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Abstract

Viral diseases are widespread and continue to emerge as a significant concern and a serious threat to humankind. Viral infections occur
when a virus enters the body of an individual and invades the cells to multiply. Unlike bacterial infections, viral infections cannot be treated using
antibiotics. It requires the body to develop a strategy to strengthen the immune system and attack the virus. Though there are several antiviral
drugs, they are not recommended often. If a body’s immune system is weak or unable to fight the virus for any reason, the virus multiplies and
spreads to neighbouring cells leading to a widespread infection. Although not all viral diseases with cause life-Threatening conditions, some
respiratory viral diseases such as Parainfluenza virus infection (PVI), Respiratory syncytial virus (RSV), severe acute respiratory syndrome
(SARS), and similar to SARS, a novel infection has emerged in recent days which is known as Coronavirus-2019 (COVID 19) have known to pose a
severe threat to humans. Viral diseases result in a wide variety of symptoms which may vary in severity depending on the type of viral infection,
cells or organ affected, the presence of any secondary infection, and age. In the present review, the outbreak of COVID-19, its clinical findings, the
medicinal properties of few plants possible for its prevention has been elaborated. Recently delta variant SARS-CoV-2 B.1.617.2 was first noticed
in Maharashtra state, India. Though various advanced methods have been used from a scientific and therapeutic point of view, it is of utmost
importance to be knowledgeable on the medicinal importance of specific plant-based sources are efficacy against highly fit and immune evasive
B. 1.617.2 delta variant assures continued infection control measures against COVID-19.
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Abbreviations: PVI: Parainfluenza Virus Infection; RSV: Respiratory Syncytial Virus; SARS: Severe Acute Respiratory Syndrome; WHO: World
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Introduction

‘Pneumonia of unknown etiology’ since the causative agent was
not identified (Features). It was declared an outbreak and a Public
Health Emergency of International Concern by WHO, on January
30, 2020, Tang et al. [2]. The potential of this species of the virus
to become pandemic globally seems to pose a severe threat to
humankind. Recently delta variant SARS-CoV-2 B.1.617.2 was
first noticed in Maharashtra state, India and spreads faster than
other variants. As of June 28, 2021, over 190,233,278 cases have
been recorded, of which over 175,584,289 have recovered, and
4,211,875 people died. In India alone, there are over 31,700,456
cases recorded, resulting in over 418,584 deaths (world-o-
meter website). The mortality rate reported is different among

Coronaviruses are related enveloped viruses with a single-
stranded RNA as their genetic material, infecting mammals, and
birds. The severity of infection may range from mild to lethal
depending on the species causing disease, the immunity of the
host, and the environmental factors. A novel coronavirus called
SARS-CoV (severe acute respiratory syndrome - Corona Virus) has
created huge havoc recently, causing an infectious disease named
COVID-19 (an acronym for coronavirus disease 2019), which is
a new strain, which was not identified in humans earlier. It was
recorded only by early December 2019 in China’s Wuhan province
and has since been widespread, causing a global pandemic Walls et
al. [1] On December 31, 2019, it was reported by the World Health

L . i ) regions because of various factors such as environmental factors,
Organization’s (WHO) Country Office. Earlier, this was labeled

accurate and fast diagnosis, preventive measures, etc. World
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governments are rushing to establish countermeasures to reduce
the devastating effects. Health organizations are coordinating
the information flow across the globe and issuing guidelines and
safety measures to relieve the impact of the threat and avoid
panic amongst people. Although at the moment, there are several
uncertainties regarding virus transmission, the clinical spectrum
of the disease, diagnosis, prevention, and cure, work has been
going on around the world at a rapid pace to contain the infection.
Since there are limited therapeutic strategies available currently
and are just supportive, preventing the infection by maintaining
social distancing and abiding by the safety rules set by WHO
are the best weapons for now. Aggressive isolation measures in
many countries, such as the UK, India, Germany, etc., have led to a
progressive reduction of cases Guo et al. [3].

