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Background: The SARS-Cov-2(severe acute respiratory syndrome coronavirus 2) infection affecting
human populations worldwide is now a very concerning issue considering the morbidity and mortality
rates. Despite several measures followed by the medical fraternity and general public, there is no resolu-
tion. Therapeutic measures to tackle the infection have been based on researching new designer drug
molecules that could prevent viral entry into the human host. Melatonin has been tried as an adjuvant
in the management of COVID 19(coronavirus disease) illness but its specific antiviral role has not been
investigated. Objectives: The objectives of the present study were to conduct an in-silico analysis to
investigate if melatonin and related drugs namely ramelteon and agomelatine could be used as antiviral
agents in SARS-CoV-2 infection based on their binding to the SARS-CoV-2 receptor binding site (RBD) and
Angiotensin-converting enzyme 2 (ACE 2).
Methods: For docking studies (Pdb Id 1M0J), the SARS-CoV-2 spike protein receptor-binding domain
(RBD) crystal structure which was ACE2 cell receptor bounded was employed. From the PubChem data-
base, the three-dimensional configuration of the ligands melatonin, ramelteon, and agomelatine was
retrieved, and conceptual density functional theory (CDFT) was performed to determine molecular
descriptors. Charges were added and optimized with the universal force field to prepare the ligands
for the process of docking. For facilitation of readability by the AutoDock software conversion to
PDBQT(Protein Data Bank, Partial Charge (Q), & Atom Type (T)) format was performed. AutoDock version
4.2.6 docking program and AutoDock Tools (ADT) version 1.5.6 were used for molecular docking.
Desmond, a Package of Schrödinger LLC was used to simulate molecular dynamics for hundred nanosec-
onds using.
elatine,
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Results: Data from the present study reveal that melatonin, ramelteon, and agomelatine demonstrate sig-
nificant binding with SARS-CoV-2 RBD and ACE 2 demonstrating the fact that they can strongly prevent
viral entry into the host cells through dual binding effects. However, Ramelteon was found to be the most
superior amongst the 3 drugs analyzed in its antiviral properties against SARS-CoV-2.
Conclusion: Results advocate further research in exploring the potential therapeutic applications of mela-
tonin, ramelteon, and agomelatine for the management of SARS-CoV-2 infection.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

SARS-Cov-2 virus detrimental effects are well documented all
over the globe (Khurshid et al., 2020; Warsi et al., 2021), which
in turn is validated by WHO(World Health Organization) desig-
nating COVID-19 as a pandemic (Mohan and Vinod, 2020). Cur-
rently, there is a second wave of viral infection in many
continents and mutant strains of the virus have been implicated
in causing this condition and are blamed for disease recurrence
in already afflicted individuals (Pedro et al., 2020). The main fac-
tor that leads to fatality following infection is acute dyspnoea and
pneumonia (Li and Ma, 2020). Another important phenomenon
that results in significant morbidity and mortality is the cytokine
storm which implies excessive production of proinflammatory
cytokines following infection (Tang et al., 2020). Thus, the scien-
tific community is in an uphill battle investigating novel thera-
peutic modalities.

The advent of vaccines against SARS-Cov-2 is well known and it
is to be reiterated that a vaccination drive and campaign is operat-
ing globally to vaccinate humans to prevent severe disease
(Mathieu et al., 2021). Inhibiting host viral entry is another major
strategy being explored. A major viral entry portal is the oral cavity
(Sakaguchi et al., 2020). Host entry is accomplished when the viral
spike glycoprotein attaches to the host cell angiotensin-converting
enzyme 2 receptors (ACE 2) (Li et al., 2003) (Lan et al., 2020). The
expression of ACE 2 has been documented in the oral cavity and
hence the oral tissues are vulnerable to viral attack and entry
(Xu et al., 2020). At this point, it is to be emphasized that a plethora
of designer drugs are being developed by bioinformatic methods to
bind with ACE 2 and viruses receptor-binding domain (RBD) which
could deny viral entry. The drawbacks of inventing new drug mole-
cules for this purpose are mainly based on the fact that clinical tan-
gibility remains a question. Moreover, given the time restraint,
investigating natural host-derived molecules which have been
approved for interventions not specific to COVID-19, could be
explored. Investigation focusing on the binding of these natural
molecules to ACE 2 and the viral RBD could potentially prevent
viral entry without inducing any significant adverse effects.

