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Coronavirus disease-19 (Covid-19) has been pandemic since 2019 and the world is still trying to cope
with it. Even though there is a new hope with the invention of the vaccine, the virus has rapid mutation
rate. Therefore alternative solutions are necessary and one of them is using the herbs with their active
compounds. Syzygium cumini (L.) Skeels. is a species of Myrtaceae containing various phytochemical
compounds with medicinal activity, such as anti-oxidants, anti-inflammatory, anti-cancer, anti-tumour,
anti-diabetes and anti-microbial. Previous studies showed that several compound contained in S. cumini
had the potential of having anti-coronavirus activities. This study aimed to determine the phytochemical
compounds of S. cumini and to screen their potential as an anti-coronavirus. The method used in this
research were literature study and molecular docking. The results showed that S. cumini contained the
active compounds of anti-coronavirus, namely betulinic acid, kaempferol, malvidin, myricetin and
guercetin. Those compounds are contained in the bark of S. cumini.

Keywords: Anti-coronavirus, COVID-19, Syzygium cumini.

INTRODUCTION

At the end of 2019, the world was shocked by
the outbreak of the Covid-19 disease caused by a
new type of coronavirus. This virus was first
reported in Wuhan, China, on 1 December 2019
and has spread very rapidly to several countries in
the world (Chen et al. 2020). The World Health
Organization reported that Covid-19 had infected
more than 100 countries with a total of 90,335,008
confirmed cases as of January 2021. In
Indonesia, Covid-19 attack has caused 25,246
mortalities and thousands of positive cases added
every day (Kementerian Kesehatan Republik
Indonesia, 2020). Scientists around the world are
working hard to find ways to overcome this
pandemic (Anwar et al. 2021). Currently the

Covid-19 vaccine has been found, but it is known
that there are many new variants of the SARS-
CoV-2 appear due to mutations. Efforts to find
effective drugs to alleviate symptoms are
continuously being made, including by utilizing
potential herbal plants. Abdulrahman et al. (2019)
stated that herbal plants contain a number of
active compounds that are efficacious in treating
various diseases.

One of the plant species to be recommended
for such purpose is Syzygium cumini (L.) Skeels
(Myrtaceae) (Mahmoud, 2001). Indonesian call
this species “duwet” and its existence is rarely
found growing wild (Wijayanti and Setiawan,
2018). According to Ayyanar and Subash-Babu
(2012), it contains several metabolites with the
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activity to cure various diseases. The local
communities of India and Brazil have long used it
traditionally to treat diabetes, dysentery and
kidney disorders by using its leaves, bark and fruit
(Jain et al. 2005; de Albuquerge et al. 2007).

Empirically, Kusumoto et al. (1995) stated that
its extract could inhibit HIV-1 protease activity,
making it potential as an anti-virus. Thus, it is
possible that it might inhibit the activity of other
types of viruses, including coronavirus. Therefore,
this study aimed to determine the types and
functions of the phytochemical compounds it
contains and to screen the anti-coronavirus
potential of these compounds in silico. This
research is expected to add value to the benefits
of S. cumini, thereby increasing public awareness
to conserve it in order to avoid the threat of
extinction.

MATERIALS AND METHODS

This research was conducted from May to
June 2020. It began with an inventory of the active
compounds of S. cumini on the site
http://www.knapsackfamily.com/. The  three-
dimensional structure of its each active compound
was obtained from the site
https://pubchem.ncbi.nim.nih.gov/ and saved in
structure data file (SDF) format. SDF data for
active compounds were then minimized using
PyRx software version 0.8 and saved in protein
data base (PDB) format. Determination of the
coronavirus target protein was carried out by a
literature study through the site
https://scholar.google.com/. FATSA data for the
coronavirus target protein were obtained through
the site https://www.ncbi.nlm.nih.gov/protein and
their protein structures were acquired using the
site https://swissmodel.expasy.org/. The results of
structural modeling of each target protein were
saved in PDB format and docked with the PDB
data of active compounds. The evaluation of the
docking results was carried out using Discovery
Studio Visualization 2016. The data in this study
were then analyzed descriptively.

RESULTS AND DISCUSSION

Based on the literature studies and search
results on the site
http://www.knapsackfamily.com/, S. cumini
contains various types of chemical compounds
which are found in the roots, bark, leaves, flowers
and fruit as in Table 1. Most of the active
compounds contained in S. cumini have medicinal
activities, such as anti-oxidants, anti-inflammatory,
anti-cancer, anti-tumour, anti-diabetes and anti-

microbial properties.

