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Abstract

The Severe Acute Respiratory Syndrome-related Coronavirus 2 (SARS-CoV-2) has been declared as a
global pandemic by WHO (World health organization). Till now the SARS-CoV-2 has affected nearly
213 countries and claimed four million deaths. Medicinal plants and plant based drugs plays a pivotal
role in boosting the immune system of the body. The apt use of medicinal plants can successfully cure
several diseases in humans. This review discusses about the several aspects related to COVID-19 with
special focus on medicinal plants that have been use since ancient time and are proven to be effective
against COVID-19. Here, we also discuss the recent research on medicinal plant that can act against
deadly SARS-CoV-2. We have also focussed on the medicinal plants that could be potentially used to
prevent and cure the life threatening symptoms associated with COVID-19. Keeping in view the
importance of medicinal plant, the current review will open a province for the development of plant
based drugs or herbal formulation as an alternative strategy to combat the present COVID-19 situation.
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1. Introduction

Every pandemic has affected thousand to millions of life. The emergence of world pandemic
Coronavirus disease 2019 (COVID-19) is caused by novel corona virus named as Severe
Acute Respiratory Syndrome-related Coronavirus 2 (SARS-CoV-2) .The SARS-CoV-2 is the
seventh known virus that belongs to Coronaviridae family. Two of the viruses belonging to
this family namely Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and Middle
East Respiratory Syndrome Coronavirus (MERS) were already responsible for major
epidemics that took place in year 2003 and 2012, respectively (Zhou et al., 2020; Zhu et al.,
2020) I 2, The COVID-19 pandemic has turned out to be more deadly than above mentioned
coronaviruses. The first outbreak of COVID-19 was from Wuhan city of China in December
2019 (WHO, 2020) Bl All of these coronaviruses have zoonotic origin (Ye et al., 2020) [,
Using viral genome sequencing and evolutionary analysis, the natural origin of SARS-CoV-2
is Chinese horseshoe bats of genus Rhinolophus (Grahm et al., 2020) B, Countries throughout
the world are taking strict actions such as complete lockdown, social distancing in combating
the spread of this disease. Moreover, our day to day life has affected by COVID-19. The
insistence of taking extensive hygiene such as washing hands, wearing masks has been done to
avoid the infection of this virus.

Coronaviruses are positive single-strand RNA enveloped viruses having largest RNA genome
ranging from 26-32 kilobases (Pal et al., 2020) ¥, SARS-CoV-2 belongs to the beta-
coronavirus group. SARS-CoV-2 directly binds to the epithelial cell of oral and nasal cavities.
The virus later migrates from respiratory tract to alveoli tissue of the lungs. In moderate
infection the virus infection is limited to upper respiratory tract J(Mason et al., 2020).
However under sever conditions, the alveoli cells of the lungs get damage thus impairing gas
exchange. Common symptoms of COVID-19 include fever, cough, and shortness of breath and
may cause pneumonia and/or even death under severe condition (WHO, 2020) Bl The major
mode of transmission is airborne droplets, respiratory secretions and direct contact with the
infected patient (Jayaweera et al., 2020) [°1. The mortality rate of this disease is much higher in
patients having hypertension, diabetes and other cardiovascular diseases (Wu et al., 2019) (1,
The incubation period is between 2-14 days or even longer. SARS-CoV-2 not only infects the
respiratory system but may develop disorders in digestive system, heart and kidney (Liu et al.,
2020) (24

Boosting the immune system has become topmost priority since the outbreak of COVID-19.
At present COVID-19 situation, several studies have shown that people with strong immunity
has high recovery rate against COVID-19 (Chowdhury et al., 2020) 2. The phytoconstituents
such as steroids, alkaloids, diterpenes, triterpenes, aliphatics and glycosides etc.
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present in medicinal plants are one of the key players in
boosting host immune response (Chikezie et al., 2015) 31,
Their anti-inflammatory, antioxidant and anti-viral properties
make them as good candidate for the treatment of COVID-19.
The anti-viral property of medicinal plant is attributed by their
role in preventing virus entry and its replication in host cell.
The medicinal plants can not completely cure the COVID-19
but perhaps it could minimize the severity of this disease by
boosting up the immune response. As the present pandemic
situation is neither the first nor last. The world may keep on
facing such pandemics in future but we can minimise the
effect and one of the way is to healthify our life style by
introducing herbal formulations, plant based nutraceuticals
etc. that will strengthen our immune response. By this review,
we enlighten the role of medicinal plants in combating this
dreadful virus.