It is in this situation that we propose melatonin as a molecule
that could prevent viral entry by binding to ACE 2 as well as the
viral RBD. Melatonin (N-Acetyl-5-methoxytryptamine) is an indo-
leamine produced mainly by the stationary cells of the pineal gland
during the night (Reiter, 1991). Tissues other than the pineal gland
are also endowed with the capacity for melatonin biosynthesis, one
such being the oral cavity. The biosynthesis of melatonin and the
presence of melatonin receptors have been documented in the gin-
giva (Madapusi and Rao, 2018) and salivary glands (Shimozuma
et al., 2011). It is hence understandable that melatonin and ACE
2 are simultaneously expressed in the oral tissues. It is already
known that melatonin has an intimate connection with the
Renin-Angiotensin system of which ACE 2 is a member (Burrell
et al., 2004). Melatonin has already been documented to possess
antiviral properties against viruses other than SARS-Cov-2 such
as porcine epidemic diarrhea virus (PEDV), Transmissible gastroen-
teritis virus (TGEV) and porcine delta coronavirus (PDCoV)
2

(Zhai et al., 2021). Melatonin has already been suggested and
implemented in SARS-Cov-2 as an adjunctive measure due to its
antioxidant and anti-inflammatory properties (Sehirli et al., 2020;
Zhang et al., 2020). There is also preliminary bioinformatic data
available concerning melatonin as a SARS-Cov-2 viral inhibitor
(Feitosa et al., 2020). But the binding of melatonin to ACE 2 and
the viral RBD has not been researched. Hence, we propose a prelim-
inary in silico model which has identified the binding of melatonin
to ACE 2 and the viral RBDwhich could prevent SARS-Cov-2 binding
to the ACE 2 and could consequently inhibit viral entry. In addition
to melatonin, we have also applied the in silico analysis to ramel-
teon (Zammit, 2007) and Agomelatine (Kennedy and Eisfeld,
2007) which are drugs related to melatonin. Our primary pursuit
was to investigate if melatonin and related drugs could also be used
in the management of the SARS-Cov-2 pandemic.
2. Materials and methods

2.1. Preparation of the protein and ligands:

For docking studies (Pdb Id 1M0J), the SARS-CoV-2 spike protein
RBD crystal structure which was ACE2 cell receptor bounded was
employed. Processing of proteins was carried out by removing
specific ligands and was prepared for docking using the PyRx vir-
tual screening software. Processing of the protein to the PDBQT file
format was done so that AutoDock software could detect and read
the processed protein. The ligands used in this study were mela-
tonin, ramelteon, and agomelatine. Extraction of 3-D configuration
of the ligands from the PubChem database was performed. Charges
were added and optimized with the universal force field to prepare
the ligands for the process of docking. For facilitation of readability
by the AutoDock software conversion to PDBQT format was per-
formed Fig. 1 represents the two-dimensional structure of the
ligands.
2.2. Quantum chemical Descriptor’s calculations using conceptual DFT

Conceptual DFT (CDFT) (conceptual density functional theory)
protocol was used (Geerlings and De Proft, 2008). It derives its
working principles from the Hohenberg–Kohn theorem. Calcula-
tion of around ten types of molecular descriptors that represent
the activity of the components at a molecular level was carried
out for the three ligands being studied namely melatonin, ramel-
teon, and agomelatine. They are the highest occupied molecular
orbital (HOMO), total energy, absolute hardness (g), the energy
gap between LUMO(lowest unoccupied molecular orbital)and
HOMO (DE) of the ligands, chemical potential (l), softness (r),
molecular dipole moment, electronegativity (v), lowest unoccu-
pied molecular orbital (LUMO), and electrophilicity index (x).
Molecular structure–activity associations can be understood
through these descriptors. The chemical structure of the drug
molecules used in this study is shown in Fig. 1. Table 1 depicts
the above-defined Quantum chemical descriptors for the assessed
ligands (melatonin, ramelteon, and agomelatine).
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Fig. 1. Structure of drug molecules used in this study.
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2.3. Molecular docking

