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Abstract

COVID-19 is the one of the most fatal pandemics caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) with
highest morbidity as well as mortality while development of antiviral
drugs is the greatest challenge faced by the scientists and pharmaceutical
companies. Due to health emergency declared by World Health
Organisation (WHO), the only option was to use the existing antiviral or
anti-malarial drugsfor controlling SARS-CoV-2 infection.Usingethno-
medicinal information and anti-viral potential, several natural plant
products are being tested for their efficacy against SARS-CoV-2 activity.
In this review, we summarise various reports that highlights the
significant role of pomegranate against SARS-CoV-2. The bioactive
metabolites in pomegranate are the promising candidatesthat have
potential to develop novel and effective therapeutics against SARS-
CoV-2.
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The mankind has witnessed various
epidemics and pandemics which affected the
lives of millions, despite of great advances in
the field of medicines and research. Emerging
infections due to novel pathogens are continuously
posing serious risk to human lives globally.
Novel coronavirus that originated in Wuhan is
responsible for recent pandemic (2019-2021)
that took lives of million worldwide9,33. Efforts
are being made to screen therapeutics drugs
from medicinal plants with antiviral properties
as well as screen novel plant compounds that
have potential to avert the COVID-19 crisis.
However, scientists are facing challenges in
developing effective therapeutics against
SARS-CoV-2 and its variants, which led to
increase in mortality rate throughout the world.

Coronaviruses are the group of viruses belonging
to Coronaviridae family that causes mild to
severe respiratory infection in humans. The
first human Coronaviruses (229e and OC43)
was identified as harmless virus in late
1960s40,50. In 2002, the outbreak of SARS-CoV
had 10% fatality rate among infected patient
in the Southern China but the spread of the
disease was under control in July 200336,42.
The viral studies performed on SARS-CoV
concluded that bats are the natural reservoirs
and raccoon dogs and civet cats as intermediate
hosts. Later, in the year 2012, Middle East
respiratory syndrome corona virus (MERS-
COV) was reported in humans that resulted
in severe respiratory infections60. These two
viruses with unexpected consequences
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emerged as a new public health concern.

A novel coronavirus SARS-CoV-2
was first identified in the Wuhan, Central China
in December 2019, which raised a threat to
mankind and global economic security. The
infected people showed the viral pneumonia
like symptoms that includes cough, fever,
diarrhoea and chest discomfort14. These
symptoms were similar to SARS and MERS
infection but in some severe cases, patients
developdyspena and bilateral lung infiltration52.
The retrospective study showed the first
known case of SARS-CoV-2 on 12th December
201962. On December 31, Wuhan municipal
health commission informed the World Health
Organisation about the pneumonia outbreak.
This novel coronavirus was officially
announced as a causative agent for the
outbreak on 10th January 2020. On 11 th

February, WHO named this novel virus as
SARS-CoV-2 on the basis of its homology to
SARS-CoV genome49. The SARS-CoV-2
spread rapidly all over the world and was
announced as a global pandemic by WHO on
11th March, 202054. Till 2nd week ofMay 2021,
more than 158 million confirmed cases and
3.29 million deaths across the world had been
reported. The rate of infection of SARS-CoV-
2 is in the range of 1.5-3.558. The challenges
faced during this pandemicaredue to the
nature of the virus, uncertain infection periods,
changing viral symptoms and lack of effective
therapeutics.

About 80% of world population use
medicinal plants and their derivatives in
traditional practises and by pharmaceutical
industries to fulfil their medicinal needs56. In
2004, World Health Organisation initiated many

research projects during outbreak of SARS-
CoV in 2002 which focussed on the integrated
use of traditional Chinese medicine and
Western medicine for the treatment55. This
combination therapy introduced the use of plant
metabolites as a complementary aid in the
treatment of the SARS infection. There are
numerous reports on the potential use of the
natural plant products against var ious
Coronaviruses22,27,53. The targeted mode of
action and identification of active secondary
metabolites resulted in the emergence of plant
products as anti-coronavirus compounds.

Cultivated Pomegranate (Punica
granatum L.) and its wild forms are the oldest
edible fruits which are rich source of secondary
metabolites such as polyphenolics, tannins,
flavonoids, anthocyanins and terpenoids23,57.
The chemo-diversity in pomegranate fruit
depends on the cultivar, geographical region
and the climate. The fruitconstitutes 50% peel
and 50% edible portion which in turn consist
of 40% arils and 10% seeds41. Both the arils
and peel of pomegranate have been reported
to have nutraceuticals, antioxidant and anti-
inflammatory properties5,24. There are numerous
reports that highlights the role of various
metabolites present in pomegranate against
degenerative disorders, cardiovascular disease,
diabetes and most types of cancer8,44. In addition,
pomegranate has shown to possessantioxidant
and antiviral activity including inhibition of
replication of influenza and Herpes Virus20,21,35.
Pomegranate juice has been reported to have
antiviral potential that efficiently reduces the
SARS-CoV-2 and influenza virus infection11.
Recently, the studies were conducted on
pomegranate extracts and a strong potential
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against SARS-CoV-2was observed thatprevents
the entry of the virus into host cells46. In this
review,we emphasize on the potential role of
pomegranate fruits as a natural remedy to
prevent SARS-CoV-2 infection.