2. Insight to biology of SARS-CoV-2

The SARS-CoV-2 is enveloped single stranded positive-sense
RNA virus having genomic size ~30 kb 1 (Guo et al., 2020).
SARS-CoV-2 belongs to the B- genus of Nidovirales order of
the Coronaviridae family [ (Paules et al., 2020). The
genome of SARS-CoV-2 encodes both structural and non-
structural proteins (Tablel). The structural protein includes
envelop (E), glycoprotein spikes (S), nucleocapsid (N) and
membrane protein (M). Spike proteins are involved in
attaching the virus to the host cell, envelop is required for
virion assembly, membrane protein is required for providing
morphology to the virions and the nucleocapsids are for
packaging the subgenomic RNA. In addition to, the virus
genome also encode 16 non-structural proteins (NSP1-
NSP16) (Yadav et al., 2021) [*8l, Papain-like proteases (PLP)
and 3CL-proteases encoded by NSP3 and NSP5 respectively,
are non-structural proteins vital for virus replication and
itsspread in host cell. Another crucial non-structural protein is
RNA-dependent RNA polymerase (RdRp) that enables
replication and transcription of viral genome. The entry of
virus in host cell is first of all initiated by the binding of spike
protein to the cellular receptors mainly angiotensin-converting
enzyme 2 (ACE2) (Sungnak et al., 2020) 1. This is thought
to be the most critical step for virus entry. ACE2 is mainly
expressed by epithelial cells of the lungs, small intestine,
kidney and heart (Hamming et al., 2004) (81, After binding,
the next step is the cleavage of S protein by cell surface-
associated transmembrane protease serine 2 (TMPRSS2) and
cathepsin. This further promotes the invasion of virus into
host cell via endocytosis. After the entry of viral genome in
the host cytoplasm,a positive-sense RNA genome translates
into two polyproteins 1a, b (ppla, pplb).Polyproteins formed
via translation is further processed into functional proteins by
3CLpro and PLpro. PLpro also leads to immune suppression
of the host cell (Ziebuhr et al., 2000) *°l. Functional proteins
mainly helicase, RdRp, and NTPase are the integral part of
replication-transcription complex (RTC)that participates in
replicating virus genome. In addition to virus own machinery,
host cellular enzymes like human proteases, cathepsins B and
L, trypsin are critically important (Millet et al., 2015) [,

3. Human Immune response towards SARS-CoV-2

Activation of human immune response towards SARS-CoV-2
is very crucial step in deciding the severity of COVID
disease. The entry of virus inside human cell triggers both
innate and adaptive immune response (Fig. 1). Several toll-
like receptors (TLR) specifically TLR3, TLR7, TLR8 firstly
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binds to the virus and then activates array of immune response
which includes release of inflammatory factor, activation of
dendritic cells and also initiates the production of type |
Interferons (IFN-o/B) (Kawai and Akira, 2010) 2. All these
factors are crucial in preventing the virus spread in body.
Cascade of pro-inflammatory cytokines mainly IL -1, -2, -4, -
7, TNF-a and free radicals were also observed in COVID-19
patients (Chien et al., 2006) 21, This in turns leads to local
damage of organs mainly lungs. However sever infection may
sometimes leads to multiple organ failure that results in death
(Zaim et al., 2020) %1, The T-cells (CD4+ and CD8+) of
adaptive immune response was also activated against SARS-
CoV-2 infection. Additionally, the production of SARS-CoV-
2 specific antibodies mainly 1gG, IgM and IgA was also
reported during early stage of infection (Jacofsky et al., 2020)
(231 The C3a and Cba protein of compliment system also
comes to action in combating the viral infection (Mellors et
al., 2020) 241,

4. Potential role of some important medicinal plants
against viral infection

Medicinal plants are those plants that are mostly used in
treating and preventing diseases harmful to humans.
Traditional system of medicines relies on using medicinal
plants for curing several diseases. Medicinal plants play a
pivot role in strengthening human health. Two-thirds of
word’s plant species contain medicinal property (Krishnaiah
et al., 2011) 2l Worldwide, people are using medicinal plants
as a plant-based drug or herbal formulation for disease
remedy (Agbor et al., 2005) 8, Non-toxicity, ease in
availability and low-cost are some other factors that makes
them people first choice when it comes to improve health
issues.Active phytochemicals such as flavonoids, tannins
reducing sugars, triterpenoids, sugars, alkaloids, steroids,
phenolic compounds, catechins, saponins, , anthroguinons
present in medicinal plants are reported to act as a
antimicrobial agent (Adhikari et al., 2020) 1. Medicinal
plants are act as a immunomodulator means they can alter our
immune response (Mukherjeeet al., 2013) 1281, In general the
medicinal plants boost-up our immune system by enhancing
or stimulating the components of both adaptive and innate
immune response. Several medicinal plants have been already
tested for their anti-viral activity against several awful viruses
such as HIV, SARS, MERS, poxvirus, dengue virus, and
influenza viruses (Adhikari et al., 2020) ?1, The biological
active compounds isolated from medicinal plants have always
been a great interest of research for scientists. Examples of
medicinal plants along with their immunomodulatory
mechanism have been shown in Table 2. Few of the medicinal
plants that are part of our ancient medicinal system and also
act as immune enhancer are separately discussed below.

