S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Phytomedicine 85 (2021) 153361

Contents lists available at ScienceDirect

Phytomedicine

FI. SEVIER

journal homepage: www.elsevier.com/locate/phymed

Review ' :.)

Check for

Herbal immune-boosters: Substantial warriors of pandemic Covid-19 battle [

Kanika Khanna “, Sukhmeen Kaur Kohli *, Ravdeep Kaur “, Abhay Bhardwaj ", Vinay Bhardwaj b
Puja Ohri ¢, Anket Sharma ®“, Ajaz Ahmad ¢, Renu Bhardwaj®, Parvaiz Ahmad "

2 Plant Stress Biology Lab, Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar 143005, Punjab, India
Y Department of Bio-organic and Biological Chemistry, Kharkiv National Medical University, Kharkiv 61000, Ukraine

¢ Department of Zoology, Guru Nanak Dev University, Amritsar 143005, Punjab, India

4 State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, China

€ Department of Clinical Pharmacy, College of Pharmacy, King Saud University, Riyadh 11451, Saudi Arabia

f Department of Botany and Microbiology, College of Science, King Saud University, Riyadh 11451, Saudi Arabia

ARTICLE INFO ABSTRACT

Keywords:

SARS-CoV-2

Herbal plants

Natural therapeutics
Traditional medicine
Immune-System Rebooting
PAK-1 Blockers

Current scenario depicts that world has been clenched by COVID-19 pandemic. Inevitably, public health and
safety measures could be undertaken in order to dwindle the infection threat and mortality. Moreover, to
overcome the global menace and drawing out world from moribund stage, there is an exigency for social
distancing and quarantines. Since December, 2019, coronavirus, SARS-CoV-2 (COVID-19) have came into exis-
tence and up till now world is still in the state of shock.At this point of time, COVID-19 has entered perilous
phase, creating havoc among individuals, and this has been directly implied due to enhanced globalisation and
ability of the virus to acclimatize at all conditions. The unabated transmission is due to lack of drugs, vaccines
and therapeutics against this viral outbreak. But research is still underway to formulate the vaccines or drugs by
this means, as scientific communities are continuously working to unravel the pharmacologically active com-
pounds that might offer a new insight for curbing infections and pandemics. Therefore, the topical COVID-19
situation highlights an immediate need for effective therapeutics against SARS-CoV-2. Towards this effort, the
present review discusses the vital concepts related to COVID-19, in terms of its origin, transmission, clinical
aspects and diagnosis. However, here, we have formulated the novel concept hitherto, ancient means of tradi-
tional medicines or herbal plants to beat this pandemic.

rising or re-emergence of viruses, posing a serious menace towards
communal health and safety, specifically in such unprecedented times

1. Introduction

Pandemic diseases are of global concern in the present era, to cause
gigantic morbidity and transience, regardless of, extensive medical fa-
cilities. Particularly, anti-viral therapies have been fraught because of
surfacing of mutants competent enough to subdue the drugs targeting
viral elements (Ahmad et al., 2020a). Most importantly, enhanced uni-
versal travel and swift urbanization has led to contagious outbreak by

where there are no preventive vaccines available. With the advent of
twenty first century, our planet has observed the incidence of cata-
strophic viral outbreaks namely, SARS-CoV (Severe Acute Respiratory
Syndrome) and MERS-CoV (Middle East Respiratory Syndrome) within
human populace (Markoti¢ and Kuzman, 2020). At present, COVID-19
(Coronavirus) is the third most important disease of animal origin,

Abbreviations: ACE2, angiotensin-converting enzyme; ACTH, adrenocorticotrophic hormones; APC, antigen presenting cell; ARC, artepillin C; ARDS, acute res-
piratory distress syndrome; ASCs, antibody-secreting cells; AYUSH, ayurvedic, yoga and naturopathy, unani, siddha and homeopathy; C-1, Caspase-1; CAPE, caffeic
acid phenyl ester; CHM, Chinese herbal medicine; GCSF, granulocyte-colony stimulating factor; ICTV, international committee on taxonomy of viruses; IgG,
immunoglobulin G; IgM, immunoglobulin M; IL, interleukin; MAPK, mitogen activated protein kinases; MCP1, monocytechemoattractant protein 1; MERS-CoV,
middle east respiratory syndrome; MIP1, macrophage inflammatory protein 1; MT, metalloprotease; MVD, molegro virtual docker; NF, neuro fibromatosis; NK,
natural killer; NLR, neutrophil-to-lymphocyte ratio; NLRP3, NOD-like receptor proteins; PDB, protein data bank; Ry, basic reproduction number; RBD, receptor-
binding domain; RNA, ribonucleic acid; SARS-CoV, severe acute respiratory syndrome; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; TCM,
traditional Chinese medicines; Tth, follicular helper T-cells; TNF, tumor necrosis factor; WHO, World Health Organisation.
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which is prevailing in almost four corners of the world by getting
initiated from a single place. Nearly, 213 countries of all continents have
been affected in less than three months by this pernicious virus
(Acharya, 2020). After studying its clinical characteristics, experts
affirmed that it is quite similar to pneumonia and therefore, named as
Novel Coronavirus. However, in the second week of March, 2020,
COVID-19 was stated as pandemic by World Health Organisation (WHO)
(Gautret et al., 2020). As of August, 24th, 2020, there have been reported
23,584,259 COVID-19 cases with 812,517 deaths globally as depicted by
WHO (WHO, 2020). The causal agent of COVID-19 is SARS-CoV-2 (Se-
vere Acute Respiratory Syndrome Coronavirus-2) as per officially named
by ICTV (International Committee on Taxonomy of Viruses) (Gautret
et al., 2020). After incessant investigations, it has been acquired that
SARS-CoV resembles sequence homology with bat coronavirus. Though,
its spike glycoproteins have highest affinity for human
angiotensin-converting enzyme 2 (ACE2) receptors, that enable them to
invade and transmit through human to human (Guo et al., 2020). Even
though it shares resemblance with SARS-CoV, yet its spreading ability
and diagnosis is relatively different. The distinctive feature is most likely
the nucleotide pattern of spike proteins along with its receptor binding
domains (Wan et al., 2020). Moreover, belonging to the category of
B-coronaviruses, a highly prevalent virus family in nature, it has several
hosts, natural, intermediate as well as final. Henceforth, it is a colossal
issue to prevent and cure the outbreak of this viral infection owing to its
greater transmitting and infecting power.

Looking into the present scenario, WHO worked really very hard on a
plan to battle against this monstrous virus. For instance, they have
strategized to minimize physical contact among each other, isolate and
screen the infected people during initial stages and recognise and
dwindle the spread from the animal sources. Additionally, focus have
been made to address the critical mysteries related to virus in order to
conduct awareness among citizens (WHO, 2020). In essence, it has been
known to transmit through droplets such assaliva or nose or even
through air-borne transmission. This has vexed the scientists all around
the globe to find out best prevention against this pandemic until the
suitable vaccine is discovered. However, manufacturers are progres-
sively working on manufacturing masks and sanitizers to prevent disease
incidence, lucrative for both health professionals as well as common
people (Balachandar et al., 2020). At this point of time, it is immensely
imperative to unravel viral pathogenisis to design the drugs or vaccines.
It is a gloomy instance that, there is a lack of a verified treatment,
however, many drugs are in a pipeline of clinical trials, yet no medically
significant results have come out. Till that time, existing antiviral drugs
like Lopinavir, Chloroquine, Nitazoxanide, Ritonavir, Hydroxu-
chloroquine, Tocilizumab and Azithromycin have been practiced that
tend to reduce the replication and viral load (Gautret et al., 2020). As a
research standpoint, scientists are in a quick pace to achieve their targets
in order to safeguard the public. Moreover, envisaging steroids, mono-
clonal antibodies, peptides, interferons, oligonucleotides, enzyme in-
hibitors are suggested in curbing the disease (Mehta et al., 2020; Li and
Clercq, 2020). Hitherto, there are still unproven antiviral drugs, vac-
cines and other alternatives available that are being tried to target
SARS-CoV-2, consequently, accentuation is being imposed on precau-
tionary measures and symptomatic cure (Jean et al., 2020). Yet, new
discoveries require several trials for which few months to years can pass
for the development. Having said that, there is an urgency to beat the
COVID-19 outbreak, for which natural products, herbal plants and their
formulations should be sent to this battlefield. Because of their feasi-
bility, cost-effectiveness, eco-friendliness, efficacious nature and zilch
side-effects, they need to be promoted for this warfare.

In this milieu, medicinal herbs are ’Gifted Gods’ for healing, sup-
porting and rehabilitating patients. Even though, no substantiation is
present, but different studies on herbal plants are being conducted that
have the ability to strengthen immune system and cope up with this
virus. To expedite, certain phyto-compounds are being recognised to
characterise the herbs in mitigating the incidence of infection.
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Ayurveda, Unani, Siddhi, Homeopathy, Romanian, Persian, Chinese
traditional medicinal plants for example, are being currently exploited
to check the effectivenesson this virus (Nikhat and Fazil, 2020; Yang
et al., 2020). Since decades, herbal plants have been utilised in aborig-
inal health services as well as conventional medicines to combat dis-
eases. The natural products provide an ancillary steer to unlock different
mysteries behind the sickness. The exploitation of antiviral mechanisms
of these natural compounds could shed light on their modes of action
towards viral life-cycle, invasion, penetration, replication, assemblage
and release. Moreover, customary acquaintance about plant sources and
their usage is chiefly indispensable to employ it appropriately under
right conditions. There have been more than 25,000 herbal formulations
used in folk remedies in Ayurveda alone (Pundarikakshudu and Kanaki,
2019). Generally, these medications are disregarded and underrated in
research and development due to contemporary medicines. Perhaps,
they are ambiguous, but have broader demand nowadays in Western
technology (Yuan et al., 2016). One single herbal species comprises
plentiful phyto-constituents that single-handedly or collectively
generate a pharmacological effect (Parasurman et al., 2014). Subse-
quently, these natural constituents are isolated and modulated as drug
formulations against different diseases. Medicinal herbs are by far, are
the life-saving drugs these days and research is being conducted on them
to promote their usage in treatment of COVID-19 patients due to their
potential of possessing anti-inflammatory, antioxidant and antiviral
properties. Although, clinical trials are conducted to repurpose their
value, for innovative treatment to defeat its transmission. During this
period of global fretfulness, it is pertinent to locate long-lasting mea-
sures to avert the spread of this pandemic. Hence, its need of the hour to
collaborate and counteract against COVID-19 by exercising social
distancing along with maintaining hygienic surroundings (Balachander
et al., 2020). The present review discusses the general overview,
transmission, clinical approaches and immune-responses of coronavirus
along with herbal immune-boosters to combat this infectious and
pandemic disease that has created panic all over. By this review, we
suggest that herbal or medicinal plant formulations could be essential
alternative strategy, a step ahead to battle these awful viruses.

2. A general overview on coronavirus

SARS-CoV-2, provisionally known as 2019-novel coronavirus, is an
enveloped positive-sense single-stranded RNA virus that belongs to the
subfamily Orthocoronavirinae, and the family Coronaviridae (Huang
et al., 2020; Gorbalenya et al., 2020). Subfamily, Orthocoronavirinae,
includes four genera, namely alpha-, beta-, delta- and gammacor-
onavirus. Predominantly, alpha-and beta- CoVs infect mammals,
whereas the main targets of delta- and gamma-CoVs are avian species
(Fan et al., 2019). With the outbreak of recent SARS-CoV-2 total of seven
human-susceptible CoVs strains have been currently identified that can
infect human population. Most of these viruses tend to cause mild in-
fections; however, SARS-CoV identified in 2002, MERS-CoV identified in
2012 and ongoing pandemic caused by SARS-CoV-2 have emerged as
fatal CoVs capable of causing severe respiratory tract infections (Guo
et al.,, 2020). Genomic sequencing analyses have revealed the close
evolutionary relationship of SARS-CoV-2 with other beta-CoVs. It re-
sembles more with Sarbecovirus subgenus that comprises of SARS-CoV
than that of MERS-CoVs of Merbecovirus subgenus origin. At the
nucleotide level, SARS-CoV-2 shares 79% homology with SARS-CoV,
whereas only 50% with MERS-CoVs (Peng et al., 2020; Zhang and
Holmes, 2020). Moreover, SARS-CoV-2 just like SARS-CoV utilizes the
same ACE2 receptors to infect its hosts (Guo et al., 2020). Thus, the sites
where ACE2 protein is mainly expressed are the potential target sites for
SARS-CoV-2 respectively. These regions are belong to type II alveolar
cells of the lungs and enterocytes of the small intestine (Hamming et al.,
2004; Zheng, 2020). Nevertheless, there are some remarkable biological
differences between the SARS-CoV-2 and the other beta-CoVs, which
probably make it more infectious. Consequently, the epidemiological
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dynamics of SARS-CoV-2 is different from previous human-CoV out-
breaks having striking local and global spread (Zhang and Holmes,
2020; Zheng, 2020).

