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Abstract: Emergence of a sudden novel coronavirus disease (COVID-19), reported primarily in the Wuhan, Hubei province of 

China, changed the scenario of global medical science. Observing the increasing human loss and seriousness of the situation, World 

Health Organization (WHO) declared it as a global pandemic in March 2020. However, later it was defined as severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) by the International Committee on Taxonomy of Viruses defined. In earlier 

stages of infection, COVID-19 was demonstrated as a lethal lung disease, but increasing reports regarding gastrointestinal (GI) 
complications clearly suggested GI tract as a possible route of SARS-CoV-2 infection and at the same time also indicated that SARS-

CoV-2 in not confined to lungs only and may migrate to other vital organs. Further research revealed that SARS-CoV-2 pathogenesis 

primarily through upregulation of different chemokines and interleukins, a situation termed as “cytokine storm”. In this regard, 

melatonin, an endogenous indolamine hormone, seems to be the most promising therapeutic agent to neutralize SARS-CoV-2 

induced pathological states. Being a powerful antioxidant, immunomodulator and anti-inflammatory agent, implication of melatonin 

against COVID-19 induced GI complications cannot be neglected. Moreover, existence of the endogenous synthesizing machinery of 
melatonin distributed throughout the entire length of the GI tract adds on to its advantages over other therapeutic molecules. Despite 

of the fact that melatonin is reported to have no serious side effect at short- or long term use and even at high dose, but its 

implacability must undergo standard medical protocols before being applied to human beings. 
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INTRODUCTION 
In early 2019, detection of complicated pneumonia 

caused by novel coronaviride virus family 

member, coronavirus, in Wuhan, Hubei province 

of China got finally defined as severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-

2) in early 2020 by International Committee on 

Taxonomy of Viruses (ICTV) (Gu. et al., 2020; Ng 

and Tilg, 2020; Phelan. et al., 2020; Wu. et al., 

2020; Zhu. et al., 2020). On 11th March, 2020, 

World Health Organization (WHO) designated 

SARS-CoV-2 infection as pandemic due to its 

pleiotropic transmission modes causing enormous 

loss of human life globally (Gu. et al., 2020). 

Existence of non-segmented positive sense RNA 

in the virus envelope and its distribution in 

multiple mammalian species facilitates such beta 

coronavirus to develop complex respiratory 

syndromes (Kuiken. et al., 2003; Su. et al., 2016; 

Huang. et al., 2020). On 27
th
 January, 2022 WHO 

has declared 364,191,494 numbers of COVID-19 

cases and 5,631,457 deaths in their global situation 

report. Apart from the respiratory symptoms and 

complications (Chen. et al., 2020; Huang. et al., 

2020), about 10% COVID-19 patients were also 

found to face severe diarrhea along with 

abdominal pain and vomiting. Such contention 

indicated the possible involvement of the 

gastrointestinal tract in the development of SARS-

CoV-2 infection. As mentioned by WHO on 26
th
 

November 2021, five different variants of SARS-

CoV-2 have been spotted in different parts of the 

world of which Omicron has been evidenced for 

serious concern due to its rapid transmission and 

potentially of re-infection. Despite of the 

numerous attempts to understand the underlying 

mechanism of SARS-CoV-2 infection in the 

gastrointestinal tract (GIT) and its spread to the 

other organs, only spoon full information has been 

gathered (Leung. et al., 2020; Zhang. et al., 2020).  
 

On the other hand, melatonin (N-acetyl-5-

methoxytryptamine), an endogenous hormone is 

known for its pleiotropic beneficial actions in 

treating diverse diseases and pathological states in 

mammals induced by varied modes. Notably, this 

tiny indolamine is also well demonstrated to be 

advantageous in combat against different 

respiratory associated diseases and viral infections 

(Huang. et al., 2010; Yip. et al., 2013; Wu. et al., 

2019; Reiter. et al., 2020). Moreover, availability 

of melatonin receptors and evidence regarding the 

presence of its endogenous synthesis throughout 

the GIT of diverse mammal, including human 

(Kvetnoy. et al., 2002; Pal. et al., 2018), promoted 

its local actions as a strong anti-inflammatory, 

immunomodulatory and antioxidative agent.  

