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Vaccines are a major weapon to control the present COVID-19 pandemic. To achieve this
goal, vaccines should confer a robust and long-lasting immunity against SARS-Cov-2.
Breakthrough infections and waning immunity are currently observed in patients that
recovered from COVID-19 as well as in the vaccinated people. Therefore, a highly
effective vaccine is needed to control the present and future outbreaks. Exogenous N-
acetyl-5-methoxy-tryptamine or melatonin (MLT) is well known to potentiate an effective
and equilibrated immune response in a variety of situation including viral and bacterial
infections and vaccines against different microbial and cancer antigens. In regard to anti-
SARS-Cov-2 vaccines, beside stimulating specific 1gG production as well as specific
CD4+ and CD8+ T cells, exogenous MLT might also enhance specific IgA and secretory
IgA in the mucosae; hence, preventing the re-infection and/or asymptomatic transmission
of the virus. Thus, a study is urgently proposed to evaluate the effects of MLT
administration either before or after vaccination against SARS-Cov-2 to evaluate its effect
on strength, quality and duration of the immunity. Las but not least, due to its powerful
antioxidant and anti-inflammatory properties, MLT administration might minimize the
occurrence of adverse events after the vaccination.
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N-acetyl-5-methoxy-tryptamine  or
melatonin (MLT) is a very ancient indoleamine, endowed with
impressive pleiotropic effects. Its primary role in primitive
unicellular organisms is that of a powerful antioxidant. Later
during evolution, MLT acquired many other biological
functions such as synchronizing the organism in the
photoperiod and modulating the immune response in all
vertebrates [1]. MLT may be synthesized in virtually any cell
type of organisms, including immunocompetent cells. [2].
Nonetheless, the source of plasma MLT is the pineal gland
which synthesizes and releases it into the blood during the night
darkness hours. This circadian rhythm of secretion is generated
by the suprachiasmatic nuclei and entrained by the light/ dark
cycle of the day. Light is, in fact, able to inhibit or synchronize
MLT synthesis, to adjust the light/dark schedule via the
sympathetic nervous system [3]. In contrast, extra-pineal MLT
neither circulates nor shows any circadian variation and may
exert only autocrine or paracrine effects [2].

In any case, MLT acts via membrane receptors, MT1
(MTNRZ1A, in humans) and MT2 (MTNR1B in humans). MT1

;and MT2 may be found in almost all tissues as heterotrimeric
Gi/ Go and Gg/11 protein-coupled receptors. Furthermore,
MLT might interact at the nuclear level with retinoid orphan
receptors/ retinoid Z receptors [4]. MLT receptors mediate an
extraordinary number of intracellular events such as modulation
of cyclic nucleotides and calcium concentration, triggering of
protein kinase C subtypes, displacement of intracellular steroid
hormone receptors and modulation of G protein signaling. As
for other hormones, MLT receptors are downregulated by the
agonist and thus both receptors expression and responses show
a circadian variation [5].

The first evidence that MLT could influence the immune
response dates back to the eighties of the past century [6, 7].
Today, this MLT property is recognized to the extent that a
dysregulation of MLT synthesis has been associated in humans
with the pathogenesis of autoimmune diseases such as
rheumatoid arthritis, systemic lupus erythematosus and multiple
sclerosis [8]. The interplay between Thl, Th17 and Treg cells is
unbalanced in autoimmune diseases and MLT has been shown
to equilibrate this interplay in favor of Treg cells [9]. On the
other hand, MLT may boost the immune and inflammatory
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responses [10], function as a Toll-like receptor inhibitor [11]
and/or as a most powerful lipophilic antioxidant [12]. Due to all
these properties, MLT has been suggested to work as a buffer
of the immune system aimed at optimizing the immune
responses [13]. Here, the term “buffer” means that in basal or
immunosuppressed states, MLT may function as an
immunostimulant, providing the conditions for a more effective
immune response against microbial pathogens such as bacteria,
viruses and parasites. Meanwhile, in presence of an exaggerated
immune response, such as during severe infections or septic
shocks, MLT may exert an immune depressing action and could
be considered an anti-inflammatory molecule. The relative
contribution of the various MLT receptors in these contrasting
effects is not yet clear.