4.1 Tulsi (Ocimum sanctum L): Tulsi, holy basil is popularly
known for its eminent medicinal properties. The
immunomodulatory effect of tulsi leaves is associated with
the enhancement of both helper and natural killer (NK) cells
that are effective against antibacterial and antiviral infection
(Singh et al., 2021) 5% Two active ingredients found in tulsi
are Apigenin and Ursolic acid. Tulsi is mostly used for curing
COVID-19 related symptoms mainly fever and cough
(Goothy et al., 2020) B4, The antiviral property of tulsi is
effective against both RNA and DNA-viruses (Mondal et al.,
2011) B2 The tulsi leaf extract is effective against asthma and
bronchitis.
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4.2 Tinospora cordifolia (Giloy, Guduchi): It is an esteemed
medicinal plant having curative properties against fever, gout,
respiratory infections, diabetes, asthma, piles. The plant also
has anti-oxidant, anti-inflammatory, anti-cancer effect.The
plant extract contain several bioactive compounds such as
berberine and furanolactone, tinosporone, tinosporic acid.
Herbal formulation of giloy, tulsi, ginger is effective against
COVID-19 (Srivastava et al., 2020) 53,

4.3 Zingiber officinalis (Ginger, Adrakh): Ginger roots are
used to treat common diseases mainly headache, cold and
nausea. Bioactive compounds of ginger mainly 6-gingerol, 8-
gingerol, and 6-shogaol are effective against respiratory
disorder by relaxing the human airway smooth muscles
(Mangprayool et al., 2013) B4, High concentration of fresh
ginger stimulates mucosal cells to secrets IFN-B that can
prevent virus entry.

4.4 Curcuma domestica (Turmeric, Haldi): It has excellent
anti-septic properties. The rhizome part of C. domestica is
mainly use in food and also consider as a best remedy to treat
cold, cough and throat infection. Its main photochemical
namely curcumin exhibits anti-inflammatory response.
Curcumin can improve breathing problem in patients facing
bronchitis by clearing the mucous in lungs (Rocha et al.,
2020; Benzieand Wachtel-Galor 2011) %1

4.5 Glycyrrhiza glabra (Liquorice): The roots of G. glabra
are mainly utilised to cure asthma and cold. It is also consume
as anti-oxidant, anti-diuretic, anti-diabetic and anti-
inflammatory herb. Its main bioactive constituent glycyrrhizin
is reported to prevent viral replication and also effective
against SARS-CoV virus (Hoever et al., 2005) [6]

4.6 Withania somnifera (Ashwagandha): It is a small shrub
commonly known as Indian ginseng. One of the important
bioactive compounds of Ashwgandha is Withaferin-A which
possess anti-viral activity against influenza virus (Kumar et
al., 2020) 7. This medicinal plant also known to stop the
cytokine storm that activates during viral infection (Bani et
al., 2006) 581, The roots possesses high antiviral activity.

4.7 Cinnamomum zeylanicum: The bark of C. zeylanicumhas
many medicinal properties especially in curing digestive
disorders. The bioactive compound namely cinnamaldehyde
significantly slow down the inflammatory cytokines mainly
TNF-a, IL-6, IL-13 and IL-1B in covid-19 patients (Asif et
al., 2020) 9

4.8 Piper nigrum (Black pepper): The bioactive compound
of black pepper named as piperine has widespread
pharmacological role as anti-inflammatory, anti-oxidant, anti-
tumor and anti-microbial (Singh et al., 2021) B9, The P.
nigrum is found to be useful in respiratory congestion
(Chopra et al., 2020) (6,

4.9 Phyllanthus emblica L. (Amla): The amla fruit possess
antibacterial, antifungal and antiviral properties. It is an
excellent source of vitamin C. Phenolics from amla found to
inhibit Herpes simplex virus HSV-1 and HSV-2 infection
(Xiang et al., 2011) [611,