Although, SARS-CoV-2 shows greater human-to-human transmission
efficiency, its crude fatality rate (0.25% to 5%) is comparatively far less
than that of SARS-CoV which is approx. 10%. Furthermore, SARS-CoV-2
has Rg (basic reproduction number) of 4.7 to 6.6. This highly contagious
nature of SARS-CoV-2 is supported by the fact that its spike (S) protein
possess 10 to 20 time’s greater affinity for ACE2 receptors than SARS-
CoV (Zheng, 2020). S-protein is the surface glycoprotein that assists
the virus in the attachment to the host cells through its receptor-binding
domain (RBD). S-protein has several domains, one of the sections termed
as ectodomain has two subunits, S1 and S2, which form a crown-like
structure around the virus (Vellingiri et al., 2020). Besides, S-protein
of SARS-CoV-2 contains a furin-like cleavage site at the S1-S2 junction,
missing in other members of its sister clade. This additional cleavage site
might also be responsible for greater pathogenicity of SARS-CoV-2 as it
also occurs in highly infectious form of influenza virus but lacking in less
pathogenic ones (Coutard et al., 2020; Zhang and Holmes, 2020).

3. Origin and transmission of coronavirus

The natural reservoir for both the SARS-CoV and MERS-CoV were
bats; however, these viruses infect humans through an intermediate
host. Palm civets are supposed to be the intermediate host of SARS-CoV
while dromedary camels are of MERS-CoV (Yin and Wunderink, 2018).
Unfortunately, the exact zoonotic origin of SARS-CoV-2 is still elusive.
Since SARS-CoV-2 shares 88% nucleotide homology with two SARS-like
CoV found in bats (bat-SL-CoVZC45 and bat-SL-CoVZXC21) and 96%
with RaTG13 virus found in horseshoe bat (Rhinolophus affinis), bats are
considered to be its natural host (Lu et al., 2020b; Zhou et al., 2020b).
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Despite the 96% nucleotide similarity, the RBD of both the viruses varies
significantly (Mackenzie and Smith, 2020). However, due to the
ecological separation of the bats from the humans and the requirement
of some necessary mutations in the virus genome to cross the species
barrier, SARS-CoV-2 likely has one or more mammalian intermediate
hosts for efficient animal-to-human transmission (Zhang and Holmes,
2020). Analyses of interactions between RBD in SARS-CoV-2 and ACE2
receptors in different hosts indicate that pangolins, snakes, and turtles
may be the immediate host of SARS-CoV-2 (Liu et al., 2020a) (Fig. 1).
Recent phylogenetic studies on the genome of Pangolin-CoV found from
dead Malayan pangolins, which are illegally imported in China revealed
that its genome is about 91% identical to SARS-CoV-2 and around 90%
to RaTG13 (Bat-CoV). Besides, five of the six amino acids (contact res-
idues) on RBD, vital for binding to ACE2 receptors on hosts are consis-
tent between SARS-CoV-2 and Pangolin-CoV, but only four between
Pangolin-CoV and RaTG13 and only one out of six between SARS-CoV
and SARS- CoV-2 (Zhang et al., 2020a; Andersen et al., 2020). These
findings suggest the probability of pangolins as natural reservoirs of
SARS-CoV-2 (Zhang et al., 2020a).More and more studies with a wider
sampling of mammals from China’s wildlife markets or that are in close
contact with humans like these are needed to resolve intermediate hosts
of SARS- CoV-2 (Zhang and Holmes, 2020).

3.1. Human-to-human transmission routes

Person-to-person transmission is primarily reported in families,
communities, and hospitals (Guo et al., 2020). Droplet transmission is
considered as the main route of person-to-person transmission (Han
et al., 2020). The infection also spreads through direct contact and via
fomite exposure i.e., direct contact to eyes, nose, and mouth after
touching surfaces and objects contaminated by an infected individual
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Fig. 1. Schematic Presentation of COVID-19 Binding to Host Cells, Invasion, Replication, Assemblage, Release and Infection Along with the Associated Host and Viral
Factors. Fig. illustrates the origin of coronavirus from bats; the viral structure comprises of spike proteins that enable attachment and virus is enveloped in nature for
protection as well as facilitation of viral entry; the viral particles bind onto ACE2 receptors of host cells; clathrin is associated with coating membranes for endocytosis
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(Peng et al., 2020; Morawskaa and Cao, 2020). In general, human-CoVs
can remain infectious on some material surfaces for even 9 days (Kampf
et al., 2020). Besides, SARS-CoV-2 also spreads through contact with
asymptomatic carriers (Peng et al., 2020). Since SARS-CoV-2 infection is
spreading at an unprecedented pace, airborne transmission too warrants
meticulous determination (Morawskaa and Cao, 2020). In addition,
SARS-CoV-2 was found in a stool sample, gastrointestinal tissue even
urine and saliva of an infected person, suggests the possibility of intes-
tinal and fecal-oral transmission (Xiao et al., 2020; Guan et al., 2020).
Although no case of mother to child transmission has been reported yet,
infection in two newborns of Wuhan, China raises the question for
vertical transmission (Han et al., 2020). Apart from this, there are recent
studies that reveal that there is a possibility of sexual transmission of
COVID-19 infection. There are an array of evidences for this trans-
mission such as through faecal-oral route via gastrointestinal infection
(Peng et al., 2020). This is most probably due to ACE2 that enable virus
entry and ACE2 mRNA is overexpressed in gastro-intestinal system as
revealed through immunofluorescent analysis of rectal epithelial cells
(Hindson, 2020). Moreover, RNA analysis of SARS-CoV-2 also revealed
that the viral particles can infect these cells therefore, it is quite pre-
dictable that sexual intercourse could be the possible way of contagion.
There have been cases when person shows negative results on naso-
pharyngeal swabs, while, positive on rectal swabs, depicting that sexual
transmission might be the possibility (Xu et al., 2020). Henceforth, the
physicians as well as doctors in particular recommend a strong message
to discourage sexual practices if in any case of COVID-19 infection.
Hence, comprehensive possible means of SARS-CoV-2 transmission
warrants further study.

4. Clinical attributes of COVID-19

A study conducted on 1099 patients (926 non-severe and 173 severe)
from 30 provinces of China from December 11, 2019, to January 29,
2020, revealed that dominant clinical manifestations of SARS-CoV-2
infection include fever, cough, fatigue and sputum production. While,
symptoms such as shortness of breath, myalgia, sore throat, headache,
chills, are common, whereas the gastrointestinal symptoms such as
vomiting and diarrhea along with anosmia and hypogeusia are rare in
pateints (Guan et al., 2020). Later, meta-analysis of total 43 studies from
the period of January 24, 2020, to February 28, 2020, including 3600
patients conducted by Fu and others (2020), ascertains that fever,
cough, and fatigue are most frequent, while congestion, sore throat,
rhinorrhea, and diarrhea are uncommon clinical manifestations of
SARS-CoV-2. Moreover, lymphocytopenia, and increased lactate dehy-
drogenase, C-reactive protein levels and ground-glass opacities are other
common abnormalities among patients. Furthermore, the comprehen-
sive study also suggests this novel SARS-CoV-2 affects elderly people
with coexisting other medical complications more seriously. These re-
sults are consistent with previous studies conducted on severely ill pa-
tients which also advocates high mortality rate in elderly people with
acute respiratory distress syndrome (ARDS) and comorbidities such as
hypertension, diabetes, chronic obstructive lung disease and coronary
heart disease (Yang et al., 2020; Zhou et al., 2020a). The most common
complications associated with SARS-CoV-2 infection are sepsis, respi-
ratory and heart failure, ARDS, and septic shock (Zhou et al., 2020a).
Even though children of all ages face risk of SARS-CoV infection, the
serious progression of infection and morbidity is rare in children and
adolescents relative to the adults (Lu et al., 2020a).

5. Perspectives on immune responses and immunopathology

SARS-CoV-2 infection is often categorized into three stages: first,
asymptomatic phase; second, non-severe symptomatic phase; and third,
severe respiratory symptomatic phase (Shi, 2020). Usually, a small
number of patient’s progress to the severe stage and develop ARDS
and/or multiorgan failure (Cao et al., 2020).
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Host’s immune responses initiate as soon as SARS-CoV-2 binds to
ACE2 receptors and releases viral RNA for replication. Both the innate
and adaptive immune response could be triggered in response to the
SARS-CoV-2 infection (Cao et al., 2020). However, immune responses
are different between severely and moderately infected persons. In a
blood sample of symptomatic hospitalised patients with mild to mod-
erate SARS-CoV-2 infection before resolution of symptoms, immuno-
logical changes such as increase in the number of activated CD4+ helper
T cells and CD8+ Kkiller T cells, follicular helper T (Tfh) cells,
antibody-secreting cells (ASCs) and antibodies particularly IgG
(Immunoglobulin G)and IgM (Immunoglobulin M) were detected
(Thevarajan et al., 2020). On the other hand, in severely infected pa-
tients, lymphocytopenia is a common denominator with substantial fall
in numbers of natural killer cells, B cells, CD3+ T cells, CD4+ helper T
cells, CD8+ killer T cells along with the increase in
neutrophil-to-lymphocyte ratio (NLR) and C-reactive protein levels.
Additionally, in comparison to the non-severe patients,
pro-inflammatory cytokines and chemokines such as tumor necrosis
factor (TNF)-a, interleukin (IL)-2, IL-6, IL-7, IL-8, IL-10,
Granulocyte-colony stimulating factor (GCSP), mono-
cytechemoattractant protein 1 (MCP1) and macrophage inflammatory
protein 1-alpha (MIP1-alpha) are often reported to be elevated in serum
levels of critically ill patients (Huang et al., 2020; Qin et al., 2020; Wang
et al., 2020a). The elevated ratio of NLR, which is a biomarker of sys-
temic inflammatory response syndrome, points to the devastated in-
flammatory state of ICU patients (Salciccioli et al., 2015). Moreover,
uncontrolled levels of cytokines and chemokines cause over-active in-
flammatory responses or cytokine storm. This hyperactive immune
response along with impaired adaptive immune response may trigger
pulmonary injury, ARDS, viral sepsis and organ failure like complica-
tions, and eventually death in some cases (Prompetchara et al., 2020).

6. Traditional cure for COVID-19: a possible room for ayurveda

The traditional Chinese medicines and Ayurveda since the Vedic
period (1500-500 BCE) provides globally with potential remedies to
lessen the severity of the illnesses caused by microorganisms (Chatto-
padhyay et al., 2015; Jhadav et al., 2012). Ayurveda is considered as the
world’s oldest medical network, which is believed to manage wide array
of infections without causing any side effects. It is well equipped with
diverse treatment modules for multifaceted noxious diseases (Goothy
et al.,, 2020). The ayurvedic specialists and health care professionals
have been aware of subsistence of wide range of microorganisms as well
as infections caused by them (Panda, 2005). The Ayurveda and the
Siddha practices originally arose in India and still extensively practiced
for curing plethora of infections (Vellingiri et al., 2020). By the identi-
fication and isolation of bioactive phytochemicals and compounds, their
effectual characterization in the medicinal plants might help in
combating such deadly infections. The repurposing the ancient medic-
inal plants, provides a new approach for defeating the viral infections
and their transmission. At present time of global trepidation, it is vital to
stumble on solutions for the long sprint and to prevent further trans-
mission of such a pandemic (Balachandar et al., 2020). Currently, there
are no vaccinations or any kind antiviral treatment modules developed
for the treatment of COVID-19, hence the employment of traditional
medicines, which were used in previous epidemic out-break are taken
into consideration (Luo et al., 2020). Also the Chinese herbal medicine
(CHM) is one of the greatest herbal medicine modules and it is an
imperative component of traditional Chinese medicines (TCM). They
have been suggested to alleviate contagions in the form of warm water
extracts for almost 2000 years from about 10,000 herbal medicines since
the ancient times (Lin et al., 2016).