Most interestingly, even MLT pretreatment may modify
the immune reactivity, that is when administered before any
antigenic challenge [14]. This remarkable effect might involve
a direct MLT influence on peripheral immunocompetent cells
as well as on hematopoiesis [15]. In particular, MLT may
stimulate platelets production [16] and rescue bone marrow
cells against the toxic effects of anti-cancer drugs [17]. A series
of studies even indicated the existence of a physiological
immune-pineal axis. In an acute inflammatory response, the
transcription factor NFkB switches MLT synthesis from the
pineal gland to macrophages/microglia and upon resolution of
inflammation back to the pineal gland. Switching the source of
MLT production from the pineal gland to immunocompetent
cells seems to be involved in the appropriate activation of the
immune responses [18]. These complex effects of MLT on
immunity results also from its action on monocytes,
macrophages, neutrophils, basophils, eosinophils and dendritic
cells (i.e., the players of innate immunity) [19]. However, it is
in the adaptive phase of the immune response that MLT plays a
crucial role, especially on T cells. T cells express both
membrane and nuclear MLT receptor and are themselves
capable of synthesizing the indoleamine. MLT may enhance IL-
2 production and modulate T cell activation and differentiation
for Th17, Treg and memory T cells [20].

Because of these important properties, together with the
observation that MLT may be of therapeutic value against
parasites [21], viral and bacterial infections as well as in sepsis
[22], the indoleamine has been widely suggested to exert a
protective role against SARS-Cov-2 infection or as a
therapeutic agent in COVID-19. Here | quote, just few
examples out of 98 articles retrieved in PubMed [23,24,25,26].
It should also be mentioned that COVID-19 is often severe in
elderly males, that is in a population in which plasma MLT
concentration may be particularly low [27]. Exogenous MLT
may act also as an adjuvant in various vaccines and has been
shown to enhance the quality and the strength of the immune
responses against a variety of microbial and cancer antigens.
MLT administered in sheep as an adjuvant for a vaccine against
Dichelobacter nodosus could increase specific IgG+ B cells and
CD4+ T cells [28]. In a another study in mice, using MLT
together with an anti-cancer DNA vaccine increased the
generation of specific CD8+ Tcells [29]. Taken together, all
these considerations suggest that exogenous MLT might
optimize the immune responses also in anti SARS-Cov-2
vaccines by coordinating the antibody response and SARS-
Cov-2 specific CD4+ and CD8+ T cells, resulting in increased
efficacy and long-lasting immunity against the virus.

Interestingly, coordinated antibody response and SARS-
Cov-2 specific CD4+ and CD8+ T cells were associated with
milder disease in COVID-19 patients. This coordination was
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lost in patients over the age of 65 who failed to control the
disease [30]. Hence, one could infer that administration of MLT
during COVID-19 vaccination might be especially useful for
the elderly patients; however, the available evidence does not
discriminate among sex and age, as far as its immunological
properties are concerned.

In addition, as natural immunity acquired by COVID-19 in
certain cases do not protect against the reinfection [31], the
possibility to boost and prolong the immunity conferred by
vaccines is probably the key to control the pandemic. In fact,
waning immunity is currently observed in patients who
recovered from COVID-19 and also in the vaccinated people
[32]. Last but not least, the immuno-equilibrating and
antioxidant properties of MLT may well reduce the incidence of
adverse events following anti-SARS-Cov-2 vaccination.

In conclusion, it is suggested to perform a study to assess
the effects of MLT administration before and/or after
vaccination against SARS-Cov-2 on the strength and quality of
the immune response, considering specific IgG production as
well as specific CD4+ and CD8+ T cells. In addition, it would
be advisable to evaluate also the level of specific IgA and
secretory IgA. In fact, a robust IgA production would neutralize
the virus at the mucosal surface, preventing the possibility of a
vaccine breakthrough infection as well as of becoming
asymptomatic carriers of the virus [33]. Interestingly, it has
been reported that MLT administration in football players
before exercise could minimize oxidative stress and increase
the level of mucosal IgA [34]. A reevaluation of the same
parameters at 6 and 12 months after the vaccination would
check the possibility that MLT might prolong the immunity
against SARS-Cov-2. In addition, if the effect of MLT were
strong enough, one might consider reducing the vaccination
schedule to one injection, at least for the vaccines that are now
considered for two doses. This would greatly simplify
vaccination strategies in the future as it seems probable that a
vaccination campaign will have to be repeated every year.