Among those phytochemicals, it is known that
four of them had anti-coronavirus activity, namely
betulinic acid, kaempferol, myricetin and
quercetin. Previous study revealed that they
inhibited the replication process of coronavirus by
affecting the performance of papain-like protease
(PLpro) and 3C-like protease (3CLpro) (Li et al.
2003; Chen et al. 2006; Park et al. 2013; Jo et al.
2020; Yang et al. 2020; Zhang et al. 2020). Both
proteins are encoded by coronavirus and play an
important role in virus replication (Zhang et al.
2020). Apart of PLpro and 3CLpro, another
studies showed that there are other proteins
useable as target of in silico screening for anti-
coronavirus  activity, = Spike  protein  and
angiotensin-converting enzyme-2 (ACE2). Spike
protein is a part of the coronavirus which has an
important role when the virus enters into the host
cell (Li, 2016). While ACE2 is a receptor on
human alveolar epithelial cells that binds to the
coronavirus Spike protein, thus allowing the virus
to enter these cells (Kuhn et al. 2006; Wu et al.
2020; Xu et al. 2020; Zhou et al. 2020; Anwar et
al. 2021). Thus, these four proteins are suitable as
target proteins for in silico studies of the anti-
coronavirus activity of certain compounds

In silico screening showed that there were five
compounds contained in S. cumini with anti-
coronavirus activity. In addition to the four
compounds previously mentioned (betulinic acid,
kaempferol, myricetin and quercetin), there is one
more compound, malvidin, which is also able to
interact with ACE2, Spike protein, 3CLpro and
PLpro (Table 2). Thus, the five compounds are
shown to have anti-coronavirus activity in silico.
Based on their binding affinity, the five active
compounds had different affinities for each target
protein. The ligand binding affinities with the target
protein from highest to lowest are as follows:
Betulinic acid: Spike protein> ACE2> 3CLpro>
PLpro; Kaempferol: Spike protein> PLpro>
3CLpro; Malvidin: Spike protein> ACE2> 3CLpro>
PLpro; Myricetin: Spike protein> ACE2> 3CLpro>
PLpro; and Quercetin: Spike protein> 3CLpro>
ACE2> PLpro.

It is clear that the active compounds in S.
cumini tend to have stronger interaction with the
Spike protein, followed by ACE2, then 3CLpro and
PLpro. Thus it reveals that most of those
compounds tend to show inhibitory activity of
coronavirus infection in the host cell; by
interacting with the Spike protein as well as ACE2.
As stated by Li (2016), the coronavirus adheres
(in adsorption stage) to the host cell via the
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interaction between the Spike protein in the virus
and the ACE2 receptor on the host cell. The Spike
protein binds to the ACE2 receptor through the S1
subunit, then membrane fusion occurs between
the virus and the host cell through the S2 subunit

(Li, 2016). Therefore, by blocking the binding of
ACE2 to the Spike protein could prevent the entry
of coronavirus into host cells (Cinatl et al. 2003;
Chen and Nakamura, 2004; Yi et al. 2004; Ho et
al. 2007; Schwarz et al. 2011; Yang et al. 2020).