AutoDock version 4.2.6 docking program and AutoDock Tools
(ADT) version 1.5.6 were used for molecular docking (Humphrey
et al., 1996). The calculation for docking was carried out using
the Gasteiger charges. Molecular docking of ACE2 and RBD domain
of SARS-CoV-2 with the drug molecules Melatonin, Ramelteon, and
Agomelatine was executed. UCSF (University of California, San
Francisco) Chimera program (version 1.15) was used for the mini-
mization of the obtained best pose. For the drug molecules and the
protein minimalization, the GAFF force field and Amber14SB force
field were employed. VMD (visual molecular dynamics) program
was employed for both the visualization of the binding mode and
its analysis. In addition, the VMD program was also used for ana-
lyzing the interactions of the obtained poses binding pocket. Anal-
ysis and further interpretation were carried out.

2.4. Molecular dynamics simulation

Desmond, a Package of Schrödinger LLC was used to simulate
the molecular dynamics for a duration of 100 ns (23). Docking
studies provided data on the primitive stage of the complex
between the ligand and protein. The status of binding of ligands
during stationary conditions can be predicted with molecular
docking. Determination of the status of ligand binding at physio-
logic conditions was assessed by carrying out simulations. Protein
Preparation Wizard or Maestro was used for optimizing, prepro-
cessing, and minimizing complexes. of complexes. Preparation of
the entire system was done by the System Builder tool. For TIP3P
Table 1
Quantum chemical descriptors for the studied Ligands.

Compound Total
Energy
(Hartree)

Dipole Moment (debye) EHOMO

(eV)

ELUMO

(eV)

H-L Gap
(DE)

H
(

Melatonin �764.432 3.16 �5.31 �0.45 4.86 2
Agomelatine �786.485 5.20 �5.71 �1.30 4.41 2
Ramelteon �826.979 4.69 �5.40 �0.10 5.30 2

3

(Transferable Intermolecular Interaction Potential 3 Points), the
orthorhombic box Solvent Model was selected. The simulation
was done with the help of the OPLS (Optimized Potentials for Liq-
uid Simulations)_2005 force field. The addition of counter ions was
done wherever needed for the neutralization of the models. The
addition of 0.15 M sodium chloride (NaCl) was done to replicate
the physiological conditions. For simulation selection of the NPT
ensemble with 300 K temperature and 1 atm pressure was done.
Before the simulation, relaxation of the models was carried out.
Following 100 ps for analysis, trajectories were saved. Periodic cal-
culation of root means square deviation (RMSD) of the protein and
ligand was executed to evaluate simulation stability.

Analysis of the desmond simulation trajectories was performed.
Analysis of MD trajectory provided data for calculation of root
mean square fluctuation (RMSF), protein–ligand contacts, and root
mean square deviation (RMSD).
3. Results

3.1. Conceptual DFT data interpretation

Gaussian 09 (Frisch et al., 2009) with B3LYP (Becke, 3-
parameter, Lee–Yang–Parr) function (Becke, 1993) and SVP (Split
valence polarization) basis set was used to optimize the ligands
and calculate component descriptors. Fukui’s theory was used as
a basis to compute molecular orbital energy (Fukui, 1982).
Table 1 provides the statistical details of the DFT-based molecular
descriptors. The present study revealed larger DE values attributed
ardness
g)

Softness
(r)

Electro-negativity
(Χ)

Chemical Potential
(m)

Electro-philicity
(x)

.43 1.21 2.88 �2.88 10.09

.20 1.10 3.50 �3.50 13.52

.65 1.33 2.75 �2.75 10.05
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to the Ramelteon ligand and the lowest DE to the Agomelatine
ligand. It has been documented that the lesser the energy differ-
ence, the more the molecular activity, which could be corroborated
with the molecular shift from HOMO to the LUMO state. The ligand
that had the highest HOMO energy is the ligand Agomelatine
(EHOMO =�5.71 eV). This higher energy allows it to be the best elec-
tron donor among the three studied ligands. Similarly, the ligand
that had the lowest LUMO energy is the ligand Ramelteon (ELUMO = -
0.10 eV) which signifies that it could be the best electron acceptor.
The electron density charts of the three molecules representing the
density of electrons in the HOMO and LUMO state are presented
in Fig. 2.