MLT should be administered orally in the evening at a
dose able to ensure a sustained plasma concentration for
substantial part of the night for 10 days. MLT displays a short
blood half-life, so fast release preparations should be
administered at a high dose (several mg per day), while
prolonged release preparations can be administered at 2 mg per
day. However, no study has addressed the relationship between
the pharmacokinetic of exogenous MLT and its effects. These
suggestions are extrapolated from previous pharmacological
studies and the observation that physiologically, plasma MLT
concentration during the night remains elevated for several
hours [3]. Therefore, in the case of fast released preparations, |
would propose a dose of 6 mg per day divided in two doses of 3
mg with the second dose administered 3 hours after the first
one. High supra-pharmacological doses (over 50 mg per day)
should be avoided because such doses might over-downregulate
MLT receptors and disrupt the endogenous circadian rhythm,
resulting in immunosuppression [7]. Ideally, the study should
consider four arms: MLT pre-treatment ending the evening
before vaccination; MLT treatment after vaccination starting
the day of vaccination and a placebo as control for both groups.
It is well known that exogenous MLT may produce, if any, only
mild adverse effects, mostly related to its ability to alter sleep
structures.

Finally, | take the privilege of adding a general comment:
current vaccines against SARS-Cov-2 have been designed
starting from the observation that the virus S protein is highly
immunogenic and that the immune response elicited may confer
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protection against the infection [35]. | believe that the
contemporary pandemic has provided an unprecedented
occasion to test new vaccine platforms in human beings on the
largest possible scale. Perhaps, this is favored by the need of
rapidly getting an effective vaccine and, maybe, by the
possibility of using the same approach to stimulate the
production of other non-antigenic proteins with therapeutic
properties in the patients. However, present-day reports tell us
about the emergence of new genomic variants of the virus that
pose a greater threat to the public health, due to increased
transmissibility or infectivity. Hence, the risk that vaccines
based on only one viral protein might turn to be ineffective, is
real. On the contrary, vaccines based on inactivated or
attenuated virus have the advantage of presenting to the
immune system an antigenic array, similar to that of the
invading virus. | would thus reconsider this approach, with all
the necessary precautions, and combine it with exogenous MLT
as a possible solution to control the pandemic.

CONFLICT OF INTEREST
The author declares he has no conflict of interests.

REFERENCES

1. Tan DX, Hardeland R, Manchester LC, Paredes SD, KorkmazA, Sainz
RM et al. The changing biological roles of melatonin during evolution:
from an antioxidant to signals of darkness, sexual selection and fitness. Biol
Rev Camb Philos Soc. 2010; 85(3): 607-23. doi: 10.1111/j.1469-
185X.2009.00118.x.

2. Acufa-Castroviejo D, Escames G, Venegas C, Diaz-Casado ME, Lima-
Cabello E, Lopez LC et al. Extrapineal melatonin: sources, regulation, and
potential functions. Cell Mol Life Sci. 2014; 71(16): 2997-3025. doi:
10.1007/s00018-014-1579-2.

3. Claustrat B, Leston J. Melatonin: Physiological effects in humans.
Neurochirurgie. 2015; 61(2-3):77-84. doi: 10.1016/j.neuchi.2015.03.002.

4. Jockers R, Delagrange P, Dubocovich M, Markus RP, Renault N, Tosini
G et al. Update on melatonin receptors: IUPHAR Review 20. Br J
Pharmacol. 2016; 173(18): 2702-2725.

5. Pandi-Perumal SR, Trakht I, Srinivasan V, Spence D, Maestroni GJ,
Zisdapel N et al. Physiological effects of melatonin: role of melatonin
receptors and signal transduction pathways. Prog Neurobiol.
2008;85(3):335-53. doi: 10.1016/j.pneurobio.2008.04.001. Epub 2008 Apr
16. PMID: 18571301.

6. Maestroni GJ, Conti A, Pierpaoli W. Role of the pineal gland in
immunity. Circadian synthesis and release of melatonin modulates the
antibody response and antagonizes the immunosuppressive effect of
corticosterone. J Neuroimmunol. 1986, 13(1),19-30. doi: 10.1016/0165-
5728(86)90047-0..

7. Maestroni GJ, Conti A, Pierpaoli, W. Role of the pineal gland in
immunity: Il. Melatonin enhances the antibody response via an opiatergic
mechanism. Clin Exp Immunol. 1987; 68(2): 384-91. PMID: 3308215;
PMCID: PMC1542725.

8. Skarlis C, Anagnostouli,M. The role of melatonin in Multiple Sclerosis.
Neurol Sci. 2020; 41(4): 769-781. doi: 10.1007/s10072-019-04137-2.

9. Zhao CN, Wang P, Mao YM, Dan YL, Wu Q, Li XM et al. Potential
role of melatonin in autoimmune diseases. Cytokine Growth Factor Rev.
2019; 1-10. doi: 10.1016/j.cytogfr.2019.07.002. Epub 2019 Jul 16.