Romanian flora similarly, is anticipated to have about 3500 to 4500
cormophyte (the plants which can be differentiated into root, shoots and
leaves) species of which 283 have been considered to be medicinally
significant and smaller amount from them have been investigated for
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their potential to counteract certain kinds of infections (Murariu et al.,
2002; Chiru et al., 2020). In the past three decades the use of these
traditional medicinal plants in Romania has been scarce (Pieroni et al.,
2015; Papp et al., 2011, 2014; Gilca et al., 2018). They are typically
registered from small traditional areas, which have preserved discrete
features in spite of their common history and living space (Pieroni et al.,
2015). The ayurvedic and traditional healing is becoming a substitute to
usual conventional medicines due to the fact of easily availability, no
side effects and not as much cost. Recent reports on COVID-19 research
suggest drug repurposing and employment of TCM as the treatment
alternative for COVID-19 out-break, used in the patient of varied
countries (Lem et al., 2020). However, there is a lack of direct evidences
of role of ayurvedic medicines in curing COVID-19 infections, some of
the traditional and herbal medications have proven immunomodulatory
potential and can be employed as a preventive medicine to counter the
symptoms of COVID-19 (Mamidi and Gupta, 2017; Panda et al., 2020).

6.1. Plant based-therapeutic approaches against COVID-19

The traditional medicines have been in general disregarded in the
novel research and expansion of contemporary drugs due to the fact that
their translational ability is commonly underrated. These medicines are
considered vague in the context of their usage in the non-western
medical technologies (Yuan et al., 2016). Wide array of phytochemical
components is extracted from a single herb that may function unaided or
in amalgamation with other components to yield preferred pharmaco-
logical effects (Parasuraman et al., 2014). It has been frequently indi-
cated that 70-80% of the people belonging to the developing countries
are directly dependent on the herbal drug for their primary healthcare in
comparison to the modern synthetic drugs (Hamilton, 2004). Beneficial
impact of the medicinal plants lies in their bioactive constituent’s spe-
cifically secondary metabolites viz. steroids, alkaloids, diterpenes, tri-
terpenes, aliphatics and glycosides etc. (Chikezie et al., 2015). The
exploration for innovative phytochemical with antiviral bioactivity has
frequently been substandard and inefficient due to adaptive viral resis-
tance accompanied by viral latency and persistent infections in patients
with compromised immunity (Sumithira et al., 2012). Most of the
antiviral therapeutics modules are non-specific in their action towards
viruses (Jiang et al. 2015). The progression in development of novel
antiviral mediators is the foremost concern of the medical research at
present. The antiviral bioactivities of plethora of medicinal plants plays
a remarkable role in diverse stages of virus growth (Akram et al., 2018).

The traditional Indian medicines network is one of the oldest health
modules since the human existence and plays a crucial role in combating
and fulfilling the needs of the global healthcare system (Ravishankar and
Shukla, 2007). These traditional practices include ayurveda, siddha,
yoga and unani, homeopathy and naturopathy and they are lucratively
practiced for healing varied infectious disorders (Gomathi et al., 2020).
These modules employ plants, animal products and minerals for treat-
ment of wide range of diseases (Tabuti et al., 2003). Approximately,
twenty-five thousand plant based formulations and extracts have been
used in folk medication in the south Asian subcontinents (Pundarikak-
shudu and Kanaki, 2019). Moreover, recently total medicinal plants in
India were estimated to be 3000, nevertheless traditional ayurveda
practioners use around 8000 varied species of plant for the treatments
(Pundarikakshudu and Kanaki, 2019).

Recently, in India, it was suggested by the Ministry of AYUSH (Ay-
urvedic, Yoga and Naturopathy, Unani, Siddha and Homeopathy), to
drink Kadha as a booster of immunity and lowering the tenderness
caused during COVID-19 catastrophe (AYUSH Advisory, 2020). A Kadha
is an extract prepared from less juicy or dry ingredients like spices and
herbs. The Ministry of AYUSH with its conventional acquaintance has an
extensive custom of maintenance of nation’s health and its participation
has augmented manifolds in this COVID-19 pandemic crisis (AYUSH
Advisory, 2020). All ayurvedic healthcare professional generally
recommend classical ayurveda medicine, however AYUSH-64 a novel
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formulation prepared by CCRAS provides resistance against malaria and
other fevers. The decoction of sunthi (Zingiber officinaleRoscoe.), lavanga
(Syzygium aromaticum) and maricha (Piper nigrum) have been recom-
mended to the healthy as well as COVID-19 infected person, as it pro-
vides support in the humoral and cell mediated responses and also
lowers the air way hyper responsiveness and nasal congestions (Carra-
sco et al., 2009; Kim and Lee, 2009; Bui et al., 2019). Various ayurvedic
products and fatty acids in the form of ghee are implicated in the
up-regulation of resistance. The resistance is enhanced in a pleiotropic
manner and the bioactive compounds participate in various procedures
of adaptive as well as innate immune responses (Shukla et al., 2014).
Similarly, the bioactive constituent in Curcuma longa Linn. i.e. curumin,
is identified to block cytokine release, specifically interleukin-1, inter-
leukin-6, pro-inflammatory cytokines and tumor necrosis factor-o and is
directed to be consumed with milk (Omara et al., 2010). Inhibition of
the cytokine discharge is one of the prime clinical development associ-
ated with experimental modules of flu and other infectious diseases and
have also been compared to COVID-19 where similar cytokine storm
play an imperative role in transience (Sordillo and Helson, 2015).
Moreover, AYUSH has recommended certain preventive and medicinal
plants for prevention and prophylactic of COVID-19 including warm
extracts of Tinospora cordifolia (advised for chronic fever), Andrograhis
paniculata (advised for fever and cold), Cydonia oblonga, Zizyphus jujube
and Cordia myxa (enhancing antioxidant, immune-modulatory, anti--
allergic, smooth muscle relaxant, anti-influenza activity) and Arsenicum
album 30 (found effective against SARS-CoV-2, immune-modulator).
The symptomatic management of COVID-19 was suggested to be ac-
quired from Agastya Haritaki (prevention of upper respiratory infections
and Anuthaila (sesame oil drops) recommended to prevent respiratory
infections (Vellingiri et al., 2020).

TCM clinical trials and studies indicate the amelioration of symptoms
of mild to moderate COVID-19 infections. The seriously infected patients
tormented from hypoxia, were competent to ease the symptoms
including high fever, breathing problems and coughing (Toots et al.,
2019). Furthermore, a report by Song et al. (2019) revealed the bioac-
tive potential of extracts Sanctellaria baicalensis containing baicalin
which is considered as one of the prime TCM herbal constituent as well
as hesperetin a bioactive constituent present in tangerine peel, have
been employed in curing the symptoms associated with COVID-19
(Panda et al., 2020). Another TCM medicine viz. Xuebijing Injections
has been widely affirmed to lower the hazards of
community-transmission of pneumonia as well as it reduces the time
required for ventilating a severe patient (Song et al., 2019).

One of the commonly accepted traditional Chinese medicines is
Kombucha, which is a concoction prepared from the culture of Aceto-
bacter and yeast. This concoction is prepared in black tea and Chinese
herbal extract comprised of liquorice, green tea, chrysanthemum and
Grosvenor momordia, which acts as an effective probiotic (Greenwatt
et al., 2000). Similar extract has been employed in treatment of foot and
mouth disease virus. Moreover, their exist a wide array of reports sug-
gesting utilization of herbal extracts in TCM such as extracts prepared
from Agzadirachta indica (Kumar and Navaratnam, 2013; Gupta et al.,
2017), Camellia sinensis (Song et al., 2005; Kuzuhara et al., 2009; Li
et al., 2015), Ocimum sanctum and Agremone mexicana (Varshney et al.,
2013), Zingiber officinale (Shah and Krishnamurthy, 2013), Tinospora
cordifolia (Shah and Krishnamurthy, 2013), Alium sativum (Kim et al.,
2005; Wang et al., 2006) and Ocimum basilicum (Kubica et al., 2014) etc.
for their antimicrobial potential. A corroborative suggestion was made
by Su et al. (2020), that traditional Chinese herb i.e. Exocarpium Citri
grandis was found to be effective in preventing and treating COVID-19
pandemic. A novel approach to TCM is combination therapy in which
the old traditional practices are mixed together to develop an effective
formulation for treating various diseases. Combination treatment has
been employed in suppression of viral hepatisis. Also liquid fermented
broth of Ganoderma lucidum in combination with extract of Radix
Sophorae flavescentis, was affirmed to be effective against hepatitis B
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virus. Another vital example is glycyrrhizin a bioactive compound iso-
lated from Lycoris radiata shows a strong potential against
anti-SARS-CoV activity (Li et al., 2005a,b).

6.2. Secondary plant metabolites against COVID-19 virus

6.2.1. Terpenoids

The triterpenes are composed of 6 isoprene units and with squalene
as a prototype and are diversely occurrence in plant species (Petr et al.,
2006). They play a vital role in modulation of cellular metabolism,
specifically the biosynthesis of sterols and have a significant level of
antiviral activity (Malinowska et al., 2013). Various triterpenes have
been reported to have effect against HSV1 and HSV2 these include
dammaradienol, dammarenediol-Il, dammarenolic acid, hydrox-
yhopanone, hydroxydammarenone-I, shoreic acid, ursonic acid,
hydroxyoleanonic lactone and eichlerianic acid (Poehland et al., 1987).
Structurally coronavirus is composed of single stranded RNA, reported
to be one of the longest RNA virus. This RNA strand acts as an RNA
messenger, when it transmits into a cell it stimulates the synthesis of two
polyproteins which are further composed of a novel replication and
transmission complexes that regulate the synthesis of RNA, structural
proteins and enhance the activity of protease enzyme. Here protease
enzyme has a significant participation in fragmentation of the poly-
protein (Cui et al., 2019, John et al., 2015). Apart from designing and
chemical synthesizing of protease inhibitor, one of the most recent
therapeutic strategies to cure viral infection is to identify the inhibitors
of these enzymes in natural products and compounds. Amongst these,
terpenoids have a specific significance due to fact of diverse availability
in plants and microorganism and low inhibitory concentration i.e. IC50.
The terpenoids are the chief secondary metabolites present in more than
36,000 species accounted so far (Augustin et al., 2011). These secondary
metabolites have multifaceted therapeutic application viz.
anti-cancerous (Topcu et al., 2007), anti-inflammatory and antiviral
(Nosrati and Behbahani, 2015), antioxidant (del Cerman et al., 1995)
and antibacterial (Angeh et al., 2007).