The Virus: Origin

the
term coronam, which means <«rown> when observed under

Coronavirus  derives its name from Latin
an electron microscope; it appears crown-like structure due
to spiked glycoproteins present on the envelope. They have a
Positive-Stranded RNA within their nucleocapsid, which ranges
approximately 27-30 kb in length. Coronavirus is among the most
significant known RNA viruses with a 3-poly-A-tail and a 5'-
cap. There are several gene sequences of SARS-CoV published in
international gene banks, which allow the researchers to trace out
the virus’s phylogenetic tree and understand the different strains
and mutations. According to studies, a spike mutation in November
2019 could have triggered the virus to transfer to humans and
cause infection. SARS-CoV belongs to the family Corona viridae,
order Nidovirales and kingdom Riboviria which is further divided
into four genera namely, Alpha coronavirus, Beta coronavirus,
Gamma coronavirus and Delta coronavirus Harapan et al. [4].
Alphacoronavirus consists of a human coronavirus known as
HCoV-229E and HCV-NL63, Beta coronavirus contains SARS-
HCoV and MERS-CoV (Middle Eastern Respiratory Syndrome
Coronavirus), Gamma coronavirus comprises of viruses isolated
from Birds and Whales, and Delta coronavirus consists of viruses
of Pigs and Birds. Common Human coronaviruses such as HCV-
0C43 and HCV-HKU1 cause common cold and upper respiratory
tract infections in immune-competent individuals. Still, Immune-
compromised individuals can suffer from lower respiratory tract
infections as well. Other human coronaviruses such as SARS-CoV
and MERS-CoV can cause pandemics with unpredictable clinical
severity, including extra-respiratory infections. Mortality rates
for these viruses are 10% and 35%, respectively. Phylogenetic
analysis of this viral genome suggests that the virus appears
approximately 88% identical to the two bat-derived coronaviruses
collected in eastern China in 2018 [4]. Along with this, several
other studies were conducted, which showed that the virus
genome was similar to the viruses isolated from bats. Because of
the said studies, the researchers considered the possibility that
bats appearing to be the original host of the virus cannot be ruled
out. However, bats are considered unlikely to transmit the viral

particles to human beings because the seafood market did not sell
bats. SARS-CoV-2 and its closely related bat viruses have relatively
long branches. Although bats are the natural reservoirs of SARS-
CoV and MERS-Cov, the other animals (possibly civets and camels)
have been the intermediate hosts. It is found to be sensitive to UV
rays and heat and can be inactivated by lipid solvents such as
ether, ethanol, chloroform, and chlorine-containing disinfectants
Cascella et al. [5]. ARS-CoV-2 belongs to the Beta coronavirus
category and is about 60-140 nm in diameter. The RNA molecule
present in the Corona virus is the largest among the RNA viruses,
and the genome consists of ~30,000 nucleotides, twice that of
the influenza A genome. To effectively package the viral RNA4, it is
encoded by four structural proteins, the N protein (Nucleocapsid
protein), the M protein (Membrane), the S (Spike) protein, and the
E (Envelop) protein, as shown in Figure 1 [6,7].The S protein is
also known as the spike protein, which is organized in groups of
three on the external surface with almost a ‘crown’ or ‘corona’ like
appearance and named as “corona virus,” likely to be observed
through Cryo-electron microscopy [4]. In SARS-CoV-2, the lipid
membrane S protein is the most significant protein required for
viral attachment to the uninfected cells. Membrane protein (M
protein) is the most abundant of all the proteins embedded in
the outer lipid membrane, giving the virus particle a particular
shape and integrity. Membrane protein plays a significant part in
the terminal steps of infection, wherein the new viral proteins are
compacted into particles before their release and infection to new
cells Gupta et al. [8]. Envelope proteins (E protein) appear to be
present in a minimum amount, which accounts for the growth and
the ability to cause disease. The E-protein is a small membrane
protein, consisting of ~76 to 109 amino acids. It forms minute
pores, which can alter the host cell membrane characteristics.
Still, it plays a significant role in preventing the M protein from
clanking at the time of virus particle assemblage within the host
[8]. Nucleocapsid protein (N) protein in multiple copies attaches
with the RNA to form a spiral structure that tightly wraps and coils
the RNA, which makes the long RNA molecule get attached into
a small virus particle, to form a protein coat around the RNA to
protect from damage. N protein functions at the primary stages
of the infection, during the release of RNA molecules into the
host cell, which brings down the cell’s natural (Figure 2) defences
against the virus [8].

Transmission

Since the first few cases of COVID-19 were linked to the
Huanan Seafood market and presumed that animal to human
transmission was the main mechanism, the later cases concluded
that the virus could be transmitted from human to human well.
Symptomatic people were found to be the source of transmission.
Furthermore, subsequent
asymptomatic individuals, could also transmit the virus and the
possible reason to be asymptomatic could be immunocompetence

cases and studies confirmed

of those individuals. The transmission occurs through respiratory
droplets from coughing and sneezing, aerosol transmission, and
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prolonged exposure in closed spaces. Based on the investigations
and studies conducted, incubation time could usually be within
3 days to 2 weeks (Features). Pathogenic mechanisms were
responsible for causing pneumonia to seem to be more complex
than thought. Few studies show that when compared to SARS,
SARS-CoV-2 leads to less Extra-respiratory involvement. However,
it is difficult to draw definite clinical information because of
the lack of extensive data and very little knowledge about the
molecular aspect of the virus. The virus’s reproductive number
(RO) has always varied and probably depends on several factors

such as environment, host immunity, and viral load Wan et al. [9].
Studies also show that the SARS-CoV-2 infection is most commonly
seen in adult males aged between 24 and 59 years and is likely
to infect people who are already suffering from cardiovascular
diseases, cerebrovascular diseases, and diabetes. The severity of
the infection could also increase due to secondary infections, in
infants and in immunocompromised individuals. There are still
studies to understand the pathogenetic mechanisms, the genes
involved in pathogenesis, the mutation (Figure 3) rate, the vaccine
development, and the immunology of the infection Shen et al. [10].