10. Maestroni GJ. The immunotherapeutic potential of melatonin. Expert
Opin Investig Drugs. 2001; 10(3): 467-76. doi:
10.1517/13543784.10.3.467. PMID: 11227046.

11. Xu, X,.;Wang, G.; Ai, L.; Shi, J.; Zhang, J.; Chen, Y.X. Melatonin
suppresses TLRO-triggered proinflammatory cytokine production in
macrophages by inhibiting ERK1/2 and AKT activation. Sci Rep. 2018,
8(1), 15579. doi: 10.1038/s41598-018-34011-8.

12. Ferlazzo N, Andolina G, Cannata A, Costanzo MG, Rizzo V, Currdo M
et al. Is Melatonin the Cornucopia of the 21st Century? Antioxidants
(Basel). 2020; 9(11):1088. doi: 10.3390/antiox9111088. PMID: 33167396;
PMCID: PMC7694322.

13. Carrillo-Vico A, Lardone PJ, Alvarez-Sanchez N, Rodriguez-
Rodriguez A, Guerrero JM. Melatonin: buffering the immune system. Int J

2020 Vol. 7 No. 2

99

Melatonin as Adjuvant in Anti-SARS-CoV-2 Vaccines

Mol Sci. 2013; 14(4): 8638-83. doi: 10.3390/ijms14048638. PMID:
23609496; PMCID: PMC3645767.

14. Pal R, Gulati K, Banerjee BD, Ray A. Pharmacological and
biochemical studies on the protective effects of melatonin during stress-
induced behavioral and immunological changes in relation to oxidative
stress in rats. Can J Physiol Pharmacol. 2016; 94(3): 296-301. doi:
10.1139/cjpp-2015-0240.

15. Maestroni, GJ. The photoperiod transducer melatonin and the immune-
hematopoietic system. J Photochem Photobiol B. 1998; 43(3): 186-92. doi:
10.1016/s1011-1344(98)00107-9. PMID: 9718719.

16. Chen S, QiY, Wang S, Xu Y, Shen M, Hu M et al. Melatonin enhances
thrombopoiesis through ERK1/2 and Akt activation orchestrated by dual
adaptor for phosphotyrosine and 3-phosphoinositides. J Pineal Res. 2020,
68(3), €12637. doi: 10.1111/jpi.12637.

17. Maestroni, GJ, Covacci V, Conti A. Hematopoietic rescue via T-cell-
dependent, endogenous granulocyte-macrophage colony-stimulating factor
induced by the pineal neurohormone melatonin in tumor-bearing mice.
Cancer Res. 1994; 54(9): 2429-32.

18. Markus RP, Fernandes PA, Kinker GS, da Silveira Cruz-Machado S,
Marcola M. Immune-pineal axis-acute inflammatory responses coordinate
melatonin synthesis by pinealocytes and phagocytes. Br J Pharmacol. 2018;
175(16): 3239-3250. doi:10.1111/bph.14083

19. Calvo JR, Gonzélez-Yanes C, Maldonado MD. The role of melatonin
in the cells of the innate immunity: a review. J Pineal Res. 2013; 55(2),:
103-20. doi: 10.1111/jpi.12075.

20. Ren W, Liu G, ChenS, YinJ, Tan B, Wu G et al. Melatonin signaling
in T cells: Functions and applications. J Pineal Res. 2017; 62(3). doi:
10.1111/jpi.12394.

21. Elmahallawy ERK, Jiménez-Arand A, Martinez AS, Rodriguez-
Granger J, Navarro-Alarcon M, Gutierrez-Fernandez et al. Activity of
melatonin against Leishmania infantum promastigotes by mitochondrial
dependent pathway. Chem Biol Interact. 2014; 220: 84-93. doi:
10.1016/j.cbi.2014.06.016

22. Srinivasan V, Mohamed M, Kato H. Melatonin in bacterial and viral
infections with focus on sepsis: a review. Recent Pat Endocr Metab
Immune Drug Discov. 2012; 6(1): 30-39. doi:
10.2174/187221412799015317. PMID: 22264213.

23. Cardinali DP, Brown GM, Pandi-Perumal SR. Can Melatonin Be a
Potential "Silver Bullet" in Treating COVID-19 Patients? Diseases. 2020;
8(4): 44. doi: 10.3390/diseases8040044.

24. Zhang R, Wang X, Ni L, Di X, Ma B, Niu S et al. COVID-19:
Melatonin as a potential adjuvant treatment. Life Sci. 2020; 250. 117583.
doi: 10.1016/j.1f5.2020.117583.

