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Abstract: This review paper highlights the use of herbal medicine 

in the management of the coronavirus disease COVID-19 (SARS-

CoV-2) pandemic, which has caused a worldwide outbreak of 

respiratory illness. This is caused by severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2), which is zoonotic 

infecting both animal and human. Vaccines are the most 

promising solution to mitigate new viral strains. The Indian 

system of holistic medicine known as “Ayurveda” plays an 

important role in controling the viral disease SARS-CoV-2 and 

other health disorders. Dietary therapy and herbal medicine 

could be a complementary preventive therapy for COVID-19 

(SARS-CoV-2). Plants have been used as a expression systems 

for the production of diagnostic reagents and pharmaceutical 

proteins often described as „molecular farming. On the basis of 

literature survy presented, some of the plant secondary 

metabolites that showed prominent antiviral activity against 

coronaviruses SARS-CoV-2 through impeding the main 

machinery used in their pathogenesis and replication cycle. The 

in vitro, in vivo, and in silico investigations revealed numerous 

plant-derived compounds with promising anti- SARS-CoV and 

anti- SARS CoV-2 activity. Therefore, this review gathered all 

antiviral plants in a single platform to facilitate the laboratory-

based research for the development of novel drug/molecular 

therapeutics to overcome the SARS-CoV-2 and future pandemic 

situations. Further detailed clinical trial experiments should be 

conducted for the scientific validation. 

Keywords: Coronavirus, covid-19, antiviral, herbal medicine, 

social distancing, vaccine,  

I. INTRODUCTION 

he SARS-CoV-2 pandemic has swept the world and poses 

a significant global threat to lives and livelihoods (Wu et 

al., 2020a, 2020b; Shi et al., 2020; V‘kovski et al., 2020; 

Hoffmann et al., 2020; Lima et al., 2020; Yang, 2021; Shin et 

al., 2020). The coronavirus outbreak has been declared as a 

global health emergency and represents one of the greatest 

risks to global health, as the coronavirus has a tendency to 

infect a large number of human populations (Wu et al., 2020a, 

2020b; Zhou et al., 2020a, 2020b; Shanmugaraj et al., 2020). 

Severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) is a novel coronavirus responsible for an ongoing 

human pandemic (COVID-19) (Wu et al., 2020a, 

2020b;V‘kovski et al.m 2020; Hoffmann et al., 2020; Perlman 

and Netland, 2009; Shang et al., 2020; Masters, 2006; Li 

et al., 2003; Guan et al.m 2003; Dinka and Milkesa, 2020). A 

novel severe acute respiratory syndrome-related coronavirus-2 

(SARS-CoV-2) causing COVID-19 pandemic in humans, 

recently emerged and has exported in more than 200 countries 

as a result of rapid spread (Shereen et al., 2020; Khan et al., 

2020; V‘kovski et al., 2020; Hoffmann et al., 2020; Perlman 

and Netland, 2009; Shang et al., 2020; Masters, 2006; Li 

et al., 2003; Pardi et al., 2015, 2018). The virus can infect 

cells of the lungs, kidneys, heart and intestine, resulting in the 

organ damage leading to the multiple organ dysfunction 

syndrome (Wu et al., 2020a, 2020b; Zhou et al., 2020a, 

2020b;Cheng et al., 2007; Yang, 2021; Pardi et al., 2018). 

This has provoked governments across the world to introduce 

emergency containment and control measures (Kirkcaldy et 

al., 2020). During the late December of 2019, many people 

were diagnosed with severe pneumonia of unknown etiology 

and was epidemiologically linked to a local seafood market in 

Wuhan, Hubei Province, People's Republic of China (Wu et 

al., 2020a, 2020b ; Zhou et al., 2020a, 2020b;Shereen et al., 

2020; Zhu et al., 2020; Lu et al., 2020;Cheng et al., 2007; 

Zhang et al., 2020b). These patients were found to be infected 

with the novel coronavirus strain, severe acute respiratory 

syndrome coronavirus-2 (SARSCoV- 2)(Wu et al., 2020a, 

2020b). Therefore, supportive care and prevention of 

complications is an important management strategy to 

minimize the harm (Zhang et al., 2020c). 

Airborne transmission, particularly via nascent aerosols from 

human atomization, is highly virulent and represents the 

dominant route for the transmission of covid-19 disease 

(Zhang et al., 2020c). Wearing of face masks in public 

corresponds to the most effective means to prevent inter 

human transmission, and this inexpensive practice, in 

conjunction with simultaneous social distancing, frequent 

hand wash with soap and hand sanitizers, extensive testing, 

quarantine, and contact tracing, poses the most probable 

fighting opportunity to stop the SARS-CoV-2 (covid-19) 

pandemic, prior to the development of a vaccine (Zhang et al., 

2020c; Chin et al., 2020). Another problem is asymptomatic 

infections cannot be recognized if they are not confirmed by 

RT-PCR or other laboratory testing, and symptomatic cases 

may not be detected if they do not seek medical attention 

(Nishiura et al., 2020). 

T 
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Coronavirus (SARS-CoV-2) outbreak has also sparked fears 

of  affecting socio economic development leading to the 

worldwide financial crises and recession (Nicolaa et al., 2020; 

Kirkcaldy et al., 2020). Due to coronavirus (SARS-CoV-2) 

pandemic, social distancing, self-isolation and travel 

restrictions have lead to a reduced workforce across all the 

economic sectors and caused many jobs to be lost (Nicolaa et 

al., 2020).   Furthermore, lockdown and social distancing 

measures to prevent spread of COVID-19 (SARS-CoV-2) 

have heightened the fears of increasing levels of domestic 

violence, which includes physical, emotional and sexual abuse 

(Nicolaa et al., 2020; Kirkcaldy et al., 2020). The impact of 

COVID-19 has led to the forced closing of supermarkets, 

street vendors, bar and restaurants and cafes resulted in the 

loss of jobs and financial income. In addition, the demand for 

respiratory ventilators has skyrocketed due to the outbreak of 

COVID-19 (SARS-CoV-2)  (Nicolaa et al., 2020; 

Coronavirus, 2020a, 2020b; Kirkcaldy et al., 2020). World 

economy has been collapsed due to covid-19 (SARS-CoV-2)  

outbreak and the year 2020 is one of the worst year in the 

history of mankind.  

1). Coronavirus: Herbal medicine 

Herbal medicine is the use of medicinal plants for the 

prevention and treatment of diseases (Singh et al., 2021; 

Parida et al., 2020; Thota et al., 2020;  Masiello et al., 2020; 

Weng, 2020; Malabadi and Chalannavar, 2020; Firenzuoli and  

Gori, 2007; Brendler  et al., 2020; Nugraha et al., 2020; Dave 

et al., 2020). Plants have been used as a platform for the 

production of diagnostic reagents and pharmaceutical proteins 

often described as ‗molecular farming (Singh et al., 2021; 

Islam et al., 2020; Lima et al., 2020; Chrzanowski et al., 2020; 

Goswami et al., 2020; Huang et al., 2020; Kumar et al., 2020; 

Farooq and Ngaini, 2020; Xu and Zhang, 2020; Li et al., 

2020; Tutunchi et al., 2020). India is endowed with 

innumerable medicinal plants. India predominantly relied on 

plant-based medications under different domain names like 

Ayurveda, Siddha, Unani, etc (Parida et al., 2020; Malabadi et 

al., 2018; Malabadi and Chalannavar, 2020; Adhikari et al., 

2020; Dave et al., 2020; Antonelli et al., 2020). Traditional 

medicines involving plant-based formulations have been 

proven successful in boosting immunity and providing 

tolerance to the virus infections (Fakhri et al., 2020; Malabadi 

et al., 2017a, 2017b, 2018; Bouchentouf and Missoum, 2020; 

Ganguly and Bakhshi, 2020; Derosa et al., 2020; 

Habtemariam et al., 2020; Dave et al., 2020).  

Plant derived medicines have played a pivotal role in the 

health care (Zhang  et al., 2020; Huang et al., 2020; Xu and 

Zhang, 2020;  Li et al., 2020; Fakhri et al., 2020). Many of 

these natural products have the pharmacological or biological 

activity that can be exploited in pharmaceutical drug 

discovery and drug design (Masiello et al., 2020; Malabadi 

and Chalannavar, 2020; Zhang  et al., 2020; Huang et al., 

2020; Xu and Zhang, 2020;  Li et al., 2020; Malabadi, 2008; 

Malabadi and Vijayakumar, 2008; Malabadi et al., 2009, 

2010a, 2010b, 2011a, 2011b; Malabadi et al., 2012a, 2012b, 

2012c, 2012d; Malabadi et al., 2016a, 2016c, 2016d; 

Malabadi et al., 2017a, 2017b; Malabadi et al.. 2018). Herbal 

medicines of antiviral activity are of great interest and have 

been widely explored (Chrzanowski et al., 2020). Plant based 

antiviral compounds can block or inhibit the virus replication 

cycle by interfering with virus attachment to cells, interfering 

with viral enzymes or suspending  the viral genome 

replication (Parida et al., 2020; Adhikari et al., 2020;  Islam et 

al., 2020b;  Zhang  et al., 2020; Huang et al., 2020; Xu and 

Zhang, 2020;  Li et al., 2020 ;Malabadi et al., 2018; Islam et 

al., 2020; Thota et al., 2020). Plants have been used as a 

platform for the production of diagnostic reagents and 

pharmaceutical proteins for more than 30 years, an approach 

often described as ‗molecular farming (Parida et al., 2020; 

Tutunchi et al., 2020; Islam et al., 2020b; Capell et al., 2020; 

Chrzanowski et al., 2020). Plants are also considered as 

natural bioreactors for pharmaceutical protein due to their 

safety, low cost, high output, simple storage requirement, and 

benefits of eukaryotic posttranslational modifications 

(Mahmood et al., 2021; Malabadi, 2008; Malabadi et al., 

2010b, 2011a; Malabadi et al., 2016a, 2017a, 2017b, 2018).  

Antigen preparation also plays a crucial role in the 

development of a diagnostic test, and plants represent an ideal 

biofactory system (Malabadi, 2008; Malabadi et al., 2010b, 

2011a; Malabadi et al., 2016a, 2017a, 2017b, 2018). Plant 

production platforms are being used to generate the vaccines 

and antiviral proteins inexpensively at mass scale. Phytodrugs 

also played an important role as antiviral compounds and 

inhibited SARS-Cov-2 activity (Thota et al., 2020; 

Chrzanowski et al., 2020; Ahmad et al., 2020; Upadhyay et 

al., 2020; Bahrami  et al., 2020; Oladele et al., 2020; Weng, 

2020; Kanjanasirirat et al., 2020; Alrasheid et al., 2021; 

Mahmood et al., 2021; Hossain et al., 2020; Machado-de-

Abreu et al., 2020; Akindele et al., 2020; Yonesi and 

Rezazadeh, 2020; Khan et al., 2020; Khan and Al-Balushi, 

2020; Zaman et al., 2020; Antonelli et al., 2020; Islam et al., 

2020b; Brendler  et al., 2020; Singh et al., 2021). Plant-based 

vaccines are safe, economical, exhibited immunogenicity, and 

protection against different viral infectious diseases 

(Malabadi, 2008; Malabadi et al., 2010b; Malabadi et al., 

2011a, 2016a, 2017a, 2017b, 2018; Mahmood et al., 2021; 

Singh et al., 2021).  

This review paper highlights the list of potential medicinal 

plants used as immunity booster, antiviral plant extracts, and 

as a viral growth inhibitors during current outbreak of 

coronavirus (SARS-CoV-2)  disease (covid-19) based on the 

ethnobotanical studies, animal studies, in vitro experiments 

and animal clinical trial experiments. Ayurveda has enough 

potential and possibilities to be employed both for prevention 

and treatment of COVID-19 (SARS-CoV-2). On the basis of 

this preliminary literature survey reported, there is a ray of 

hope for the potential development of a new herbal medicine 

drugs against coronavirus (SARS-CoV-2) could be developed. 

However, further large scale clinical trials are warranted to 

understand the usefulness of medicinal plants for the 
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pharmacological application against coronavirus (SARS-CoV-

2)  disease (covid-19) outbreak.   

2). Coronavirus: Classification 

Coronaviruses belong to the family Coronaviridae in the 

order Nidovirales have the largest genomes (30 Kb) of all 

RNA viruses. Coronaviruses are actually a family of 

hundreds of viruses. Corona represents crown-like spikes on 

the outer surface of the virus therefore, named as a 

coronavirus. (Wu et al., 2020a, 2020b; Shereen et al., 2020;  

Zhou et al., 2020a, 2020b; Zhu et al., 2020; Lu et al., 2020; 

Coronaviridae Study Group of the International Committee on 

Taxonomy of Viruses, 2020). The family Coronaviridae is 

divided into the subfamilies Coronavirinae and Torovirinae 

(Irigoyen et al., 2016;Cui et al., 2019; Lai et al., 2020). 

Torovirinae includes the genera Bafinivirus and Torovirus, 

infecting fish and mammals (Han et al., 2015; Chan et al., 

2015; Corman et al., 2015; Irigoyen et al., 2016; Singhal et al., 

2020). Coronavirinae includes the genera Alphacoronavirus, 

Betacoronavirus (originated from Bats and rodents), 

Gammacoronavirus and Deltacoronavirus (originated from 

avian hosts) commonly infecting mammals and birds (Wu et 

al., 2020a, 2020b; Irigoyen et al., 2016). Coronaviruses have 

been identified in human and several avian hosts as well as in 

various mammals, including pigs, chicken, camels, bats, 

Himalayan palm civets, mice, dogs, and cats (Dinka and 

Milkesa, 2020;Ksiazek et al., 2003; Kuiken et al., 2003; Zhou 

et al., 2020a, 2020b). Severe Acute Respiratory Syndrome 

associated coronaviruses (SARS-CoV-2) could spread 

throughout the population of domestic and wild animals that 

come to market (Wu et al., 2020a, 2020b ; Zhou et al., 2020a, 

2020b; Guan et al., 2003; Dinka and Milkesa, 2020). The 

global pandemic coronavirus (SARS-CoV-2) was circulating 

in bat populations and its cross-species transmission events 

leading to outbreaks in humans (Wu et al., 2020a, 2020b ; 

Dinka and Milkesa 2020; Zhou et al., 2020a, 2020b). 

Phylogenetic analysis of the complete viral genome 

(29,903 nucleotides) revealed that the coronavirus (SARS-

CoV-2) was the most closely related (89.1% nucleotide 

similarity) to a group of SARS-like coronaviruses (genus 

Betacoronavirus, subgenus Sarbecovirus) that had previously 

been found in bats in China (Wu et al., 2020a, 2020b). Even 

though the global outbreak was contained, there are concerns 

that the coronavirus (SARS-CoV-2) will reemerge or that it 

could potentially be used as a bioterrorist agent, thus it is 

important to develop safe effective vaccines (Zhou et al., 

2020a, 2020b; Zhang  et al., 2020; Huang et al., 2020; Xu and 

Zhang, 2020;  Li et al., 2020). 

3). Human coronaviruses 

The first coronavirus was discovered in chickens in the 1930s. 

Human coronaviruses were first identified in the mid-1960s 

(Hamre and  Procknow, 1966; Tyrrell and Bynoe, 1965; 

Shanmugaraj et al., 2020). The evolution of human 

coronaviruses (HCoVs) has been reported due to the mutation, 

high nucleotide substitution rates, its ability to establish 

infection in a new host, and cross-species transmission (Zhou 

et al., 2020a, 2020b; Hamre and Procknow, 1966; Tyrrell and 

Bynoe, 1965; Shanmugaraj et al., 2020). Human 

coronaviruses (HCoVs) are a major group of coronaviruses 

associated with respiratory and intestinal infections, common 

cold, pneumonia, and bronchiolitis (Wu et al., 2020a, 2020b; 

Hamre and  Procknow, 1966; Tyrrell and Bynoe, 1965; 

Shanmugaraj et al. 2020; Zhou et al., 2020a, 2020b).  