Concerning dipole moment, Agomelatine recorded the highest
of 5.198 debyes, followed by Ramelteon and melatonin with
4.695 debyes and 3.160 debyes respectively (Data from Table 1).
Ramelteon had the highest value of chemical hardness, thus it is
more reactive among the three studied ligands. Ramelteon and
melatonin also had the lowest electronegativity index (2.75 and
2.88 respectively).
Fig. 2. Electron density maps of the HOMO a

4

3.2. Inferences from molecular docking

Molecular docking could help to determine the best intermolec-
ular interaction between macromolecules and drug molecules.
Docking was carried out in the present study using the RBD domain
of SARS-CoV-2 and ACE2. Table 2 shows binding energies obtained
after molecular docking studies for best-docked conformations.

It can be seen that among the docked drug molecules, mela-
tonin, ramelteon, and agomelatine demonstrated comparable and
significant binding with the RBD domain of SARS-CoV-2 and
ACE2. Ramelteon had the lowest binding energy, which meant
higher interaction energy and stability for both SARS-CoV-2 as well
with ACE2 protein Fig. 3 demonstrates the docking of all the 3 cho-
sen ligands in ACE2. It can be observed that all the ligands are
bound to ACE 2 at the same location (Fig. 3A and B). Fig. 3C and
D demonstrate the interaction between Ramelteon with ACE2,
respectively. Fig. 4 shows the interaction between the studied
ligands with SARS-CoV-2 RBD Fig. 4A and B shows the interaction
of Ramelteon with SARS-CoV-2.
nd LUMO of three ligands under study.



Table 2
Binding energy (kcal/mol) for docked complexes.

Drug/Protein SARS-CoV-2 RBD ACE2

Melatonin �5.37 �5.69
Agomelatine �5.81 �5.92
Ramelteon �5.83 �6.50
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3.3. Inferences from molecular dynamics simulation

Figs. 5 and 6 show the emergence of RMSD scores with time for
the C-alpha atoms. The RMSD plot of the Melatonin_cov2 complex
shows stability at twenty nanoseconds and the RMSD graph of the
Ramelton-cov2 complex shows stability attained at five nanosec-
onds. A mean RMSD value of 1.5 Å for (Melatonin_cov2 protein)
and 0.5 Å for (Ramelton-cov2 protein) lasts for hundred nanosec-
onds. During simulation, an acceptable level of variation of RMSD
values of 0.5 Å remained that indicates ideal ligand receptor-
ligand binding during simulation. At forty nanoseconds a sudden
rise of a sudden increase of Ramelton-cov2 ligand to twelve was
observed indicating an alteration of the mode of ligand binding.
Figs. 7 & 8 depicts the RMSF value of the ligand-bound to protein.
The residues depicting greater peaks represent the loop regions, rec-
ognized fromMD(Molecular dynamics) trajectories (Figs. 9 and 10),
or N and C-terminal zones. LowRMSF values of residues of the site of
binding site residues show ligand-receptor binding stability.
Fig. 3. A) Docked conformation of Melatonin (green), Agomelatine (orange), Ramelteon
ACE2. Hydrogen bonds are shown with red dotted lines. For clarity, only sidechains are

5

Results of MD shed light on the fact that hydrogen bonds and
hydrophobic interactions are the predominant ligand-receptor
interaction as shown in Figs. 11 and 12. GLU_471, ILE_472 and
GLN_474 are significant considering H-bonds for (Melatonin_-
cov2). TYR_453 and GLY_502 are significant considering of H-
bonds for (Ramelton-cov2). Some residues made significant strong
hydrophobic interactions (TYR_473 for Ramelton-cov2 and
ARG_103, PHE_456 and TYR_505 for Ramelton-cov2). Normaliza-
tion of bar graphs during the trajectory course was done.
4. Discussion