In a recent report by Shaghaghi (2020) the structure of terpinoid
constituents and COVID-19 protease was elucidated from the different
databases such as PubChem and Protein Data Bank (PDB). Followed by
this, the sophisticated technique of molecular docking was utilized by
employing MVD (molegro virtual docker) software. 9 and different
terpenes were analyzed for their inhibitory effects. These included
thymoquinone extracted from Nigella sativa. Molecular dynamic simu-
lations have also shown that thymoquinone can interact with the
attachment of SARS-CoV-2 to the HSPAS substrate-binding domain b
(SBDD) to stress cells and thus reduce the possibility of infection (Elfiky,
2020). Nevertheless, it is potentially time to switch thymoquinone from
experiments on the bench to clinical trials for the Covid-19 pandemic
(Ahmad et al., 2020a). Salvinorin A derived from Salvia divinorum,
Bilobalide and Ginkgolide A extracted from Gingko biloba, citral from
Backhousia citriodora, menthol from Mentha, Noscapine extracted from
Papaveraceae family, Forscolin from Plectranthus barbatus and Beta
Selinene from Apium graveolens. The fallout of this experiment illus-
trated the strapping interactions of terpenoids in the two enzymatically
secluded regions. The fastening of varied amino acids as they were
present in the secluded regions of the active site in all the 9 compounds
was observed and plays a significant function in enzymatic catalysis. It
was further revealed in the study that terpenoids were able to success-
fully suppress the virus protease enzyme activity. Another report by
Chowdhary et al. (2003), suggested antiretroviral and anticancer ac-
tivities of Betulinic acid a pentacyclic triterpenoid which was extracted
from the bark of white Betula alba var. pubescens tree. The betulinic acid
was observed to cause apoptosis by modulation of mitogen activated
protein kinases (MAPK) cascade and subsequently resulted in activation
of caspase enzyme, changes in mitochondrial membrane and DNA
fragmentation (Thurnher et al., 2003).
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6.2.2. Polyphenols/flavonoids

Amongst many groups of substances polyphenols display a wide
range of biological activities. Polyphenols are known to increase the
immune to cells to foreign infestations and in response permits cellular
accumulation of different types of polyphenols through varied receptors.
This subsequently triggers signaling pathways and initiate immune re-
sponses (Ding et al., 2018). The natural polyphenols were identified as
potent COVID-19 protease (MP™) inhibitors in an in-silico study con-
ducted by Adem et al. (2020). In this study, efficiency of medicinal
plants based on bioactive constituent’s viz. flavonoids was analyzed
against COVID-19 Mpro and was carried by using molecular docking
technique. The COVID-19 virus was docked with 80 different flavonoids
and the results indicated that compound such as rutin, apiin, hesperidin,
diosmin and diacetylcurcumin etc. had an effective inhibitory effect on
protease enzyme and they might have a role in lowering the symptoms
of COVID-19 infection.

An imperative class of plant secondary metabolites is flavonoids with
antiviral therapeutic potential with more than 5000 different com-
pounds identified and described (Ververidis et al., 2007). These sec-
ondary metabolites are considered one of the most profusely present
polyphenols in the human diet and are generally found as glycosides and
acylglycosides in vegetables and fruits. There are wide array of flavo-
noids present naturally in plants including quercetin, naringin, hesper-
etin and catechin and they have been analyzed for their activity against
plethora of animal viruses such as HSV-1, respiratory syncytial virus,
parainfluenza virus type 3 and polio-virus type 1 (Kaul et al., 1985). The
anti-viral activity of flavonoids was reported earlier, against Rous sar-
coma, pseudorabies, adenoviruses and Sindbis (Chiang et al., 2003), and
also against severe acute respiratory syndrome coronavirus (SARS-CoV)
(Yi et al. 2004). The main mechanism by which they suppress the viral
infection is by inhibition of cellular receptor kinases including MAPKs,
the serine/threonine-specific protein kinase (Akt) and the
phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3-K) and as conse-
quence interferes with the cellular signal transduction cascades (Villa
et al., 2017).

Glycyrrhizin is the chief constituent of Glycyrrhiza glabra root and are
rich in flavonoids, p-sitosterol, hydroxyl coumarins and glycyrrhetinic
acid. Glycyrrhizin, since the ancient times have been employed in
treatment of various ailments including bronchitis, gastritis and jaun-
dice. Furthermore, they have been affirmed to have anti-inflammatory
and antioxidant potential that induce the formation of interferons in
human body (Ramos-Tovar et al., 2020). It was observed by Pilcher
(2003) that Glycyrrhizin lowers the ability of SARS-Cov agents to attach
to the cell particularly in the early stages of viral infestation. Similar,
observation of imperative anti-SARS-CoV activity as shown by Glycyr-
rhizin was made by Cinatl et al. (2003). The anti-SARS-CoV activity of
Glycyrrhizin was further confirmed by other studies (Yeh et al. 2013).
More recently, the in-silico experimentation revealed that Glycyrrhizin
has similar behaviour against COVID-19 disease and acts as a potential
inhibitor (Mohammadi and Shaghaghi, 2020).

Baicalin, another significant flavones glucuronide extracted from
Scutellaria genus has been reported to have antioxidative and anti-
apoptotic activity and it has been employed in treatment of diseases
like pulmonary atrial hypertension. The anti-SARS-CoV potential of
baicalin was initially observed by Chen et al. (2004), who suggested
strong inhibitory effect and considerably lower toxic implications on the
plant cell lines in-vitro. The in-silico experimentation with baicalin
resulted in stimulation of certain compounds that suppressed the
COVID-19 infection as a consequence of ACE2 enzyme activation (Liu
et al., 2020a). A flavanone glycoside isolated from citrus fruits is Hes-
peridin, which has been reported to work against COVID-19. Hesperidin
rich citrus peel from the waste were used in the study which underwent
hydrodynamic cavitation-based speedy expansion and act as antiviral
agent against COVID-19 (Meneguzzo et al., 2020). Fig. 2 elucidates
prospects of augmentation in immuno-modulatory responses against
COVID-19 by polyphneols/flavonoids and terpenoids.
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Fig. 2. Prospects of Augmentation in Immuno-Modulatory Responses against COVID-19 by Polyphenols/Flavonoids and Terpenoids.

6.2.3. Dipeptides

Chymotrypsin a bioactive compound with activity similar to protease
is an approved target in novel designing of inhibitors of coronavirus.
TCS, India conducted a recent survey on 31 molecules out of a total of
1600000 molecules identified which act as efficient protease inhibitors
against COVID-19. One such imperative bioactive dipeptite is Aur-
antiamide, a plant derivative extracted from Piper aurantiacum, widely
distributed in India, Nepal, Thialand, Vietnam and other Asian coun-
tries. Aurantiamide acetate is proposed to have diverse bioactivitity and
therapeutic potential viz. anti-cancerous and anti-inflammatory (Sen-
gupta, 2019). Co-application of Hydroxychloroquinine and azi-
thromycin has been widely reported to be used as treatment for
COVID-19 till present time. Apart from aurantiamide, other potential
peptide that has role in combating COVID-19 is peptide EK1 (Lu et al.,
2020c).

6.2.4. Sulphated polysaccharides

The polysaccharides are a structurally multifaceted class of bio-
molecules that have diverse physiochemical characteristics which forms
the foundation of its varied application in the field of medicine and
pharmaceutical sciences (Olafsdottir and Ingolfsdottir, 2001). The
polysaccharides are isolated from plants sources including tree exudates,
roots, cell walls and seeds as well as animal sources including chitin,
chondroitin sulfate and hyaluronan). In addition to this, several bacte-
rial and fungal sources such as hydrocolloids including xanthan, wellan
and gellan are the major sources of natural polysaccharides (Gaikwad
et al., 2009). Another significant resource of polysaccharides is algae i.e.
mucopolysaccharides and storage polysaccharides have been largely
extracted from them. Macroalagae in the form of seed weeds are the
major reservoirs of these polysaccharides (Gaikwad et al., 2009).

Hundreds of naturally occurring polysaccharides are presently
identified and they bestow richest and most traditional pool of struc-
turally and functionally assorted biopolymers. Apart from its earlier
application in the industrial field, recent developments have been made
in its employment in the pharmaceutical sector and are considered as
pharmacologically active polymers. They have long been recognized for
their anti-tumor, anti-coagulant, antiviral and immunomodulatory etc.
bioactivities (Martinez et al., 2005). Synthetic and natural polymers of
carbohydrate biomolecules have been affirmed to be selective inhibitors
or suppressors of enveloped viruses for example HSV, HIV, human
cytomegalovirus, respiratory syncytical and influenza virus. Moreover,
efforts have been made in advancement in development of poly-
sachharide molecules as specific inhibitors of varied classes of viruses
(De Clercq, 1990, 1995). Guduchi or Giloy herb is suggested to contain

various diterpene compound and polysaccharides including arabinoga-
lactan polysaccharide (Subhose et al., 2005). These polysaccharides and
terpenoids are immunomodulating and adaptogenic in nature. Various
studies on Giloy herbal extract revealed that it could cause imperative
enhancement in IgG antibodies in the serum and activation of macro-
phages (Fortunatov, 1952), induction of cell regulated immunity and
humoral immunity (Winston and Maimes, 2007). These plants have
been widely reported for their potential antiviral activity against HIN1
flu and an immunostimulator.

In, Porphyridium another imperative unicellular microalga, each cell
is encapsulated in a sulphated polysaccharides. The capsule outside the
cell is dissolved in a growth medium to form exopolysaccharides. These
complex sugars are composed of glucuronic acid (10%), galactose
(22%), glucose (24%), xylose (38%) and other saccharides such as
rhamnose, mannose and arabinose in minute concentration (Geresh
et al., 2002). The exopolysaccharides are compatible with the human
body and are biodegradable and plays vital role in manufacturing of
various medicines, cosmetics and food derivatives. A study carried out
by Pujol et al. (2002), revealed identification of various sulfated poly-
sachharides from marine algae and animal resorviors and act as poten-
tial inhibitors of human and animal viral infections. A study by Nagle
et al. (2020), suggested strong antiviral bioactivity of sulfated poly-
saccharides isolated from marine red algae. Sulfated polysaccharides are
multifarious class of macromolecules and have diverse clinical relevance
(Seedevi et al., 2013). They have been found to be broadly distributed in
animals, plants and algae found in the saline soil. A report by Karthik
et al. (2014), revealed their presence in the marine saline soil is an
indication of an adaptation process which might have established during
application. The two chief constituents responsible for the antiviral
bioactivity of sulfated polysaccharides are chondroitin sulfate and
heparin (Ghosh et al., 2009). The exopolysaccharides of Porphyridium
have been elucidated to be potent against several virus viz. retrovirus
(Talyshinsky et al., 2002), and HSV-1 and HSV-2 (Nagle et al., 2020) etc.
Therefore, these biocompatible compounds were suggested to be
employed in coating materials of various sanitary items for COVID-19
deterrence.

6.3. Potential role of medicinal plants as antiviral warriors

The naturally occurring products and phytomedicines are coming to
the fore all around the world, owing to the orientation of the social
fabric to such remedies in different health care centres all across the
globe (WHO, 2004). The global outlook for drug formulation is showing
a paradigm shift as individuals are facing chronic as well as lifestyle-
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related disorders, due to which they are turning their stance towards
improving life-styles and disease deterrence. However, during ancient
period herbal phyto-constituents were the only alternatives for healing
the illness as antibiotics were not discovered. Particularly, herbal for-
mulations endow us with toolbox to concoct novel antiviral products.
This pragmatically involves the understanding of antiviral mechanisms
of natural products and their role in heckling virus life-cycle, replication,
assembly and its release. Ever since, the safety and clinical character-
istics of traditional medicines have come out, their consumption have
been gradually elevating after approval by scientific communities
(Mohammadi and Shaghaghi, 2020). Attributable to the side-effects of
chemical compounds onto human bodies, it has believed to utilize the
herbal therapies with much more effectiveness and nil side-effects.
Recently, WHO, has estimated that approximately 80% of the world
population has been trusting the herbal therapeutics, yet, a quite a few
number of plants have been studied for this noble work (Baell, 2016).
Undeniably, traditional drugs are long in the tooth since primordial
times and play a significant role to meet global health needs. Usually,
Ayurveda, Naturopathy, Siddha, Homopathy, Yoga, Persian medicines,
Unani, Romanian, and Chinese conventional medicines have been
known since ancient times (Gomathi et al., 2020; Heidary et al., 2020;
Yang et al., 2020; Ling, 2020). Usage of these systems in medical field is
quite lucrative to suppress viral infections in respiratory systems and
modulating inflammatory reactions within immune systems. As depic-
ted earlier, AYUSH has initiated a holistic perspective of medicine to
cure presently prevailing anti-viral infections via self remedial processes
(AYUSH, 2020).