- N
Structure of SARS-CoV-2
Glycoprotein :’::.TM Spike protein
M-Protein
Haemagglutinins
RNA and N-Proteins  Lied
ST Errvelope protein
Figure 1: Structure of SARS-CoV2 Divya & Kirchdoerfer et al. [6,7].
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Pathogenesis and immune response

The Beta coronaviruses are known to express high species
specificity. However, certain changes in the genome can change
their host range, pathogenicity, tissue tropism and the most
similar example is the emergence of SARS-CoV and MERS-CoV.
These viruses have bats as their reservoirs, intermediate hosts
were civet and camels, whereas humans were the terminal hosts.
Intermediatory hosts play an important role in cross-species
transmission since they allow ample time for the virus to adjust
to a new host due to increased contact between the virus and
the new host [4]. Several molecular interactions play a role in
governing the host range of the virus. It is observed that SARS-
CoV-2 may enter the host cell through a receptor known as
angiotensin-converting enzyme 2, to infect the airway epithelium
and the alveolar type-2 pneumocystis. The spike protein present
in the coronavirus consists of two domains namely, S1 responsible
for binding to the receptor and S2 responsible for the fusion of

the virus with the host cell membrane Yu et al. [11]. According
to studies, S1 domain of SARS-CoV-2 and SARS-CoV share about
50 conserved amino acids, while bat derived viruses show several
variations. Key residues such as, GIn493 and Asn501 govern the
binding of the receptor binding domain of SARS-Cov-2 with ACE2
(Found in lower respiratory tract of humans), which supports the
fact that this virus has acquired the capability of human-human
transmission. After binding to the receptor and the cell membrane
fusion, the virus releases its genome into the host cell’s cytoplasm
and the RNA further translates two polyproteins namely, ppla
and pp1lab, which are responsible for the formation of replication
transcription complex (RTC) that, replicates continuously and
synthesizes sub genomic RNAs. There are RNA codes for the
accessory as well as the structural proteins to form viral buds
and the virion containing vesicles, which merge with the plasma
membrane to release the virus Chu et al. [12]. Although the
sequence of the spike protein of SARS-CoV-2 is almost the same
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as SARS-CoV, the whole genome sequencing shows that it is more
closely related to the bat-derived viruses [4]. Viruses can mutate
frequently. This ability of the Covid-19 or SARS-CoV-2 has led to
various mutants like Alpha, Beta, Gamma, and Delta. The Delta
(B.1.617.1 and B.1.617.2) variant was first detected in India
in December 2020 and became the most frequently reported
variant during mid-April 2021 Bernal et al. [13]. Based on the
CDC (Centre for Disease Control) and GISAID (Global Initiative
on Sharing Avian Influenza Data) report, as of May 19, 2021, the
variant had been detected in 43 countries across six continents
(Public Health England, 2021). The UK also reported the spike
in delta variant cases which could be associated with travel from

India. The delta variant is 60% more transmissible than the highly
infectious alpha variant, which was detected in the UK in 2020
[13]. The most recent Delta variant shows two mutations E484Q
(glutamic acid E substituted by glutamine Q) and L452R (leucine
L altered by arginine R), identified in India’s second COVID-19
wave. Excluding the two mutations, the Delta variant also harbors
a unique mutation of T478K (threonine T replaced by lysine K)
Manigandan et al. [14]. The S1 mutations considerably increase
the binding affinity to ACE2 while showing lower affinity to
neutralizing antibodies [15,16], signifying a possible explanation
for their increasing higher transmissibility and virulence [17,18].
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Figure 2: Global map showing the gradual spread of novel coronavirus across the world.
\ J

Clinical Manifestations

The clinical manifestations of SARS-CoV-2 are almost the
same as SARS-CoV in which the primary symptoms include
fever, chest pain, fatigue, dry cough, dyspnoea, and myalgia.
Although less common, headache, dizziness, sputum production,
abdominal pain, haemoptysis vomiting, and nausea are also
seen in few individuals. About 75% of the patients have bilateral
pneumonia. The difference between SARS and COVID-19 patients
is that in COVID-19, the lower respiratory tract infection is more
prominent than the upper respiratory tract infection [19]. Other
complications include hypoxaemia, acute ARDS, cardiac injury,
shock, and kidney injury. The symptoms may worsen and become
life-threatening if the patient has been suffering from other
diseases such as cancer, bacterial infections, respiratory diseases,
autoimmune disorders, etc. The incubation period ranges from 2
to 14 days. Fever and respiratory symptoms tend to appear about

3 to 7 days after exposure to the virus [16]. Children below 10
years and adults above 60 years shows most of the symptoms
such as muscle pain, cough, high fever, pneumonia, body aches,
fatigue, and difficulty in breathing, but these symptoms are not
seen among 11-55, year-old people, as shown in Figure 4.