Based on the available evidences, implication of 

melatonin in restricting SARS-CoV-2 persuaded 

respiratory complications and other side effects 

cannot be overlooked (Pal. et al., 2018, 2019; 

Reiter. et al., 2020). Thus, novelty of this present 

treatise lies in its hypothesis indicating the utility 
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of endogenous as well as exogenous melatonin as 

a potent agent in restricting or, curing SARS-CoV-

2 induced GI complications. However, detailed 

research on this area is required in future before its 

application in any human being. 
 

COVID-19 Respiratory Disease and 

Gastrointestinal Tract: A VIS-A-VIS 

Relationship 

Depending on the clinical data gather so far, it is 

clear that SARS-CoV-2 infection is not solely lung 

associated phenomena, it may also be transmitted 

to other important mammalian organs where it 

may cause serious injury to the tissue or organ 

(Hu. et al., 2020; Yang. et al., 2020; Yao. et al., 

2020). Such contention earns support as 

coronavirus family members, in general, are 

reported to affect the respiratory system, GI tract 

and central nervous system in human and other 

mammalian species (Perlman and Netland, 2009). 

Since, anorexia and diarrhoea were common 

digestive symptoms in SARS-CoV-2 positive 

patients therefore GI tract is suggested as a prime 

target organ for Covid-19 infection (Leung. et al., 

2020; Lu. et al., 2020; Mao. et al., 2020; Ng and 

Tilg, 2020). 
 

Variants of Sars-CoV-2 

Based on the enhanced risk to public health, WHO 

in late 2020 defined the different emerging 

variants of SARS-CoV-2 in two categorise- 

Variants of Interest (VOIs) and Variants of 

Concern (VOCs) to track the pandemic situation 

and ongoing development in research. Meanwhile, 

WHO has designated five different variants of 

SARS-CoV-2 reported at different regions of the 

world during different time- 
 

Alpha variant (B.1.1.7; Pango lineage) that 

possess additional amino acid changes at location 

+S:484K and +S:452R was first reported in the 

United Kingdom during September 2020, and got 

finally designated on 18
th
 December, 2020; 

 

Beta variant (B.1.351; Pango lineage) that possess 

additional amino acid changes at location +S:L18F 

was first reported in South Africa during May 

2020, and got finally designated on 18
th
 December, 

2020;  
 

Gamma variant (P.1; Pango lineage) that possess 

additional amino acid changes at location +S:681H 

was first reported in Brazil during November 

2020, and got finally designated on 11
th
 January, 

2021;  
 

Delta variant (B.1.617.2; Pango lineage) that 

possess additional amino acid changes at location 

+S:417N and +S:484K was first reported in India 

during October 2020. The VOI and VOC were 

designated on 4
th
 April, 2021 and 11

th
 May, 2021, 

respectively; and 
 

Omicron variant (B.1.1.529; Pango lineage) that 

possess additional amino acid changes at location 

+S:R346K was first reported in multiple countries 

during November 2021. The VOI and VOC were 

designated on 24
th
 November, 2021 and 26

th
 

November, 2021, respectively. Among these 

different variants of SARS-CoV-2, omicron seems 

to be of present concern because of its unique 

potentiality to undergo rapid and prolong mutation 

that enhances it probability to re-infect people. 
 

SARS-CoV-2 and Gi Tract: The Hypothesis 
Microbial infection in the mammalian GI tract is 

restricted due to the presence of immune-

regulatory intestinal epithelial barrier (Harvey. et 

al., 2017). Generally, viruses especially corona 

virus infects and damages the absorptive 

enterocyte leading to insufficient absorption and 

abnormal intestinal secretion that eventually 

triggers enteric nervous system (Desmarets. et al., 

2014; Ettayebi. et al., 2016; Crawford. et al., 

2017). Interestingly, SARS-CoV-2 infection was 

reported in different parts of the GI tract in 2 

corona positive patients and in the stool samples of 

about 22 patients (Holshue. et al., 2020; Mao. et 

al., 2020; Ng and Tilg, 2020; Tang. et al., 2020; 

Xie. et al., 2020). Thus, viral growth in the 

intestinal cells proves the susceptibility of the GI 

tract to SARS-CoV-2 infection where the virus 

infects two particular type of cells viz. 

oesophageal upper cells and absorptive enterocytes 

that possess receptors for angiotensin converting 

enzyme-2 (ACE2) and transmembrane protease 

serine 2 (TMPRSS2). This may be the possible 

cause behind the emergence of diarrhoea and 

nausea 1-2 days before the development of fever 

along with respiratory symptoms (Pan. et al., 

2020; Wang. et al., 2020; Zhang. et al., 2020). 