The present study aimed to investigate if infection from SARS-
CoV-2 could be treated by melatonin and related drugs ramelteon
and agomelatine. The reason behind this objective was the fact that
several naturally derived molecules are being investigated as
potential modalities against the virus. Moreover, there is enough
evidence that melatonin is a ubiquitous and evolutionarily con-
served molecule found in almost all living beings (Cipolla-Neto
and Amaral, 2018). Melatonin has been endowed with a spectrum
of properties such as antioxidant (Reiter et al., 2016), anti-
inflammatory (Nabavi et al., 2019), immunomodulatory
(Giannoulia-Karantana et al., 2007), anti-cancer (Di Bella et al.,
2013), and bone sparing (Maria and Witt-Enderby, 2014). Mela-
tonin has already been proposed and implemented in clinical trials
(blue) in ACE2. B) Only ligands are shown. C) Docked conformation of Ramelton in
shown (except if the backbone forms a hydrogen bond with ligand).



Fig. 4. A) Docked conformation of Melatonin (green), Agomelatine (orange),
Ramelteon (blue), and 2-DG (red) in SARS-CoV-2 RBD. B) Docked conformation of
Ramelton in SARS-CoV-2 RBD. Hydrogen bonds are shown with red dotted lines. For
clarity, only sidechains are shown (except if the backbone forms a hydrogen bond
with ligand).
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as an adjuvant in the management of COVI 19 illness based on its
antioxidant and anti-inflammatory properties (Sehirli et al., 2020;
Zhang et al., 2020). However, its direct inhibitory effects on SARS-
CoV-2 viral entry into the human host have not been well explored.
Fig. 5. Root means square deviation (RMSD) of the C-alpha atoms of protein and the l
protein RMSD through time. The right Y-axis shows the variation of ligand RMSD throu
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It is with this background that we went on to perform concep-
tual DFT, molecular docking, and Molecular dynamics simulation.
The simulation aimed to assess the potential role of melatonin
and its receptor agonists namely ramelteon and agomelatine in
inhibiting the entry of the virus into the host cells. SARS-CoV-2 uti-
lizes its spike glycoprotein which has a homotrimeric structure to
enter into the host cells. This spike glycoprotein RBD interacts with
the ACE 2 on the host cells. The interaction causes a series of
molecular changes which causes the S1 subunit of the glycoprotein
to bind the ACE 2 while the S2 subunit transforms a metastable
prefusion state to a stable postfusion configuration to facilitate
membrane fusion of the virus and further post-entry events
(Song et al., 2018). There is enough evidence to support that ACE
2 is pivotal in mediating the cellular entry of the SARS-CoV-2 virus.
Data from HeLa cell lines demonstrate that cells without ACE 2 do
not internalize the virus as compared to cells with the ACE 2 recep-
tor (Zhou et al., 2020). Hence a pursuit for drugs that could exert
strong antiviral activity would test them for binding to both the
SARS-CoV-2 receptor binding domain as well as to ACE 2. The pre-
sent study also performed molecular docking to assess the ligands
for binding to both the SARS-Cov-2 virus RBD and the ACE 2.

Before the molecular docking, a DFT analysis was performed to
determine and quantify the chemical descriptors of the 3 ligands
namely melatonin, ramelteon, and agomelatine. It is known that
the DFT process quantifies various parameters of chemical signifi-
cance in the ligands. In this connection, the present study revealed
some important data. The energy difference between the LUMO
and HOMO was represented as DE values which were highest for
ramelteon and lowest for agomelatine. Ramelteon was found to
be the best electron acceptor and Agomelatine was found to be
the best electron donor. With regards to chemical hardness values,
ramelteon scored over the other 2 ligands namely melatonin and
ramelteon. Electronegativity scores revealed the lowest scores
obtained by melatonin and ramelteon which meant that these 2
ligands could have a significant inhibitory effect after binding to
the receptor.

Concerning docking experiments, it was found that all 3 ligands
namely, melatonin, ramelteon, and agomelatine bound signifi-
cantly to the ACE 2 enzyme. However, the highest interaction of
igand with time (Melatonin_cov2 complex). The left Y-axis shows the variation of
gh time.