Diagnosis

Several measures are taken to check the spread of the disease,
such as institutional quarantine, home isolation measures,
social distancing, and thorough sanitization of public places.
Nevertheless, the spread of SARS-CoV-2 cannot be contained,
and the cases are still on the steady rise around the globe.
According to the standards set by the WHO, the suspected cases
of individuals suffering from COVID-19 should have severe acute
respiratory infection apart from most of the symptoms such as
fever and dry cough. For SARS-CoV-2 diagnosis, the specimens
are collected from the upper respiratory tract of the patient,

How to cite this article: Pushpalatha HG, Manasa R Walmiki, Shrinivas, Shobha M. Indian Medicinal Plants, A Possible Cure For COVID-19- A Review.
Glob J Pharmaceu Sci. 2021; 9(2): 555754. DOI: 10.19080/GJPPS.2021.09.555754


http://dx.doi.org/10.19080/GJPPS.2021.09.555754

Global Journal of Pharmacy & Pharmaceutical Sciences

either nasopharyngeal swab or oropharyngeal swab. If further
tests are required, the lower respiratory tract, such as sputum or
tracheal aspirate, is also collected to detect the RNA virus that,
includes several clinical trials such as the CT scan of the chest,
blood counting, the affected person’s medical history and the
exposure to the specific symptoms Wang et al. [20]. Currently,

the preferred protocol for testing coronavirus is the real-time
reverse transcriptase (RT-PCR) detection method, which has been
diagnosed as effective in preliminary infections Han, et al. [21].
RT-PCR makes the COVID-19 testing rapid and also less expensive.
This essay appears to be an important method in detecting all
types of coronaviruses Noh et al. [22].
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Immunity because of Indian herbs

Figure 5: Usage of medicinal herbs for the increase in immunity from the past several decades.
A J

Current treatments

Table 1: This table represents the commercially available drugs used for the treatment of the various forms of coronaviruses Vellingiri et al. [28].

SL. No. Drug Name Treatment References
1 Remdesivir COVID-19, SARS, MERS Wang & Agostini et al. [24,29]
2 Favipiravir COVID-19 Wang [30]
3 Darunavir COVID-19 Beck & Lin et al. [31,32]
4 Lopinavir COVID-19, SARS, MERS Yao et al. [33]
s | Mo tepraton o el caot3
6 Chloroquine SARS, Human Coronavirus Keyaerts & Vincent et al. [35,36]
7 TMPRSS2 ;1251511;): Camostat SARS, MERS,CC(())\l;(I)Si/(i)ruSZZ‘BE and Bertram & Hoffmann et al. [37,38]
8 Baricitinib COVID-19 Richardson & Stebbing et al. [39,40]
9 Ruxolitinib COVID-19 Stebbing et al. [40]
10 Saquinavir SARS and Feline Coronavirus Blanchard & Hsieh et al. [41,42]
11 Indinavir SARS and COVID-19 Contini & Tan et al. [43,44]
12 Carfilzomib COVID-19 Wang [45]
13 Oseltamivir COVID-19 Lu & Haagmans et al. [26,46]
14 Azvudine COVID-19 Hu et al. [47]
15 Baloxavirmarboxil COVID-19 Li and Clercq [48]
16 Thymosinal MERS and COVID-19 Leyva-Grado and Behzadi [49]
17 Methylprednisolone SARS, MERS Kim & Que et al. [50,51]
18 Tocilizumab COVID-19 Diao et al. [52]
19 Acyclovir SARS, MERS'ES{;;;?‘{;NS 229 and Peters & Diao et al. [53,54]
20 Capsid spike gé};zg)rotein (hCoV- SARS, Human Coronavirus Hoffmann et al. [38]
21 RNA-dependent RNA polymerase SARS, Murine Coronavirus Lu [26]
22 Papain-like protease SARS, MERS and Human Coronavirus NL63 Chen [54]
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Similar to SARS-CoV and MERS-CoV, there are no treatments
available for SARS-CoV-2, and the current treatments are targeted
to reduce the symptoms and provide respiratory support. A
majority requires oxygen therapy of the patients, and WHO
has recommended extracorporeal oxygen therapy for the
patients suffering from refractory hypoxemia. Treatments with
convalescent plasma and immunoglobulin G are provided to
rescue critical patients. At the first-time antiviral treatments such
as Ganciclovir, Acyclovir, Ribavirin, etc., which were used to treat
SARS are not recommended for COVID-19. Based on the response
of the infected patients, more than 15 drugs all over the world
were initially identified as the potential drugs for the treatment
of the COVID-19 namely, chloroquine-hydroxychloroquine,
lopinavir-Ritonavir, nafamostat-camostat, famotidine, umifenovir,
nitazoxanide, ivermectin, corticosteroids, tocilizumab-sarilumab,
bevacizumab and fluvoxamine Shaffer [23]. Besides, based on the
recent study dexamethasone and remdesivir drugs are widely
considered as the life saving drug. However, use of the remdesivir
in the developing countries like India was questionable due to its
cost and procurement from other countries. Dexamethasone is a
cheap steroid used to fight the inflammation in the moderate and
severely infected patient. In the other end, the studies predicted
use of the remdesivir, and dexamethasone drugs are safe since
it carries fewer side effects based on the short exposure. On the
contrary, the long-term side effects of the drug are still under
progress Manigandan etal. [14]. A combination of chloroquine and
remdesivir is also proved to be effective in treating COVID-19 Wang
et al. [24]. The broad-spectrum antiviral medicine exhibiting the
nucleoside analogues and HIV protease inhibitors could attenuate
the infectious virus in anticipating the accessible antiviral befalls
Shen et al. [25]. Further, a clinical agent, EIDD-2801, exhibits
maximum therapeutic activity against the infectious virus for
treating COVID-19 Lu et al. [26]. Preliminary clinical analysis has
proven chloroquine to treat COVID-19 and its safety for long term
usage Toots et al. [27]. The list of drugs is provided in Table 1.