Seven coronaviruses that can infect humans  are 1) HCoV-

229E (alpha coronavirus), 2) HCoV-NL63 (alpha 

coronavirus), 3) HCoV-OC43 (beta coronavirus), 4) HCoV-

HKU1 (beta coronavirus), 5) SARS-CoV (the beta 

coronavirus that causes severe acute respiratory syndrome, or 

SARS), 6) MERS-CoV (the beta coronavirus that causes 

Middle East Respiratory Syndrome, or MERS), 7) SARS-

CoV-2 (the 2019 novel coronavirus that causes coronavirus 

disease   or COVID-19). Human coronaviruses such as 

HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1 

usually cause mild infections in humans (Wu et al., 2020a, 

2020b; Hamre and  Procknow, 1966; Tyrrell and Bynoe, 

1965; Shanmugaraj et al. 2020; Zhou et al., 2020a, 2020b).   

Among these 7 human coronaviruses, four (HCoV-229E, 

HCoV-OC43, HCoV-NL63, and HCoV-HKU1) are endemic 

(regularly found among particular people or in a certain area) 

and usually cause mild disease  (Woo et al., 2005; Hoek et al., 

2004; Pyrc et al., 2007). On the other hand, the rest of three  

coronaviruses (SARS-CoV, MERS- CoV, and SARS-CoV-2) 

can cause much more serious and even fatal disease (Shereen 

et al., 2020;  Zhu et al. 2020; Lu et al. 2020). Furthermore, 

people around the world commonly get infected with the 

human coronaviruses are HCoV-229E, HCoV-NL63, HCoV-

OC43, and HCoV-HKU1 (Hamre and  Procknow, 1966; 

Tyrrell and Bynoe, 1965; Hoek et al., 2004; Pyrc et al. 2007). 

Sometimes coronaviruses that infect animals can evolve and 

make people sick and become a new human coronavirus (Wu 

et al., 2020a, 2020b; Zhou et al., 2020a, 2020b). Three recent 

examples of this are SARS-CoV, and MERS-CoV and SARS- 

CoV-2 (Wu et al., 2020a, 2020b; Shanmugaraj et al., 2020; 

Zhu et al., 2020; Lu et al., 2020; Zhou et al., 2020a, 2020b). 

The first coronaviruses discovered in mid-sixties were able to 

infect humans are 229E and OC43 (Hamre and  Procknow, 

1966; Tyrrell and Bynoe, 1965; Pyrc et al., 2007). Both of 

these coronaviruses usually resulted in the common cold and 

rarely cause the severe disease on their own (Pyrc et al., 

2007). They are often detected at the same time as other 

respiratory infections. When several viruses, or bacteria, are 

found in patients this is called co-infection and can result in 

the more severe disease (Pyrc et al., 2007). These two human 

coronaviruses were studied extensively from approximately 

1965 to the mid- 1980s (Pyrc et al., 2007).   

In 2004, the human coronavirus NL63 was detected for the 

first time in a baby suffering from bronchiolitis (a lower 

respiratory tract infection) in the Netherlands (Hoek et al., 

2004; Pyrc et al., 2007). This virus has probably been around 

https://link.springer.com/chapter/10.1007/978-3-642-65775-7_3
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2918871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2918871/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2918871/
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for hundreds of years, we just hadn‘t found it until then (Hoek 

et al., 2004; Pyrc et al., 2007).  A year later, in Hong Kong, 

another coronavirus was found – this time in an elderly patient 

with pneumonia (Woo et al., 2005; Lau et al., 2006).  It was 

later named HKU1 and has been found to be present in 

populations around the world (Woo et al., 2005; Pyrc et al., 

2007; Lau et al., 2006). The virus particle is enveloped and 

carries extended spike proteins on the membrane surface, 

providing the typical crown-like structure seen by electron 

microscopy (Woo et al., 2005; Pyrc et al., 2007; Lau et al., 

2006; Zhou et al., 2020a, 2020b).   

4). Coronavirus: Recent Outbreak 

In 2002-2003, the Chinese population was infected with a 

virus causing Severe Acute Respiratory Syndrome (SARS) in 

Guangdong province, China and was named as SARS-CoV 

(9% mortality) (Wu et al., 2020a, 2020b; Zhou et al., 2020a, 

2020b). As a result of this outbreak, large Chinese population 

were suffering from high fever, dry cough, tiredness, 

sneezing, throat infections, pnemonia and respiratiory illness 

leading to the death (Wu et al., 2020a, 2020b; Zhou et al., 

2020a, 2020b). SARS-CoV is a Biodefense Category C 

priority pathogen (Wu et al., 2020a, 2020b).  Most of these 

infect animals such as bats, chickens, camels and cats. 

Occasionally, cornaviruses that infect one species can mutate 

in such a way that allows them to start infecting another 

species. This is called ―cross-species transmission‖ or 

―spillover‖ (Wu et al., 2020a, 2020b; Shereen et al., 2020;  

Zhu et al., 2020; Lu et al., 2020). Therefore, SARS-CoV  

infecting animals to human population  is one of the best 

example since virus is zoonotic in origin (Wu et al., 2020a, 

2020b; Zhou et al., 2020a, 2020b). 

 A decade later in 2012, coronavirus was reported in Middle 

East. As a result of outbreak, couple of Saudi Arabian 

nationals were diagnosed to be infected with another 

coronavirus and named as the Middle East Respiratory 

Syndrome Coronavirus (MERS-CoV) (40-50% mortality) 

(Shereen et al., 2020;  Zhu et al., 2020; Lu et al., 2020; Zhou 

et al., 2020a, 2020b). The primary host for MERS-CoV was  

bats and secondary host was camel leading to the human 

infections in the Middle East. There were two further MERS-

CoV outbreaks: South Korea in 2015 and Saudi Arabia in 

2018. There are a handful of MERS-CoV cases every year, 

but the outbreaks are usually well contained.  MERS-CoV 

cases have been linked to the close contact with the infected 

camels or very close contact with an already infected person. 

Both SARS-CoV and MERS-CoV are the members of the 

genus Betacoronavirus. 

At the end of December 2019, the outbreak of coronavirus 

caused by severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) occurred in Wuhan, Hubei, China (Wu et al., 

2020a, 2020b; Zhou et al., 2020a, 2020b). The novel virus 

was named as Wuhan coronavirus or 2019 novel coronavirus 

(2019-nCov) by the Chinese researchers (Wu et al., 2020a, 

2020b; Zhou et al., 2020a, 2020b). The International 

Committee on Taxonomy of Viruses (ICTV) named the virus 

as SARS-CoV-2 and the disease as COVID-19 (Wu et al., 

2020a, 2020b; Cui et al., 2019; Lai et al., 2020; Shereen et al., 

2020; Zhou et al., 2020a, 2020b). World Health Organization 

(WHO) declared the outbreak of coronavirus disease-2019 

(COVID-19) is a viral infectious disease caused by SARS-

CoV-2 is a global pandemic similar to 1918 influenza 

outbreak (Wu et al., 2020a, 2020b; Kwon et al., 2020; Dong et 

al., 2020; Wang et al., 2020; Zhou et al., 2020a, 2020b). The 

outbreak was declared as Public Health Emergency of 

International Concern by the WHO on 30 January 2020 (Zhou 

et al., 2020a, 2020b).  SARS-CoV-2 is a betacoronavirus 

responsible for the COVID-19 pandemic. Furthermore, 

SARS-CoV-2 compared to 1918 influenza pandemic is also a 

seasonal disease with a very high infection rate, and long 

incubation period (14 days) with mild to moderate symptoms 

leading to the most dangerous viral disease. SARS-CoV-2 is a 

zoonotic virus that can infect humans and animals (Wu et al., 

2020a, 2020b; Shin et al., 2020; Wang et al., 2020). 

Therefore, SARS-CoV-2  is an international outbreak of acute 

respiratory illness (Wu et al., 2020a, 2020b; Ang et al., 2020; 

Zhou et al., 2020a, 2020b). Coronaviruses are believed to be 

originated from bats and subsequently transmitted to the 

humans. The higher pathogenicity of coronavirus in humans 

has been observed when they cross the species barrier from 

animals to humans (Wu et al., 2020a, 2020b; Zhu et al., 2020; 

Lu et al., 2020; Zhou et al., 2020a, 2020b). 

5). Coronavirus: Outbreak of  mutants (SARS-Cov-2) 

SARS-CoV-2 has been continually changing its genetics 

through the course of the pandemic.  Mutation is very high in 

RNA-based viruses like SARS-CoV-2 (Pachetti et al., 2020; 

Khan et al., 2020; Grubaugh et al., 2020; Zhou et al., 2020a, 

2020b).  Viruses mutate because they‘re constantly making 

the copies of themselves in an enormous numbers.  Within a 

human body, a virus can replicate itself millions or billions of 

times (Grubaugh et al., 2020). Viruses that use RNA as their 

genetic material, like SARS-CoV-2, are particularly 

vulnerable to mutations since the RNA molecule itself is more 

unstable than DNA (Pachetti et al., 2020; Khan et al., 2020; 

Grubaugh et al., 2020). The process of copying RNA is also 

more prone to error. But in rare instances, some mutations can 

give a virus an advantage, like allowing it to infect cells more 

readily or spread among people faster. Those mutant strains 

can then become dominant within a population (Pachetti et al., 

2020; Khan et al., 2020; Grubaugh et al., 2020). Individually, 

many of these mutations have already been seen in other 

strains of the virus around the world (Wise et al., 2020). But 

the combination of these changes in a single virus could be 

making the new variant more likely to spread (Wise et al., 

2020; Davies et al., 2020). However, some mutations may be 

more important than others, and there are several mechanisms 

by which mutations could make the virus more infectious 

(Wise et al., 2020; Davies et al., 2020).  

SARS-CoV-2 is a RNA coronavirus responsible for the 

pandemic of the Severe Acute Respiratory Syndrome 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1489438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1489438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1489438/
https://www.who.int/csr/don/25-october-2015-mers-korea/en/
http://www.emro.who.int/pandemic-epidemic-diseases/news/infectious-disease-outbreaks-reported-in-the-eastern-mediterranean-region-in-2018.html
http://www.emro.who.int/pandemic-epidemic-diseases/news/infectious-disease-outbreaks-reported-in-the-eastern-mediterranean-region-in-2018.html
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(COVID-19) (Pachetti et al., 2020; Khan et al., 2020). RNA 

viruses are characterized by a high mutation rate, up to a 

million times higher than that of their hosts (Pachetti et al., 

2020; Khan et al., 2020; Grubaugh et al., 2020). Virus 

mutagenic capability depends upon several factors, including 

the fidelity of viral enzymes that replicate nucleic acids, as 

SARS-CoV-2 RNA dependent RNA polymerase (RdRp) 

(Pachetti et al., 2020; Khan et al., 2020; Grubaugh et al., 

2020).
 

 Biological characterization of viral mutations can provide 

precious insights for assessing the viral drug resistance, 

immune escape and pathogenesis related mechanisms 

(Pachetti et al., 2020). Additionally, viral mutation studies can 

be crucial for designing the new vaccines, antiviral drugs and 

diagnostic assays (Pachetti et al., 2020; Grubaugh et al., 

2020). The viral genome mutagenic process depends on the 

viral enzymes that replicate the nucleic acids, influenced by 

few or no proofreading capability and/or post-replicative 

nucleic acid repair (Pachetti et al., 2020; Khan et al., 2020; 

Grubaugh et al., 2020). 

Mutations arise as a natural by-product of viral replication 

(Grubaugh et al., 2020). RNA viruses typically have the 

higher mutation rates than DNA viruses (Grubaugh et al., 

2020). Corona viruses, however, make fewer mutations than 

the most RNA viruses because they encode an enzyme that 

corrects some of the errors made during replication (Grubaugh 

et al., 2020).  In most cases, the fate of a newly arising 

mutation is determined by natural selection (Grubaugh et al., 

2020; Duffy, 2018; Khan et al., 2020; Salemi et al., 2004).  

The rate of SARS-CoV-2 mediated disease spread and the 

mortality varies from country to country (Khan et al., 2020).   

Khan et al., (2020) investigated the SARS-CoV-2 genome 

reported from 13 different countries, identification of 

mutations in major corona virus proteins of these different 

SARS-CoV-2 genomes and compared with SARS-CoV (Khan 

et al., 2020). These thirteen complete genome sequences of 

SARS-CoV-2 showed high identity (>99%) to each other, 

while they shared 82% identity with SARS-CoV (Khan et al., 

2020). This includes several important country-specific 

unique mutations in the major proteins of SARS-CoV-2 

namely, replicase polyprotein, spike glycoprotein, envelope 

protein and nucleocapsid protein (Khan et al., 2020). Indian 

strain showed mutation in spike glycoprotein at R408I and in 

replicase polyprotein at I671T, P2144S and A2798V (Khan et 

al., 2020). Mutation R408I in spike protein of Indian strain 

has a significant influence on receptor-binding domain (RBD) 

of spike protein and this point mutation has a stabilization 

effect on the spike protein (Khan et al., 2020). Further, 

molecular dynamics and other in silico studies revealed that 

mutations decrease the stability of protein and also hinders the 

binding of inhibitor (Khan et al., 2020). The findings of the 

this study could help for the design of potential vaccine 

candidates/small molecular inhibitor against COVID-19 

(SARS-CoV-2) (Khan et al., 2020). 

The coronavirus spreads fast enough and  the UK variant 

(Lineage B.1.1.7 (also called 501Y.V1) where a strain called 

501.V2 has become the dominant version among new cases of 

the virus (Wise et al., 2020; Davies et al., 2020; Lauring and 

Hodcroft, 2021). This is strongly suggestive of natural 

selection of a virus that is more transmissible at a population 

level (Wise et al,. 2020; Davies et al., 2020; Lauring and 

Hodcroft, 2021). The UK variant of SARS-CoV-2 (Lineage 

B.1.1.7 (also called 501Y.V1) actually contains 23 mutations 

in the genome of the virus (Wise et al. 2020; Davies et al. 

2020) (Wise et al., 2020; Davies et al., 2020; Lauring and 

Hodcroft, 2021). As of December 28, 2020, this variant 

accounted for approximately 28% of cases of  SARS-CoV-2 

infection in England, and population genetic models suggest 

that it is spreading 56% more quickly than other lineages 

(Wise et al., 2020; Davies et al., 2020; Lauring and Hodcroft, 

2021).            

Concerning outbreaks of SARS-CoV-2 began to emerge on 

mink farms in the Netherlands and Denmark in late spring and 

early summer 2020 (Spike N453Y and Mink) (Oude Munnink 

et al., 2020; Lauring and Hodcroft, 2021). Many SARS-CoV-

2 sequences from the Netherlands and Danish outbreaks had a 

Y453F mutation in the receptor binding domain of spike, 

which might mediate the increased binding affinity for mink 

ACE2 (angiotensin-converting enzyme 2) (Oude Munnink et 

al., 2020; Lauring and Hodcroft, 2021). The apparent 

adaptation of SARS-CoV-2 to mink was nevertheless 

concerning because continued evolution of the coronavirus in 

an animal reservoir could potentially lead to recurrent spill 

over events of novel SARS-CoV-2 from mink to humans and 

other mammals (Oude Munnink et al., 2020; Lauring and 

Hodcroft, 2021). 

The South African mutant strain of SARS-CoV-2  is named as 

N501Y. South Africa named the variant ―501Y.V2‖ because 

of the N501Y mutation they found in the spike protein that the 

coronavirus uses to gain entry into cells within the body. The 

variant in South Africa carries two other mutations in the 

spike protein (E484K and K417N, among others) which are 

not present in the U.K. strain, named ―VOC-202012/01,‖ with 

VOC standing for ―Variant of Concern. The same mutation 

has been found in the South African variant of SARS-CoV-2  

named as N501Y (Wise et al., 2020; Davies et al., 2020; 

Tegally et al., 2020). One mutation, called N501Y, makes the 

virus binding more tightly to human cells (Wise et al., 2020; 

Davies et al., 2020; Tegally et al., 2020).   