25. Inchingolo AD, Inchingolo AM, Bordea IR, Malcangi G, ZhAjanka E,
Scarano A et al. SARS-CoV-2 Disease Adjuvant Therapies and
Supplements Breakthrough for the Infection Prevention. Microorganisms.
2021; 9(3): 525. doi: 10.3390/microorganisms9030525.

26. Root-Bernstein R. Innate Receptor Activation Patterns Involving TLR
and NLR Synergisms in COVID-19, ALI/ARDS and Sepsis Cytokine
Storms: A Review and Model Making Novel Predictions and Therapeutic
Suggestions. Int J Mol Sci. 2021,; 22(4): 2108. doi: 10.3390/ijms22042108.
PMID: 33672738,;

27. Touitou Y, Fevre-Montange M, Proust J, Klinger E, Nacache JP. Age-
and sex-associated modification of plasma melatonin concentrations in
man. Relationship to pathology, malignant or not, and autopsy findings.
Acta  Endocrinol  (Copenh).  1985;  108(1): 135-44.  doi:
10.1530/acta.0.1080135. PMID: 3969806.

28. Ramos A, Miguez MP, Morgado S, Sanchez-Correa B,Gordillo JJ,
Casado JG et al. Melatonin enhances responsiveness to Dichelobacter
nodosus vaccine in sheep and increases peripheral blood CD4 T
lymphocytes and 1gG-expressing B lymphocytes. Vet Immunol
Immunopathol. 2018; 206: 1-8. doi: 10.1016/j.vetimm.2018.11.006. Epub
2018 Nov 8. PMID: 30502907.

29. Baghban Rahimi S, Mohebbi A, Vakilzadeh G, Biglari P, Razeghi
Jahromi S, Mohebi SR et al. Enhancement of therapeutic DNA vaccine
potency by melatonin through inhibiting VEGF expression and induction of
antitumor immunity mediated by CD8+ T cells. Arch Virol. 2018; 163(3):
587-597. doi: 10.1007/s00705-017-3647-z. Epub 2017 Nov 17. PMID:
29149434,

30. Rydyznski Moderbacher C, Ramirez SI, Dan JM, Grifoni A, Hastie
KM, Weiskopf D et al. Antigen-Specific Adaptive Immunity to SARS-
CoV-2 in Acute COVID-19 and Associations with Age and Disease
Severity. Cell. 2020; 183(4): 996-1012.e19. doi:
10.1016/j.cell.2020.09.038.

31. Roberts AST, Piani F, Longo B, Andreini R, Meini S. Reinfection of
SARS-CoV-2 - analysis of 23 cases from the literature. Infect Dis (Lond).


http://dx.doi.org/10.52547/vacres.7.2.97
http://vacres.pasteur.ac.ir/article-1-258-fa.html

[ Downloaded from vacres.pasteur.ac.ir on 2026-06-08 ]

[ DOI: 10.52547/vacres.7.2.97 ]

Georges JM Maestroni

2021; Apr 13: 1-7. doi: 10.1080/23744235.2021.1905174. Epub ahead of
print. PMID: 33849385.

32. To KK, Hung IF, Ip JD, Chu AW, Chan WM, Tam AR et al. COVID-
19 re-infection by a phylogenetically distinct SARS-coronavirus-2 strain
confirmed by whole genome sequencing. Clin Infect Dis. 2020; Aug
25:ciaal275. doi: 10.1093/cid/ciaal275. Epub ahead of print. PMID:
32840608.

33. Quinti I, Mortari EP, Fernandez Salinas A, Milito C, Carsetti R. 1gA
Antibodies and IgA Deficiency in SARS-CoV-2 Infection. Front Cell Infect
Microbiol. 2021; 11,:655896. doi: 10.3389/fcimb.2021.655896.

100

Melatonin as Adjuvant in Anti- SARS-CoV -2 Vaccines

34. Maldonado MD, Manfredi M, Ribas-Serna J, Garcia-Moreno H, Calvo
JR. Melatonin administrated immediately before an intense exercise
reverses oxidative stress, improves immunological defenses and lipid
metabolism in football players. Physiol Behav. 2012 ; 105(5): 1099-103.
doi: 10.1016/j.physbeh.2011.12.015.

35. Al-Kassmy J, Pedersen J, Kobinger G. Vaccine Candidates against
Coronavirus Infections. Where Does COVID-19 Stand?. Viruses. 2020;
12(8): 861. https://doi.org/10.3390/v12080861.

2020 Vol. 7 No.2


http://dx.doi.org/10.52547/vacres.7.2.97
http://vacres.pasteur.ac.ir/article-1-258-fa.html
http://www.tcpdf.org