SARS-CoV-2morphology and Target
Identification :

Coronaviruses are positive single
stranded RNAs with genome size 26 to 32
kilobases. These are divided into four
subfamilies namely: alpha, beta, gamma and
delta coronaviruses.SARS-CoV-2 belongs to
the beta-coronavirus subfamily sharing 75-80%
genome with MERS-CoV and SARS-CoV58.
It constitutes three important envelope viral
proteins namely Spike (S) proteins, Membrane
(M) proteins and envelope (E) proteins
whichare responsible for the viral entry into
host cell and maintaining membrane structure
of the coronavirus31. In addition to these proteins,
there are Nucleocaspid (N) proteins that
include the RNA genome. Receptor binding
domain of S proteins binds to angiotensin-
converting enzyme 2 (ACE2) receptors
present in epithelial cells of oral and nasal
cavity, lung aveoli, small intestine and kidney.
S proteins consist of two subunits namely S1
which binds to ACE 2 receptors and S2 subunit
which is responsiblefor the membrane fusion
of virus with the host cell leading to
endocytosis16,19. There are various host cell
proteases that are responsible for membrane
fusion. Among them is the transmembrane
serine protease 2 (TMPRSS2) which mediates
the cleavage of the S-protein and alongwith
ACE2 is responsible for virus entry into host
cell18. However, activation of S protein is two
step process that requires another enzyme

known as Furin belonging to proprotein
convertase family29. During viral entry into the
host cell, S-proteins are first pre-cleaved by
Furin enzyme and then cleaved by TMPRSS2.
The viral genome is then released into cytoplasm
that undergoes replication and translation in
the host cell32.

Pomegtanate as potential drug against
SARS-CoV-2 :

The inhibitory effects of pomegranate
extracts have been reported on influenza virus,
HIV, poxvirus and Herpes virus21. A computa-
tional study was conducted on bioactiveme-
tabolites such as punicalagin, punicalin and
ellagic acid present in pomegranate and a
strong ligand interaction was observed with
catalytic and substrate binding sites of hepatitis
C virus38. It was reported that anti-inflammatory
potential of pomegranate was due to the
presence of various polyphenolsand flavonoids15.
These phytochemicals have an important role
in the activation of NO pathway or members
of the TRP superfamily, mainly TRPA1 or
TRPV1 and can play a positive effect in
therapy given to COVID-19 patients. Recently,
antiviral effect of pomegranate peel was
reported against influenza virus, where the
various metabolites present in peel inhibits the
entry of virus in host cell and transcription of
viral RNA34.  Thus these pomegranate peels
being rich in bioactive molecules can be
ultimately used as natural herbal drug against
the influenza virus. Similarly inSARS-CoV-2
infection also,viral internalization is a crucial
step that draws researcher attention to identify
or manipulate the specific binders that can
block the viral entry.



The four main proteins that control are S
protein, Angiotensin-converting enzyme 2
(ACE2), Furin and Transmembrane serine
protease 2 (TMPRSS2). A computational
analysis of various metabolites present in
pomegranate peel and their potential role in
the inhibition of SARS-CoV-2 internalization
was reported45. This study targeted the four
main tannin compounds (punicalagin, punicalin,
ellagic acid, and gallic acid) as ligands, to check
their efficacy against SARS-CoV-2 using in
silico tools. The protein targets were S protein,
Angiotensin-converting enzyme 2 (ACE2),
Furin and Transmembrane serine protease 2
(TMPRSS2) enzymes that controls the viral
internalization into the host cell. The molecular
docking studiesconducted revealed thatpunicalin
and punicalagin showed higher affinity towards
amino acid residues present in S-protein active
sites as compared to positive controls or reference
compounds (lopinavir and urnifenovir). These
active site residues responsible for complex
formation are the potential candidates for
allosteric disruption of S-protein and ACE2
complex. In case of ACE2 target, docking
studies showed that these tannins are efficient
binders with ACE2 and could block the
interaction of ACE2 with S-protein, thus
regarded as a novel therapeutics approach for
inhibiting the SARS-CoV-2internalization39.
Also, these tannins formed stable complexes
with proteases (Furin and TMPRSS2) that
have a significant role in cleavage of S-protein
during SARS-CoV-2 internalization into the
host cell45.