Recent analyses of the fine-scale sequence variation of SARS-

CoV- 2 isolates identified several genomic regions of the 

increased genetic variation (Korber et al., 2020).   Another 

mutation, called D614G, makes the virus more transmissible 

(Korber et al., 2020). The S-protein mutation, D614G, that 

appears to promote SARS-CoV-2 transmission in humans also 

enhances the functional S-protein incorporation into SARS-

CoV-2 VLP and retroviral PV and increases the PV infectivity 

(Korber et al., 2020).   

https://www.who.int/csr/don/21-december-2020-sars-cov2-variant-united-kingdom/en/
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6). Coronavirus symptoms 

The human to human spreading of the coranavirus (SARS-

CoV-2) occurs due to the close contact with an infected 

person, exposed to coughing, sneezing, respiratory droplets or 

aerosols and fecal to oral transmission. These aerosols can 

penetrate the human body (lungs) via inhalation through the 

nose or mouth (Shereen et al., 2020;  Zhu et al., 2020; Lu et 

al., 2020). The coronavirus  (SARS-CoV-2) designated as 

COVID-19 prominently affect the respiratory tract (both 

lower and upper respiratory tract), with the initial symptoms 

of common cold, fever, dry cough, fatigue, general feeling of 

being unwell, runny nose,  aches and pains,  nasal congestion, 

loss of taste or smell, loss of speech or movement, headache, 

sore throat, a rash on skin, or discolouration of fingers or toes, 

conjunctivitis,  shortness of breath, chest pain or pressure, and 

diarrhea to severe pneumonia, difficulty in breathing and ends 

with the patient death (Wu et al., 2020a, 2020b; Zhou et al., 

2020a, 2020b;Wang et al. 2020; Pandey et al. 2020; Paules et 

al. 2020; Saif , 2004; Fisher and Heymann, 2020). Infection 

with these highly pathogenic coronaviruses (SARS-CoV-2) 

could result in the acute respiratory distress syndrome 

(ARDS) and acute lung injury (ALI) followed by the failure 

of the lung function and death (Wu et al., 2020a, 2020b). The 

incubation period of the coronavirus disease is 14 days and 

the time from onset of symptom to developing pneumonia is 4 

days (Pandey et al., 2020; Paules et al., 2020; Saif , 2004; 

Fisher and Heymann, 2020). Therefore, interaction between 

virus SARS-CoV-2 and host may be responsible for its 

unusual high morbidity and mortality (Wu et al., 2020a; 

Blanco-Melo  et al., 2020; Wu et al., 2020a, 2020b; Zhou et 

al., 2020a, 2020b). Therefore, COVID-19 (SARS-CoV-2) is a 

serious threat to human health (Wang et al., 2020). Several 

coronaviruses, such as Severe acute respiratory syndrome-

related coronavirus (SARS-CoV) and Middle East respiratory 

syndrome-related coronavirus (MERS-CoV) are virus 

pandemics. SARS-CoV-2, is the novel coronovirus  

responsible for the ongoing COVID-19 (SARS-CoV-2) 

human pandemic leading to the global outbreak of respiratory 

illness (Ang et al., 2020; Wu et al., 2020a, 2020b; Kwon et al., 

2020; Dong et al., 2020). There is also the potential for 

laboratory acquired infections. Therefore, the development of 

effective vaccines is still of significant importance (Wu et al., 

2020a, 2020b). 

7). Coronavirus (SARS-CoV-2): Detection methods 

1) Swab Test: Nasopharyngeal (NP) and oropharyngeal (OP) 

swabs are the most common upper respiratory tract specimen 

utilized for SARS-CoV-2 diagnostic testing (Paz et al., 2020; 

Xu et al., 2020; Wyllie et al., 2020a, 2020b).  The bio-sample 

needs to be  eluted in viral or universal transport medium 

(VTM, UTM), stored and transported to a testing facility (Paz 

et al., 2020; Xu et al., 2020; Wyllie et al., 2020a, 2020b). 

Saliva samples have become an increasingly attractive 

specimen alternative being as- or more sensitive and reliable 

than NP swabs (Paz et al., 2020; Xu et al., 2020; Wyllie et al., 

2020a, 2020b).   

This testing protocol for the detection of minimal quantities of 

SARS-CoV-2 that can be utilized by the most laboratories 

equipped with standard molecular biology equipment without 

the need of higher biosafety facilities is known as swab test 

where saliva is collected as sample source for the detection of 

coronavirus (Paz et al., 2020; Xu et al., 2020; Wyllie et al., 

2020a, 2020b). The coronavirus has been shown to be present 

at high titer in saliva. In addition, observed a recovery of viral 

RNA between 50 and 90% with the TRIzol method and the 

RT-qPCR assay  can amplify as little as 6 copies of viral 

RNA. The high sensitivity of this protocol might be useful in 

testing the patients with low viral titers such as asymptomatic 

patients (Paz et al., 2020; Xu et al., 2020; Wyllie et al., 2020a, 

2020b). 

Quantitative PCR (qPCR) based molecular tests that detect the 

presence of the viral nucleic acid offer the most sensitive and 

reliable method for the detection of SARS-COV-2 in patients‘ 

samples (Paz et al., 2020; Xu et al., 2020; Wyllie et al., 2020a, 

2020b).   

2) The rapid identification and sequencing of SARS-CoV-2 

has enabled the rapid development of nucleic acid and protein 

tests. These approaches have provided a first line of defense 

against an coronavirus outbreak (Udugama et al., 2020). 

3) Serological test: Currently, serological tests (i.e., blood 

tests for specific antibodies) are in development (Udugama et 

al., 2020). Detection of immunoglobulin G and M (IgG and 

IgM) from human serum of COVID-19 (SARS-CoV-2) 

patients using an enzyme-linked immunosorbent assay 

(ELISA) (Udugama et al., 2020). 

4) Point-of -care testing: Point-of-care tests are used to 

diagnose the patients without sending samples to centralized 

facilities, thereby enabling communities without laboratory 

infrastructure to detect infected patients (Udugama et al., 

2020).  Lateral flow antigen detection for SARS-CoV-2 is one 

of the point-of-care approach under the development for 

diagnosing COVID-19 (SARS-CoV-2) (Udugama et al., 

2020). In commercial lateral flow assays, a paper-like 

membrane strip is coated with two lines: gold nanoparticle-

antibody conjugates are present in one line and capture the 

antibodies in the other (Udugama et al., 2020). The patient‘s 

sample (e.g., blood and urine) is deposited on the membrane, 

and the proteins are drawn across the strip by capillary action 

(Udugama et al., 2020). 

As it passes the first line, the antigens bind to the gold 

nanoparticle-antibody conjugates, and the complex flows 

together through the membrane (Udugama et al., 2020). As 

they reach the second line, the complex is immobilized by the 

capture antibodies, and a red or blue line becomes visible 

(Udugama et al., 2020). Individual gold nanoparticles are red 

in color, but a solution containing clustered gold nanoparticles 

is blue due to the coupling of the plasmon band (Udugama et 

al., 2020). Another approach for use at the point-of-care is 

microfluidic devices. However, these tests are single use and 
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suffer from poor analytical sensitivity in comparison to RT-

PCR (Udugama et al., 2020). 

5) Sandwich-ELISA-Test:  Sensitive diagnosis of SARS is 

essential for the control of the disease in humans. 

Recombinant SARS-CoV S1 antigen was produced and 

purified for the development of monoclonal and bi-specific 

monoclonal antibodies (Sunwoo et al., 2013). The hybridomas 

secreting anti-S1 antibodies, F26G18 and P136.8D12, were 

fused respectively with the YP4 hybridoma to generate 

quadromas (Sunwoo et al.,2013). The sandwich ELISA was 

formed by using F26G18 as a coating antibody and 

biotinylated F26G18 as a detection antibody with a detection 

limit of 0.037 μg/ml (p < 0.02) (Sunwoo et al., 2013). 

Therefore, this method described in this study allows sensitive 

detection of a recombinant SARS spike protein by sandwich 

ELISA with bi-specific monoclonal antibody and could be 

used for the diagnosis of patients suspected with SARS 

(Sunwoo et al., 2013). 

8). Coronavirus: Size of the virus 

Electron micrographs of negative-stained 2019-nCoV 

particles were generally spherical with some pleomorphism 

(Bar-On  et al., 2020).  Diameter varied from about 60 to 140 

nm (Bar-On  et al., 2020). Viruses are often transmitted 

through respiratory droplets produced by coughing and 

sneezing (Bar-On  et al., 2020).  Respiratory droplets are 

usually divided into two size bins, large droplets (5 mm in 

diameter) that fall rapidly to the ground and are thus 

transmitted only over short distances, and small droplets (5 

mm in diameter) (Bar-On  et al., 2020). The characteristic 

diameter of large droplets produced by sneezing is 100 mm. 

while the diameter of droplet nuclei produced by coughing is 

on the order of 1 mm (Bar-On  et al., 2020). 

9). Preventive Guidelines for controlling coronavirus (SARS-

CoV-2) outbreak (WHO) (Kirkcaldy et al., 2020) 

1) Use of face mask (medically approved or cotton 

face masks) are mandatory to keep your nose and 

mouth covered when you are outside of your 

home. 

2) Maintain social distancing and avoid non-

essential traveling. Do not travel if you are sick. 

3) Use of hand sanitizers with 70-80% ethanol will 

limit the spread of coronavirus. 

4) Stay home as much as possible. 

5) Drink enough warm water.  

6) Gargle with warm water with a pinch of salt and 

turmeric. 

7) Gargle with warm water added with a pinch of 

turmeric and salt, Triphala, and Yashtimadhu. 

ShuddhaTankana (2% aqueous solution), 

Madhoodaka (5% aqeuous solution) also can be 

used for Kavala graha. 

8) Regularly and thoroughly wash hands with soap 

or any other detergent. Avoid touching one's 

eyes, nose and mouth (Chin et al., 2020; Kampf 

et al., 2020; Kampf, 2020). 

9) Washing hands with soap or any other detergent 

will easily destroy the coronavirus (SARS-CoV-

2)  within 20 seconds outside the host since soap 

or detergent acts as a lipid solvents which break 

or dissolve the outside coated fatty layer of the 

coronavirus (Chin et al., 2020; Kampf et al., 

2020; Kampf, 2020) 

10) Avoid touching your face with unwashed hands. 

Frequent touching of eyes, nose and mouth that 

can pick up coronaviruses is to be avoided. Once 

contaminated, hands can transfer the coronavirus 

to your eyes, nose or mouth. From there, the virus 

can enter your body and can cause sever lung 

infections.  

11) Avoiding greetings that include physical contact, 

such as handshakes. 

12) Usage of gloves can be encouraged whenever 

possible. 

13) If anyone has fever, cough and difficulty 

breathing, please consult a physician immediately 

and all instructions are to be followed 

meticulously. 

14) To help to limit the spread of COVID-19 (SARS-

CoV-2), the WHO also recommends people cover 

their mouth and nose when they cough or sneeze 

and clean commonly used surfaces frequently 

with an alcohol-based disinfectant (Chin et al., 

2020; Kampf et al., 2020; Kampf, 2020). 

15) Avoid cultural and religious gatherings, 

community gatherings and large group events. 

16) Avoid being around people at higher risk for 

severe illness from COVID-19 (SARS-CoV-2). 

17) Consider getting tested for COVID-19(SARS-

CoV-2). 

18) Consume warm food or drink rich in iron and 

vitamin C which is essential for keeping good 

health in terms of boosted immunity. 

19) Drink lemon juice rich in vitamin C in warm 

water  with one tea spoon of natural honey. 

20) In a breakthrough discovery, the Japanese 

researchers have found that the SARS-CoV-2 can 

remain active on human skin for at least nine 

hours (Hirose et al., 2020). Hence, the hand 

washing using 80% ethanol was key to avoid 

contracting the COVID-19 disease."The nine-

hour survival of SARS-CoV-2 (the virus strain 

that causes Covid-19) on human skin may 

increase the risk of contact transmission in 

comparison with IAV (influenza A virus), thus 

accelerating the pandemic (Hirose et al., 2020).   

Both the coronavirus and the flu virus were 

inactivated within 15 seconds by applying  80% 

ethanol, which is commonly found in hand 

sanitizers  (Hirose et al., 2020; Kampf et al., 

https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-at-increased-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-at-increased-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-at-increased-risk.html
https://www.cdc.gov/coronavirus/2019-ncov/testing/index.html
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2020; Kampf, 2020). However, this time frame, 

compared to other objects showed that the 

coronavirus was inactivated more rapidly on skin 

surfaces as compared to stainless steel, glass 

objects, or plastic, where virus remained alive 

significantly longer period between 58 and 85 

hours (Hirose et al.,2020; Kampf et al., 2020; 

Kampf, 2020).   

21) Viruses have been shown to be readily transferred 

between contaminated skin and a fomite surface 

with high contact surfaces such as touch screens 

on mobile phones, bank ATMs, airport check-in 

kiosks and supermarket self-serve kiosks all 

acting as fomites for the transmission of 

coronaviruses (Riddell et al., 2020; Kampf et al., 

2020; Kampf, 2020).  Recent study demonstrated 

that infectious coronavirus (SARS-CoV-2) can be 

recovered from the nonporous surfaces for at least 

28 days at ambient temperature and humidity (20 

°C and 50% RH) (Riddell et al., 2020; Kampf et 

al., 2020; Kampf, 2020). Viable virus was 

isolated for up to 28 days at 20 °C from the 

common surfaces such as glass, stainless steel 

and both paper and polymer banknotes (Riddell et 

al., 2020). Conversely, infectious coronavirus 

survived less than 24 h at 40 °C on some surfaces 

(Riddell et al., 2020). The persistence of SARS-

CoV-2 demonstrated in this study is pertinent to 

the public health and transport sectors (Riddell et 

al., 2020). This data should be considered in 

strategies designed to mitigate the risk of fomite 

transmission during the current coronavirus 

pandemic response (Riddell et al., 2020). 

 

10). Ministry of AYUSH, Government of India, general 

guidelines for controlling covid-19 outbreak 

Ministry of AYUSH, Government of India, recommends the 

following self-care guidelines for the preventive health 

measures and boosting immunity with special reference to 

respiratory health based on Ayurvedic literature and scientific 

publications.  (https://www.ayush.gov.in/docs/ayurved-

guidlines.pdf). 

a. Drink warm water throughout the day.  

b. Drink herbal tea / decoction (Kadha) made from 

Tulsi (Basil), Dalchini (Cinnamon), Kalimirch 

(Black pepper), Shunthi (Dry Ginger) and Munakka 

(Raisin) - once or twice a day. Add jaggery (natural 

sugar) and / or fresh lemon juice to your taste, if 

needed.  

c. Daily practice of Yogasana, Pranayama and 

meditation for at least 30 minutes as advised by 

Ministry of AYUSH (#YOGA at Home #Stay Home 

#Stay Safe).  

d. Spices like Haldi (Turmeric), Jeera (Cumin), Dhaniya 

(Coriander) and Lahsun (Garlic) are recommended in 

cooking.  

e. Take Chyavanprash 10gm (1tea sfoon) in the 

morning. Diabetics should take sugar free 

Chyavanprash.  

f. Golden Milk- Half tea spoon Haldi (turmeric) powder 

in 150 ml hot milk - once or twice a day.  

g. Nasal application - Apply sesame oil / coconut oil or 

Ghee in both the nostrils (Pratimarsh Nasya) in 

morning and evening.  

h. Oil pulling therapy- Take 1 table spoon sesame or 

coconut oil in mouth. Do not drink, Swish in the 

mouth for 2 to 3 minutes and spit it off followed by 

warm water rinse. This can be done once or twice a 

day.  

i. Steam inhalation with fresh Pudina (Mint) leaves or 

Ajwain (Caraway seeds) can be practiced once in a 

day.  

j. Lavang (Clove) powder mixed with natural sugar / 

honey can be taken 2-3 times a day in case of cough 

or throat irritation.  

k. These measures generally treat normal dry cough and 

sore throat. However, it is best to consult doctors if 

these symptoms persist.  

 

11). Coronavirus: Genetic analysis 

The genetic sequence of SARS-CoV-2, the coronavirus that 

causes COVID-19, was published on 11 January 2020, 

triggering intense global R&D activity to develop a vaccine 

against the disease (Wu et al., 2020).  The complete genome 

sequences of SARS-CoV-2 (29, 903 bp ss-RNA) isolate 

Wuhan-Hu-1(Wuhan seafood market pneumonia virus isolate) 

were available in a NIH website, National Library of 

Medicine (https://www.ncbi.nlm.nih.gov/sars-cov-2) 

(National Center for Biotechnology Information (NCBI) 

Reference Sequence: NC_045512.2) (Wu et al., 2020a; Zhou 

et al., 2020a, 2020b). The pathogen, severe acute respiratory 

syndrome coronavirus (SARS-CoV-2) shared a phylogenetic 

similarity to SARS-CoV (about 79%) and Middle East 

respiratory syndrome (MERS)-CoV (about 50%). 