Control and prevention strategies

Now, COVID-19 is the highest international concern due to
its rapid spread. According to some reports, SARS-CoV-2 has a
higher reproductive number and fatality rate than MERS and
SARS. Different strategies are being implemented globally by
the health care sectors, which is, unfortunately, an essential
source of transmission of the virus. Applying triage, following
safety measures and correct infection control measures, isolating
affected individuals and their families, and contact tracing are
important strategies that are being implemented in almost all
countries. Suspected cases should wear protective masks and
contain the virus to prevent its spread and strictly adhere to the
triage procedures. Patients require ventilated rooms for isolating
2 meters away from other patients. They should have easy access
to respiratory hygiene supplies. If a COVID-19 patient has to be
put on hospitalization, they have to be provided with a separate
individual room and to be provided with negative air pressure
with a minimum of 6 air changes/hour, provided that the air

007

exhausted has been subjected to filtration via HEPA filters. Further,
the medical personnel accessing the room have to be provided
with the necessary protective cover. Since there is a lack of space,
in several cities, to isolate the infected individuals, isolating them
in their homes is the best option, if they are not symptomatic
or with bearable symptoms, so that the hospitals can focus on
patients with worse conditions Vellingiri et al. [28]. World Health
Organization has suggested restricted travel to high-risk areas,
to avoid the entry of people from affected regions, to wear a face
mask, thus, preventing the access of virus and social distancing for
at least 2 meters from one person to another in all areas (Centers
for Disease Control). Washing the hands using soaps and daily use
of sanitizers may minimize the viral risk on the skin’s surface. The
virus can also be washed out on frequent cleaning of hands using
soaps and sanitizers Sohrabi et al. [55].