Table 1: Phytochemicals of Syzygium cumini

Part of plant

. where the .
Phytochemical Structure phytochemical Function References
is found
antioxidant, anti- Ayyanar and
Ampelonsin flower bleeding, anti-tumour, Subash-Babu
pelop hepatoprotective, 2012; Kou and
neuroprotective Chen 2012
Frei et al. 1996;
anti-oxidant, wound Litchford 2008;
healing, enzyme Rucker et al.
. . . cofactor for prolyl 2008; Kehrer et
Ascorbic acid fruit hydroxylase, inhibits al. 2010;
oxidation of LDL Ayyanar and
Subash-Babu
2012
Ayyanar and
anti-ploriferative, anti- Subash-Babu
Betulinic acid bark HIV, anti-cancer, anti- 2012; Varsha et
bleeding, anti-malaria al. 2017; Kumar
and Dubey 2019
Poerwono et al.
e : -
oH o anti-microbial, anti- 2\?;115’;0222
Citric acid o o fruit oxidant, intermediates Hensen 2005;
in the oxidative Ayyanar and
o . metabolism of cells Subash-Babu
2012
inhibits UVB, induces
COX-2 expression and
o prostaglandin E2
on secretion in epidermal
O cells Ayyanar and
. \ e . b i | Subash-Babu
Ho. 8 y suppressing nuclear ul
Cyanidin = fruit factor-kB transactivation 2012; Dorman et
s and protein-1 activator, al. 2016
Iy inhibits INK1/2, ERK1/2
and MEK1/2
phosphorilation with
MKK4 and Raf-1
HO . Ayyanar and
:
D-Glucose oo fruit oo 2012;
respiration, precursors
HO for vitamin C Shendurse and
OH Khadker 2016
i o Ayyanar and
o O anti-carcinogenic, Subash-Babu
. . bioactive potential for 2012; Meena et
HO. il
Ellagic acid O o bark prevention of chronic al. 2014; Salimi
o @ diseases and skin aging and Pourahmad
! 2018
Eugenin bark actively against the Peres 2003;
9 Herpes virus Ayyanar and
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synthesizes DNA/RNA,

ne P Subash-Babu
2012
0 HO
o N éz @_{ \\ synthesizes and
J'\ﬁ j/ H v, & ° disjoints amino acids, Ayyanar and

Subash-Babu

robinobioside

carcinogenic

ic aci HNTN H i
Folic acid : fruit forms new cells (blood, 2012; Dugoua
skin and mucosa cells) 2013
[e} OH
anti-feedant, anti- Ayyanar and
Friedelan- bleeding, anti-cancer, Subash-Babu
bark hepatoprotective, anti- . .
3-one ) : 2012; Lakshmi
microbe and anti- )
- and Nair 2017
candida
Ayyanar and
Fructose fruit Increases cell Subash-Babu
proliferation 2012; Kim et al.
2012
3 Ayyanar and
or Subash-Babu
Gallic acid HO bark, fruit anti-oxidant, anti-cancer .
2012; Zanwar et
° I. 2014
HO al
Ayyanar and
Isorhamnetin oH root anti-microbe Subash-Babu
3-O-rutinoside CH; 2012; Pereira et
N, al. 2016
HyC Q
HO
HO
OH
anti-oxidant, anti-
bleeding, anti-microbe, Ayyanar and
Kaempferol bark, flower anti-diabetes and anti- Subash-Babu
! cancer 2012; Shields
2017
ne,
on Lo . Ayyanar and
Malvidin e : fruit ?.Ztér?é'nds"i‘&‘é - Subash-Babu
= S o L 2012; Huang et
| bleeding al 2016
S o :
anti-diabetes, Ayyanar and
hypolidemi, anti-oxidant, Subash-Babu
Mvriceti leaf, bark, anti-bleeding, anti- 2012; Jadeja
yricetin - i
flower carcinogen, anti-virus and Devkar
and induces apoptosis 2014; Dorman et
in cancer cells al. 2016
anti-oxidant, anti-
Myricetin 3- bleeding, anti- Vaishnava et al.
V! root mutagenic and anti- 1992; Panche et

al. 2016
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anti-oxidant, anti- Ayyanar and
tumour, anti-bleeding, Subash-Babu
Oleanolic anti-diabetes and anti- A
acid flower microbe 2012; Ayeleso et
al. 2017
. . Ayyanar and
Quercetin leaves, bark, oxitcri];r:?pae:t?-(lz)’lsgctiling Subash-Babu
flower ar;ti—cancer ! 2012; Ay et al.
2016
on SHOH
o]
o Plays role in abiotic
oH pressure tolerance, as Chibbar and
Q an acceptor for Baga 2003;
Raffinose Hg‘c fruit galactosyl residue from Ayyanar and
O, galactynol results in Subash-Babu
he e stachyose 2012
OH on tetrasaccharide
° o CH,OH
Coenzyme in energy, Ayyanar and
precursor for cofactor Subash-Babu
Riboflavin fruit stabilization of MTHFR, 2012; Miller and
FAD Peters 2015;
Guilliams 2018
Cofactor for
decarboxylation of 2-
oxoacids, optimizes the
function of nervous
e N NH system function and Ayyanar and
N \r X 2/,,5 repairs myelin sheath, Subash-Babu
Thiamine ,\!\/\(/g/\%fCHQCHQOH fruit transketolasg, 2012; de la
dehydrogenase piruvate Monte et al.
CHa and a-ketoglutarat, 2016; Crook
biosyntesis of 2019
neurotransmitter,
nucleic acid, fatty acid,
steroid and complex
carbohydrate
Maintains cell function
eny e o, for growth, epithelium Ayyanar and
e A strength, produces Subash-Babu
Vitamin A - fruit erythrocytes maintains .
o, f : 2012; Abrams et
the function of immune
" ' al. 2014
and reproduction
system.
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Table 2: Docking results of active compounds of Syzygium cumini as anti-coronavirus