Fig. 6. Root means square deviation (RMSD) of the C-alpha atoms of protein and the ligand with time (Ramelton-cov2). The left Y-axis shows the variation of protein RMSD
through time. The right Y-axis shows the variation of ligand RMSD through time.
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binding with ACE 2 was recorded by ramelteon, followed by
agomelatine and melatonin. However, it was observed that ramel-
teon followed by agomelatine and melatonin had the highest bind-
ing interaction with the SARS-CoV-2 RBD and was bound to the
same site.

The findings of molecular dynamics stimulation demonstrate
the plot of the complex’s RMSD. The RMSD plot of the complex
Ramelton-cov2 reveals that the complex attains stability at
twenty nanoseconds, while Melatonin cov2 depicts that stability
of the complex is attained at five nanoseconds. After being
steady for (Melatonin cov2), ligand fit to protein RMSD values
fluctuates within 5.0 Angstrom. These results show that the
ligand remains stably bound to the receptor’s binding site all
through simulated time. However, after 40 ns, there is a dra-
matic spike of 12 Angstrom in (Ramelton-cov2 ligand) and then
it returns to normal. This explains why the ligand binding mode
has changed. In terms of H-bonds, TYR 453 and GLY 502 are the
Fig. 7. Residue-wise Root Mean Square Fluctuation (RMSF) of protein
(Melatonin_cov2).
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most important (Ramelton-cov2). Some residues (TYR 473 for
Ramelton-cov2 and ARG 103, PHE 456, and TYR 505 for
Ramelteon-cov2) made significant strong hydrophobic contacts.
Low RMSD values indicate that ramelteon is more stable than
other compounds.

Data from the present study reveal that melatonin, ramelteon,
and agomelatine demonstrate significant binding with SARS-CoV-
2 RBD and ACE 2 demonstrating the fact that they can strongly pre-
vent viral entry into the host cells through dual binding effects. As
above mentioned ramelteon was found to have the most superior
effects as an anti-SARS-Cov-2 drug as revealed by the present in
silico analysis. Many chemical compounds and naturally derived
essential oils have shown significant binding to the SARS-CoV-2
RBD (Yadalam et al., 2021). However, data from the present study
are novel as we have opened up a new vista in exploring the antivi-
ral properties of melatonin and its related receptor agonists ramel-
teon and agomelatine.
Fig. 8. Residue-wise Root Mean Square Fluctuation (RMSF) of protein (Ramelton-
cov2).



Fig. 9. Protein Secondary Structure element distribution by residue index through-
out the protein structure (Melatonin_cov2). Red columns indicate alpha helices, and
blue columns indicate beta-strands.

Fig. 10. Protein Secondary Structure element distribution by residue index
throughout the protein structure (Ramelton-cov2). Red columns indicate alpha
helices, and blue columns indicate beta-strands.

Fig. 11. Protein-ligand contact h
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Melatonin has been already projected as an antiviral agent in
the global COVID 19 pandemic. It has been hypothesized that
melatonin significantly inhibits inflammasome stimulation which
could indirectly reduce the intensity of the cytokine storm and
lung destruction (Shneider et al., 2020). Moreover, it can cause a
restoration of circadian rhythm and mitochondrial metabolism
(Anderson and Reiter, 2020). By restoring antioxidant status and
restoring sleep patterns in critically ill COVID 19 patients, mela-
tonin could serve as an adjuvant in COVID 19 management
(Brusco et al., 2021). One preliminary in silico study has also
demonstrated the effects of melatonin as a SARS-CoV-2 main pro-
tease (Mpro) inhibitor (Feitosa et al., 2020). We have elucidated a
novel finding that melatonin can bind to both SARS-CoV-2 RBD
and ACE 2. It is also known that melatonin is a significant calmod-
ulin inhibitor (Huerto-Delgadillo et al., 1994). Calmodulin is
required for the stability and activation of ACE 2 (Lai et al.,
2009). So from our findings, it appears that melatonin has a 2
pronged effect on ACE 2, one by binding it and the other by inhibit-
ing calmodulin. With all the above evidence and the numerical
docking data, melatonin can be used as a candidate drug for
SARS-Cov-2 infection.