5. Evidences of medicinal plants effective against SARS-
CoV infection

The therapeutic potential of several medicinal plants against
SARS-CoVinfection have been tested globally. In order to
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explore the potential of medicinal plants for use in COVID-19
management several parameters such as antiviral, anti-
inflammatory, immunomodulatory, safety, toxicity are taken
into consideration. In a recent article Lim et al., 2021 ©2 has
suggested four medicinal plants A. indica, E. longifolia, N.
sativa, and V. amygdalina that could be further investigated to
unearth their role against this viral infection. Proteins like
ACE2, 3CL-pro, PL-pro, RdRp etc are considered to be the
promising targets of antiviral drugs to act against CoV
infection. Therefore, medicinal plants that could inhibit these
proteins could be used to treat the SARS-CoV-infection.
Natural products isolated from medicinal plants also act as
dual inhibitors for e.g a monoterepenoid, Carvacrol present in
ajwain, oregano, black cumin could target both ACE2 and
SARS-CoV 3C-like protease (Javed et al., 2020) %, Tannic
acid present in fruits like berries, citrus, grape, and apples also
act as potential inhibitor of both ACE2 and TMPRSS (Wang
et al., 2020) (4, Such compounds could have more impact in
treating COVID-19. Medicinal plants that have potential for
inhibiting the SARS-CoV?2 proteins are discussed below.

5.1 Medicinal plants targeting ACE-2 receptor
Angiotensin-converting enzyme 2 (ACE-2) is a receptor
protein expressed in cell and tissues of lung, kidney, heart and
liver. ACE-2 is an entry receptor for SARS-CoV-2 in human
cells (Salamanna et al., 2015; Hoffmann et al., 2020) (65 56,
Therefore to tackle the present pandemic situation one of the
most promising approach is to identify those medicinal plants
that could block the entry of SARS-CoV-2 by targeting ACE-
2 receptors. Medicinal plant such as Rheum palmatum L.,
Citrus aurantium L., Rubia tinctorum L., Quercus infectoria
has been tested and found to have good potency against ACE-
2 receptor (Ho et al., 2007; Yang et al., 2020; Heidary et al.,
2020; Sharifi et al., 2013) [6779, Studies have shown that most
of the abovementioned plants contains a bioactive compound
named as emodin that could blocks the interaction between
SARS coronavirus spike protein and ACE2 (Ho et al., 2007;
Schwarz et al., 2014) 7. 71 A bioactive compound named as
naragennin present in several citrus fruits is considered as
powerful inhibitor of ACE-2 receptor [? (Clementi et al.,
2020). Some important bioactive compound namely baicalin
and scutellarin obtained from some Chinese herbs (Scutellaria
spp.) are reported to act as ACE-2 inhibitor (Deng et al.,
2012; Wang et al., 2016) > 7. Potent components in A.
sativum (Garlic) and Quercus infectoria have also been found
to effective against ACE-2 receptor through in vitro studies
(Zaidi et al., 2009; Sharifi et al., 2013) I'> ™ |t is also
reported that the aqueous solution of Indian medicinal plant
Withania somnifera L. prevents the entry of SARS-CoV by
blocking host ACE2 receptor (Balkrishna et al., 2020) [7°1,

5.2 Medicinal plants targeting transmembrane proteinase
Serine 2 (TMPRSS2)

TMPRSS2 is a transmembrane proteinase Serine 2 that
promotes the virus entry in host cell. Being as protease
TMPRSS2 cleaves the spike protein of SARS-CoV and
activate it to promote virus fusion at cell surface (Shirato et
al., 2013) '1, The entry of SARS-CoV-2 is firstly governed
by its interaction with ACE2 receptor followed by the
cleavage of SARS-CoV-2/ACE2 complex by TMPRSS2
(Matsuyama et al., 2005) 8], Therefore one of the propitious
approaches to prevent coronavirus infection is to target and
inhibit the expression of TMPRSS2 (Schlagenhauf et al.,
2020) [, In silico interaction study of 97 alkaloid compounds
present in African medicinal plant with TMPRSS? protein has
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recognised cryptospirolepine, 10-hydroxyusambarensine, and
cryptoquindoline as potential inhibitor of TMPRSS2 (Gyebi
et al., 2020) %, In one of the molecular modelling tool,
Withaferin-A, Withanone compounds obtained from
Ashwgandha were considered to have stronger inhibitory
effect towards TMPRSS2 (Kumar et al., 2020) 571,

5.3 Medicinal plants targeting RdRp enzyme
RNA-dependent RNA polymerase (RdRp) is involved in
corona virus replication process inside host cell. The enzyme
is also crucial in transcription of subgenomic rna (sgRNA).
RdRp is also prime target of antiviral drugs. In-silico analysis
has revealed four plant derived polyphenols (Epigallocatechin
gallate, theaflavin-3’-O-gallate, theaflavin-3’-gallate,
theaflavin 3,3'-digallate) that could inhibit RdRp activity and
effective against COVID-19 (Singh et al., 2020) 4, Using
virtual screening of 92 phytochemicas from 20 medicinal
plants of south America, has identified hesperidin as a lead
candidate to inhibit RdRp activity 2 Mosquera et al., 2020.
Anti-SARS activity of Chinese herbal plant Houttuynia
cordata Thorn (HCT) is mainlydue to its property of
inhibiting RdRp enzyme (Lau et al., 2008) (53,