. Binding affinity (kcal/mol)
Ligand ACE2 3CLPro PLpro Spike
Betulinic acid -10,0 -9,2 -6,8 -10,3
Kaempferol -8,2 -7,7 -8,1 -8,3
Malvidin -7,6 -7,5 -6,6 -8,3
Myricetin -8,2 -8,1 -7,3 -8,4
Quercetin -8,1 -8,2 -8,0 -9,1

Figure 1. Interaction of active compounds of S. cumini and Spike protein; betulinic acid (A),
kaempferol (B), myricetin (C), quercetin (D) and malvidin (E)

Hence if the active compounds of S. cumini
have the ability to interact with the both proteins,
they possess the anti-coronavirus potential
through this mechanism.

In addition, based on the level of interaction
with the Spike protein, the active compounds with
the strongest interactions are betulinic acid (-10.3
kcal/mol), followed by quercetin (-9.1 kcal/mol),
myricetin  (-8.4 kcal/mol), kaempferol (-8.3
kcal/mol) and malvidin (-8.3 kcal/mol). The
analysis using Discovery Studio Visualization

2016 shows that the interactions between the five
compounds and the Spike protein occur because
two kinds of chemical bonds are formed,
hydrogen bonds and non-hydrogen bonds. In
betulinic  acid, quercetin, myricetin  and
kaempferol, the type of chemical bond formed is
the hydrogen bond in amino acid PHE A: 420
(Figure 1A-D). However, in malvidin, the
interactions are formed due to four hydrogen
bonds and three non-hydrogen bonds. Hydrogen
bonds interact with amino acids THR C: 55, SER
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C: 172 and SER C: 118 (Figure 1E), while non-
hydrogen bonds interact with amino acids SER C:
118, ALA C: 76 and TYR C: 88. Although the
number of bonds formed in malvidin is more than
the other four compounds, the binding affinity is
the lowest and is equivalent to that of kaempferol,
-8.3 kcal/mol. Thus the strength of the hydrogen
bond interactions in kaempferol is proportional to
the four hydrogen bonds and three non-hydrogen
bonds in malvidin.

Although the five active compounds of S.
cumini are more likely to interact strongly with one
of the target proteins, it does not mean that there
is no interaction with other target proteins. The
difference in binding affinity causes the tendency
for the interaction between the active compound
and the target protein. As with the interaction on
the PLpro, four out of five compounds show the
weakest binding affinity. Even so, in silico
screening shows that all these compounds
interact with the PLpro, so they are still potential
to inhibit the replication of the coronavirus. PLpro
is a key enzyme in the early stages of infection in
which it cleaves the viral polyproteins, eliminates
viral and cellular proteins, and inhibits the
interferon (IFN) response. Besides, according to
Baez-Santos et al. (2015), PLpro in SARS-CoV
has an additional function in the trimming the
ubiquitin and ISG15 from host cell proteins, thus
allowing the coronavirus to avoid the body's
immune response. Likewise, 3CLpro contributes
in mediating proteolytic processing of polypeptide
replication into functional proteins that play an
important role in viral replication (Hsu et al. 2004).
Thus it strengthens the potential of S. cumini as
an anti-coronavirus drug. According to Ayyanar
and Subhas-Babu (2012), the five anti-
coronavirus compounds can be found in the bark
of S. cumini (Table 1). Hence S. cumini’s bark is
the most potential part to obtain the active anti-
coronavirus compounds. To prove the anti-
coronavirus effectiveness of S. cumini, further in
vitro or in vivo researches are necessatry.

CONCLUSION

In silico screening showed that compounds
contained in the bark of S. cumini such as
betulinic acid, kaempferol, malvidin, myricetin and
quercetin interact with ACE2, Spike protein,
3CLpro and Plpro. Therefore S. cumini has
medicinal potential for anti-coronavirus.
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