Role of Indian medicinal plants in the prevention of
COVID-19

Thetraditional medicinal systemsinIndiaare one oftheancient
treatments in human history. They play an important position in
encountering global health care needs [56]. Ayurveda, Siddha,
Unani, Yoga, Naturopathy, and Homeopathy are the traditional
medicinal practices successfully carried outin India to treat various
diseases [57]. The traditional medicinal preparations existed for
2000 years and have been witnessed and further scripted in the
ancient literature, as shown in the illustrated Figure 5. The Indian
culture is dependent on traditional plants for several diseases
throughout the history. The Indian medicinal plants are also used
across the globe, both by the developed and developing countries,
which emphasize on their primary healthcare [58]. Clinical trials
for influenza, hepatitis B, tuberculosis, malaria, HIV etc. have been
evaluated with the use of plant-based vaccines, [59]. India has a
vast collection of medicinal plants, estimated to be around 45,000
species, which are frequently used in the traditional medicine
systems [60]. Several plants have been demonstrated to exhibit
antiviral activities and have been used against severe diseases
such as HIV and COVID-19 [61]. At present, there is no specific
treatment available for COVID-19. Treatments using drugs
isolated from medicinal plants, consisting of potent compounds,
which include zinc, chloroquine, hydroxychloroquine and many
more, are observed [62]. In this review, some medicinal plants
showing antiviral properties are listed in Table 2. Furthermore,
the plants showing all the activities against HIV, malaria,
influenza, inflammation and hepatitis are discussed in brief and
more research and clinical trials should be done to confirm the
potential cure to COVID-19. Studies using medicinal plants for
coronavirus prevention and treatment are very scarce in India.
A study is available on the activity of coronavirus (a surrogate of
SARS-CoV) using Indian medicinal plants, which could (Figure 6)
prevent the symptoms apparent of COVID-19. There are certain
medicinal plants, which are widely used for respiratory diseases
and are listed in Table 2. Only V. amygdalina, W. somnifera C. roseus
T cordifolia and A. marmelos plants have been demonstrated for
the development of the drug, specific (Table 3) to SARS-CoV-2.
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Table 2: List of anti-viral herbs used in India.
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SINo. | Plant Name Aci:‘::lﬁgm- HIV Virus Malaria Influenza Virus Inflammation Hepatitis References
Acacia . Inhibition- Reduction-SARS- .
1 nilotica Quercetin HIV-PR NA Cov NA NA Mishra et al. [63]
2 Achyranthus Lupeol Anti-HIV NA influenza Antl-mﬂamr.natory NA Mukerjee &Barua
aspera properties etal. [64,65]
A Inhibits the Ar.1t1-v1ral infec- pro-inflammatory Inhll?lts Laphookhieo &
Aegle mar- . Inhibition- tions, Human . earlier
3 Marmesin effect of . cytokines (TNF-a Dhankhar et al.
melos HIV-PR TNF- k adenovirus (type and IFN-y) stages of [67,68]
1) Corona virus ¥ Hepatitis !
. Allicin, Diallyl . . o L Keyaert &
4 Siltll’v"::n trisulfide and i‘(’)‘t‘eili‘e/s NA viral rgf\;csat“’“ Anti ‘foﬂae':’trizzt"ry NA Tatarintsev et al.
Ajoene prop prop [69,70]
Androg- Androgra- Inhibits SARS-COV; Den-
5 raphis 8 NA L Inhibition of ACE NA Liuetal. [71]
b pholide NF-kappaB gue virus
paniculata
6 Avtcer‘mla Macrolactone | Anti-HIV-1 NA SARS antl—mﬂammatory Hep‘:itltls B Beula etal. [72]
marina properties virus
7 Aza'dlr'achta Alloxar'l, Nim- NA Antl-p.lasmo- 1nh1b1Fs S{ARS-COV Inhibition of ACE Hep?tltls B Parida et al. [73]
indica bolide dial in vivo virus
Boerhaavia | Boeravinone A Hepatitis C | Bose & Khan etal.
8 diffusa H NA NA SARS Inhibition ACE virus [74,75]
Canthium Inhibits Anti-inflammato
9 coroman- Carinatins replication NA NA roperties Y NA Chinnaiyan [76]
delicum of HIV prop
Clero-
dendrum - InactivationRibo- S
10 inerme Apigenin NA NA <omeSARS-CoV-2 NA NA Olivieri etal. [77]
Gaertn
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Delphini- .
11| din-3-0-glu- NA NA SARS-CoV-2 Inhibition ACE Na | Maity & Pandeyet
; al. [78,79]
coside
12 Embelia | 1,4- benzoqui- NA NA SARS-COV-2 Inhibition ACE NA Khan, Kumar et
ribes non al. [75]
13 | FBugemia | ppooicacid NA NA Inhibition Prote- | Anti-inflammatory NA Otake et al [80]
jambolana ase, SARS properties
14 | Buphorbia | i acig | Inhibition NA NA Inhibition of ACE NA
granulate HIV-1
. . (HRV) & Respi-
Ficus reli- . —_—
15 . Lupeol NA NA ratory syncytial Inhibition of ACE NA Cagno etal. [81]
giosa .
virus (RSV)
Glycyrrhiza .. . Inhibits Inhibition of viral Cinatl & Fiore et
16 glabra Glycyrrhizin | Anti- HIV-1 NF-kappaB replication NA NA al. [82,83]
Gymnema R . Inhibition of viral | Anti-inflammatory Vimalanathan,
17 sylvestre Tartaric acid Anti- HIV NA DNA synthesis properties NA Arun et al. [84,85]
Hyoscyamus . Inhibition and -
18 niger hyoscyamine NA NA Bronchodilator NA NA Gilani et al. [86]
Ocimum I .
19 kilimands Camphor | [nhibition- NA SARS NA Hepati- | g0 oma, etal. [87]
) HIV-1 tis-C
charicum
Ocimum Inhibition- Inhibits Inhibition and Rege & Chow-
20 sanctum Camphor HIV-1 NF-kappaB Bronchodilator NA NA dhary [88]
Human im-
mune defi- .
21 Phyllanthus Niranthin ciency virus NA Antiviral potential NA Hepf:ltltls B N.otka & Thyagara-
amarus o virus jan et al. [89,90]
Inhibits HIV
replication
Punica gra- Inhibited viral aAaCitnSst Arunkumar, and
22 9 Apigenin NA NA glycoprotein & Inhibits COX-2 gains raama
natum L ; Hepati- Rajaraja [91]
Anti-HSV-1 . .
tis-B virus
23 Sambucus Ebulin NA NA lnh1b1t10n.—Envel- Antl-mﬂamr.natory NA Ganjhu et al. [92]
ebulus oped virus properties
Acts
Sesbania Herpes simplex against Arthanari et al.
24 grandiflora Lupane NA NA virus NA Hepati- [93]
tis-B virus
Solanum against
25 , Lupeol HIV-1 NA NA NA Hepatitis C Yu [94]
nigrum .
Virus
Acts
26 Sphqerqn— Tartaric acid NA NA Inhlbltlon—Mouse Inhibits COX-2 agams‘t Galani & Tiwari et
thus indicus corona virus Hepati- al. [95,96]
tis-B virus
27 Strobilan- Lupeol NA NA Blocking- Human NA NA Tsai et al. [97]
thes callosa Coranavirus
Terminalia Chebulagic
28 and Chebulin- HIV-1 NA Pseudo viruses NA NA Jayasundar [98,
chebula L
icacids
Tinospora Protease Anti-viral infec- aAaCitnSs " Sriramaneni &
29 .p X Tinosporin, inhibitors Anti-malarial tions, Human Inhibits COX-2 8 . Dhanasekaran et
cordifolia . Hepati-
for HIV adenovirus tis-B virus al. [99,100]
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Vernolic inhibit Inhibits the
Vernonia AcidTriver- inhibit viral ?ffeCt of TN Reduction-SARS- pro-ln.ﬂammatory Hepatitis B Igile, Jisaka &
30 . . o in the control cytokines (TNF-a . Challand, et al.
amygdalina, nolin replication . cov virus
. of malaria and IFN-y) [101-103]
Epoxyoleic HIV-1 . .
infection
(oblastine hcts
31 Vinca rosea | diterpenes, HIVinhibi- | ) atarial | COVID-19, SARS- Inhibits COX-2 against (Wang et al. [43]
. . tory cov Hepati-
lupine, lutein . .
tis-B virus
and lycopene
32 Vitex ne- Sabinene | Mhibition- NA NA Inhibits COX-2 NA Nair [104]
gundo HIV-1
33 | Vitextrifolia |  Casticin NA NA Red“Ct(‘;(’)’;SARS' Inhibits COX-2 NA Liou etal. [105]
withaferin-A, .
. viral
withasom-
niferin-A, Receptor
. g Inhibits NO S Binding
! , withasom- s Anti-viral infec- . Kapoor, Bal-
Withania . HIV inhibi- and ROI . . Domain .
34 X nidienone, . tions, Human ade- Inhibits COX-2 akrishna, et al.
somnifera withasomni- tory which sup- novirus (type 1) and host [106,107]
; ports TNF yp ACE2 '
dienone recentor
withanolides com plex
AY plex.
Table 3: Plants showing all the activities in HIV, Malaria, Influenza, inflammation and Hepatitis.
Plant Name HIV Malaria Influenza Inflammation Hepatitis
Aegle marmelos Vv Vv Vv v v
Tinospora cordifolia v v v v v
Vernonia amygdalina v v v v
Vinca rosea v v v v
Withania somnifera v v v v