5.4 Medicinal plants targeting SARS-CoV 3C-like
protease and Papain-Like proteinase (PLpro)

SARS-CoV  3C-like  protease and  PAPAIN-LIKE
PROTEINASE (PLpro) are non-structural protein or cysteine
proteases encoded by SARS-CoV-2 genome. Both these
proteases are involved in processing and maturation of viral
proteins that are vital for virus replication and transcription in
host cell (Baez-Santos et al., 2015) 4. A 3C-like protease
(3CLpro) sometimes referred to as main protease (Mpro) is
required in cleaving viral polyprotein into functional protein ,
whereas PAPAIN-LIKE PROTEINASE (PLpro) has an
additional role in evading or supressing host immune response
by targeting interferon production (Yuan et al., 2015) [,
These proteases are considered as accepted targets for
antiviral drugs to block virus replication.

In silico study has suggested six phytochemicals Baicalin,
Rutin, Biopterin, Licoleafol, Luteolin and Quercetin that have
potential to use against PAPAIN-LIKE PROTEINASE
(PLpro) (Laskar and Choudary, 2021) [, Bioactive
compounds especially rutin and rocymosin b isolated from
Glycyrrhiza glabrawere found to be effective inhibitor of
papain-like protease (PLpro) using molecular docking
analysis (Shawky et al., 2020) 7. Phytochemical studies
revealed the inhibitory effect of potent flavonoids namely
psoralidin and sobavachalcone isolated from the seeds of
Cullen corylifolium L. towards SARS-CoV- 3CL(PLpro)
(Kim et al., 2014) 8, Moreover bioactive cinnamic amides
extracted from the fruit of Tribulus terrestris also inhibits
SARS-CoV PLpro enzyme (Song et al., 2014) ¥, Inhibitory
effect of four biflavonoids (amentoflavone, bilobetin,
ginkgetin, and sciadopitysin) isolated from the leaves of
Torreya nucifera (L.) Siebold & Zucc. was proven to be
effective against SARS-CoV- 3CL(pro) (Ryu et al., 2010) [,
The popular red sage plant Salvia miltiorrhiza Bungewas also
exhibited inhibitory effect on SARS-CoV- 3CL(pro) (Park et
al., 2012) 4, The potent bioactive compound found in this
plant is Dihydrotanshinone. Moreover, an alkylated chalcone
xanthoangelol E extracted from Angelica keiskei (Mig.) Koidz
was found to be potent SARS-CoV- 3CL (pro) and SARS-
CoV- PLpro inhibitor (Park et al., 2016) [®2. Molecular
docking study has revealed the dual role of Verbascoside
compound isolated from plants like Cichorium intybus, Olea
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europaea and Marrubium vulgare in inhibiting SARS-CoV-
3CL (pro) and SARS-CoV- PLpro activity (Shawky et al.,
2020) [¥71. The whole plant extracts of Chinese medicinal plant
Artemisia annua L.was reported to act against SARS-CoV-2
infection by inhibiting enzymatic activity of 3CLPro (Law et
al., 2020; Benatouil, et al., 2020) [ %1, Phenolic compounds
of Isatis indigotica also block the enzyme activity of 3C-like
proteases (Lin et al., 2005) [*1. Molecular docking analysis
has also suggested lupinifolin as a potent inhibitor of SARS-
CoV- 3CL(pro) (Mosquera et al., 2020) ¢

6. Use of medicinal plants against life threatening
symptoms associated with COVID-19

People suffering from COVID-19 show wide array of
symptoms including fever, dry cough, fatigue, muscle aches,
sore throat, headaches, runny nose, nasal congestion, loss of
taste or smell, pink eye, skin rash or discoloration of finger or
toes, nausea, vomiting, gastrointestinal disturbances like
diarrhoea (Tenforde et al., 2020) [l Specific organ
dysfunction primarily lungs, kidney and heart has been also
observed during acute COVID-19 infection (Carfi et al.,
2020) 7], Moreover, patient suffering from cancer, type 1 or
type 2diabetes, high blood pressure, severe obesity,
cardiovascular disease, chronic kidney disease, asthma are at
high risk of COVID-19 infection. In a recent report of 44,672
COVID-19 patients, the highest mortality rate was observed
for patients with a cardiovascular disease (10.5%) followed
by patient with diabetes (7.3%), respiratory disease (6.3%)
and hypertension (6%) (Wu et al., 2020) €. Morbidity
associated with COVID-19 can be reduced by making use of
medicinal plants that can help to minimize the severity of life
threatening symptoms. Some of the medicinal plants that have
potential against life threatening symptoms associated with
COVID-19 are discussed below.