Furthermore, the genome sequence of coronavirus (SARS-

CoV-2)  also showed phylogenetic similarity to one of the 

species of bats (80%). Therefore, coronavirus (SARS-CoV-2) 

is originated from bats and bats are the primary hosts for the 

spread of the covid-19 disease (Zhou et al. 2020a, 2020b). In 

one of the recent reported study, different epidemiological and 

clinical features of COVID-19 (SARS-CoV-2)  were found to 

be related to the genetic changes of SARS-CoV-2 (Caccuri et 

al., 2020; Guo et al., 2020; Tang et al., 2020). The novel 

coronavirus has been found to evolve into two subtypes, L and 

S with the former being more aggressive and spreading more 

rapidly than the latter (Caccuri et al., 2020; Guo et al., 2020; 

Tang et al., 2020). Furthermore, the relative high number of 

mutations were observed in the sequences of other strains of 

SARS-CoV-2 collected at the early stage of China epidemic 
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(Zhou et al., 2020a, 2020b; Caccuri et al., 2020; Guo et al., 

2020; Tang et al., 2020). Another study reported that the 

functional characterization of 11 patient-derived viral isolates 

showing significant variation in cytopathic effects and viral 

load, suggesting that patient-derived mutations have an impact 

on SARS-CoV-2 pathogenicity (Yao  et al., 2020; Caccuri et 

al., 2020). Therefore, SARS-CoV-2 GZ69 variant displays 

several point mutations that may account for its unique 

features (Caccuri et al., 2020). This will allow to identify 

critical genetic mutations that might be a part of the viral 

adaptation process eventually leading to changes in virus 

pathogenicity (Caccuri et al., 2020). Therefore, investigation 

of genetic and phenotypic characteristics of SARS-CoV-2 

strains circulating lately in the epidemic will definitely give an 

idea about the evolution of SARS-CoV-2 pathogenicity and 

its adaptation to the host (Caccuri et al., 2020; Zhou et al., 

2020a, 2020b). 

The novel coronavirus (SARS-CoV-2) originated from the 

Hunan seafood market at Wuhan, Hubei, China where bats, 

snakes, raccoon dogs, palm civets, and other animals are sold, 

and viral disease was rapidly spread up to 177 countries (Zhou 

et al., 2020a, 2020b; Ang et al. 2020; Shereen et al. 2020; 

Wang et al., 2020). The genetic material of coronavirus is 

highly prone to frequent recombination process that results 

into the formation of new strains with altered virulence 

(Pandey et al., 2020; Paules et al., 2020; Saif, 2004; Fisher 

and Heymann, 2020; Zhou et al., 2020a, 2020b). However, the 

strains of SARS- CoV (outbreak in 2002), MERS-CoV 

(outbreak in 2012) and SARS-CoV-2 (outbreak in 2019) were 

reported to be extremely pathogenic and highly adopted to the 

changing environment (Pandey et al., 2020; Zhou et al., 

2020a, 2020b).  

12). Structure of coronavirus 

Coronaviruses are obligate intracellular parasites and rely on 

hosts for their propagation. Coronaviruses (SARS-CoV-2) are 

pleomorphic or spherical in shape with a diameter of 125 nm 

and characterized by club shaped spike projections on its 

surface (Pandey et al., 2020). Coronaviruses are the large 

family of enveloped single- stranded positive -sense RNA 

viruses which encode the 12 putative open reading frames 

responsible for the synthesis of viral structural and 

nonstructural proteins which are very similar to SARS-CoV 

and MERS-CoV proteins (Woo et al., 2004; Wu et al., 2020; 

Yuen et al., 2020). The coronavirus genome is surrounded by 

a helical capsid and an envelope; the spike protein forms large 

protrusions in the envelope in the shape of a crown, which 

gives the virus a coronal appearance. The word ‗corona‘ in 

Latin means crown. The large SARS-CoV-2 genome, a 

polyadenylated RNA of 29,727 nucleotides, which is capped, 

infectious and encodes four major viral structural components, 

the spike glycoprotein (S), envelope (E), membrane (M), and 

nucleocapsid (N) proteins, and 16 non-structural proteins 

(Bartlam et al., 2007; Suresh et al., 2008; Shin et al., 2020). 

The spike glycoprotein (S)  is an attractive target for the 

vaccine production because it facilitates viral entry into the 

host cell during the virus infection process (Shin et al., 2020).  

The spike  glycoprotein (S) protein of the coronavirus is the 

major target for neutralizing antibodies. The two spike 

glycoprotein subdomains, S1 and S2, are responsible for the 

host cell angiotensin-converting enzyme 2 (ACE2) receptor 

binding and host cell membrane fusion, respectively (Shin et 

al., 2020). S1 contains the receptor-binding domain (RBD) 

and S2 the fusion machinery enabling virus entry into the host 

cell following coronavirus (covid-19) infection (Shin et al., 

2020). The receptor-binding domain (RBD) is immunogenic 

and is a major neutralizing determinant. Therefore, spike 

glyco protein (S) antigens have become an important focus of 

many serological studies (Burgers et al., 2020). 

13).  Life cycle of coronavirus 

In general, coronavirus life cycle is divided into 3 distinct 

stages; 1) Entry (attachment, penetration and uncoating), 2) 

Genome replication, and 3) Exit (Virion assembly and 

Release) (V‘kovski et al., 2020; Hoffmann et al., 2020; 

Perlman and Netland, 2009; Shang   et al., 2020; Masters, 

2006; Li et al., 2003;Yamauchi and Helenius, 2013). The 

initial steps of coronavirus infection involve the specific 

binding of the coronavirus spike (S) protein to the cellular 

entry receptors, which have been identified for several 

coronaviruses and include human amino peptidase N (APN; 

HCoV-229E), angiotensin-converting enzyme 2 (ACE2; 

HCoV-NL63, SARS-CoV and SARS-CoV-2) and di-peptidyl 

peptidase-4 (DPP4; MERS-CoV) (V‘kovski et al., 2020; 

Hoffmann et al., 2020; Perlman and Netland, 2009; Shang   

et al., 2020; Masters, 2006; Li et al., 2003). 

In a fluorescent study, it was confirmed that the SARS-CoV-2 

also uses the same ACE2 (angiotensin-converting enzyme 2) 

cell receptor and mechanism for  entry to the host cell which 

is previously used by the SARS-CoV (V‘kovski et al., 2020; 

Hoffmann et al., 2020; Perlman and Netland, 2009; Shang 

et al., 2020; Masters, 2006; Li et al., 2003; Gralinski and 

Menachery, 2020; Xu et al., 2020; Shereen et al., 2020). 

Following attachment of the virus particle on the target cells, 

the next step is the penetration into the cytoplasm (Yamauchi 

and Helenius, 2013). The mechanism for the penetration 

differs, whether enveloped or not. For enveloped viruses, one 

of the following two mechanisms is used: direct fusion and 

receptor-mediated endocytosis (V‘kovski et al., 2020; 

Hoffmann et al., 2020; Perlman and Netland, 2009; Shang 

et al., 2020; Masters, 2006; Li et al., 2003). 

During the intracellular life cycle, coronaviruses express and 

replicate their genomic RNA to produce full-length copies 

that are incorporated into newly produced viral particles 

(V‘kovski et al., 2020; Hoffmann et al., 2020; Perlman and 

Netland, 2009; Shang   et al., 2020; Masters, 2006; Li et al., 

2003). The release of the coronavirus genome into the host 

cell cytoplasm upon entry marks the onset of a complex 

programme of viral gene expression, which is highly regulated 

in space and time (V‘kovski et al., 2020; Hoffmann et al. 
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2020; Perlman and Netland, 2009; Shang   et al. 2020; 

Masters, 2006; Li et al., 2003; Singhal et al., 2020).   

For non enveloped naked viruses, receptor mediated 

endocytosis is used for penetration. Following successful 

penetration inside cells, the coronavirus particles need to get 

to an appropriate site in the cell for genome replication 

(V‘kovski et al., 2020; Hoffmann et al., 2020; Perlman and 

Netland, 2009; Shang et al., 2020; Masters, 2006; Li et al., 

2003). This process is termed intracellular trafficking. In fact, 

the biological importance of the cytoplasmic trafficking was 

not realized until the invention of live cell imaging technology 

(V‘kovski et al., 2020; Hoffmann et al., 2020; Perlman and 

Netland, 2009; Shang   et al., 2020; Masters, 2006; Li et al., 

2003).  As the coronavirus particles approach to the site of 

replication, from the cell periphery to the perinuclear space, 

the viral genome becomes exposed to cellular machinery for 

viral gene expression, a process termed uncoating (V‘kovski 

et al., 2020; Hoffmann et al., 2020; Perlman and Netland, 

2009; Shang   et al., 2020; Masters, 2006; Li et al., 2003). 

Uncoating is often linked with the endocytic route or 

cytoplasmic trafficking (Yamauchi and Helenius, 2013). The 

viral genome replication strategies are distinct from each other 

among the virus families (Yamauchi and Helenius, 2013).  In 

fact, the genome replication mechanism is the one that defines 

the identity of each virus family (Yamauchi and Helenius, 

2013). In general, the virus uses the host cell machinery for 

the replication process and replicate enormously (V‘kovski et 

al., 2020; Hoffmann et al., 2020; Perlman and Netland, 2009; 

Shang  et al., 2020; Masters, 2006; Li et al., 2003). 

However, all viruses, without exception, entirely rely on host 

translation machinery, ribosomes, for their protein synthesis 

(Yamauchi and Helenius, 2013; Gralinski and Menachery, 

2020; Xu et al., 2020; Shereen et al., 2020; Singhal et al., 

2020). Exit can be divided into three steps: capsid assembly, 

release, and maturation. The virus particles are released via 

cell lysis of the infected cells. Thus, no specific exit 

mechanism is necessary, because the cell membrane that traps 

the assembled virus particles are dismantled (Yamauchi and 

Helenius, 2013; V‘kovski et al., 2020; Hoffmann et al., 2020; 

Perlman and Netland, 2009; Shang et al., 2020; Masters, 

2006; Li et al., 2003; Gralinski and Menachery, 2020; Xu et 

al., 2020; Shereen et al., 2020). Viruses, being intracellular 

parasites, rely on hosts for their propagation (Yamauchi and 

Helenius, 2013). Through evolution, viruses have acquired the 

abilities to subvert the host functions to comply with their 

needs (V‘kovski et al., 2020; Hoffmann et al., 2020; Perlman 

and Netland, 2009; Shang et al., 2020; Masters, 2006; Li 

et al., 2003; Yamauchi and Helenius, 2013). 

 14). Coronavirus: Synthetic drugs 

Synthetic drugs such as Ivermectin (potent inhibitor of SARS-

CoV-2 infections with excellent ability to suppress pathogenic 

virus against in vero-hSLAM cells model) (Farooq and Ngain, 

2020). Remdesivir, Chloroquine, Hydroxychloroquine, 

Favipiravir/Favilavir have not given satisfactory results when 

used as antiviral agent against SARS-Co2 (Farooq and Ngain, 

2020). Camostat mesilate (CM), was developed in Japan as a 

a serine protease inhibitor in the 1980s (Uno, 2020; Hoffmann 

et al., 2020; Farooq and Ngain, 2020). Camostat mesilate 

(CM), an inhibitor of TMPRSS2, blocked the spread and 

pathogenesis of SARS-CoV in a pathogenic mouse model and 

would be expected to show similar effect in MERS-CoV 

(Uno, 2020; Hoffmann et al., 2020; Farooq and Ngain, 2020). 

Nafamostat mesylate inhibits TMPRSS2-dependent host cell 

entry of MERS-CoV (Hoffmann et al., 2020). Gabexate 

mesylate slightly inhibited SARS-CoV-2 S-driven host cell 

entry while camostat mesylate robustly suppressed entry 

(Hoffmann et al., 2020; Farooq and Ngain, 2020).  Therefore, 

these compounds should be evaluated in clinical trials as a 

COVID-19 treatment. 

15). coronavirus: Herd Immunity 

Herd immunity, also known as indirect protection, community 

immunity, or community protection, refers to the protection of 

susceptible individuals against an infection when a 

sufficiently large proportion of immune individuals exist in a 

population (Omer et al., 2020; Anderson et al., 2020; Britton 

et al., 2020).  In other words, herd immunity is the inability of 

infected individuals to propagate an epidemic outbreak due to 

the lack of contact with sufficient numbers of susceptible 

individuals (Omer et al., 2020; Anderson et al., 2020; Britton 

et al., 2020). 

Herd immunity occurs when a large portion of a community 

(the herd) becomes immune to a disease, making the spread of 

the disease from one person to another person unlikely (Omer 

et al., 2020; Anderson et al., 2020; Britton et al., 2020). As a 

result, the whole community becomes protected not just those 

who are immune. A percentage of the population must be 

capable of getting a disease in order for it to spread (Omer et 

al., 2020; Anderson et al., 2020; Britton et al., 2020). This is 

called a threshold proportion. If the proportion of the 

population that is immune to the disease is greater than this 

threshold, the spread of the disease will decline(Omer et al., 

2020; Anderson et al., 2020; Britton et al., 2020). This is 

known as the herd immunity threshold. There are two paths to 

herd immunity for COVID-19 vaccines and infection (Omer 

et al., 2020; Anderson et al., 2020; Britton et al.. 2020). A 

vaccine for the virus that causes COVID-19 (SARS-CoV-2) 

would be an ideal approach to achieving herd immunity 

(Omer et al., 2020; Anderson et al., 2020; Britton et al., 2020). 

Using the concept of herd immunity, vaccines have 

successfully controlled deadly contagious diseases such as 

smallpox, polio, diphtheria, rubella and many others (Omer et 

al., 2020; Anderson et al., 2020; Britton et al., 2020). Herd 

immunity can also be reached when a sufficient number of 

people in the population have recovered from a disease and 

have developed antibodies against future infection (natural 

infection) (Omer et al., 2020; Anderson et al., 2020; Britton et 

al., 2020). 
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16)  Coronavirus vaccine 

Following is the list of available vaccines for SARS-CoV-2 

and approved for the immunization programme to combat the 

viral disease covid-19. 

1. The ChAdOx1 nCoV-19 vaccine (AZD1222) was 

developed at Oxford University(UK) -AstraZeneca, 

and consists of a replication-deficient chimpanzee 

adenoviral vector ChAdOx1, containing the SARS-

CoV-2 structural surface glycoprotein antigen (spike 

protein; nCoV-19) gene (Voysey et al., 2021; Folegatti 

et al., 2020; Barrett et al., 2020; Ewer et al., 2020; 

Ramasamy and Minassian, 2020). Oxford University. 

London, UK has entered into a partnership with 

AstraZeneca for further development of ChAdOx1 

nCoV-19 (Voysey et al. , 2021; Barrett et al., 2020; 

Ewer et al., 2020). 

2. COVISHIELD: SII‘s Recombinant Chimpanzee 

Adenovirus vector vaccine, Covishield, encodes the 

SARS-CoV-2 Spike (S) glycoprotein with technology 

transfer from AstraZeneca-Oxford University for the 

first made-in-India vaccine,  COVISHIELD,  Serum 

Institute of India, Pune, Maharashtra, India. 

3. Covaxin (inactivated whole virus vaccine), Bharath 

Biotech, Hyderabad, Telangana, India.  COVAXIN
TM

, 

India
'
s indigenous COVID-19 vaccine by Bharat 

Biotech is developed in collaboration with the Indian 

Council of Medical Research (ICMR) - National 

Institute of Virology (NIV). The indigenous, 

inactivated vaccine is developed and manufactured in 

Bharat Biotech
'
s BSL-3 (Bio-Safety Level 3) high 

containment facility. 

4. Pfizer-BioNTech COVID-19 (mRNA vaccine) 

(Tozinameran or BNT162b2) is used to prevent 

COVID-19.  The Pfizer-BioNTech COVID-19 vaccine 

is manufactured by Pfizer Inc, USA and BioNTech 

Inc., Manufacturing GmbH, Germany. initial efficacy 

results of 95% in their primary analysis 

(Pfizer/BioNTech) (Pfizer. Pfizer and BioNTech, 

2020). 