Evidences demonstrated the capability of SARS-

CoV-2 in damaging human liver though their 

association with ACE2 receptors causing their 

over-expression in the hepatic cells (Guan. et al., 

2020). Similarly, SARS-CoV-2 is also found to 

modulate intestinal microflora which in turn alters 

mucosal immune strategies, thus affecting the 

respiratory tract (Budden. et al., 2017; He. et al., 

2017). In light of these evidences, it is clear that 

emergence of frequent GI complications and 

increasing disease severity in COVID-19 patients 



  

 
 

3 
 

Pal, P.K. and Panigrahi , A.K.  Sarc. Jr. int. med. Pub. Heal.vol-1, issue-1 (2022) pp-1-11 

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 
 

may result from increasing viral replication in the 

resident GI cells (Pan. et al., 2020). 
 

SARS-CoV-2: Entry and Pathogenesis in 

Gastrointestinal Tract 
In case of transmission between human, people in 

close proximity (1 meter) are at high risk of getting 

infected to SARS-CoV-2, since direct contact or 

air droplets serve as the prime mediators in such 

transmission (Gu. et al., 2020; Wang. et al., 2020; 

Zhu. et al., 2020). Although a few fragmentary 

reports are available on the mode of SARS-CoV-2 

infection in the GI tract, but the exact mechanism 

is still not revealed. Recent research on single-cell 

RNA sequencing have revealed that SARS-CoV-2 

virus, in order to enter the gastrointestinal host 

cell, targets only those intestinal cells that 

expresses both receptors of ACE2 and TMPRSS2 

(Chai. et al., 2020; Liang. et al., 2020; Zhang. et 

al., 2020; Zhou. et al., 2020). Such contention 

earns support since increased ACE2 and 

TMPRSS2 expression was noted in different GI 

samples of SARS-CoV-2 infected persons (Liang. 

et al., 2020; Zhang. et al., 2020; Zhou. et al., 

2020). Such novel observation supported the 

capability of SARS-CoV-2 to spread to other 

extrapulmonary organs or, tissues (Chai. et al., 

2020; Zhang. et al., 2020) possibly through 

enhanced permeability to intestinal 

lipopolysaccharide (Powers. et al., 2020). 
 

Based on the data gathered so far, it is clear that 

transmission and pathogenesis of SARS-CoV-2 

involves multiple steps- (i) SARS-CoV-2 attaches 

to the host cell and recognizes specific surface 

receptor; (ii) Protease cleaves and fuses 

membranes; (iii) Transmembrane spike 

glycoprotein (S-protein) of SARS-CoV-2 

recognizes the binding domains and binds to 

ACE2 and TMPRSS receptors; and (iv) Enters the 

host cell, starts replication and increases viral load, 

thus enhances the disease severity (Huang. et al., 

2020). Notably, CTD1 possess a predetermined 

receptor-binding domain for ACE2, binding to 

which enhances the virulence and spread of SARS-

CoV (Li. et al., 2005; Gui. et al., 2017). In order to 

promote binding to ACE2, CTD1 undergoes 

conformational changes by regulating its 

interaction with CTD2, S1-ACE2 complex and the 

S2 subunit (Song. et al., 2018). In case of binding 

affinity to ACE2, SARS-CoV-2 S protein was 

found to be superior to SARS CoV S protein 

(Wang. et al., 2020; Wrapp. et al., 2020; Xu. et al., 

2020). The entry of SARS-CoV-2 in the 

susceptible cell occurs without involving the 

endosomal pathway and such pathway is triggered 

as soon as TMPRSS2 cleaves SARS-S protein. As 

a result membranes get fused with the help of 

fusion peptide released by the virus (Hoffmann. et 

al., 2020). In immunity perspective view, dendritic 

and epithelial cells along with different pro-

inflammatory cytokines and chemokines are 

reported to be turned on during the earlier stages of 

SARS-CoV-2 infection. Such sudden increase of 

these cytokines in critical SARS-CoV-2 patients is 

termed as “cytokine storm”  (Figure 1) that 

ultimately was found to promote the progression of 

COVID-19 pathogenesis in the infected patients 

(Cheung. et al., 2005; Chu. et al., 2016; Huang. et 

al., 2020). Several strategies were adopted 

immediately to restrict or, overcome the issues 

where ACE2 was selected as a potent therapeutic 

target (Gu. et al., 2020) but were not successful as 

expected. Since oxidative stress and immune 

system associated molecules were suggested to be 

the prime cues involved in the development of 

SARS-CoV-2 pathogenesis in the GI tract; 

therefore implication of a certain endogenous 

molecule, that may serve as both anti-

inflammatory and immunomodulatory agent, could 

have been beneficial. In such regards, as evident 

from numerous mammalian studies, an 

endogenous indolamine hormone known as 

melatonin may be advantageous to other 

competitors because of its potent anti-

inflammatory and immunomodulatory actions 

(Hardeland, 2018; Reiter. et al., 2020). 
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Figure 1: Diagrammatic representation of entry and pathogenesis of SARS-CoV-2 in the gastrointestinal tract 
 

Why Melatonin? 