A wide spectrum of studies is being conducted to design a formula-
tion against coronavirus with the aid of medicinal plants. The pages of
history stand testimony to the fact that diversity of medicinal plants such
as Indigofera tinctoria, Evolvulus alsinoides, Vitex trifolia, Pergularia daemi,
Gymnema sylvestre, Clerodendrumineme, Abutilon indicum, Clitoria tema-
tea, Leucas Aspera, Sphaeranthus indicus, Allium sativum, Cassia alata
showed an anti-mice coronavirus activity (SARS-CoV) (Vimalanathan
et al., 2009). Amid them, V. trifolia and S. indicus plummeted inflam-
matory cytokines via NF-kB pathway, insinuated for respiratory
discomfort in SARS-CoV (Srivastava et al., 2015). In addition, C. tematea
was recognised as MT (Metalloprotease) inhibitor, ADAM17, which is
linked with shredding ACE-2 enzyme, often associated with virus
replication (Maity et al., 2012). Further, Glycyrrhiza glabra and
A. sativum have also been found to impede viral replication against
SARS-CoV, while C. ineme was potentially observed to deactivate viral
ribosome machinery, revealing its utility against testing
SARS-CoV-2-protein translation and protein synthesis (Nourazarian
et al., 2016; Keyaerts et al., 2007). Likewise, Strobilanthes cusia also
blocked the RNA synthesis of viral species and mediated papain like
proteases activities in order to target HCoV (Tsai et al., 2020). In Asia,
mountainous zones are lavishly flourished with plants with medicinal
value against various respiratory disorders (Amber et al., 2017). For
instance, Hyoscyamus niger, Verbascum thapsus, Cynara scolymus, Justicia
adhatoda were found to attack the molecules bulging among
SARS-CoV-2 and influenza virus and found to inhinit Ca?* channels
(Gilani et al., 2008). Consequently, it could earmark orf3 (Ca®* chan-
nel), stimulating other downstream pathways against viral attack.
Notably, various herbal plants showed restraining affects against ACE,
for example, Coriandrum sativum, Punica granatum, Boerhaavia diffusa,
Cassia occidentalis, Coscinium fenestratum, Embeliaribes etc. (Hussain
et al.,, 2018; Khan and Kumar, 2019). Research is currently being
focussed on these plants to scrutinize their effects on COVID-19. Another
tropical species Andrographis paniculatain South Asia depicted sturdy
competence against viral infections (Yarnell, 2018). More recently, Liu
et al. (2020a), found that A. paniculata repressed NOD-like receptor
Proteins (NLRP3), IL-1B, C-1 (Caspase-1) molecules, comprehensively
associated with SARS-CoV and SARS-CoV-2 pathogenesis. Also, Salacia
oblonga reflected inhibitory effects on angiotensin II having direct link
with bronchitis and lung damage (He et al., 2011). Strikingly, many
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herbal plants used to treat HIV proteases can also be a suitable candidate
for COVID-19. To expedite, Acacia nilotica, Ocimum sanctum, Eugenia
jambolana, Vitex negundo, Euphorbia granulate, Ocimum kikim, Ocimum
scharicum, Solanum nigrum etc. were effective against HIV-reverse tran-
scriptase activityand can be potent for SARS-CoV-2 too (Mishra et al.,
2014; Rege and Chowdhary, 2014; NAIR, 2012; Thayil Seema and
Thyagarajan, 2016). Further, Sambucus ebulus also attack the enveloped
viruses, thereby, should be tested to study its target action against this
virus (Ganjhu et al., 2015).

Adding to the above mentioned reports, Cheng et al. (2006) inves-
tigated the role of triterpene glycosides screened from Heteromorpha,
Bupleurum and Scrophularia scordonia against coronavirus 229E by
averting the attachment and invasion into the host. Moreover, Artemisia
annua, Lindera aggregata, Lycoris radiate, Isatis indigoticahave been
known to exhibit anti-SARS-CoV effects (Li et al., 2005a,b). Similarly,
naturally occurring repressors have been recognised such as scutellar-
ein, phenolics, myricetin etc. from Isatis indigotica and Torreya nucifera
respectively against SARS-CoV enzymes. Another study was reported in
Houttuynia cordata against SARS-CoV through inhibition of 3CL-pro-
teases and RNA-polymerases (Yu et al., 2012). Further, Nigella sativa
have also been demonstrated to possess multifaceted properties due to
the presence of thymoquinone against HON2 and cytomegaloviral dis-
eases (Tavakkoli et al., 2017). More recently, the role of Piper Betel in
combating COVID-19 infections have also been explored (Sengupta,
2019). According to their study, ’Aurantiamide’, an active metabolite
from Piper aurantiacum has chymotrypsin like-proteases like activities
that is a ratified agent for inhibiting coronavirus. In addition to this, it
also encompassespiperol, eugenol, catechol, caryophyllene, etragol,
chavibetol, betlol, quercetin etc. that also grows body’s self-defense
mechanism either through reception of viruses or in waning off the
viral load within the infected hosts (Sengupta, 2019).Alongside, studies
have been depicted the role of herbal drug Gene-Eden-VIR/Novirin
against many noxious viruses and this drug is mainly comprised of
quercetin, green tea, cinnamon, licorice and selenium (Polansky and
Lori, 2020). They found that it disrupts the viral entry, infection,
replication, viral proteases, viral quasi-speciesand triggers the immu-
nity, thereby, can be evidently utilised against SARS-CoV-2 respectively
(Polansky and Lori, 2020).

Interestingly, the role of tulsi for scientific evidence against COVID-
19 has also been elucidated (Goothy et al., 2020). As, it is well known
herbal plant for antiviral effects in inhibiting many deadly viruses like
vaccinia, dengue, hepatitis, encephalitis etc. by enhancing their survival
and defense ability. Moreover, it also reinstate the physiological func-
tions of body through its phenolic and antioxidative property that in
turns shields the body from toxic substances (Shivananjappa and Joshi,
2012). The most possible mechanism underlying its immunity boosters
lies in triggering humoral and cellular immunity responses (Vaghasiya
et al., 2010). Apart from this, modulatory actions of GABA pathway also
encompass their multi-modal therapeutic properties, therefore, we can
conjecture that it could be efficient in cure of COVID-19. Nevertheless,
the role of Persian herbs have also been untangled against COVID-19 via
inhibitory action against ACE2 enzyme that enables viral entry into the
host cells. Various species like, Allium sativum, Cerasus avium, Berberis
integerrima, Alcea digitata, Rubia tinctorum, Peganum harmala etc. were
illuminated as ACE2 inhibitors, therefore, could be considered for
COVID-19 prevention after proper evaluation (Hiedary et al., 2020).
Henceforth, herbal plants could be possibly used to mitigate the emer-
gence of COVID-19 (Table 1). Despite the fact that, a lot many medicinal
plants have been propagated for this purpose, a lot more research is
being carried to formulate the drug specifically for this.

7. Ancillary armours to combat COVID-19 viral infection
Coronavirus COVID-19 pandemic is a huge catastrophe that has

caused devastating effects on global populations. It has wreaked havoc
on populace of the planet and killed enormous human beings
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Table 1
Herbal Formulations as Possible Therapeutics against COVID-19 Infection.

S. Herbal Plant Species Active Compounds Mechanism of Action Therapeutic Property References

No

1. Cannabis sativa Cannabinoid cannabidiol Anti-inflammatory action by via Adjunct therapy and utilised as (Wang et al.,
modulation of gene expression of ~ mouthwash and throat gargle 2020b)

ACE2 enzyme, serine protease products clinically and home
TMPRSS2, protein pre-requisite use owing to their potential to
for SARS-CoV2 invasion into host ~ decrease viral entry via the oral
cells. mucosa.
2. Glycyrrhiza glabra Glycyrrhizin, glycyrrhetic acid, Counterbalance the activeness of ~ Formation of antiviral nano- (Chowdhury et al.,
liquiritin and isoliquiritin COVID-19 and could be used as membrane by licorice processed ~ 2020)
an antiviral drug. with PVA solution for potential
application as wound dressing
materials, musk, gloves and
against skin infection by
electrospinning.
3. Citrus sp. Essential oils, pectins, naringin and Binds with high affinity to Prophylaxis and treatment of (Meneguzzo et al.,
hesperidin (flavonoids). cellular receptors of SARS-CoV-2 COVID-19. 2020)
that restrain the pro-
inflammatory overreaction of the
immune system.
4. Porphyridium sp. Sulfated polysaccharides Potent inhibitors of Biocompatible compounds can (Nagle et al.,
(carrageenan) coronaviruses that inhibit the be used as a coating material on 2020)
binding or internalization of the sanitary items for COVID-19
virus into the host cells. prevention.

5. Citrus sp. Hispidin, lepidine E,and folic acid Inhibition of 3CL hydrolase Promising therapeutic principle (Serseg et al.,
enzyme known for counteracting  for developing drug candidates 2020)
the host innate immune response  as anti-CoViD-19 drug.
and explain the main
interactions in inhibitor-enzyme
complex.

6. Nilavembu Kudineer Benzene 123 Triol Immuno-modulatory activity Potent anti-viral capacity for (Walter et al.,
against ACE2 enzyme receptor, drug development. 2020)
that routes virus entry in the
pathogenesis of Novel
coronavirus.

7. Curcuma longa, Anogeissus Curcumin, Anolignan A, May act as molecular blockers for ~ Can be useful alternative (Alabboud and
acuminata, and Phyllanthus Phyllamyricin B the virus or cell surface potential drug. Javadmanesh,
myrtifolius receptors. 2020)

8. Nigella sativa Nigelledine, o- Hederin Inhibitory action of proteases; Best potential to act in COVID- (Bouchentouf and
CoVs (3CLP™/MP™) (PDB ID 19 treatment, testified Missoum, 2020)
6LU7 and 2GTB) active sites. medicinal use for preventive

purpose.
9. Camellia sinensis Polyphenols (Sanguiin, Theaflavin Target COVID-19 main protease Dietary intake of black tea aids (Giri et al., 2020)
gallate, Theaflavin digallate, (MP™), key enzyme of resistance to fight against
Kaempferol, Punicalagin and coronavirus involved in virus COVID-19 virus in early stages
Protocatechuic acid) replication and transcription, of human infection.
and impedes viral growth inside
the host.

10.  Zingiber officinale 6-gingerol Higher binding affinity at active Possesses excellent drug (Rathinavel et al.,
sites of R7Y COVID-19, main likeliness parameters with zero 2020)
protease essential for replication  violations.
and reproduction of SARS Cov-2

11.  Citrus sp. Naringin, Naringenin, Hesperetin and  Inhibited expression of pro- Contemplation of potential anti-  (Cheng et al.,

Hesperidin inflammatory cytokines (COX-2, coronavirus and anti- 2020)
iNOS, IL-1p and IL-6) in inflammatory activity of
macrophage cell line, restrained flavonoids, derived
cytokines via inhibiting HMGB1 phytochemicals are promising
expression in a mouse model and  in the use of prevention and
impeded binding affinity of ACE treatment of 2019-nCoV
2, receptor of the coronavirus. infection.

12.  Lawsonia inermis Fraxetin 1(3H)-isobenzofuranone Phytochemical, cytotoxicity and Cytotoxic compounds, warrant (Manuja et al.,
anti-inflammatory actions research to fabricate suitable 2020)
confirmed in fractions of extract formulations comprising these
as observed as a potent constituents.
constituents.

13.  Allium sativum, Curcuma longa, Diallyl Disulfide, Curcumin, Restrained viral protease enzyme  Compounds investigated (Mohammadi and
Capsicum, Mentha pulegium, Capsaicin, Limonene, Thymol, by inhibiting amino acid especially, Curcumin could be Shaghaghi, 2020)
Stachysschtschegleevi, Verbascoside, Glucouronic acid synthesis. strongest achiever against
Astraglusgossypinus COVID-19.