5. Moderna COVID-19 vaccine (mRNA-1273) is used to 

prevent coronavirus SARS-CoV-2 (COVID-19). The 

Moderna COVID-19 mRNA vaccine is manufactured 

by Moderna Therapeutics Inc, Cambridge, 

Massachusetts, USA. (Baden  et al.  2020; Moderna 

COVID-Vaccine (mRNA-1273) (mRNA-based 

vaccin), Moderna, BARDA, NIAID, USA) (Baden  et 

al.  2020). Initial efficacy results of 94·5%  (Baden  et 

al.  2020; Moderna, 2020). The vaccine (The 

investigational vaccine known as mRNA-1273 was co-

developed by Moderna, Inc., a biotechnology company 

based in Cambridge, Massachusetts, USA and the 

National Institute of Allergy and Infectious Diseases 

(NIAID), part of the National Institutes of Health, USA 

(Baden  et al.,  2020). 

6. Sputnik V (Non-replicating viral vector), Gamaleya 

Research Institute, Acellena Contract Drug Research   

and Development, Russia (The Gamaleya National 

Centre, 2020) 

7. EpiVacCorona (Peptide vaccine), Federal Budgetary 

Research Institution, State Research Center of 

Virology and Biotechnology, Russia. 

8. BBIBP-CorV (Inactivated vaccine), Beijing Institute of 

Biological Products; China National Pharmaceutical 

Group (Sinopharm), China 

9. Comirnaty (BNT162b2) ( mRNA-based vaccine), 

Pfizer, BioNTech; Fosun Pharma, Multinational. 

10. Covovax- (It's a protein subunit vaccine, and uses 

nanoparticles): The Serum Institute of India (SII), 

Pune, Maharashtra, India hopes to launch Covovax — 

developed in partnership with American vaccine 

developer Novavax, Gaithersburg, Maryland, USA 

11. Novavax candidate vaccine, (NVX-CoV2373) 

Novavax, Inc. (Nasdaq: NVAX) is a biotechnology 

company, Gaithersburg, Maryland, USA (Tian et al., 

2021) 

i. NVX-CoV2373 is a vaccine candidate engineered from 

the genetic sequence of SARS-CoV-2, the virus that 

causes COVID-19 disease. NVX-CoV2373 was 

created using Novavax‘ recombinant nanoparticle 

technology to generate antigen derived from the 

coronavirus spike (S) protein and contains Novavax‘ 

patented saponin-based Matrix-M™ adjuvant to 

enhance the immune response and stimulate high levels 

of neutralizing antibodies. NVX-CoV2373 contains 

purified protein antigen and cannot replicate, nor can it 

cause COVID-19 (Tian et al., 2021). 

 

17). Plants used as immunity booster, antiviral activity and 

inhibited the activity of  coronavirus (SARS-CoV-2)  

during  recent (2019-2020)  outbreak 

1) Turmeric (Curcuma longa L.) (Haladi; Arashina in 

Kannada) is a rhizomatous herbaceous perennial plant 

belonging to the ginger family Zingiberaceae, which is native 

to tropical South Asia (Prasad and Aggarwal, 2011; Ammon 

and Wahl, 1991; Apisariyakul et al., 1995; Araujo and  Leon,  

2001; Arora et al., 1971; Dixit et al., 1988). Turmeric 

(Curcuma longa L.) has been widely used as a common 

household remedy for cough, sore throat and respiratory 

ailments in Asia (Gupta et al., 2020; Prasad and Aggarwal, 

2011; Ammon and Wahl, 1991; Apisariyakul et al., 1995; 

Araujo and  Leon,  2001; Arora et al., 1971; Dixit et al., 

1988).   

During recent covid-19 outbreak, Turmeric (Curcuma longa 

L.) in hot water or milk was given to patients everyday 

suffering from high fever, throat infections for preventing 

further infections (Singh et al., 2021; Thota et al., 2020; 

Zahedipour  et al., 2020; Brendler  et al., 2020; Manoharan et 

al., 2020; Jia et al ., 2005; Li et al., 2017; Rocha and Assis, 

2020; Pang et al., 2015; Das et al., 2020; Praditya et al., 2019; 

https://www.modernatx.com/
https://www.phe.gov/about/barda/Pages/default.aspx
https://www.niaid.nih.gov/
http://www.sinopharm.com/1156.html
http://www.sinopharm.com/1156.html
http://www.sinopharm.com/1156.html
https://www.pfizer.com/
https://biontech.de/
https://www.fosunpharma.com/en/


International Journal of Research and Scientific Innovation (IJRSI) | Volume VIII, Issue II, February 2021 | ISSN 2321–2705 

 

www.rsisinternational.org Page 146 
 

Roy et al., 2020). It is reported that, curcumin exerts antiviral 

activities against broad spectrum of viruses including HIV, 

HSV-2, HPV viruses, Influenza virus, Zikavirus, Hepatitis 

virus and Adenovirus (Gupta et al., 2020; Manoharan et al., 

2020; Zahedipour  et al., 2020; Thota et al., 2020; Jia et al ., 

2005; Rocha and Assis, 2020; Li et al., 2017; Pang et al., 

2015; Das et al., 2020; Praditya et al., 2019). Furthermore, a 

hypothetical treatment strategy of using curcumin as (1) 

potential inhibitory agent blocking the host viral interaction 

(viral spike protein—ACE2 receptor) at an entry site in 

humans and (2) as an attenuator via modulating the 

proinflammatory effects of Angiotensin II-AT1 receptor-

signalling pathways reducing respiratory distress in the 

treatment of COVID19 (Singh et al., 2021; Zahedipour  et al., 

2020; Brendler  et al., 2020; Rocha and Assis, 2020; 

Manoharan et al., 2020; Jia et al.,  2005; Li et al., 2017; Pang 

et al., 2015; Das et al., 2020; Praditya et al., 2019).  

Numerous curcumin derivatives have been evidenced to have 

antiviral properties (Singh et al., 2021; Gupta et al., 2020; 

Thota et al., 2020;  Manoharan et al., 2020; Roy et al., 2020; 

Rocha and Assis, 2020; Brendler  et al., 2020). A study using 

In silico approach involving docking and stimulation, 

demonstrated the dual binding affinity of polyphenolic 

compounds in which both the viral S protein and ACE2 binds 

to curcumin (Manoharan et al., 2020; Jia et al., 2005; Li et al., 

2017; Pang et al., 2015; Das et al., 2020; Praditya et al., 

2019). Binding of curcumin to receptor-binding domain 

(RBD) site of viral S protein and also to the viral attachment 

sites of ACE2 receptor, demonstrated that curcumin can act as  

a potential inhibitory agent antagonizing the entry of SARS-

CoV-2 viral protein (Thota et al., 2020; Rocha and Assis, 

2020; Roy et al., 2020; Zahedipour  et al., 2020; Manoharan et 

al., 2020; Jia et al 2005; Li et al., 2017; Pang et al., 2015; Das 

et al., 2020; Praditya et al., 2019; Brendler  et al., 2020; Singh 

et al., 2021). 

The emulsion form of topical application of curcumin may 

also effectively prevent the SARS-CoV-2 infection in 

humans, as the viral entry site of ACE2 receptor is 

predominantly distributed at the nasal cells, mucosal surface 

of respiratory tract and eyes (Rocha and Assis, 2020; 

Manoharan et al., 2020; Jia et al., 2005; Li et al., 2017; Pang 

et al., 2015; Das et al., 2020; Praditya et al., 2019; Brendler  et 

al., 2020). Nutritional supplements of curcumin with vitamin 

C and zinc have showed promising results in boosting the 

natural immunity and protective defense mechanism against 

the SARS-CoV-2    infections, which have been noted in 

many hospitalized patients in Indian setting (Gupta et al., 

2020; Manoharan et al., 2020; Jia et al., 2005; Li et al., 2017; 

Pang et al., 2015; Das et al., 2020; Praditya et al., 2019). It is 

also noted that pharmacological formulation of curcumin in 

nanoemulsion system proved increased solubility and 

bioavailability and with enhanced antihypertensive effect 

(Thota et al., 2020; Manoharan et al., 2020; Jia et al., 2005; Li 

et al., 2017; Pang et al., 2015; Das et al., 2020; Praditya et al., 

2019). Therefore, the mode of drug delivery system of 

curcumin could be considered while formulating the 

pharmaceutical products and its application as a preventive 

measures in the inhibition of transmission of SARS-COV-2 

infection among humans (Manoharan et al., 2020; Jia et al., 

2005; Li et al., 2017; Pang et al., 2015; Das et al., 2020; 

Praditya et al., 2019). However, further large scale clinical 

trials are warranted to understand the usefulness of curcumin 

for the pharmacological applications in nanoemulsion system.  

Hence curcumin as an antiviral and anti-inflammatory agent 

can be helpful for both prevention and treatment of new 

emerging coronavirus (Singh et al., 2021; Zahedipour et al., 

2020; Brendler  et al., 2020; Thota et al., 2020). 

Studies using neuraminidase activation assay showed that five 

active curcumin derivatives decreased H1N1‐induced 

neuraminidase activation in H1N1-infected lung epithelial 

cells (Gupta et al., 2020; Manoharan et al., 2020). 

Tetramethylcurcumin and curcumin even down regulates 

nucleoprotein expression (Gupta et al., 2020; Richart et al.,  

2018; Lai et al., 2020). Various researchers have found that 

turmeric derivatives useful in the management of influenza 

virus infections (Gupta et al., 2020; Richart et al., 2018; Lai et 

al., 2020).  Richart et al., (2018) observed that 

monoacetylcurcumin and curcumin both inhibited influenza 

virus infection, but via different pathways (Manoharan et al., 

2020; Gupta et al., 2020; Richart et al., 2018; Lai et al., 2020). 

Significant antiviral activity of turmeric against H5N1 (highly 

pathogenic avian influenza) virus in Madin–Darby 

canine kidney (MDCK) cells in vitro by interfering with viral 

haemagglutination (HA) activity has also been observed 

(Gupta et al., 2020; Richart et al., 2018; Lai et al., 2020). The 

effects of anti‐H5N1 virus activity by turmeric extracts were 

demonstrated by the upregulation in the tested MDCK cells of 

the mRNA expression of the genes for tumour necrosis 

factor‐α and interferon‐β, which are potent antiviral agents 

(Gupta et al., 2020; Richart et al., 2018; Lai et al., 2020). 

Curcumin has been found to be beneficial in other viral 

disorders such as AIDS due to its inhibitory activity against 

HIV protease along with its synergistic action on other 

therapeutic drugs (Singh et al., 2021; Manoharan et al., 2020; 

Gupta et al., 2020; Richart et al., 2018; Lai et al., 2020; Prasad 

and Tyagi, 2015). It has also been shown to inhibit other 

viruses such as hepatitis B, hepatitis C, zika, chikungunya and 

dengue (Gupta et al., 2020; Richart et al., 2018; Lai et al., 

2020; Prasad and Tyagi, 2015). Respiratory distress syndrome 

with hypercytokinaemia and multi organ failure is the leading 

cause of mortality with COVID-19 (Gupta et al., 2020; 

Richart et al., 2018; Lai et al., 2020; Prasad and Tyagi, 2015). 

Curcumin has been found to attenuate influenza A 

virus‐induced lung tissue injury by blocking nuclear factor κB 

signalling and inhibiting the production of inflammatory 

cytokines (Gupta et al., 2020; Richart et al., 2018; Lai et al., 

2020; Prasad and Tyagi, 2015; Singh et al., 2021). Curcumin 

is a natural ligand of peroxisome proliferator‐activated 

receptor‐γ, which represses the inflammatory process by 

reducing cytokine production. Therefore, curcumin might play 
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a similar role of protection against lung injury associated with 

COVID (Gupta et al., 2020; Richart et al., 2018; Lai et al., 

2020; Prasad and Tyagi, 2015; Ciavarella et al., 2020; 

Manoharan et al., 2020; Singh et al., 2021).  

In conclusion,  curcumin could be used as a supportive 

therapy in the treatment of COVID19 disease in any clinical 

settings to circumvent the lethal effects of SARS-CoV-2 

(Singh et al., 2021; Zahedipour  et al., 2020; Brendler  et al., 

2020; Manoharan et al., 2020; Jia et al., 2005; Li et al., 2017; 

Pang et al., 2015; Das et al., 2020; Praditya et al., 2019; Gupta 

et al., 2020). 

2) In India, the combination of Ginger-Mulethi Tea is a 

soothing remedy for sore throat, cold, and cough and acts as a 

immunity booster. Ginger (Aadrak or Shunti) (Zingiber 

officinale) and Mulethi or Liquorice (Glycyrrhiza glabra) are 

two such plant spices that are being used in a number of tea-

blends, and it's not just for the kick of flavours (Bhat et al., 

2010). 

Ginger (Zingiber officinale) belongs to family Zingiberaceae 

is a herbaceous perennial flowering plant whose rhizome, 

ginger root or ginger, is widely used as a spice and a folk 

medicine (Thota et al., 2020; Grzanna et al., 2005; Bhat et al., 

2010).  Ginger (Zingiber officinale) has a powerful 

antioxidant and anti-inflammatory properties that are not only 

averts the risk of cold and flu, but also helps to manage the 

symptoms (Grzanna et al., 2005; Bhat et al., 2010; Singh et 

al., 2021). The active constituent "Gingerol has analgesic, 

sedative, antipyretic and antibacterial effects; another 

component zingerone is an antioxidant." (Grzanna et al., 2005; 

Bhat et al., 2010; Thota et al., 2020; Singh et al., 2021). 

Mulethi (liquorice) (Glycyrrhiza glabra) is a flowering plant 

of the bean family  Fabaceae is also called as Yashtimadhu in 

Ayurveda. It is an important herb used in the Indian 

medicines, home remedies, folk medicines and Ayurveda 

(Damle, 2014; Kataria et al., 2013; Saxena, 2005). The herb 

Mulethi or Liquorice (Glycyrrhiza glabra) is also a treasure of 

antioxidants that helps to combat the dangerous free radical 

activity that causes premature ageing of cells and takes a toll 

on immunity as well (Damle, 2014; Kataria et al., 2013; 

Saxena, 2005). Mulethi or Liquorice (Glycyrrhiza glabra) 

helps to develop immunity naturally, and has a balmy effect 

on your throat and inflamed tracts (Damle, 2014; Kataria et 

al., 2013; Saxena, 2005).  

Glycyrrhizin is the major component responsible for the 

sweet-tasting constituent of Glycyrrhiza glabra (Mulethi or 

Liquorice) root, has been tested against eleven flaviviruses 

including DENV-1, DENV-2, and DENV-3 (dengue) (Crance 

et al., 2003; Teixeira et al., 2014). This antiviral compound 

glycyrrhizin has already been used in patients in the treatment 

of other diseases (Crance et al., 2003; Teixeira et al., 2014). 

The use of Mulethi or Liquorice (Glycyrrhiza glabra)  is 

known to boost immunity, and  helped the body to produce 

lymphocytes and macrophages that protect the body from 

microbes, pollutants, allergens and cells that causes the 

autoimmune diseases (Damle, 2014; Kataria et al., 2013; 

Saxena, 2005). Therefore, a well‐defined randomized studies 

should be performed to evaluate the efficacy of Mulethi or 

Liquorice (Glycyrrhiza glabra)  derivatives against SARS-

CoV‐2 and to assess its value as a possible treatment for this 

deadly coronavirus. 

3) Initial studies in China showed that, the alcoholic extract of 

sweet wormwood (Artemisia annua) was the second most 

potent herbal medicine used on the 2005, SARS-CoV 

outbreak (Kapepula et al., 2020; Haq et al., 2020; Thota et al., 

2020).  The tonic, based on the plant Artemisia annua, 

belongs to a family of Asteraceae which has anti-malarial 

properties (Kapepula et al., 2020; Haq et al., 2020; Singh et 

al., 2021).  Antimalarial drugs led to the discovery of 

artemisinin, a compound which is extracted from Artemisia 

annua (Kapepula et al., 2020; Haq et al., 2020).).  The plant 

parts have been used for the preparation of a tonic COVID-19 

Organics, Malagasy Institute of Applied Research has been 

used as a immunity booster for the patients suffering from 

covid-19 (Kapepula et al., 2020; Haq et al., 2020). The 

clinical trials of this medicinal plant yet to be conducted. 

Artemisia annua extracts showed a very little toxicity and 

artemisinin-based drugs were widely used to treat malaria 

even in newborns (Kapepula et al., 2020;  Haq et al., 2020). 

Further pre-clinical and clinical trials need to be done for the 

evaluation of safety and efficacy of this polyherbal 

formulation (Kapepula et al., 2020; Haq et al., 2020). 

