of infections (182).
In this context, the adverse effects of melatonin described above should be interpreted as mild.
However, the unestablished clinical efficacy of melatonin within most indications does not allow
it to replace drug regimens at this time, possibly with the exception of pharmacological treatments
in sleep disorders and as a preoperative anxiolytic (177, 183, 184).

e. Future implications.

A thorough knowledge of the characteristics of the pharmacokinetics of melatonin (185) and
its circadian variation is important for its clinical use. We believe that some of these aspects should
already be resolved based on the data listed above and the candidate patients are deserved to test
the benificial effects of melatonin. In this sense, it is a fundamental aspect to know the dose to be
administered in each pathological process, the route of administration and its fractionation
according to circadian variation, so that the dose adjustment can be precise.

It has already been shown that the doses that have been administered are low and certain studies
suggest that in certain processes considerably higher doses are required to achieve therapeutic
efficacy (186, 187). Current trials are investigating doses of 500 mg IV/d to reduce mortality in
COVID-19 patients in the ICU (NCT04568863), as well as 30 mg orally in outpatients with
COVID-19, with encouraging preliminary results and no AEs flashy (NCT04474483).

Regarding the results of this study after two years of intake, with no side effects being found,
we believe that 20 mg may be useful for primary prevention, at least in exposed contacts and with
a higher probability of contracting the infection by the SARS-CoV-2, as well as in people
considered at risk due to their characteristics (obesity, hypertension, immunosuppression, cancer,
etc.). Once the individual has been infected and the local defense mechanisms cannot stop viral
replication and the progress of the disease, the recommended dose should be >40 mg, it would be
a dosage that allows viral replication to stop, and reach the mitochondria (63, 188). When the
disease has progressed and the patient is hospitalized even with intensive care, the proposal by
Reiter et al (138) (Figure 4), is undoubtedly a good starting point to progress in the knowledge of
the clinical use of melatonin.

Furthermore, it has been argued that treatment of COVID-19 with melatonin, due to the urgency
of the pandemic, can be used before clinical trials are conducted, as current knowledge
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demonstrates its acceptable tolerability (30, 83, 137) in fact there are two double-blind randomized
clinical trial protocols using melatonin doses of 5 mg twice daily orally in capsule for 7 days and
5 mg per kg body weight intravenously every 6 hours for 7 days (22. 35). The considerations,
which are certainly not definitive, but are along the lines of clarifying the problems described, will
undoubtedly become clearer when the results of ongoing clinical trials are provided.

| Patient admitted to hospital with symptoms suggestive of COVID-19 infection |

|

| Patients with mild symptoms Patients with respiratory symptoms y SO2 <94% on room
air, or requiring supplemental oxygen

Melatonin 50 mg PO/BID for 7 days
and Hydroxychloroquine: 400 mg BID day 1 | Admission to Intensive Care
followed by 200 mg BID for 4 days

l Melatonin 200 mg PO/ BID for 7 days and
Hydrochloroquine 400 mg BID day 1

Followed by 200 mg BID for 4 days

|

Supportive care +
Breathing support as needed by the patient

Fig. 4. Proposal for melatonin treatment in patients with COVID-19 based on its severity
and clinical course.
Modified from Reiter et al. [137].

f. Conclusions.

Knowing the characteristics of the pharmacokinetics of melatonin @8 and its circadian
variation, we believe that there are aspects that should already be resolved and candidate patients
should be given melatonin for its benificial effects. In this sense, it is important to know the dose
that must be given in each pathological process, the route of administration and its fractionation
based on the circadian variation.
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