Withania somnifera

Withania somnifera (L.) Dunal (Solanaceae), belongings to the
Solanaceae family and commonly known as ‘Ashwagandha’, is used
inmorethan 100 formulations of Ayurvedic productsand isthought
to be therapeutically equivalent to Ginseng. Hence it is also known
as Indian Ginseng [108]. W. somnifera is a small shrub usually
found in India and North Africa. W, somnifera contains multiple
compounds such as alkaloids, steroidal lactones, saponins, etc.
Therefore, itis commonly used for the treatment of genital disease
(caused by Herpes Simplex Virus), influenza, malaria, HIV, stress,
tumor, inflammation, etc. [109]. Several classes of metabolites
have been reported, including alkaloids and steroidal compounds,
which are found to be very effective remedies for various diseases.
The ability of the aforesaid ayurvedic herb as a therapeutic drug

against COVID-19, caused by the novel coronavirus (110). It has
been reported that the Withanone compound isolated from W.
somnifera reduced the binding interface of AEC2-RBD complex.
The withanone compound significantly decreased the binding
free energies of ACE2-RBD complex. Based on this evidence,
the authors have interpreted that the electrostatic interactions
between ACE2 and RBD could block or weaken the COVID-19’s
entry into the infected persons. Kumar et al. [111] reported that
a new bioactive compound, with none (Wi-N) derived from W,
somnifera, and another compound Caffeic Acid Phenethyl Ester
(CAPE), derived from an active ingredient of the New Zealand
Propolis, collected from the honey bees, which have potential
against COVID-19 disease. Furthermore, the authors have targeted
the main SARS-CoV-2’s enzyme known to be the Main protease
(Mpro), which exhibits its major function to mediate the viral
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replication. This Mpro is less toxic and an attractive drug target
against the virus (Singh and Gilca [108].

Catharanthus roseus

Catharanthus roseus G. Don, commonly known as Vinca
rosea, belongs to the Apocynaceae family. C. roseus is well known
for its drugs vincristine and vinblastine used to treat cancer
patients. Leaves of C. roseus have high alkaloids, which are utilized
in the treatment of cancer, high sugar levels, hypertension,
and various viral diseases [112]. Vinca alkaloids are organic
compounds made up of carbon, hydrogen, nitrogen, and oxygen.
These alkaloids are generally used in combination with chemical
drugs in various medical therapies. Alkaloids such as Vinblastine
and Vincristine are used to treat testicular cancer, Hodgkin
Lymphoma, and Non-Hodgkin Lymphomas. The alkaloids
have been proven to show potential antitumor activity against
mammary carcinoma and bone tumor cells. Leurocristine is used
against the poliovirus [113]. Vincaleukoblastine possesses a high
virucidal activity against the influenza virus.