4) Azidarachta indica (Neem) belongs to family Meliaceae. 

Neem is a fast-growing tree with a final height in the range of 

15–20 m (Malabadi et al., 2018).   It is native to India and 

grows throughout tropical and semi-tropical regions 

(Malabadi et al., 2018).  The aqueous extract of  Azidarachta 

indica (Neem) leaves has been given to the patients suffering 

from coronavirus high fever since Azidarachta indica (Neem) 

has antiviral, antifungal and antibacterial properties (Thota et 

al., 2020; Singh et al., 2021).   In vitro and in vivo inhibitory 

potential of crude aqueous extract of Azidarachta indica 

(neem) leaves and pure neem compound (Azadirachtin) on the 

replication of dengue virus type-2 has been reported (Singh et 

al., 2021; Parida et al., 2002; Malabadi et al., 2018). 

Azidarachta indica (Neem)  is also  widely used as an 

immunity booster (Singh et al., 2021; Thota et al., 2020). The 

clinical trials of Azidarachta indica (neem) in case of 

coronavirus outbreak  (SARS-CoV-2) are yet to be concluded 

(Singh et al., 2021; Thota et al., 2020). However, well-

designed clinical trials are needed to demonstrate the potential 

efficacy of neem against SARS-CoV-2 infection and its 

ensuing complications (Singh et al., 2021; Thota et al., 2020). 

5) Tulsi (Ocimum sanctum) belongs to basil family Lamiaceae 

(tribe ocimeae), is an aromatic shrub originated in India (Bast 

et al., 2014; (Malabadi et al., 2018). Tulsi (Ocimum sanctum) 

being antiviral in nature frequently consumed as a herbal tea 

or chai acts as a preventive botanical medicine against dengue 

fever (DF) (Tang et al., 2012; Mondal et al., 2009, 2011; 

Malabadi et al., 2018). The aromatic leaf of Tulsi (Ocimum 

https://en.wikipedia.org/wiki/Zingiberaceae
https://en.wikipedia.org/wiki/Flowering_plant
https://en.wikipedia.org/wiki/Asteraceae
https://en.wikipedia.org/wiki/Artemisinin
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sanctum) can be a primary line of defence  preventing the 

infection of COVID-19 (Singh et al., 2021; Thota et al., 2020; 

Malabadi et al., 2018). 

Natural products have the potential to serve as prophylactic 

agents in  populations that are at risk to develop COVID-19 

infection (Singh et al., 2021; Thota et al., 2020).  Natural 

products like ginger, turmeric, garlic, onion, cinnamon, 

lemon, neem basil and black pepper have been scientifically 

proven to have therapeutic benefits against acute respiratory 

tract infections including pulmonary fibrosis, diffuse alveolar 

damage, pneumonia, and acute respiratory distress syndrome, 

as well as associated septic shock, lung and kidney injury, all 

of which are symptoms associated with COVID-19 infection 

(Singh et al., 2021; Thota et al., 2020). 

6) Guduchi or Giloy (Tinospora cordifolia) (Amruthballi in 

Kannada)  belonging to family Menispermaceae is a 

genetically diverse, large, deciduous climbing shrub with 

greenish yellow typical flowers, found at higher altitude 

(Kumar  et al., 2017; Dhama et al., 2017; Saha and Ghosh, 

2012; Rana et al., 2012; Parthipan et al., 2011; Rastogi et al., 

2020; Sharma et al., 2012). Guduchi or Giloy (Tinospora 

Cordifolia) is a very important medicinal plant found in the 

Western Ghat Forest, Karnataka (Kumar  et al., 2017; Dhama 

et al., 2017; Saha and Ghosh, 2012; Rana et al., 2012; 

Parthipan et al., 2011; Rastogi et al., 2020; Sharma et al., 

2012).  

The climber growing   over walls, hedges and trees is a 

familiar sight in Mysuru city, Karnataka (Kumar  et al., 2017;  

Saha and Ghosh, 2012). Consuming Guduchi or Giloy 

(Tinospora Cordifolia)   juice can help you to get rid of fever, 

which is one of the signs of COVID-19. Its anti-inflammatory 

properties helped in tackling respiratory problems like cough, 

cold, and breathing problems (Kumar et al., 2017). 

In one of the recent study, Guduchi Ghan Vati (Tinospora 

Cordifolia) (Ayurveda preparation) was effective in clearing 

viral nasopharyngeal carriage of COVID-19 patients under 

medical observation within 5 days (Rastogi et al., 2020; 

Kumar et al., 2020). These results are of great importance  

since mean duration of viral shedding in patients suffering 

from COVID-19 in asymptomatic to mild symptoms is 14-21 

days (even 37 days for the longest duration) (Kumar et al., 

2020). Previous study also confirmed that asymptomatic 

patients have longer treatment cycle (16 days) compared to 

moderate Covid-19 case (13 days) (Kumar et al., 2020). 

Therefore, this study shortened the treatment period to 6 days 

in asymptomatic Covid-19 confirmed cases those who used 

Ayurveda intervention (Kumar et al., 2020). There is no 

previous clinical study available on efficacy of Ayurveda 

treatment for Covid-19 (Kumar et al., 2020). Further 

Ayurveda herb Guduchi or Giloy (Tinospora cordifolia) used 

in this experimental study is widely available worldwide with 

no side effects reported (Kumar et al., 2020). 

Therefore, this study recommends that COVID-19 

asymptomatic patients can be treated with Guduchi or Giloy 

(Tinospora cordifolia)  to cure their viral infection and to limit 

the transmission of the coronavirus to other people in order to 

curb the spread of COVID-19 in the world (Kumar et al., 

2020). In conclusion, first data on the efficacy and safety of 

Guduchi Ghant Vati (Tinospora Cordifolia) (Ayurveda 

Preparation) on asymptomatic Covid-19 patients has been 

conducted. Furthermore, the potential of Guduchi Ghan Vati 

(Tinospora cordifolia) treatment may also reduce the duration 

of viral shedding and prevent the disease from worsening 

symptoms or clinical condition (Kumar et al., 2020). This 

study could help in the management of the Covid-19 outbreak  

and further  clinical trials should be conducted for the 

scientific validation (Kumar et al., 2020).  

7) Kutki (Picrorhiza kurroa) Royle ex Benth, belongs to 

family Scrophulariaceae is found in the Himalayan regions of 

India, Bhutan, Nepal,  China and Pakistan (Rathee et al., 

2012; Kumar et al., 2010; Patial et al., 2012; Masood et al., 

2015).   It is considered as an important medicinal plant which 

is mostly used in the traditional medicinal system for asthama, 

jaundice, fever, malaria, snake bite and liver disorders (Rathee 

et al., 2012; Kumar et al., 2010; Patial et al., 2012; Masood et 

al., 2015). The oral cosumption of rhizome part of Kutki 

(Picrorhiza kurroa) during covid-19 outbreak has helped 

patients as a immunity booster preventing further infections of 

coronavirus. The results of clinical trials are yet to be 

conducted. 

8) Triphala (Sanskrit; tri = three and phala = fruits) is a well 

recognized polyherbal medicine consisting of dried fruits of 

the three plant species Emblica officinalis (Family 

Euphorbiaceae), Terminalia bellerica (Family 

Combretaceae), and Terminalia chebula (Family 

Combretaceae) that are native to the Indian subcontinent 

(Peterson et al., 2017; Pulok et al., 2005; Shanbag, 2015; 

Belapurkar et al., 2014). Triphala (an ayurvedic herbal 

Rasayana) is a rich source of vitamin C and flavonoids 

(Peterson et al., 2017; Pulok et al., 2005; Shanbag, 2015; 

Belapurkar et al., 2014). Triphala (an ayurvedic herbal 

Rasayana) was also used as a immunity booster since Triphala 

is a rich source of vitamin C during covid-19 outbreak to 

prevent further coronavirus infections. Triphala is a powerful 

polyherbal formula which provides therapeutic value for 

multiple pathologies including stress reducing potential 

(Peterson et al., 2017; Pulok et al., 2005; Shanbag, 2015; 

Belapurkar et al., 2014). Both Triphala water decoctions 

(12%) and ethanol extracts (14%) have demonstrated 

antibacterial activity in vitro against bacterial isolates derived 

from patients infected with human immunodeficiency virus 

(Peterson et al., 2017; Pulok et al., 2005; Shanbag, 2015; 

Belapurkar et al., 2014). 

Triphala is classified as a tridoshic rasayana in Ayurvedic 

medicine as it promotes longevity and rejuvenation in patients 

of all constitutions and ages (Peterson et al., 2017; Pulok et 

al., 2005; Shanbag, 2015; Belapurkar et al., 2014; Pradeep et 

al., 2016). Triphala has been used traditionally in Ayurvedic 

medicine as an antimicrobial agent (Peterson et al., 2017; 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23661861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23661861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23661861


International Journal of Research and Scientific Innovation (IJRSI) | Volume VIII, Issue II, February 2021 | ISSN 2321–2705 

 

www.rsisinternational.org Page 149 
 

Pulok et al., 2005; Shanbag, 2015; Belapurkar et al., 2014). 

Numerous controlled clinical trials have shown that Triphala 

significantly reduces the abundance of oral bacteria, dental 

plaque, and gingivitis in human subjects in addition to 

antimicrobial effects against oral bacteria (Pradeep et al., 

2016; Peterson et al., 2017; Pulok et al., 2005; Shanbag, 2015; 

Belapurkar et al., 2014). Triphala has also been demonstrated 

the potential to eradicate enteric pathogens in vitro (Peterson 

et al., 2017; Pulok et al., 2005; Shanbag, 2015; Belapurkar et 

al., 2014).  

9) Amla  (Phyllanthus emblica) Indian gooseberry and Aloe 

vera (Aloe barbadensis) juice 

Amla (Phyllanthus emblica) or Emblica officinalis Gaertn  

belongs to family  Euphorbiaceae is widely used in the Indian 

system of medicine and believed to increase defensive against 

viral, bacterial and fungal diseases (Kulkarni and Ghurghure, 

2018; Khan, 2009; Srivasuki, 2012).  Amla juice is used as a 

immunity booster. Amla is a very rich source of vitamin C 

(Kulkarni and Ghurghure, 2018; Khan, 2009; Srivasuki, 

2012).    In Ayurveda, amla is considered to be a potent 

rejuvenator and immunomodulator effective in stalling 

degenerative processes and senescence, and to promote 

longevity, enhance digestion, treat constipation, reduce fever 

and cough, alleviate asthma, strengthen the heart, benefit the 

eyes, stimulate hair growth, enliven the body, and enhance 

intellect (Kulkarni and Ghurghure, 2018; Khan, 2009; 

Srivasuki, 2012). 

The botanical name of Aloe vera is Aloe barbadensis miller. It 

belongs to Asphodelaceae (Liliaceae) family, which is a 

shrubby or arborescent, perennial, xerophytic, succulent, pea- 

green color plant. During outbreak of covid-19, a juice 

mixture of  Amla  (Phyllanthus emblica) and Aloe vera (Aloe 

barbadensis) was also given to covid-19 patients as a 

immunity booster. This is a very common, less expensive 

approach to combat many diseases. 

10) Lavang (Syzygium aromaticum) 

Cloves (Syzygium aromaticum) are the aromatic flower buds 

of a tree in the family Myrtaceae (Milind and Deepa, 2011; 

Gopalakrishnan et al., 1988; Narayanan and Natu, 1974). 

Clove is known to possess antibacterial, antivial and 

antifungal properties and is used in various dental creams, 

tooth pastes, mouth washes, and throat sprays to cleanse 

bacteria (Milind and Deepa, 2011). It is also used to relive 

pain from sore gums and improves overall dental health. In 

dentistry, eugenol in combination with zinc oxide is used for 

temporary filling of cavities (Milind and Deepa, 2011; 

Gopalakrishnan et al., 1988; Narayanan and Natu, 1974).  

During coronavirus outbreak, clove consumption was used as 

a immediate remedy for the throat infections and clove has 

relieved the pain. Dried cloves are the key ingredient in Indian 

masala tea. Therefore, consumption of clove is one of the 

powerful remedy for the throat infections. Clove and clove oil 

boost the immune system by purifying the blood and help to 

fight against various diseases (Singh et al., 2021; Milind and 

Deepa, 2011). The aromatic clove oil, when inhaled can help 

soothe certain respiratory conditions like cold, cough, asthma, 

bronchitis, and sinusitis. It also helps in clearing the nasal 

tract (Milind and Deepa, 2011; Singh et al., 2021). 

11) Dalchini (Cinnamomum verum) 

The "True Cinnamon" or Sri Lankan Cinnamon is the dried 

inner stem bark of Cinnamomum verum belongs to a family 

Lauraceae (Rao and Gan, 2014).  Cinnamon being an 

antioxidant, anti-inflammatory, antidiabetic, antimicrobial, 

anticancer, lipid-lowering, and cardiovascular-disease-

lowering compound. Cinnamon has also been reported to have 

activities against neurological disorders, such as Parkinson‘s 

and Alzheimer‘s diseases (Vangalapati et al., 2012; Sangal, 

2011; Rao and Gan, 2014). 

During covid-19 outbreak, the oral consumption of stem bark 

of Cinnamomum verum has helped to relive the pain of throat 

infections since bark has the antifungal, antiviral and 

antibacterial properties (Singh et al., 2021). Throat infection is 

one of the symptom of the covid-19 (Singh et al., 2021). 

Therefore, clinical trials of the herbal medicines are very 

much needed for further investigation. This may be a 

benchmark for the economical clinical trials of specific plant 

material to treat the viral diseases in the future (Singh et al., 

2021). 

12) Ayurvedic herbs including Tinospora cordifolia, 

Glycyrrhiza glabra, Adhatoda vasica, Andrographis 

paniculata, Swertia chirata, Moringa oleifera, and Trikatu. 

These herbs are proposed for the reason that these are known 

to be broad-spectrum antivirals and protease inhibitors 

(Rastogi et al., 2020; Singh et al., 2021). 

13) Flavones such as amentoflavone, quercetin, luteolin and 

apigenin obtained from Torreya nucifera have also been 

proven to inhibit 3CLpro protease function  and RNA-

dependent RNA polymerase (RdRp) of SARS-CoV-2 virus 

(Ryu et al., 2010; Prasad et al., 2020). The Indian system of 

holistic medicine known as ―Ayurveda‖ uses mainly plant-

based drugs or formulations to treat various ailments, 

including viral diseases (Prasad and Aggarwal, 2011; Ammon 

and Wahl, 1991; Apisariyakul et al., 1995; Araujo and  Leon,  

2001; Arora et al., 1971; Dixit et al., 1988).   

14) A recent study by Shawky et al., (2020) demonstrated that 

the potential use of medicinal plants and more than 16, 500 of 

their constituents against SARS-CoV-2 (Shawky et al., 2020). 

This study investigated two therapeutic strategies in the fight 

against SARS-CoV-2 including prevention of SARS-CoV-2 

RNA synthesis and replication, through targeting viral 

proteins and enzymes as well as modulation of the host's 

immunity through production of virulence factors (Shawky et 

al., 2020). Molecular docking studies on the viral enzymes 

3Clpro, PLpro and RdRp suggested that rocymosin B, 

verbascoside, rutin, caftaric acid, luteolin 7-rutinoside, 

fenugreekine and cyanidin 3-(600-malonylglucoside) act as 
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promising molecules for further drug development (Shawky et 

al., 2020).  Meanwhile, the medicinal plants Glycyrrhiza 

glabra, Hibiscus sabdariffa, Cichorium intybus, 

Chrysanthemum coronarium, Nigella sativa, Anastatica 

hierochuntica, Euphorbia species, Psidium guajava and 

Epilobium hirsutum were enriched in compounds with the 

multi-targets PTGS2, IL2, IL1b, VCAM1 and TNF such as 

quercetin, ursolic acid, kaempferol, isorhamnetin, luteolin, 

glycerrhizin and apigenin (Shawky et al., 2020). Enriched 

pathways of the molecular targets included cytokine–cytokine 

receptor interaction, TNF signaling pathway, NOD-like 

receptor signaling pathway, Toll-like receptor signaling 

pathway, NFkappa B signaling pathway and JAK-STAT3 

signaling pathway which are all closely related to 

inflammatory, innate and adaptive immune responses 

(Shawky et al., 2020). Therefore this study identified natural 

compounds targeting SARS-CoV-2 for further in vitro and in 

vivo studies and emphasizes the potential role of medicinal 

plants in the mitigation of SARS-CoV-2 (Shawky et al., 

2020). Several constituents identified may inhibit SARS-CoV-

2 activity through the inhibition of virus replication (Shawky 

et al., 2020). These results demonstrated a potential role of 

medicinal plants in the management of the current SARS-

CoV-2 infection (Shawky et al., 2020).    