14.  Ocimum sanctum, Curcuma longa, Oleanolic acid, Ursolic acid, Higher binding affinity with viral ~ Regularly consumped in the (Maurya and

Tinospora cordiofolia, Piper nigrum.
Zingiber officinale, Syzygium
aromaticum, Elettaria cardamomum,
Citrus Limon, Withania somnifera

Curcumin, Rosmarinic acid, Eugenol,

Magnoflorine, Berberine, Piperine,
Piperamide, Piperamine 6-gingerol,
Quercetin, Hesperetin,

and host macromolecular targets
and other human pro-
inflammatory mediators, SARS-
CoV-2 main proteases, spike,
human ACE2 and furin proteins.

form of ayurvedic Kadha to
boost immunity and dwindle
chances of COVID-19 Infection.

Sharma, 2020)

(continued on next page)
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S. Herbal Plant Species Active Compounds Mechanism of Action Therapeutic Property References
No
Protocatechualdehyde,
Caryophyllene,Withaferin
15. Cnidoscolus aconitifolius Phenols, Flavonoids, Flavonones and Highest ACE2 enzyme inhibition,  Bioactive compounds could be (Medina and
Hydroflavonoles anti-inflammatory activity, used for drug formulations. Segura-Campos,
modulated a-gene expression for 2020)
TNF- production in
macrophages.
16. Scutellaria baicalensis Baicalein Anti-SARS-CoV-2 activity via Effective compounds as anti- (Liu et al., 2020)
suppressing SARS-CoV-2 3CLP™ SARS-CoV-2 inhibitors.
and replication.
17.  Ginkgo biloba Ginkgolic acids Impeded DNA and protein Sturdy effect of GA on viral (Borenstein et al.,
synthesis by binding towards infection, to be potentially used ~ 2020)
host cell receptors to activate to treat coronavirus infections.
cell-signaling pathways for
arresting cell cycle as an
inhibitory action.
18.  Allium sativum Essential oil, Allyl disulfide, Allyl Acted as ACE2 receptor inhibitor ~ Essential oil as valuable natural (Thuy et al., 2020)
trisulfide for resistance against antivirus source, contributing
Coronavirus along with activity towards preventing the invasion
against main proteases of SARS- of coronavirus into the human
CoV-2. body.
19.  Curcuma sp., Citrus sp., Alpinia Curcumin, Hesperidin, Galangin and Anti-SARS-CoV-2 through its Consumed in daily life as (Utomo and
galanga and Caesalpinia sappan Brazilin binding to 3-protein receptors prophylaxis of COVID-19. Meiyanto 2020)
with good affinity performing an
inhibitory potential against viral
infection and replication.
20.  Alpinia officinarum, Zingiber Curcumin and Gingerol SARS-CoV-2 papain-like protease ~ Potent drugs to treat corona (Goswamii et al.,
officinale (PLpro) inhibitors. infections. 2020)
21. Mpyrica cerifera, Psorothamnus Myricitrin, Methyl Rosmarinate, Inhibited SARS-CoV-2 3CL pro- Probable inhibitors into clinical (ul Qamar et al.,
Arborescens, Phaseolus Vulgaris, 5,7,3,4'-Tetrahydroxy-2'-(3,3- activity and virus replication. drugs for exploring and 2020)
Camellia sinensis, Hyptis atrorubens dimethylallyl) isoflavone, developing novel natural anti-
Poit, Amaranthus tricolor, 3,5,7,3,4',5'-hexahydroxy flavanone- COVID-19 therapeutic agents in
Glycyrrhiza uralensis 3-Obeta-D-glucopyranoside, the future.
Myricetin 3 Obeta-D-
glucopyranoside, Amaranthin,
Licoleafol
22.  Nyctanthes arbortristis, Glycyrrhiza Nictoflorin Astragalin, Lupeol Potential inhibitors of COVID-19  Promising development of (Srivastava et al.,
glabra, Aloe vera Curcuma longa, Berberine,Sitosterol, Aloenin, proteases. herbal medicines. 2020)
Agzadirachta indica, Withania Aloesin, Curcumin, Nimbin,
sominifera, Cannabis sativa, Ocimum Withanolide, Withaferin A, Shogaol,
sanctum, Allium cepa, Zingiber Quercetin, Ursolic acid, Apigenin,
officinale Cannabidiol,Piperine, Gingerol
23.  Curcuma longa, Zingiber officinale Curcumin, Nelfinavir, Lopinavir, Best potential to act as COVID-19  Treatment and prophylaxis (Khaerunnisa
Luteolin-7-glucoside, MP' inhibitors. et al., 2020)
Demethoxycurcumin, Apigenin-7-
glucoside, Oleuropein, Catechin, and
epicatechin-gallate
24.  Ginkgo biloba Ginkgolide A, Terpenoids Stronger bond and high affinity Compounds may be considered (Shaghaghi, 2020)
with proteases. as effective COVID_19
antiproteases drugs.
25.  Camellia sinensis Epigallocatechin gallate Targets include main proteases Future drug candidate for (Khan et al., 2020)
covid-19, post fusion core of COVID-19.
2019-nCoV S2 subunit, prefusion
spike glycoproteins and NSP15
endoribonuclease from SARS
CoV-2.
26. Silybum marianum, Withania Silybin, Withaferin A SARSCoV-2 inhibitors namely, Could be useful traditional (Pandit, 2020)
somnifera, Tinospora cordiofolia and Spike (S) glycoproteins, main medicine for treatment for
Aloe barbadensis protease (MP™) and RNA- COVID-19 infection.
dependent RNA-polymerases
(RdRp)
27. Citrus, Curcuma longa Hesperidin, Rutin, Diosmin, Apiin, Inhibitory action against SARS- Medicinal potential to cure (Adem et al.,
Diacetyl curcumin CoV-2 main protease (MP™). COVID-19. 2020)
28. Exocarpium Citri grandis Flavonoids and Naringin Antitussive, expectorant, Reference for its clinical (Su et al., 2020)
improved lung function, application in the prevention
pulmonary fibrosis, and antiviral ~ and treatment of multiple
immune response. respiratory diseases, including
coronavirus disease.
29.  Eucalyptus sp. Jensenone COVID-19 MP™ inhibitor Eucalyptus oil could be use for (Sharma and
prevention and cure. Kaur, 2020)
30. Betula pubescens Herbacetin, Isobavachalcone, Inhibitory compounds against Flavonoids with these (Jo et al., 2019)
Quercetin, 3-p-d-glucoside, MERS-CoV 3C-like proteases characteristics can be used as
Helichrysetin and Betulinic acid (3CLpro). templates to develop potent
MERS-CoV 3CLpro inhibitors.
31.
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S. Herbal Plant Species
No

Active Compounds

Mechanism of Action

Therapeutic Property References

Zingiber Officinale, Piper longum,
Syzygium aromaticum, Tragia
involucrata, Hygrophila auriculata,
Terminalia chebula, Justicia
adhatoda,,Saussurea costus,
Tinospora sinensis and Premna
herbace a

6-Shogaol, 6-Gingerol, Beta Sitosterol,
Piperidine, Apigenin, Piperine,
Quercetin, Chlorogenic Acid,
Andrographolide, Bharangin,
Carvacrol, Cissamine,Costunolide,
Cucurbitacin B, Gallic acid, Linoleic
acid, Pellitorine, Rutin, Santalic acid,
Cynaropicrin, Eugenol, Thymol and
Vitexin)

Binding potential with active
residues of ACE2 that mediate
host viral interface.

Future systematic investigation
could validate the efficacy prior
to the recommendation.

(Dhanasekaran
and Pradeep,
2020)

worldwide, yet still under ruination. Consequently, this pandemic has
led to complete lockdown of different countries around the globe, yet
this situation is still prevailing on earth. Since decades, vaccination have
been the only means to treat the viral infections. Though, the vaccina-
tion for COVID-19 has not been developed yet, owing to which the
scenario is worsening. Understanding the gravity of the situation and
health crises, it is the responsibility of all the scientific community to
look for the alternatives or techniques to develop viral vaccination
against COVID-19 infection. The mounting substantiation reveals that
having healthy lifestyle, natural food products can boost the immune
functions of the body to combat the severity of viral infections. While,
improving the immune responses they also provide resistance against
pathogenic organisms (Sarfraz et al., 2020).

In the view an argument, early adaptive defense responses might
draw a parallel link with superior clinical results, it is pertinent to
accentuate that a strong immune system play a pivotal role in the pre-
vention and cure of COVID-19 ailment. The facets for a healthy immune
system is to have balanced diet, to be physically fit and ingest vital
nutrients, polyphenols and natural antiviral compounds and protect
nasal and oropharyngeal mucosal layers along with halting smoking
habits (Grant et al., 2020). Considering the ebbs and flow of the current
situation, we can robust multi-factorial defense responses against newly
surfaced coronavirus.

7.1. Immune system rebooting

The upliftment of immune responses of body is the cutting edge in
thwarting the viruses to stay healthy. For this purpose, it is rudimentary
to amend the current lifestyle by adding smarter works in ’to do’s’ list so
as to make inner immune/defense competitive against viruses such as
COVID-19. This would naturally heal the antiviral effects within the
body by dissolution of the avidity of the disease and infection. Majority
of these attributes are linked to reboot the functions associated with
improved immunity via mediating anti-inflammatory activities,
enhancing cell-mediated immune functions, modulated APC (Antigen
Presenting Cell) activities and suppressing pro-inflammatory mediators.
In addition, they also mediate effective cell-cell communication during
innate as well as adaptive immune responses (Sarfraz et al., 2020).
Hence, a scientific expedition of escalating immune system through
appropriate sleep, judicious exercise, stress-free environment, proper
nutritive foods, water intake and consumption of fresh and healthy fruits
and vegetables would anticipate the citizenry to cope with coronavirus
battle via naturally vaccinating their systems (Jayawardena et al.,
2020).

The scientific picturespeculates that different stressors, sleep
dispossession and sparkling beverages subdue the immune systemby the
release of ACTH (Adrenocorticotrophic Hormones) namely, adrenaline,
non-adrenaline and glucocorticoids. This in turn makes a person sus-
ceptible to pathogenic infections by weakening the immune system of
the body. For instance, immune system mediators like NK (Natural
Killer) cells, Helper-T-cells, lymphocytes, antibodies, interleukins (IL4,
5, 10, 13), cytokines are impaired that leads to increased chances of
infection along with the reactivation of the latent viruses (Calder et al.,
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2020). In addition, scarcity of sleep may also hinder the immune path-
ways within the individual through ACTH-curbed persistent activation
of NF-xB that elevates the threat of infections due to plummeted mi-
crobial gene expression levels. Meanwhile, the proper sleep balances the
hormonal responses within the body to ensure the reorganisation of
T-cells towards lymph nodes to boost their immunogenic memory
response (Calder et al., 2020). Moreover, consumption of fizzy drinks or
alcohol based beverages causes high glucose or CO5 within blood that in
turn causes hypercapnia so as to inhibit macrophage activity and
pathogen clearance. It also hampers the immuno-modulators, thereby
loss of control on invading pathogens. Whilst, proper sleep, active daily
routine, exercise etc. augments the immune-surveillance in the form of
NK cells, monocytes, neutrophils, T-cells, Inmunoglobulin’s etc. to
counteract adverse health components (Nieman and Wentz, 2019).
Apart from this, muti-vitamins intake within human body can wash
away the sickness forces through recruiting the immune soldiers
(Combs and McClung, 2016). Diet comprising of multi-vitamins wield
immune-modulatory possessions on numerous immune cells such as
monocytes, neutrophils, lymphocytes, NK cells, dendritic cells that
bump up the immunity against pathogens (Lewis et al., 2019; Petric,
2020). Perhaps, these immune cells would trigger the anti-pathogenic
responses against coronaviruses via exasperating the levels of Cath-
elicidin, Defensin B, antimicrobial peptides, phagocytosis, neutrophil
migration and chemotaxis, oxidant generation, NK-activation (CD69,
CD25), IF-y, antibodies synthesis, cytokine synthesis and T-cell prolif-
eration respectively.