In addition to viral structural protein
such as S-protein, there are number of non-
structural protein like 3C-like protease (3CLpro),

Papain-like protease (PLpro) and RNA-
dependent RNA polymerase (RdRp) which
are promising candidates for releasing the viral
proteins4. Docking studies was conducted with
structures of19 hydrolysable tannins retrieved
from PubChem database and observed that
these compounds bind efficiently with3CLpro

for SARS-CoV-2 therapy development25.
Virtual screening of pomegranate compounds
through molecular docking studies help in
understanding structure-activity relationship
which marks as a first promising step in
developing an effective and efficient drug
targeting a desired protein of SARA-CoV2.
There are number of reports that investigated
the various natural plant products against
SARS-CoV infection, thus confirming their
positive role in controlling virus internalization1,3,37.
Pomegranate fruit being rich source of
bioactive metabolites, so trials are being
conducted in hospitals in Yasuj city, Iran to
study the potential of pomegranate juice asan
anti-inflammatory biomarker,after 14 days of
treatment in case of patients hospitalized for
mild to moderate COVID-19 infection59.

Role of plant secondary metabolites against
COVID-19 :

Efforts are being made to develop
effective drug compounds to control COVID-
19. There are many strategic approaches such
as monoclonal antibodies, vaccines, peptides
or interferon therapies to control COVID-19.
Existing/repurposing drugs like favipiravir,
remdesivir and lopinavir are available as first
line of treatment. The ultimate solution to
control COVID-19 crisis is development of
effective vaccines or specific therapeutic drugs
which works effectively against SARS-CoV-2
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and its variants. Since, bioengineered antibodies
and cytokines or nucleic acid based therapies
have shown promising results in treatment of
SARS-CoV-2 infection. However, there are
severe adverse effects of these synthetic
drugs26,48,51. At the present time, the microbial
pathogens are showing enhanced resistance
to various allopathic drugs which increases the
demand forplant-based drugs. Scientists are
working effortlessly to discover the multi-
epitope drugs that are safe, inexpensive and
effective.  Plant based drugs are gaining popularity
for being cost effective and eco-friendly as
compared to synthetic drugs. The crude
extracts of plants contain several secondary
metabolites that could target multiple virion
sites at the same time.There are several
reports that highlights the role of natural plant
products in disruption of cell membrane,
intermediate metabolism, nucleic acid
synthesis and cell communication that affect
various events of pathogenesis2,10,61.

Natural plant products cover 35% of
global medicine market which highlight their
popularity worldwide12. Numerous secondary
metabolites such as phenols, tannins, flavonoids,
lignans, stilbenes and terpenoids have diverse
action of mechanism against coronavirus that
includes inhibition of various cellular pathways,
attenuating PLpro and 3-CLpro and inactivates
various enzymes that block or halt the viral
pathogenesis7. Secondary metabolites such as
curcumin, chrysophanol, quercetin, magnoflorine,
apigenin, luteolin target the spike proteins that
control the virus entry into host cells28,43.
Carnosol, ellagic acid, ursolic acid, cyanidin 3-
glucoside, digitoxigen are among several
metabolitestargeting main protease (Mpro) of
SARS-CoV-222,47. 3-CLpro is targeted by

myricitrin, amaranthin, coumarine, cryptoqui-
ndoline, licoleafol and colistin26,17 whereas
TMPRSS2 are targeted by withanone and
withaferin compounds30. In addition to this,
plant natural products also affect the various
stages of SARS-CoV-2 life cycle. Viral
attachment is inhibited by phytoestrogens,
chlorogenic acid, caffeic acid, p-coumaric acid,
palmitic acid and cinnamaldehyde13. Similarly,
the virus entry is inhibited by dihydrotanshinone-
1 and desmethoxyreserpine whereas multipli-
cation is halted by betulinic acid, lignin and
desmethoxyreserpine6. These reports particularly
point the wide scope of use of secondary
metabolites as alternative to find the efficient
therapeutic drugs to fight COVID-19.

Pomegranate being rich in bioactive
compounds, can serve as a promising natural
therapy against SARS-CoV-2 by inhibiting the
viral structural and non structural proteins y to
control viral replication and infection.
Computational strategies are being used to
analyse the structure-activity relationship of
natural plant products in order to develop safe
and cost effective candidates to supplement
SARS-CoV-2 drugs. In addition, more in-vitro
research and computational advances are
required to study the underlying action
mechanism and interaction of these
phytochemicals with SARS-CoV-2 proteins.
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