15) Yu et al., (2020) reported that water extract of Houttuynia 

cordata has an antiviral activity against SARS-CoV due to its 

inhibitory effect on 3C-like protease (3CLpro) and RNA-

dependent RNA polymerase (RdRp) of the virus (Yu et al., 

2020; Prasad et al., 2020). Myricetin, a flavonoid obtained 

from Myrica rubra, and Scutellarein, a flavone obtained from 

Scutettaria baicalensis and Asplenium belangeri are known to 

inhibit the ATPase activity of SARS-CoV helicase nsP13 (Yu 

et al., 2020; Prasad et al.,  2020). 

16) Many of the medicinal plants and their constituents have a 

potential for use in the mitigation of the new SARS-CoV-2 

infection (Shawky et al., 2020). Additionally, in an 

investigation covering 23 Chinese provinces, it was reported 

that the most frequently prescribed Chinese herbs used in the 

prevention of COVID-19 were (in descending order): Radix 

astragali, Glycyrrhizae Radix Et Rhizome, Radix 

Saposhnikoviae, Rhizoma Atractylodis macrocephalae, 

Lonicerae japonicae Flos, Fructus forsythia, Atractylodis 

Rhizoma, Radix Platycodonis, Pogostemonis Herba, 

Cyrtomium fortunei J. Sm (Luo et al., 2020; Shawky et al., 

2020).   

17) The randomized controlled trials confirmed that the 

Glycyrrhiza glabra demonstrated a reduction of mortality and 

viral activity in SARS-CoV-2 related coronavirus (Wu  et al., 

2017; Shen  et al.,  2013;  Xie et al., 2013; Luo et al., 2020; 

Shawky et al. 2020).  Meanwhile, the plants Hibiscus 

sabdariffa and Cichorium intybus are rich sources of caffeic 

acid derivatives which have been widely investigated 

concerning their antiviral potential (Wu  et al., 2017; Shen  et 

al.,  2013;  Xie et al.,  2013; Luo et al., 2020; Shawky et al., 

2020). The performed network pharmacology analysis 

revealed the synergistic nature of the compounds within each 

medicinal plant. Combination of the most enriched plants in 

the created network i.e. Glycyrrhiza glabra (liquorice), 

Hibiscus sabdariffa, Cichorium intybus, could be chosen for 

the mitigation of SARS-CoV-2 (Wu  et al., 2017; Shen  et al.,  

2013;  Xie et al., 2013; Luo et al., 2020; Shawky et al., 2020).   

18) Recently, a natural stilbene derivative named resveratrol 

(trans-3, 5, 4′-trihydroxystilbene) present abundantly in Vitis 

vinifera, Polygonum cuspidatum, and Vaccinium 

macrocarpon showed inhibition of MERS-CoV infection (Lin 

et al., 2017; Prasad et al., 2020). 

19) Expression of SARS-coronavirus (CoV) spike protein (S 

protein) in tobacco plants: Recent studies indicated that 

SARS-coronavirus (CoV) spike protein (S protein) and its 

truncated fragments are considered as the best candidates for a 

generation of the recombinant vaccine (Pogrebnyak et al., 

2005). Toward the development of a safe, effective, and 

inexpensive vaccine candidate,  Pogrebnyak et al., (2005)   

expressed the N-terminal fragment of SARS-CoV S protein 

(S1) in tomato and low-nicotine tobacco plants (Pogrebnyak 

et al., 2005). Mice showed significantly increased levels of 

SARS-CoV-specific IgA after oral ingestion of tomato fruits 

expressing S1 protein (Pogrebnyak et al., 2005). Therefore, 

this study demonstrated that, the successful expression of 

SARS-CoV S protein in transgenic tobacco plants in amounts 

sufficient to induce antibody response after feeding mice with 

transgenic material (Pogrebnyak et al., 2005). The mice 

parenterally primed with plant-derived antigen developed an 

immune response after a booster immunization (Pogrebnyak 

et al., 2005). 

20) Lectins of plants could be potential inhibitors of viruses. 

A study by Keyaerts et al., (2007) has screened 33 lectins 

isolated from different plant species for their activity against 

both SARS-CoV and Feline coronavirus (FCoV) (Keyaerts et 

al., 2007; Prasad et al., 2020). They identified mannose-

binding lectin to possess a robust anti-coronaviral activity by 

targeting the entry as well as the release of the virus particles 

(Keyaerts et al., 2007: Prasad et al., 2020). Another lectin, 

agglutinin isolated from Galanthus nivalis, was able to 

effectively act against FCoV when administered in 

combination with nelfinavir, a synthetic drug (Hsieh et al., 

2010; Prasad et al., 2020). This underlines the need for 

studying the combined effect of plant-based compounds and 

synthetic molecules to circumvent the viral load in the host 

system. However, minimal efforts were invested in this 

direction to study the synergistic antiviral effect of 

biomolecules and drugs (Prasad et al., 2020). 

21) Recombinant SARS-CoV-2 proteins M and N produced in  

tobacoo plants:  Demurtas et al., (2016) reported the 

characterization of the N and M proteins of SARS- CoV and 

provided a proof of principle for using plants as a robust, 

rapid and flexible production system for protein reagents 

suitable to face potential recurring SARS-CoV outbreaks 

(Demurtas et al., 2016). This study demonstrated the transient 
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expression in Nicotiana benthamiana of two important 

antigenic determinants of the SARS-CoV,  the nucleocapsid 

protein (N) and the membrane protein (M) using a virus-

derived vector or agro-infiltration (Demurtas et al., 2016). The 

availability of recombinant N and M proteins from plants 

opens the new way to furthere evaluation  of their potentiality 

for  the development of diagnostic and protection/therapy 

tools to be quickly manufactured, at a low cost and with 

minimal risk, to face a new highly infectious SARS-CoV-2 

outbreaks (Demurtas et al., 2016).   

22) Lycorine, an alkaloid extracted from Lycoris radiata, has 

an antiviral activity against Poliomyelitis virus and Herpes 

simplex virus, and is also effective against SARS-CoV (Li et 

al., 2005; Prasad et al., 2020). Emodin, sinigrin and hesperetin 

extracted from Isatis indigotica have also shown 3CLpro 

inhibition (Lin et al., 2005; Prasad et al., 2020). 

23) Recombinant SARS-CoV-2 proteins  produced in  tobacoo 

plants in South Africa.  Makatsa et al., (2020) established an 

indirect enzyme-linked immunosorbent assay (ELISA) using 

the S1 and receptor-binding domain (RBD) portions of the 

spike protein from SARS-CoV-2, expressed in Nicotiana 

benthamiana (Makatsa et al., 2020).  This study measured 

antibody responses in sera from South African patients (n=77) 

who had tested positive by PCR for SARS-CoV-2 (Makatsa et 

al., 2020).  Samples were taken a median of six weeks after 

the diagnosis, and the majority of participants had mild and  

moderate COVID-19 disease (Makatsa et al., 2020).  This 

study  also determined whether the assay could detect SARS-

CoV-2-specific IgG and IgA in saliva (Makatsa et al., 2020).  

Makatsa et al., (2020) demonstrated that recombinant SARS-

CoV-2 proteins produced in plants  enabled robust detection 

of SARS-CoV-2 humoral responses. This assay could be used 

for sero epidemiological studies and to measure the strength 

and durability of antibody responses to SARS-CoV-2 in an 

infected patients in our setting (Makatsa et al., 2020). This 

study demonstrated that recombinant SARS-CoV-2 proteins  

produced in plants enable the robust detection of SARS-CoV-

2-specific antibodies and SARS-CoV-2 humoral immunity 

(Makatsa et al., 2020).  This could be achieved by the use of 

plants for the production of viral antigens, which has the 

benefit of rapid scale-up, and sourcing reagents that were 

available locally and thus available at a lower cost (Makatsa et 

al., 2020). ELISA can  be used to evaluate the SARS-CoV-2 

sero prevalence and describe the kinetics of the humoral 

immune response in infected individuals (Makatsa et al., 

2020).      

24) Quinine, an alkaloid  obtained from the bark of Cinchona 

officinalis  has been used in the treatment of malaria since the 

1960s (Prasad et al., 2020; Achan et al., 2011). Chloroquine 

(Cq) and hydroxychloroquine (Hcq) are structural analogs of 

quinine. In SARS-CoV-2, hydroxychloroquine in combination 

with azithromycin, is found to be more effective in reducing 

the viral load (Prasad et al., 2020; Gautreta et al., 2020). 

25) Glycyrrhizin, a saponin isolated from Glycyrrhiza glabra 

roots, is reported to be effective against SARS-CoV by 

inhibiting the viral replication (Prasad et al., 2020; Cinatl et 

al., 2003). Considering the structural similarities and 

comparable modes of replication between SARS-CoV and 

SARS-CoV-2, glycyrrhizin might also be effective in treating 

the current covid-19 pandemic (Cinatl et al., 2003; Prasad et 

al., 2020). 

26) Quercetin derivatives extracted from Malus sp, Allium sp, 

Camellia sp, etc demonstrated an antiviral activity aganst 

SARS-CoV (Park et al., 2012; Prasad et al., 2020). Tetra-O-

galloyl-β-d-glucose and luteolin isolated from Euphorbia 

jolkinin and Reseda luteola inhibited the SARS-CoV (Yi et 

al., 2004; Prasad et al., 2020). Ethanolic extract of  Euphorbia 

neriifolia  showed  antiviral activity against SARS-CoV   

(Chang et al., 2012; Prasad et al., 2020). Water extract of 

tender leaves of  Toona sinensis demonstrated the inhibition 

of viral replication of SARS-CoV and HCoV  229E (Chen et 

al., 2008; Prasad et al., 2020). Emodin from Rheum sp and 

Polygonum sp  blocked ACE-2 and S-glycoprotein interaction 

of SARS-CoV  (Ho et al., 2007; Prasad et al., 2020). Aescin, 

reserpine isolated from Aesculus hippocastanum and 

Rauvolfia serpentina inhibited the viral replication of SARS-

CoV (Wu et al., 2004; Prasad et al., 2020). 

Phenanthroindolizidines and Phenanthroquinolizidines 

isolated from Asclepiadaceae and Moraceae plant families 

inhibited the viral replication of SARS-CoV  (Yang et al., 

2010; Prasad et al., 2020). 

27) In case of SARS-CoV-2, the Ministry of AYUSH 

(Ayurveda, Yoga and Naturopathy, Unani, Siddha and 

Homoeopathy), Government of India, has recommended a 

formulation composed of 15 plants, namely, Zingiber 

officinale, Piper longum, Syzygium aromaticum, Tragia 

involucrata, Anacyclus pyrethrum, Hygrophilla auriculata, 

Terminalia chebula, Adhatoda vasica, Plectranthus 

amboinicus, Saussurea costus, Tinospora cordifolia, 

Clerodendrum serratum, Andrographis paniculate, Sida 

acuta, and Cyperus rotundus, Artemisia annua against SARS-

CoV-2 (6.6% each; PIB 2020; Sivaraman and Pradeep, 2020; 

Vellingiri et al., 2020; MPIKG, 2020; Prasad et al., 2020).    

28)  The S protein of the SARS-CoV was used for  the 

expression in two plant species (tobacco and lettuce) and 

produced a potential SARS-CoV recombinant antigen (Li et 

al., 2006). Lettuce is an easy-to-transform crop plant with 

abundant edible leaf tissue available for direct utilization and 

or downstream processing (Li et al., 2006). Tobacco is an 

extremely efficient plant transformation system and is 

frequently used in plant biotechnology as the system of choice 

(Li et al., 2006).  This  study provides a possibility of 

establishing a safe and inexpensive vaccination strategy 

against SARS since the plant chloroplast genome sequences 

are highly conserved (Li et al., 2006). The same construct 

used here in tobacco plastid-transformation could be applied 

to tomato, which would constitute an oral vaccine in its edible 

fruit (Li et al., 2006). 
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29) Tobacco- plant-expressed recombinant SARS-CoV N 

protein. Plants are now considered as promising bioreactors 

for pharmaceutical protein due to their safety, low cost, high 

output, simple storage requirement, and benefits of eukaryotic 

post-translational modifications (Zheng et al., 2009). Zheng et 

al., (2009) demonstrated that the post-transcriptional gene 

silencing suppressor p19 protein from tomato bushy stunt 

virus substantially enhanced the transient expression of 

recombinant SARS-CoV nucleocapsid (rN) protein in 

Nicotiana benthamiana (Zheng et al., 2009). The rN protein in 

the agrobacteria-infiltrated plant leaf accumulated up to a 

concentration of 79μg per g fresh leaf weight at 3 days post 

infiltration (Zheng et al., 2009). Antibodies of the subclasses 

IgG1 and IgG2a were abundantly present in the mouse sera 

(Zheng et al., 2009). During vaccination of rN protein, the 

expression of IFN-¥ and IL-10 was evidently up-regulated in 

splenocytes at different time points, while the expression of 

IL-2 and IL-4 was not (Zheng et al., 2009). This  is the first 

study that plant-expressed recombinant SARS-CoV N protein 

can induce strong humoral and cellular responses in mice 

(Zheng et al., 2009). 

30) The Ministry of AYUSH, Government of India has 

recommended ‗Ayush Kwath’ to improve the immunity and 

combat the COVID-19 infection (Gautam et al., 2020). Herbs 

such as Tulsi, Marich, Sunthi, Dalchini are the most 

commonly used and easily available drugs in home (Gautam 

et al., 2020).  Thus, Ayush Kwath due to its immune-

modulatory, antiviral, anti-oxidant, anti-inflammatory, 

antiplatelet, anti-atherosclerotic, hepato-protective, reno-

protective properties; seems to be effective in immuno-

regulation for controlling viral infections like COVID-19 

(Gautam et al., 2020).  Further pre-clinical and clinical trials 

need to be done for the evaluation of safety and efficacy of 

this polyherbal formulation (Gautam et al., 2020; Li et al., 

2020). 

31) The different herbal products (extracts) and purified 

molecules may exert their anti-SARS-CoV-2 actions by direct 

inhibition of the virus replication or entry (Benarba and   

Pandiella, 2020; Li et al., 2020).  Interestingly, some of the 

products may block the ACE-2 receptor or the serine protease 

TMPRRS2 required by SARS-CoV-2 to infect human cells 

(Benarba and   Pandiella, 2020). In addition, natural products 

were shown to inhibit the SARS-CoV-2 life-cycle related 

proteins such as papain-like or chymotrypsin-like proteases  

(Benarba and Pandiella, 2020). Therefore,  the natural 

products could be used alone or in combination as an 

alternative medicines to treat/ prevent COVID-19 infection 

(Benarba and   Pandiella, 2020) Moreover, their structures 

may offer clues for the development of anti-SARS-CoV-2 

drugs (Benarba and   Pandiella, 2020).   

32) Runfeng et al., (2020) studied the inhibitory effects and 

antiinflammatory potential of a Chinese herbal mixture called 

Lianhuaqingwen (a mixture of 11 medicinal species, a mineral 

medicine called gypsum and menthol) against SARS-CoV-2 

(Runfeng et al., 2020; Benarba and  Pandiella, 2020). The 

Chinese herbal mixture called Lianhuaqingwen inhibited 

SARS-CoV-2 replication in a dose-dependent manner with an 

IC50 of 411.2 μg/ml  (Runfeng et al., 2020; Benarba and   

Pandiella, 2020). Plant metabolites can serve as potential anti-

SARS-CoV-2 lead molecules for further optimization and 

drug development processes to combat COVID-19 and future 

pandemics caused by viruses (Bhuiyan et al., 2020). 

Therefore, further analysis by the scientific community will 

boost antiviral plant-based research followed by the novel 

drug designing (Bhuiyan et al., 2020). 