Inevitably, assorted dietary minerals that are essential immunity
mediators should be incorporated into the diet, for example, different
fruits, spices and vegetables are abundant with immuno-stimulators that
in turn fortifies the innate as well as adaptive immune responses against
viral elements (Sarfraz et al., 2020). To elucidate, these foods contain
allicin, cucumins, papain, ginsenoside, mangoosteen, chloroquine etc.
that has a direct effect on dendritic cells, NK cells, lymphocytes, anti-
bodies in imparting shield against foreign particles invading human
body. Taking into account these factors, a healthy balanced diet is
quintessential for proper immuno-functioning (Martineau et al., 2017;
Petric, 2020). As the diet is a summation of trace elements, mineral
supplements, vitamins (A, D, C, E, K), zinc etc, it can fulfil all the re-
percussions such as hypovitaminosis caused due to viral attack respec-
tively (Gunville et al., 2013; Petric, 2020). Additionally, regular physical
activities is adjuvant for boosting immunity and metabolic health spe-
cifically, if it’s sunny, as ultra-violet and infra-red rays are natural
virucidal elements (Lytle and Sagripanti, 2005; Martin et al., 2009).
However, the biological activities can also be improved by ingesting
high levels of naturally existing polyphenols that not only elicit immu-
nity against viruses but they are also comprised of receptors that iden-
tifies and permit their cellular uptake for activating signaling cascade
underlying innate immunity (Nieman and Wentz, 2019). To exemplify,
curcumin and epigallocatechin gallate causes epigenetic alterations
within cells, curb gasto-intestinal immunity and allergic responses
(Ding et al., 2018). These compounds predominantly include flavonoids,
phenols, stilbenoids that are abundantly present in plants in the form of
aglycones or glucose esters (Ma et al., 2014). An in vitro study reported
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by Lin et al. (2017), depicted the role of resveratrol from grape seeds
against coronaviruses. Likewise, other antiviral components like gly-
cyrrhizin from liquorice have been known to show some activity against
coronaviruses and SARS, revealing the significance of glycyrrhizin to be
used as trial drug in COVID-19 affected patients, in order to develop it as
a potent cure drug (Chen et al., 2004; Cinatl et al., 2003; Brush et al.,
2006). Nevertheless, other plants like oregano, garlic, ginger, lemon,
broccoli, mint, tulsi, fennel, thyme, cinnamon, star anise etc. should be
tested in the different forms so as to form an effective drug to fight
against COVID-19 (Yasmin et al., 2020). Above all, smoking has a direct
impact on immune responses through escalating pathogen immunity
and dwindling the defense responses within hosts. Moreover, T-helper
cells, CD4, CD25, CD8+ T-cells, memory cells, B and T cells, NK cells,
macrophages etc. are also hindered by smoke.Therefore, these steps can
reboot the immune system and reinforce the inner forces to battle
against severe viral infections COVID-19 respectively.

7.2. Nutrient supplements

The most momentous weapon against any kind of viral infection is a
strong immune system. There are plethora of studies done in past that
suggest an imperative role of trace elements and vitamins in normal
performance of the immune system (Wintergerst et al., 2007). Further-
more there are reports of elevated resistant to viral infection in response
to their supplementation. Vitamin D and A ingestion increased the hu-
moral immunity in association with influenza vaccine in paediatric pa-
tients (Patel et al., 2019). Exogenous supplementation of Se has been
shown to affirmatively combat influenza infection in alliance with the
vaccination (Ivory et al., 2017). Apart from this, wide range of herbals,
nutraceuticals and probiotics have been found to be effective against
viral infestations and stimulation of immune responses (Kang et al.,
2013; Mousa, 2017).

7.2.1. Vitamins

Vitamin A is an essential fat-soluble vitamin which has a major
involvement in regulating vision, growth and maturity as well as pro-
tection of the mucosal and epithelium integrity of the human body
(Huang et al., 2018). It has a crucial participation in elevating the
immunomodulatory responses and dogmatic functions in humoral as
well as cellular responses. The Vitamin A supplements given to the in-
fants with measles and rabies showed impending improvement (2.1
times) in antibiotic response in association with the vaccinations (Sid-
diqui et al., 2001). Vitamin D another fat-soluble vitamin and has a vital
role in regulating the adaptive and innate immune responses (Rosen
et al., 2016). More recently, a study carried out by Aglipay et al. (2017),
revealed that supplementation with high dose of vitamin D (2000
IU/day) in contrast to a standard dose (400 IU/day) had no significant
effect on the viral infection in the upper respiratory track, however the
one third of the population was found to have vitamin D levels less than
30 ng/ml. Similarly, another study suggests vitamin D supplementation
with influenza vaccine resulted in enhancement in the levels of TGF-f in
the plasma which further indicated that vitamin D directs the lympho-
cytes polarization towards the tolerogenic immune response (Goncal-
ves-Mendes et al.,, 2019). Vitamin D has also been affirmed to
demonstrate beneficial effect against other viruses including HCV ge-
notype infection (Abu-Mouch et al., 2011) and HCV genotype 2-3
(Nimer and Mouch, 2012). Another report which suggests antiviral
capability of Vitamin D was elucidated by Grant et al. (2020). It was
further affirmed that Vitamin D was potent in reducing the hazards
associated with viral pandemics. The high dose of Vitamin D reduced the
hazard of several chronic ailments such as cardiovascular diseases,
diabetes mellitus, hypertension, cancers and respiratory tract infection.
Grant and co-workers, additional revealed that vitamin D lowers the risk
to respiratory tract infection by sustaining tight junction, decline in the
synthesis of pro-inflammatory cytokines and killing the envelope of
virus via induction of defensins and cathelicidin. Consequently, the risk
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of cytokine storm is lowered which prevents pneumonia.

Vitamin E is also a fat soluble vital and has an antioxidative potential
and regulates the host’s immune responses (I Eze et al., 2016). The
positive effect of vitamin E against chronic hepatitis was reported by
Andreone et al. (2001). They suggested appreciable elevation in
normalization of liver enzyme activity and HBV-DNA negativitization.
Another vitamin that acts as an important antioxidant and enzymatic
co-factor is Vitamin C. It acts as a co-factor in varied physiological
processes such as hormone synthesis, immune potentiation and collagen
synthesis (Kim et al., 2013). The meta-analysis role of vitamin C in
treatment and preventions of common cold was carried out by Hemila
and Chalker (2013). It was concluded in the view of evidences that
vitamin C mega dose showed reduction in the frequency of common cold
in the community. A study conducted by Utomo and Meiyanto (2020)
was aimed at elucidating the potential of Curcuma sp., Citrus sp., Alpinia
galanga, and Caesalpinia sappan as an anti SARS-CoV-2 agent via its
binding to 3 protein receptors. The protein targets identified were Re-
ceptor Binding Domain of spike glycol proteins (RBDS), protease domain
of Angiotensin Converting Enzyme-2 PD-ACE2 and SARS-CoV-2 prote-
ase by employing molecular docking technique. The result of the study
revealed that Citrus sp. had the highest inhibitory potential against
SARS-CoV-2, followed by galangal, sappan wood and curcuma species
and it was further suggested that they might have antiviral potency
against COVID-19. Additionally, different plant based sources of vita-
mins include, mushrooms, carrots, broccoli, almonds, citrus, guava,
amla, avocados etc. Fig. 3 describes the role of Vitamins (A, C, E and D)
in combating COVID-19.

7.2.2. Minerals

Zinc is one of the indispensible elements which has significant role in
modulation of growth and development and the regulation of the
immunomodulatory responses (Lindenmayer et al., 2014; Read et al.,
2019). Deficiency in the Zn, results in enhanced vulnerability to mi-
crobial infections specifically viral. Large number of studies reveal that
zinc levels in an individual is a vital factor that regulates the immunity
against any kind of viral infection and the Zn-deficient population is
found to be more vulnerable to acquiring infections such as HIV and
HCV (Read et al., 2019). A study by Acevedo-Murillo et al. (2019), in
which 103 children with pneumonia symptoms were observed to show
clinical improvement in terms of oxygen saturation, duration of illness
and rate of respiration in the Zn supplemented children in comparison to
control. They further revealed elevation in the cytokine response in the
zinc group.

Another crucial trace element Copper has also been reported to have
a key role in growth and differentiation of immune cells (Li et al., 2019).
The intracellular concentration of copper modulates the influenza virus
life cycle and a thujaplicin-copper chelate suppresses the multiplication
of human influenza virus (Rupp et al., 2017; Miyamoto et al., 1998).
Another observation made by Turnlund et al. (2004) was that there was
an elevation in activity of SOD, plasma ceruloplasmin ad benzykamine
oxidase activity in response to higher doses of copper i.e. 7.8 mg/day in
comparison to 1.6 mg/day. It was further elucidated that there was a
considerable reduction in circulation of neutrophils, antibiotic titers and
serum IL-2R against the Beijing strain influenza infestation. Magnesium
also has an imperative participation in scheming immune functions in
infected cell via affecting immunoglobin biosynthesis, cytolysis depen-
dent upon the antibodies, macrophage response to lymphokines,
enhanced adherence of the cells and T and helper cells-B adherence
(Liang et al., 2012). There are a few reports which suggest participation
of Mg in immunomodulatory responses against viral infestations
(Chaigne-Delalande et al., 2013).

In addition to this, another trace element that has been reported to
have wide range of pleiotropic effects ranges from anti-inflammatory to
antioxidative is Selenium (Se) (Rayman, 2012). Comparatively, the
lower concentrations of Se are related to enhancement in the jeopardy of
mortality, meager immune responses and cognitive reduction, whereas
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the higher doses are affirmed to show antiviral activity (Rayman, 2012).
Supplementation of Se results in elevation in concentration of Se in the
plasma, up-regulation of lymphocyte phospholipid levels and activity of
GPOX in the cell, subsequently leading elevation in cellular immune
response. The humoral response was shown to be un-affected (Broome
et al., 2004). Similar reports of hasty clearance of poliovirus were also
reported by Se supplementation (Ivory et al., 2017). Various plants
namely, beans, nuts, peanuts, grains, mushrooms, cereals, lentils, garlic,
grains, etc. have been wide sources of minerals and must be included in
diet.

7.2.3. Nutraceuticals supplements and probiotics

Nutraceuticals are the products which are argued to provide physi-
ological assistance and protection against varied persistent diseases.
Wide range of nutraceutical products have been isolated herbal prod-
ucts, dietary supplements, isolated nutrients, genetically engineered
foods and processed cereals, beverages and soups (Kalra, 2003). Certain
nutraceuticals have been shown earlier to enhance the immune function.
McCarty and DiNicolantonio (2020) elucidated that, a few nutraceut-
icals were able to lower the degree of symptoms and provide respite to
the patients infected from coronavirus and influenza. Another signifi-
cant product is probiotic, they are defined as live micro-organisms
which bestow varied health benefits such as improvement in gastroin-
testinal activity (Sanders, 2008). They also induce certain specific im-
mune responses by augmenting antibody synthesis (Kanauchi et al.,
2018). A report by Bunout et al. (2002) suggested the role of probiotics
in the improvement in immune response to vaccination in the elderly
people. Antibody production against influenza B was elevated signifi-
cantly against influenza and there was no effect of probiotics on IL-4 and
INF secretion by cultured monocytes. Moreover, an observation made by
Akatsu et al. (2013) revealed positive effects of supplementation with
Bifidobacterium longum on the immunomodulatory responses and intes-
tinal microbiota in elderly people. A significant augmentation in the
number of bifidobacteria was recorded in the faecal matter. Further-
more, it was suggested that there was an increase in serum IgA levels. An
investigation was carried out to elucidate whether consumption of
probiotics such as lactobacilli has an effect on acquired cold symptoms.
Reduction in pharyngeal symptoms was significant was observed.