Being an amphiphilic molecule, melatonin (N-

acetyl-5-methoxy tryptamine) can travel through 

any biological membrane during which specific 

membrane transporters present in different 

cells/tissues and mitochondria promotes its 

movement beyond the concentration gradient, thus 

becomes concentrated in different cellular 

organelles (Tan. et al., 2016; Mayo. et al., 2018). 

Moreover, existence of melatonin specific 

receptors in multiple mammalian cells/tissue 

including the entire length of the GI tract 

suggested its diverse modes of actions (Rodriguez. 

et al., 2004; Pal. et al., 2018, 2019; Pal and Maitra, 

2018). Although direct viricidal property of 

melatonin is yet not established but keeping the 

involvement of cytokine storm and oxidative stress 

in SARS-CoV-2 pathogenesis in mind, melatonin 

seems to be advantageous due to its direct and 

indirect antioxidant, anti-inflammatory and 

immunomodulatory properties (Cuzzocrea and 

Reiter, 2001; Mauriz. et al., 2013; Pal. et al., 2018; 

Mitra. et al., 2019; Tan and Hardeland, 2020). 

Since, melatonin treatment was reported to 

decrease virus load during acute lung injury (Ben-

Nathan. et al., 1995; Reiter. et al., 2020), therefore 

possibility remains regarding the indirect anti-viral 

role of melatonin against SARS-CoV-2 infection 

(Reiter. et al., 2020); however such hypothesis 

needs to be tested through carefully designed 

detailed investigation. 
 

Existence and Function Relevance of Melatonin 

in Gastrointestinal Tract 

Melatonin was first immunohistochemically 

localized in the enterocromaffin cells of the 

mucosal lining of mammalian GI tract (Raikhlin 

and Kvetnoy, 1974). Later, identification of 

arylalkylamine-N-acetyltransferase (AANAT) (Fu. 

et al., 2001; Slominski. et al., 2008; Pal. et al., 

2018) and hydroxyindole-O-methyltransferase 

(HIOMT) (Hong and Pang, 1995) confirmed the 

endogenous synthesis of melatonin in the 

mammalian GI tissue. The paracrine actions of 

melatonin were supported by the presence of its 

membrane bound specific receptors and binding 

sites where melatonin of gastrointestinal origin 

was also suggested to contribute in the peripheral 

circulation (Brzozowski. et al., 1997; Dobocovich 

and Mankowsha, 2005). Melatonin was reported to 

exert its actions on the target cells through 3 

specific receptors- MT1, MT2 and MT3 (human 

quinone reductase 2) (Witt-Enderby. et al., 2006; 

Srinivasan. et al., 2012). Under elevated oxidative 

load, melatonin regulates the antioxidant defence 

system by activating or deactivating these 

receptors to restore the intracellular level of free 

radicals (Rodriguez. et al., 2004). 
 

Due to the potent receptor independent antioxidant 

property, melatonin quenches diverse free radicals 

directly, thus inhibiting the membrane lipids from 

undergoing unwanted peroxidation process and 

restricts the progression of inflammatory cascades 
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(Cuzzocrea and Reiter, 2002; Tan. et al., 2002; 

Reiter. et al., 2001, 2016; Torres-Farfan. et al., 

2003; Saito. et al., 2005; Tan and Reiter, 2019). 

Even the metabolites resulting from the interaction 

of melatonin and different reactive oxygen species 

also serve as strong antioxidants under oxidative 

stress conditions (Tan. et al., 2002; Lopez-Burillo. 

et al., 2003; Nosál'ová. et al., 2007). Notably, 

SARS-CoV-2 pathogenesis in evident as a 

resultant of rapid and uncontrolled viral 

duplication during which enormous amount of free 

radicals are generated within the cell/tissue that 

promotes the inflammatory pathways and disease 

symptoms arises (Imai. et al., 2008; Zhang. et al., 

2020). In this context, implication of melatonin as 

a therapeutic agent to neutralize the 

overproduction of free radicals and reactive 

oxygen species to inhibit disease progression 

cannot be neglected. 
 