6.1 Lung inflammation and fibrosis

ACE?2 is highly expressed in the lungs and alveolar cells that
catalyses the conversion of angiotensin 1l to vasodilator
angiotensin. The binding of Spike protein of SARS CoV-2
results in the reduced expression of ACE2 leading to the
accumulation of angiotensin 1l responsible for pulmonary
hypertension, acute lung injury (ALI), and lung fibrosis.
Curcumin treatment has been shown to improve several lung
diseases including pulmnory fibrosis, allergic asthma, chronic
obstruction pulmnory disease (COPD) and ALl/acute
respiratory distress syndrome (ARDS) (Venkatesan et al.,
2007; Ram et al, 2003) [#% 101 These infections might also
develop in patients suffering from COVID19 that can become
life threatening. Curcumin also provide protection against
bleomycin induced lung fibrosis in rats by stabilizing the lung
architecture, maintaining the redox balance, inhibiting
leukocyte infiltration and release of proinflammatory cytokine
including TNF-a (Venkatesan et al., 2007) %, Curcumin
inhibited the replication and budding of respiratory syncytial
virus (RSV) which is the cause of asthma, bronchitis and
severe lower respiratory tract disease in young children and
infants. C. alata a medicinal herb is reported to produce
variety of secondary metabolites including major flavonoid,
kaempferol-3-O-gentiobioside and  kaempferol-3-O-B-d-
glucopyranoside. The root powder of Withaniasomnifera was
reported to be effective in treating the rats with pulmonary
hypertension by reducing the inflammation, endothelial
dysfunction and oxidative stress (Kaur et al., 2015) [0,
Withaferin A has shown to improve pulmonary fibrosis and
lung damage by suppressing the expression of pro-
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inflammatory (NF-xB p65, IL-1B, TNF-a), pro-fibrotic
(CTGF, collagen 1A2, collagen 3A1, fibronectin) and pro-
angiogenic factors (VEGF, FAK, p38 MAPK, PLC-y1) in
animal studies (Bale et al., 2018) [102],

6.2 Renal Damage

In a clinical study, acute kidney failure was reported in the 5
to 15 % of COVID-19 patients with a 60-90% mortality rate
(Cheng et al., 2020) %I, In a study related to diabetic mice,
ACE2 expression was enhanced in glomerulus. Moreover,
ACE2 inhibition resulted in the higher urinary albumin
excretion (UAE) by regulating the angiotensin Il levels
through its degradation (Ye et al., 2006) *%, ACE2 inhibition
might result in renal damage in diabetic patients. Since ACE2
acts as receptor for SARS-CoV2 viruses, use of ACE2
inhibition therapy might put the diabetic patients at high risk
for severe kidney damage. Several studies have highlighted
the anti-inflammatory role of curcumin, which suppresses the
activation of of NF-xB responsible for the buildup of IL-1,
IL-2, IL-6, TNF-a and MCP-1 (Quiao et al., 2012) [1%], CK
have shown to increase epithelial of permeability along with a
decrease in intestinal alkaline phosphatase (IAP) caused due
to reduction of epithelial tight junction protein (ZO1,
Claudins). Curcumin was reported to play protective role in
the renal fibrosis at the priming and activation stages
byrestoring the redox balance,inhibiting the inflammation
reaction and the deposition of extracellular matrix in animal
models. These changes are brought about though inhibition of
production of inflammatory molecule (MCP1, NF-kB, TNF-
a, IL-18, COX-2, and cav-1) and induction of expression of
anti-inflammatory molecules (HO-1; heme oxygenase-1,
M6PRBP1; mannose-6-phosphate receptor binding protein 1
and NEDD4; neural precursor cell expressed developmentally
down-regulated protein 4). Curcumin also blocks the TGF-
BISmads, and MAPK/ERK pathways, and stimulates PPAR-y
pathway (Sun et al., 2017) [106],

Phyllantus sp. is a traditional medicine used in the treatment
of jaundice, diabetes, liver and gall bladder disease (Calixto et
al., 1998; Dhiman et al., 2005) [107. 1081 |ts plant extract
contains various secondary metabolite including flavonoids,
lignins, alkaloids, terpene, tannins, and phenols. The
hepatoprotective effect was shown to be associated with two
major lignin, phyllanthin and hypophyllanthin (Syamsunder et
al., 1985) 1%, P, urinaria and P. maderaspatensisreportedto
exhibit significant hepatoprotective activity in HepG2 cells
that were devoid of phyllanthin and hypophyllanthin (Sharma
etal., 2011) 1101,