Vitamin A ‘ Vitamin C
Essential fat Vital water
soluble vitamin soluble vitamin
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8. Impact of PAK-1 blockers: budding therapeutics against
coronavirus

PAKs belong to mammalian kinases family also known as RAC/
CDC42-activated kinases that have been came into existence since de-
cades. Amid, these classes PAK1 is most prominent category of "patho-
genic kinases" that can cause a plethora of diseases like cancer,
inflammation, malaria, dengue, immuno-suppression and many anti-
viral diseases, if behave abnormally (Maruta, 2020). Strikingly,
PAK1-blockers (naturally existing) such as caffeic acid, its esters,
bee-product propolis have been observed to inhibit RAC that directly
activates PAK1 (Xu et al., 2005). However, previous studies reported
that chloroquine a drug active against malaria also suppressed the
incidence of SARS/Coronavirus infection, but its mode of action still
remains unknown (Vinecent, 2005). Later, it was reported that this drug
induced CDK inhibitor (p21) to inhibit PAK1 activity (Maruta, 2014). In
line of forging argument, a recent study depicted that tumor-repressed
phosphatase PTEN, mainly involved in impeding PAK1 also inhibited
the coronavirus-curbed LLC2-linked fibrosis (Lu, 2020). Moreover, LLC2
expression has been observed to correlate with ACE2, a coronavirus
receptor and CK2/RAS-PAK1-AP1 signaling cascade (Chen et al., 2010).
Henceforth, through all these assumptions we can deduce the
PAKl-reliance of corona pathogenesis and a suggestion of using
PAK1-blockers for treating pandemic COVID-19 outbreak (Fig. 4).
Albeit, PAK-1 have a direct link with suppressing the immune system of
the hosts, yet, PAK-1 blockers behave as antiviral vaccines in elevating
the immune responses (Huynh et al., 2017). Peeping into the previous
studies, it was found that rabies vaccine developed in 1885 was active
against myriad of viral diseases but it usually took 12-18 months for
actual resistance development. Apparently, a fast-track approach of
therapeutics in the form of natural PAK-1 blockers are predominantly
making its position nowadays to act against prevailing viral diseases like
coronavirus.

Inevitably, the conventional and recently accepted product propolis,
obtained from bees have been known since ancient times. It is formerly
obtained from honey-bee extract via honey-bees feeding the buds of
poplar and willow trees, thereby, mixing their saliva into it to form
hexagonal bee-hives in order to protect their larval species against many
pathogenic organisms. This product synthesised is called as propolis and

Vitamin E

N\

Vitamin D

Essential fat Essential fat
soluble vitamin soluble vitamin
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is regarded as herbal medicine with anti-viral properties. In contempo-
rary world, propolis is identified in possessing anti-cancer characteris-
tics due to the presence of an ingredient CAPE (Caffeic Acid Phenyl
Ester) involved in down-regulation of RAC for PAK1 inhibition respec-
tively (Xu et al., 2005). Although, the anticancer constituents in propolis
varies from product to product according to harvesting property of bee
extracts. For instance, the anti-cancer element in Brazilian propolis is
Artepillin C (ARC), while in sub-tropical regions of Taiwan and Oki-
nawa, polyphenols namely, Nymphaeols act as direct inhibitors of PAK1
(Nguyen et al., 2017).In view of the fact that, familiar thing among all
categories is that they are comprised of PAK1-blockers. Ever since, has
been elucidated that, PAK1 tends to cause cancers, viral diseases like
HIV, Hepatitis, pappiloma, influenza, ebola, SARS and corona virus
along with immune system suppression of hosts, henceforth, propolis
would be quintessential in blocking COVID/coronavirus curbed fibrosis
in respiratory tract and boosting the immunity of an individual (Maruta,
2014). The effectiveness of propolis also depends on the product, its
chemical nature and action. To expedite, CAPE-containing propolis
named ’Bio 30, commercialised by New Zealand is found to be highly
active (Maruta, 2014). The optimal doses are 1 ml/10 Kg of the body
weight. Regardless of this pre-formed formulation in the market, it could
not be used against COVID-19 eruption, due to paucity of its stock in
market place. Moreover, the available stocks are being predominantly
used for treating patients with deadly cancers and prolonged treatment
of genetic brain disorder, NF tumers (Neuro Fibromatosis Type 1, 2)
(Maruta and He, 2020). In addition to this, the cell membrane perme-
ability of caffeic acid and ARC is relatively weak, owing to its -COOH
moiety. Nonetheless, this feature could be surmounted by triggering the
cell membrane permeability via conversion their esters into 1, 2, 3-tria-
zolyl esters that are thousand times more powerful than ARC or caffeine
esters (Maruta and Ahn, 2017). Along with this, melatonin hormone
(pineal gland hormone) is a serotonin and possess anti-melanogenic
activity that is a primitive factor as melanogenesis is directly corre-
lated to PAK1 (Be et al., 2017). Further, it also owns similarity with
other anti-PAK1 actions like anti-cancer, antiviral, anti-inflammatory,
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immuno-boosters etc. Therefore, it is pertinent to mention here that
melatonin, a commonly available sleeping pill could be utilized against
coronaviral infections. Currently, many investigations are being carried
out to high-light the significance of melatonin as another therapeutic
resort or COVID-19 adjuvant (Zhang et al., 2020b). Furthermore,
glucocorticoid hormone ’ciclesonide’ is another choice to cure different
inflammatory disorders and it has been widely commercialised under
the brand name of Alvesco. It has been officially approved since 1990
and been widely associated with treating adults as well as children. The
molecular mechanism forming the basis for anti-inflammatory action is
based on the potential of PAK1-blockers that lays the foundation for its
pathway. Majorly, it works according to two basic reasons, firstly,
inflammation is not possible without PAK1 and PAK1-null mutant in
mice depicted no inflammation (Allen et al., 2009). Secondly, cicleso-
nide inhibited PAK-1 regulated proliferation of lung cancer in A541 cell
lines as well as in immuno-deficient mice (Choi et al., 2020). Thus, this
hormone was clinically reported to block PAK1 replication and patho-
genesis (lung fibrosis) caused by COVID-19 respectively (Sharp and
Dange, 2020).

Apart from this, a herbal formulation mainly triterpenes or steroid
named ’triptolide’ derived from thunder god vine also inhibited RAC
followed by blocking PAK1 route (Maruta and Ahn, 2017). This medi-
cine was previously treating the patients infected with dengue virus in
restricting the proliferation of virus in lungs by blocking PAK1 signaling
cascade (Liou et al., 2008). Conversely, due to its lower water solubility,
few years back, its -OH group was phosphorylated to enhance its solu-
bility (Patil et al., 2015). Resultantly, phosphotase-receptive pro-drug of
triptolide "Minnelide’ is currently under clinical trials to cure COVID-19
infections as well. Another compound ivermectin has been screened
from bacteria but with some lethal effects. Interestingly, these ill-effects
were removed later by chemically re-designing the compound. Further,
it was pragmatically involved to impede various parasitic infections,
cancers etc. eventually causing the impairment of PAK1, which en-
compasses its anti-cancerous properties (Hashimoto et al., 2009). As a
consequence, it could be a good option to counteract coronaviral
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infection, however, a recent study found the role of Ivermectin to
occlude COVID-19 incidence in Vero cell cultures (Caly et al., 2020).
Meanwhile, *Artemisinin’, an anti-malarial component originated from
plant herb Artemisia annua also showed its active property against ma-
laria and other viral diseases (Sicard et al., 2011). This is however,
concerned with the host cells rather than pathogen itself. To illustrate,
PAK1 upregulation has been observed on the basis of AM-RAS mediated
suppression (PAK1-upstream) and RAF in T-cells (PAK1-RAS down-
stream) (Maruta, 2014). The dihydro derivatives of AM deactivates the
virak infection through upregulation of CKD inhibitor p21 respectively
(Maruta, 2014). Additionally, reddish peppercorns (ethanol-water
extract) was also found active against PAK1 and cyclin D1 in
NF1-deprived negative breast cancer cell line (MDA-MB231). It was also
found to suppress MPNST-cell lines where PAK1 was peculiarly initiated
(Hirokawa et al., 2006). Concurrently, this extract in the form of tea
would enable prevention and cure of COVID-19 incidence owing to its
contribution in PAK1 blocking. The basic formulations of these pep-
percorns in boosting immune system and impeding inflammation during
viral infections have also been investigated (Jie et al., 2019). Above all, a
peptide namely FK228, identified from soil microbe has been found to
restrict the expansion of RAS (pancreatic/colon cancer) carrying onco-
genic mutant (K-RAS) respectively (Nakajima et al., 1998). Later, it was
also reported to deactivate histone deacetylases and PAK1 in different
cancer cell lines. This mainly comprise of breast cancer cell lines as well
as NF1-deprived Malignant Peripheral Nerve Sheath Tumor (MPNST) to
restrain their proliferation in xenografts of mice (Hirokawa et al., 2005).
Therefore, possessing all these features it was approved to cure rare
cancer disease cutaneous lymphoma and commercialised as ’'Isodax’ in
market. However, research is being conducted with the belief that it
could be most probably utilized for COVID-19 therapy. It is need of an
hour to clinically test various PAK1-blockers against blocking virus
replication to develop anti-COVID-19 therapy for patients suffering
worldwide.

9. Conclusions

Strata of mankind has been marred with the onset of the unexpected
pandemics, leading to the atrocious effects on their entire communities.
Considering themselves invincible to conquer the world, they have now
become the cocoons of their houses against COVID-19 storm. Unfortu-
nately, SARS-CoV-2 has led the global population on their toes due to its
highly infectious nature and susceptibility towards humans in causing
higher mortalities among them. We can also introspect that about a lot
many cases of COVID-19 have been undetected and by looking into the
ongoing trends, the cases are going to inflate in the coming future. This
would ultimately affect the world economy, specifically within devel-
oping and under-developing nations. Besides, WHO has advised the
world to take preventive measures, owing to which government has
facilitated nationwide shutdowns, self-quarantine, physical distancing
to ensure public safety. Thus far, the prevailing drugs and vaccines for
antiviral diseases have been used as clinical trials to fight against
coronavirus. Furthermore, by studying the gene pool of SARS-CoV-2,
researchers would be able to invent the vaccine for this petrified virus.
While, the zeal and zest for the discovery of therapeutics have been
plummeted in last few years, yet the dominance of plants and their
products are still gaining light in this darkness. Our review projected the
possible role of herbal plants and their sources in the treatment of
COVID-19 infections due to its bioactive ingredients acting as substan-
tial warriors in this battle. Intriguingly, pro-active devotions in this
research would definitely enable us to develop vaccines or drugs to cure
COVID-19, for which it is pre-requisite to unlock this treasure of infor-
mation pertaining to traditional medicines. However, there is an urgent
need to invest time on these studies for acquiring about appropriate
doses and formulations for discovering drugs or vaccines from these
formulations. For this purpose, scientific evidences and comprehensive
pharmaco-dynamic knowledge related to medicinal plants should be
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made available to scientists to design clinical trials. Integration of this
concept would certainly develop the drug therapy in the near future. All
what we can do is wait for the hope of radiance at the terminating point
of the tunnel, in solitude.

10. Future perspectives and conclusions

Due to the ongoing disaster of COVID-19, there is a pressing need for
the discovery of alternative remedial measures. There is a wide scope of
herbal medicines that have been used since traditional times. They have
been considered as potent clinical agents against wide array of viral
diseases due to their anti-viral properties. These natural products of
Ayurveda are being tested for treating COVID-19. Basically, these for-
mulations are comprised of huge number of phytochemicals such as
terpenoids, alkaloids, flavonoids, phenols, tannins, polyphenols, sapo-
nins, polysaccharides, proteins, lipids and peptides that possess myriad
of functions against viral invasion, penetration, replication, expression,
assembly and release. Moreover, medicinal plants and their natural in-
gredients proved to be the most promising alternatives to prevent or
cure the infection and spread of this disease since its outbreak. However,
they are still being tested under in vitro conditions to get the direct ev-
idence on the positive health of COVID-19 patients. In the present re-
view, we have elaborated the potential role of herbal formulations to
treat COVID-19 through summarising the ongoing trials of plants and
their products against this deadly virus. Although, the investigations for
evaluation of different plant genera as anti SARS-CoV-2 agents, are
insufficient. But research is in the pipeline to untangle their potential
positive aspect and we expect these studies to be conducted in a more
elaborated manner in future. Yet, many scientists are still engaged in
these studies to develop a suitable antidode for this virus. The future
possibilities upholds the fact that by combining these studies with
effective technology and testing we can demonstrate their role in
blocking the life-cycle of this virus, protein denaturation of receptor
proteins and role of certain proteases enzymes could be studied.
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