Aegle marmelos

Aegle marmelos (L) Correa, commonly known as “Indian
Bael,” belongs to the family Rutacaece. Its leaves have been
extensively used in traditional systems of Indian medicine from
ancient times. A. marmelos is a native of Northern India but is
also found in Burma, Ceylon, Bangladesh, Pakistan, Thailand,
Nepal, and China [114]. A. marmelos proved to be a good anti-
diarrhoeal, anti-microbial, antiviral, radioprotective, anti-cancer,
chemo-preventive, anti-influenza, anti-HIV, antipyretic, anti-
malarial, anti-inflammatory, ulcer healing, and anti-hepatis-B
activities and is used in fertility treatments [115]. A marmelos
has been proven to contain numerous phytochemical constituents
mainly, marmin, marmenol, marmelide, marmelosin, psoralen,
rutaretin, aegelin, scopoletin, fagarine, marmelin, limonene,
anhydromarmelin, betulinic acid, d-phellandrene, imperatorin,
marmesin, luvangentin, and auroptene [116] Rahman and
Parvin, 2014 reported the presence of hexanal, limonene, isoamyl
acetate, (-phellandrene, acetoin, p-cymene, dehydro-p-cymene,
linalool oxide, citronellal, f-caryophyllene, pulegone, hexadecane,
a-Humulene, S-cubebene, carvone, verbenone, caryophyllene
oxide, humulene oxide and hexadecanoic acid in A. marmelos.

Vernonia amygdalina

Vernonia amygdalina, commonly known as “Bitter leaf” due
to its bitter taste, appears as a small shrub belonging to the
Asteraceae family. This plant is used to treat HIV/AIDS, malaria,
pneumonia, etc. Several researchers have proved Vernonia
amygdalina as an anti-HIV drug to treat HIV positive patients
compared to the commercially available tablet Immunace [117].
Studies are available on the effect of V. amygdalina leaf extract on
patients infected with HIV and undergoing antiviral therapy alone
to evaluate the effect of the leaf extract on CD4 + cell number.
The results suggest the increase in the number of CD4+ cells in
patients consuming leaf extract of V. amygdalina whereas the

control patients remained. Furthermore, the patients with skin
rashes, continuous fever, headache, and joint pain were recovered
due to its enhanced nutritional values and high health improving
properties [118]. Vernolic Acid, Trivernolin, and Epoxyoleic
compounds present in V. amygdalina could be maximizing the
vulnerability to malaria and other infections

Tinospora cordifolia

Tinospora cordifolia commonly known as ‘Guduchi’ belongs
to the Menispermaceae family. Traditionally, it is known for
its extensive use in the treatment of various viral diseases in
Indian medicine T cordifolia contains several biologically active
compounds, Tinosporin, alkaloids, steroids, diterpenoid lactones,
aliphatics sesquiterpenoid, phenolics, aliphatic compounds, and
glycosides extracted from its root, stem and also from the whole
plant [119]. Several researchers have reported its medicinal
properties, including anti-inflammatory, anti-allergic,
arthritic, antioxidant, anti-stress, anti-leprotic, anti-malarial,
anti-neoplastic, and immunomodulatory activities. [120]. Studies
have reported the decrease in the resistance of HIV, which was
confirmed through the decrease in the number of eosinophils,

anti-

macrophage stimulation, B-cell stimulation, stimulation of
polymorphonuclear leucocytes, and elevation in the percentage
of haemoglobin. The study suggested this plants’ promising role
and application in HIV disease management [121]. Alkaloids,
glycosides, lactones, and steroids present in T. cordifolia, decrease
the resistance of HIV to antiretroviral therapy [122]. The crystal
structures current on the membrane receptors, the activation
of the downstream signaling cascades, and the changes in the
intermediate action site can help stop the SARS-COV-2 virus.
The future scope should exploit the signaling pathways of the
components of T. cordifolia. These plants can genuinely act as an
incredible source to counter the virus.

Conclusion

Historical evidence on SARS, HIN1, influenza and, hepatitis
prevention proves that Indian medicinal plants could act as an
alternative for preventing COVID-19 in a high-risk population.
From a pharmacological point of view, medicinal plants especially,
W. somnifera, A. marmelos, C. roseus, V. amygdalina, and T. cordifolia,
should be further explored to investigate the production of a
vaccine for COVID-19 disease. Furthermore, importance should
be given to produce plant-coated products such as plant-based
face masks, soaps, sanitizer, and also plant-based decoction
instead of coffee and tea, which will improve the immunity against
COVID-19 naturally. Moreover, it is of utmost importance to
maintain social distancing in public places and to always sanitize
the hands thoroughly, using a 70% Alcohol-based hand sanitizer,
which will keep the virus in check. Moreover, frequent touching
of the nose, mouth, and eyes should be avoided. It’s high time for
the human community to come forward in fighting the pandemic
coronavirus disease through the maintenance of self-hygiene and
social distancing strategies.
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