6.3 Diabetic symptoms
A combination of ethanolic extract of G. amygdalinum and
Azadirachta indica was reported to reduce and maintain a
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steady level of blood glucose in diabetic rats (Atangwho et
al., 2012) 4, The phytochemical kaempferoland its major
glycoside kaempferol-3-O-gentiobioside present in the C.
alatapossess moderate a-glucosidase activity andexhibited
antidiabetic action by inhibiting the carbohydrate digestion
(Varghese et al., 2012) [*12, The type 2 diabetic rats treated
with W.somniferaexhibited reduced blood glucose level with
reduction in the number and size of pancreatic beta cells
(Anwer et al., 2012) 1131,

6.4 Asthmatic symptoms

Nigella sativa commonly known as black cumin (Kalonji in
Hindi) is a traditional medicine used in the treatment of
respiratory diseases like bronchial asthma. In animals or
cellular models, N. sativa have shown to reduce asthmatic
symptoms owed to its ability to promote bronchodilation and
to reduce hypersensitivity and inflammatory reactions (Ikhsan
et al., 2018, Koshak et al, 2017) 4 181 The
immunomodulatory function of N. sativais due to its bioactive
compound thymoquinone which is reported to enhance the
survival of the activated CD8" T cells (Salem, et al., 2011)
(116 At higher doses (2-3g/kg), thymoquinone have been
associated with several toxic effects in mice including
hypoglycaemia and hepatic enzyme disturbances (Badary et
al., 1998) (1171,

6.5 Hypoxic symptoms

Adhatodavasica is a medicinal shrub popularly known as
Malabar nuts. It is also known by other names such as
Adhatodazeylanica Medic. and Justiciaadhatoda L. and
vasaka in Sanskrit. It has been traditionally used as plant drug
in Ayurvedic and Unani medicinal system (Claeson et al.,
2000) 181 In a recent study, aqueous extract of A. vasicahas
shown to alleviate inflammatory and hypoxic effects in mice
by reducing the levels of transforming growth factor-p (TGF-
B). Adhatodavasicaextract was also able to decrease the viral
load in vero cell line infected with SARS-CoV2 (Gheware et
al., 2021) M9, This study highlighted the potential of A.
vasicain treating the hypoxic symptoms present in the
severely infected COVID-19 patients.

Figures 1: COVID-19 pathogenesis: SARS-CoV-2 enters the
epithelial cell via endocytosis or by membrane fusion through
binding to ACE2 receptor and releasing its RNA into the
cytoplasm. Once the virus enters inside the cell, it will
activate the component of host innate and adaptive immune
response. This results in activation of pro-inflammatory
cytokines mainly Interleukin (IL) -1, -2, -4, -7, Tumor-
necrosis factor (TNF)-a. This leads to local damage of lungs.
The organ cross-talk between the injured lungs, the kidneys,
and the heart further spread the injury to multiple organ.
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Fig 1: Inflammatory responses characterised by symptoms such as cough, fever, dyspnea, diarrhoea, multiple organ failure

Table 1: Structural and Non-structural proteins encoded by SARS CoV-2 genome.

Protein name Function
1. Envelop Virion assembly and release
Structural Protein 2. Spike Binds to host cell receptor
3.  Nucleocapsid Packaging and release of RNA particle
4. Membrane protein Virion shape
Non-structural Protein (NSP)[1. Nspl (Endonuclease) It acts as host translation inhibitor and also degrade host mMRNA
2. Nsp2 (N-terminal product) disruption of intracellular host signaling
3. Nsp3 (Papain-like proteinase) Activates Nsp1, Nsp2, Nsp3 Suppress host immune response
4. Nsp4 (Membrane protein) important for the virus-induced membrane rearrangement
5. Nsp5 (3CL-protease) Protease activity
6. Nsp6 (Transmembrane protein) Involves in formation of ER-derived autophagosomes
7. Nsp7 (RNA polymerase) It form complex with Nsp8 and Nsp12 to activates the Nsp 8
primase activity
8. Nsp8 (Primase) De novo synthesis of short RNA primer in presence of Nsp7
9. Nsp9 (Replicase) In association with Nsp8 Involves in virus replication
10. Nspl0 (Cofactor) Act as cofactor for both Nsp14 and Nsp16
11. Nspll (Endoribonuclease) Essential for replication
12. Nsp12 (RNA-dependent RNA Involves in replication and transcription of virus RNA
polymerases)
13. Nspl3 (Helicase) Involves in replication and transcription
14. Nspl4 (Methyl S -
trar?sfer(ase/Ezoribonuclease activity) Involves in viral RNA synthesis
15. Nspl5 (Endoribonuclease) Vital for evading host antiviral defense
16. Nspl6 (2°-O-ribose methyltransferase) In complex with Nsp10, it methylates the mRNA cap