Implication of Melatonin in Sars-Cov-2 Induced 

Gi Symptoms 

Among the mammalian tissues investigated so far, 

efficacy of melatonin as a potent antioxidant, anti-

inflammatory and immunomodulatory agent has 

been documented mostly in the gastrointestinal 

tract (Galano. et al., 2011; Carrillo-Vico. et al., 

2013; Mauriz. et al., 2013; Dong. et al., 2016; Pal. 

et al., 2018; Reiter. et al., 2020). On the other 

hand, transcription factor particularly NF-kβ reacts 

extremely well to oxidative stress which in turn 

activates diverse pro-inflammatory genes that 

ultimately promotes intra-cellular inflammatory 

state (Reiter. et al., 2000; Mauriz. et al., 2013). 
 

In most of the cases, melatonin has been 

documented to exert its anti-inflammatory actions 

through regulation of these NF-kβ mediated 

signalling cascades (Cuzzocrea. et al., 2001; 

Mauriz. et al., 2013; Vriend and Reiter, 2014). In 

contrast, patients with SARS-CoV-2 infection 

revealed declining levels of lymphocyte, 

neutrophil and CD8+ T cells in the peripheral 

circulation possibly due to induction of cytokine 

storm that results from cumulative responses of 

diverse interleukins and interferons (Chen. et al., 

2020; Liu. et al., 2020). In this context, melatonin 

may fit appropriate as a therapeutic agent to 

restrict the development of such cytokine storm 

particularly in the GI tract. Under inflammatory 

condition, exogenous melatonin is demonstrated to 

enhance lymphocyte count, natural killer cells, 

granulocytes and monocytes by triggering their 

proliferation and maturation processes, thus helps 

in overcoming the pathological state (Miller. et al., 

2006). Moreover, melatonin enhances the 

expression of different complement system 

associated components such as complement 

receptor 3, MHC class I and class II, and CD4 

antigens to help macrophages in presenting 

specific antigens (Kaur and Ling, 1999). At the 

same time, application or, supplementation of 

melatonin is reported to decline the expression of 

circulatory levels of different cytokines and 

chemokines that includes interferon-γ, calmodulin 

3, interleukins (IL-1β, IL-6, IL-17), TNF-α and 

kinase Cδ (PKCδ) (Mauriz. et al., 2013; Park. et 

al., 2015; Sanchez-Lopez. et al., 2018; Bazyar. et 

al., 2019; Zarezadeh. et al., 2019). Such 

observations clearly suggested the potentiality of 

melatonin to recover colonic mucosa and other 

gastrointestinal portions from diverse modes of 

injuries (Tahan. et al., 2011; Volt. et al., 2016). In 

addition to the beneficial roles of melatonin in the 

GI tract, its anti-inflammatory and 

immunomodulatory properties have also been 

reported against acute lung injury (Huang. et al., 

2010), a situation similar to that of SARS-CoV-2 

infection. Collectively, it appears that existence of 

the three prime properties viz. antioxidant, 

immunomodulation and anti-inflammation, 

required to combat against SARS-CoV-2 infection 

mediated GI complications, makes it the most 

advantageous agent in comparison to other 

therapeutic molecules. 
 

Precautions and Future Perspectives 

In order to apply melatonin in SARS-CoV-2 

infected patients, its pharmacological aspects must 

be kept in mind as determined in case of other 

therapeutic agents. Interestingly, numerous studies 

have ascertained that melatonin possess no serious 

side effects, neither when used for short- or, long-

terms nor, at relatively higher dose (1 g/day) even 

in critical patients and acute lung injury animal 

models (Nordlund and Lerner, 1977; Bourne. et 

al., 2008; Mistraletti. et al., 2015; Sun. et al., 

2015; Andersen. et al., 2016; Wu. et al., 2019; 

Reiter. et al., 2020). However, the effects of use of 

melatonin against this specific SARS-CoV-2 has 

never been reported and thus must undergo 

common medical protocols before being applied to 

human beings. Since, cytokine storm seems to be 

the culprit in progression of SARS-CoV-2 

pathogenesis in the GI tract therefore utility of 

melatonin to restrict such infection cannot be 

neglected, although such hypothesis required 

detailed investigation in the coming days.  
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