Ramelteon which demonstrated the most superior effects in the
study is a melatonin receptor agonist that acts predominantly by
binding to the MT 1 and MT 2 receptors (McGechan and
Wellington, 2005). This drug was predominantly discovered and
used for the management of insomnia and delirium in chronically
ill patients (Zammit et al., 2007). Ramelteon has good efficacy and
a safety profile and can be used in SARS -CoV-2 according to our
data as an antiviral that prevents viral entry into the host cells.
There is one preliminary in silico study on ramelteon demonstrat-
ing its anti-SARS-CoV-2 effects as a SARS-CoV-2 papain-like protein
(PLpro) inhibitor (Hosseini et al., 2021). But the present study data
give a novel insight into the antiviral actions of ramelteon.

Agomelatine is also an agonist of the melatonin receptors and
an inhibitor of the serotonin 5-HT2C receptor (Zupancic and
Guilleminault, 2006). It is an antidepressant (de Bodinat et al.,
2010) and has been used for the management of glioblastomas
(Kast, 2015). The present study has highlighted its antiviral role.
It is to be reiterated that agomelatine could also be used as an
istogram (Melatonin_CoV2).



Fig. 12. Protein-ligand contact histogram (Ramelton-CoV2).
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antidepressant to manage the psychiatric complications of COVID
19 infection. It was found that melatonin, ramelteon, and agome-
latine were superior in their binding properties to SARS-CoV-2
RBD and ACE 2 and demonstrated better antiviral effects in this
regard.

Another intriguing question that needs to be justified and
answered before further testing the drugs for COVID 19 manage-
ment is the adverse effect of ACE 2 blockade. The data from the
present study reveal that melatonin, ramelteon, and agomelatine
are ACE 2 inhibitors. If this is the case, it is expected that ACE 2
blockade can cause hypertension as an adverse effect as there
could be an elevation of Angiotensin 2 consequent to ACE 2 inhi-
bition (Hamming et al., 2007). This could worsen COVID 19 symp-
toms and cause respiratory distress. However, this side effect
could be circumvented by melatonin and ramelteon as both these
drugs can reduce and counteract increased blood pressure by
multiple mechanisms (Li et al., 2009; Stroethoff et al., 2018).
Hence with all the available data, it appears that melatonin and
related drugs could be used in the management of the SARS-
CoV-2 illness. Since the oral cavity is a documented portal of
entry of the virus, it would be worthwhile using local drug for-
mulations containing melatonin which could be applied onto
the oral tissues and can thereby combat entry of the SARS-CoV-
2 virus. Such topical formulations containing melatonin for oral
application have already been devised and used in periodontitis
management and have proven effective as antioxidant and anti-
inflammatory agents for periodontitis management (Balaji et al.,
2021). In the same lines, we suggest that melatonin and related
drugs could be formulated as local drug delivery formulations
for use to prevent the SARS-C0V-2 illness thereby making our
idea clinically translatable. However, there are a few limitations
in this regard as melatonin is a molecule with a very short half
life (Tordjman et al., 2017). Moreover, it is very quickly seques-
tered in the presence of free radicals and reactive oxygen species
into a plethora of metabolites (Reiter et al., 2016) which may not
have the expected antiviral activity. Hence it would be worth-
while to titrate and arrive at an ideal dose of melatonin that
would be required for our intended use. Moreover, we also need
9

to employ the latest techniques of drug delivery to enhance quick
absorption of melatonin into the oral tissues without loss, which
would further enhance the anti SARS-CoV-2 effects of our
preparation.

5. Conclusions

In conclusion, vital data from the present study highlight the
antiviral role of melatonin-related drugs. As earlier described, the
oral cavity is a known portal of entry of the virus due to the pres-
ence of ACE 2 expressing cells. Hence if local drug delivery formu-
lations could be developed using melatonin, ramelteon, and
agomelatine with novel drug formulation methods, these drugs
could easily be used by patients. After thorough and diligent phar-
macokinetic and safety profile studies, these drugs could also be
used in the systemic formulation for the management of SARS-
CoV-2 infection.
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