Table 2: Medicinal plants traditionally used in enhancing immune response

Scientific Name| Common name Bioactive compound Used organ References
Aloe vera Ghritkumari Aloin, hydroxyaloins, phenol, va_mllllc, homovanillic, Leaves, roots Andrea et al., 2020 [29]
protocatechuic
Allium sativum | Garlic, Lahsun | diallylpolysulfides, vinyldithiin, ajoene, S-allyl cysteine, alliin Bulb Shang et al., 2019 [
Azadirachta nimbidin, gedunin, cyclic trisulfide, nimbidin, gedunin, cyclic Le_aves, root_, Bhowmik et al., 2010;
. Neem - fruit, bark, oil - a1 32
indica trisulfide Alzohairy et al., 2016 [31.32
and seed a
Curucuma Turmeric, Haldi curcumin, demehoxycurcumin and bisdemethoxycurcumin, Rhizome Prasad et al., 2011039
domestica germacrone, turmerone, atlantone and zingiberene
Cappar_ls moonit Rudanti, . Rutin, quercitin Fruit Nagar et al., 2019 [34
wight Rudravanti
Cinnamomum Dalchini cinnamaldehyde, cinnamic acid, and cinnamate. bark, leaves, Khan et al., 2011[3]
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zeylanicum flowers, fruits
and roots,
Clpqhong Chinchona Quinine, Cinchonine, Cinchonidine Bark Cinatl et al., 2003 [36]
officinalis
Elettaria Cardamom, Terpineol, myrcene, heptane Dried fruit Saleem et al., 20050371
cardamomum Elaichi
Glycyrrhiza Mulethi L S . - [38]
glabra ulethi glycyrrhizic acid, isoflavaneglabridin, isoflaveneglabrene Rhizome Jamshidi et al., 2017
Nigella sativa L. B|a|2|;|soenej? or Steroids, tannins, courmarin Seed Majdalawieh et al., 2015 [3
Ocimum 4 01i basil, Tulsi Apigenin and Ursolic acid Leaves Cohen 2014 401
sanctum
Panax ginseng Ginseng Genosides Root Mancuso et al., 201741
Plii:rorhlza Kutki Picrorhizaoside, Sweroside, VVeronicoside Rhizomes, Prakash et al., 2020042
urroa Leaves
Piper nigrum B&;{;ﬁﬁﬁgﬁr’ piperine and piperamides Dry unripe fruitt ~ Ahmad et al., 2015[*]
Phyllar_lthus Amla quercetin, phyllembli_c compounds, gallic Fruit Jai et al., 2016141
emblica acid
Syzygl_um Clove, Laung Eugeniin, eugenol, thymol Fruit Gulcin et al., 20120451
aromaticum
g lactones, alkaloids, glycosides, steroids, sesquiterpenoid,
Tinogpo_ra Giloy diterpenoid, ali_pha_tic com_pounds, phenolics, p_olysacch_arides Stem Singh et al., 2017; Saha et al.,
cordifolia and flavonoid, tinosporin, tetrahydropalmatine, choline, 2012 [4647]
palmatine and magnoflorine,
Withania Ashwgandha, withaferin-A (WA), 12-deoxywithastramonolide (WO), .
somnifera Indiangginseng ( vaithanolide)fA (WD) o) Root Saiyed etal., 2016
Zinziber . Zingerone and gingerols along with [6]- gingerol (1-[4'- . .
officinalis Ginger, adrak h)?droxy-B'-m%thgxyphenyI]95-hyd|[ro]xy93—gecanf)ne[) Rhizome Rahmani et al., 2014 1
7. Conclusion 7. Mason RJ. Pathogenesis of COVID-19 from a cell
COVID-19 pandemic is one of the greatest threats to human biology perspective. European Respiratory Journal 2020;
health and need to be eradicated as soon as possible. In a 55: 2000607
present scenario, people have become more conscious of their 8. Jayaweera M, Perera H, Gunawardana B, Manatunge J.
health and are taking extra measures to slow down the risk of Transmission of COVID-19 virus by droplets and
infection. Majority of infectious diseases attack our immune aerosols: A critical review on the unresolved dichotomy.
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medicinal plants showing anti-viral or anti-COVID-19 Prevention. The Journal of the American Medical
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