33) The antiviral effects of Soshihotang (SSHT, Xiao Chai Hu 

Tang in Chinese, Shosaikoto in Japanese), which has been 

used in the past mainly for infectious diseases with chronic 

progression (Kwon et al. 2020). Kwon et al., (2020) 

demonstrated the possibility of utilizing Soshihotang (SSHT, 

Xiao Chai Hu Tang in Chinese, Shosaikoto in Japanese), as a 

new therapeutic option for COVID-19 (Kwon et al., 2020).  In 

a number of recent clinical studies, treatment with 

Soshihotang (SSHT, Xiao Chai Hu Tang in Chinese, 

Shosaikoto in Japanese),  improved the infection status of the 

respiratory and hepatobiliary systems (Kwon et al., 2020). 

Experimental studies demonstrated that the antiviral effect of 

Soshihotang (SSHT) and its components against SARS-CoV-

2 (Kwon et al., 2020). Furthermore, Soshihotang (SSHT) are 

being used in China where COVID-19 outbreak first took 

place and offered a new option for the treatment of  COVID-

19 (Kwon et al., 2020). Therefore, it is believed that 

Soshihotang (SSHT) is likely to be a new therapeutic option 

for COVID-19 (Kwon et al., 2020). Conducting further 

studies might provide an improved understanding regarding 

the use of Soshihotang (SSHT) in treating COVID-19 (SARS-

CoV-2) (Kwon et al., 2020).  Therefore, Soshihotang (SSHT)  

could be prescribed for COVID-19 patients with persis-tent 

fever, respiratory symptoms such as cough or sputum, and 

liver injury caused by the conventional therapies (Kwon et al., 

2020).  Based on the evidence so far, it is believed that 

Soshihotang (SSHT)  is likely to be a repurposing medication 

for COVID-19 (Kwon et al., 2020). Conducting further 

studies might provide an improved understanding regarding 

the use of  Soshihotang (SSHT)  in the treatment of COVID-

19 (Kwon et al., 2020). 

34) Wen et al., (2011) evaluated 200 Chinese herbal extracts 

for their anti-SARS-CoV effect using a cell-based assay (Wen 

et al., 2011; Benarba and  Pandiella, 2020). Among them, six 

extracts [rhizomes of Gentiana scabra Bunge; tuber of 

Dioscorea polystachya Turcz.; seed of Senna tora (L.) Roxb.; 

stem and leaves of Taxillus chinensis (DC.) Danser; and two 

extracts of Cibotium barometz (L.) J.Sm. rhizome] were found 

to significantly inhibit SARS-CoV-2 growth and replication 

(Wen et al., 2011; Benarba and  Pandiella, 2020). The 

impression of plant based medicine constitutes an applicable 

way for the expansion of vaccines with attractive features 

(Divya et al., 2020). Some studies demonstrated that 

traditional herbal extracts can interact with key viral proteins 

which are associated with virus virulence (Mirzaie et al., 



International Journal of Research and Scientific Innovation (IJRSI) | Volume VIII, Issue II, February 2021 | ISSN 2321–2705 

 

www.rsisinternational.org Page 153 
 

2020). The use of Indian, Chinese, and Iranian traditional 

herbal medicines, suggested that some of the herbs  were used 

for the prevention, treatment and rehabilitation of the diseases 

including COVID-19 (Li et al., 2020; Mirzaie et al., 2020; 

Girija and Sivan,  2020). However, the beneficial effects of 

these traditional herbal medicines and their clinical trials 

remained to be known (Mirzaie et al., 2020). 

35) Currently, there are limited number of allopathic 

medicines considered as effective against COVID-19 (Panyod 

et al., 2020; Girija and Sivan, 2020; Farooq and Ngaini, 

2020). The design and development of drugs and vaccines 

require elucidation of the mechanism of SARS-CoV-2 

(Panyod et al., 2020). Foods and herbs could be used as 

dietary or complementary therapy to prevent the coronavirus 

infection and strengthen immunity, as antiviral agents for 

masks, as disinfectants to curb aerosol transmission, or as 

sanitizing agents to disinfect surfaces (Panyod et al., 2020). 

Current literature provides an obvious evidence supporting 

dietary therapy and herbal medicine as a potential effective 

antivirals against SARS-CoV-2 and as preventive agents 

against COVID-19 (Panyod et al., 2020). Thus, dietary 

therapy and herbal medicine could be a complementary 

preventive therapy for COVID-19 (Panyod et al., 2020). 

Therefore, foods and herbs possess a potential antiviral ability 

against SARS-CoV-2 and can prevent COVID-19 (Panyod et 

al., 2020). However, these hypotheses require experimental 

validation in SARS-Cov-2 infection models with COVID-19 

patients (Panyod et al., 2020). 

36) A plant expression system can rapidly and effectively 

produce a functional ACE2-Fc fusion protein on a large scale 

(Siriwattananon et al., 2021).  Moreover, the plant produced 

ACE2-Fc fusion protein exhibits anti-SARS-CoV-2 activity in 

a post-entry treatment under in vitro conditions suggesting 

that, it could be used as  a post-exposure therapeutic to treat 

COVID-19 (Siriwattananon et al., 2021). A recent study of 

Siriwattananon et al., (2021)  reported that, the transiently 

produced human ACE2 fused with the Fc region of human 

IgG1 in Nicotiana benthamiana and the in vitro neutralization 

efficacy of the plant-produced ACE2-Fc fusion protein was 

assessed (Siriwattananon et al., 2021). The recombinant 

ACE2-Fc fusion protein was expressed in N. benthamiana at 

100 µg/g leaf fresh weight on day 6 post-infiltration 

(Siriwattananon et al., 2021). The recombinant fusion protein 

showed potent binding to the receptor binding domain (RBD) 

of SARS-CoV-2 (Siriwattananon et al., 2021). Importantly, 

the plant-produced fusion protein exhibited potent anti SARS-

CoV-2 activity in vitro (Siriwattananon et al., 2021). 

Treatment with ACE2-Fc fusion protein after viral infection 

dramatically inhibited the SARS-CoV-2 infectivity in Vero 

cells with an IC50 value of 0.84 µg/ml. Moreover, treatment 

with ACE2-Fc fusion protein at the pre-entry stage suppressed 

the SARS-CoV-2 infection with an IC50 of 94.66 µg/ml 

(Siriwattananon et al., 2021). These findings put a spotlight on 

the plant-produced ACE2-Fc fusion protein acts as a potential 

therapeutic candidate against SARS-CoV-2 (Siriwattananon et 

al., 2021). 

37) Rattanapisit et al., (2020) explored the possibility of 

producing the receptor binding domain (RBD) of SARSCoV-

2 and an anti-SARS-CoV monoclonal antibody (mAb) 

CR3022 in Nicotiana benthamiana (Rattanapisit et al., 2020). 

Both receptor binding domain (RBD)  and mAb CR3022 were 

transiently produced with the highest expression level of 8 

μg/g and 130 μg/g leaf fresh weight respectively at 3 days 

post-infltration (Rattanapisit et al., 2020). The plant-produced 

receptor binding domain (RBD)  exhibited specifc binding to 

the SARS-CoV-2 receptor, angiotensin-converting enzyme 2 

(ACE2) (Rattanapisit et al., 2020). Furthermore, the plant-

produced mAb CR3022 binds to SARS-CoV-2, but failed to 

neutralize the virus in vitro (Rattanapisit et al., 2020). This is 

the frst report showing the production of anti-SARS-CoV-2 

RBD and mAb CR3022 in plants (Rattanapisit et al., 2020). 

Overall these fndings provided a proof-of-concept for using 

plants as an expression system for the production of SARS-

CoV-2 antigens and antibodies or similar other diagnostic 

reagents against SARS-CoV-2 rapidly, especially during 

epidemic or pandemic situation (Rattanapisit et al., 2020). 

38)  In South Africa, Margolin et al., (2020) investigated new 

approaches to support the production of  a soluble and 

putatively trimeric SARS-CoV-2 spike protein in Nicotiana 

benthamiana via  transient Agrobacterium-mediated 

expression (Margolin et al., 2020). The co-expression of 

human calreticulin dramatically improved the accumulation of 

the viral spike, which was barely detectable in the absence of 

the co-expressed accessory protein (Margolin et al., 2020). In 

contrast, the spike protein was not efficiently processed when 

expressed in mammalian cells as a control, although the co-

expression of furin improved processing considerably 

(Margolin et al., 2020). This study supported plant-based 

production of SARS-CoV-2 spike-based vaccines and 

reagents for the serological assays (Margolin et al., 2020). 

39) The host enzyme transmembrane protease serine 2 

(TMPRSS2) facilitates viral particle entry into host cells 

(Huang et al., 2020; Kumar et al., 2020).  Inhibiting of this 

enzyme (TMPRSS2) blocks virus fusion with ACE2, making 

it a potential target to inhibit virus entry (Huang et al., 2020; 

Kumar et al., 2020).  By molecular docking and molecular 

dynamics simulations, Kumar et al., (2020) have shown that 

withanone derived from Ashwagandha leaves (Withania 

somnifera (L.) Dunal) could bind and stably interact at the 

catalytic site of TMPRSS2 (His296, Asp345 and Ser441) 

(Huang et al., 2020; Kumar et al., 2020). In addition, they 

have also been confirmed that withanone significantly 

downregulated TMPRSS2 in MCF-7 cells, suggesting its dual 

potential to ramp down TMPRSS2 function (Huang et al., 

2020; Kumar et al., 2020). 

40) In another major development, SARS-CoV-2 papain-like 

protease (PL pro) cleaves the viral polyproteins a/b which is 

essential for its survival and replication (Goswami et al., 

https://www.frontiersin.org/articles/10.3389/fphar.2020.588508/full#B41
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2020; Huang et al., 2020; Kumar et al., 2020). Thus, papain-

like protease (PL pro) is one of the prospective drug targets of 

SARS-CoV-2 (Goswami et al., 2020; Huang et al., 2020; 

Kumar et al., 2020). Furthermore, Goswami et al., (2020) 

established a library of small molecules found in the 

rhizomes, Alpinia officinarum (Alpinia officinarum Hance), 

ginger (Zingiber officinale Roscoe), and curcuma (Curcuma 

longa L.) (Goswami et al., 2020; Huang et al., 2020; Kumar et 

al., 2020).  The compounds were docked into the solvent 

accessible S3-S4 pocket of PLpro. In silico results showed 

that eight lead compounds from galangal (Alpinia 

officinarum Hance) and ginger (Zingiber officinale Roscoe) 

bound with high affinity to SARS-CoV-2 PLpro, suggesting 

their potential role as inhibitors against SARS-CoV-2 

(Goswami et al., 2020; Huang et al., 2020; Kumar et al., 

2020). However, subsequent in vitro and in vivo experiments 

are needed to elucidate their efficacy against SARS-CoV-2 

(Goswami et al., 2020; Huang et al., 2020; Kumar et al., 2020; 

Farooq and Ngaini, 2020). 

41) A herbal formulation recommended by National Health 

Commission of the P.R. China (NHC) was effective in 

attenuating acute respiratory distress syndrome in a mild 

COVID-19 patient (Huang et al., 2020; Xu and Zhang, 2020; 

Li et al., 2020). It was the first-of-its-kind to report the 

potential benefit of herbs in treating COVID-19 (Huang et al., 

2020; Xu and Zhang, 2020; Li et al., 2020). More recently 

several reviews systemically summarized the herbal 

medicines frequently used in China during COVID-19 

pandemic and performed meta analysis to illustrate its 

therapeutic outcome (Huang et al., 2020; Zhang et al., 2020; 

Li et al., 2020). Furthermore, widely distributed herbal 

medicines, Liquoric Root (Glycyrrhiza glabra L.), Baical 

Skullcap Root (Scutellaria baicalensis Georgi), Pinellia 

Rhizome [Pinellia ternata (Thunb.) Makino], Forsythia Fruit 

[Forsythia suspensa (Thunb.) Vahl], and Bitter Apricot Seed 

(Prunus armeniaca L.) are the most frequently prescribed 

herbs (Zhang  et al., 2020; Huang et al., 2020; Xu and Zhang, 

2020;  Li et al., 2020). Their meta-analysis showed that herbal 

medicines are effective in halting the disease progression from 

mild to critical, decreasing hospitalization rate, shortening 

time of hospital stay, as well as alleviating COVID-19 

associated symptoms like fever, cough, fatigue, and 

inflammation (Zhang  et al., 2020; Huang et al., 2020; Xu and 

Zhang, 2020;  Li et al., 2020). 

42) Nugraha et al., (2020)  reported that, some of the herbal 

agents extracted from various plants, including Echinacea, 

Cinchona, Curcuma longa, and Curcuma xanthorrhiza, which 

were considered for the treatment of COVID-19 (Nugraha et 

al., 2020). However, the results of these investigations showed 

that the drug candidates were not significantly effective 

against the disease (Nugraha et al., 2020). Meanwhile, people 

believe that consuming herbal immunomodulators can prevent 

or even cure COVID-19 (Nugraha et al., 2020).  

Unfortunately, specific preclinical and clinical trials to 

evaluate the effects of herbal immunoregulators have not been 

conducted (Nugraha et al., 2020). Certain natural compounds 

might be effective for the treatment of COVID-19 based on 

general concepts from previous experiments (Nugraha et al., 

2020). Herbal medicines might have the capabilities to 

regulate the production and release of proinflammatory 

cytokines, interfere with the development of the virus in host 

cells, and modify certain molecular pathways. Herbal agents 

might be useful as treatments to fight COVID-19 (Nugraha et 

al., 2020). 

43) Islam et al., (2020b) reported that Nigella sativa  seed and 

oil can be considered as a first-aid kit as a preventive measure 

against COVID-19 (Islam et al., 2020b). The bioactive 

compounds of Nigella sativa  such as thymoquinone, α-

hederin, or nigellidine could be tested preclinically and 

clinically for drug development, efficacy, and potency under a 

specific pathophysiological condition in pursuit to control the 

deadliest covid-19 pandemic (Islam et al., 2020b). 

44) A very recent study demonstrated that, some of the 

biologically active compounds present in the medicinal plants 

acts as potential COVID-19 inhibitors, using molecular 

docking methods (Alrasheid et al., 2021). The Docking study 

was performed by Molecular Operating Environment software 

(MOE) (Alrasheid et al., 2021). About 20 compounds were 

screened in this study; these compounds were selected based 

on the classifcation of their chemical origin and their antiviral 

activity from literature (Alrasheid et al., 2021). These 

compounds might be used to inhibit the COVID-19 infection 

(Alrasheid et al., 2021). The results demonstrated in this study 

are significant in controlling coronavirus outbreak (Alrasheid 

et al., 2021). Furthermore, the efectiveness of this screening 

strategy, which can lead to a rapid drug discovery in response 

to new infectious diseases (Alrasheid et al., 2021). Therefore 

experimental results confirmed that many compounds isolated 

from medicinal plants such as; Gallic acid (− 17.45), 

Quercetin (− 15.81), Naringin (− 14.50), Capsaicin (− 13.90), 

and Psychotrine (− 13.5) are important sources for novel 

antiviral drugs targeting COVID-19 (Alrasheid et al., 2021). 

These molecules could be utilized for further innovation and 

development of antiviral compounds against coronavirus. 

However, further researches warranted to investigate the 

potential uses of the medicinal plants containing these 

compounds (Alrasheid et al., 2021). 

45) Kanjanasirirat  et al., (2020) reported the  screening for 

the antiviral candidates using fuorescence-based SARS-CoV-

2 nucleoprotein detection in Vero E6 cells coupled with 

plaque reduction assay for 122 Thai natural herbal products 

(Kanjanasirirat  et al., 2020). This study demonstrated that 

Boesenbergia rotunda extract and its phytochemical 

compound, panduratin A, exhibited the potent anti-SARS-

CoV-2 activity (Kanjanasirirat  et al., 2020). Treatment with 

Boesenbergia rotunda extract and panduratin A after viral 

infection drastically suppressed SARS-CoV-2 infectivity in 

Vero E6 cells (Kanjanasirirat  et al., 2020). Also, the 

treatment of panduratin A at the pre-entry phase inhibited 

SARS-CoV-2 infection   (Kanjanasirirat  et al., 2020). 
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Therefore, this study demonstrated, for the frst time, that 

panduratin A exerts the inhibitory efect against SARSCoV-2 

infection at both pre-entry and post-infection phases in the 

major target cells in human (Kanjanasirirat  et al., 2020).  

Hence panduratin A may serve as the promising candidates 

for therapeutic purposes with economic advantage during 

COVID-19 situation (Kanjanasirirat  et al., 2020). 

 46)  Upadhyay et al., (2020) reported the screening of 51 

medicinal plants and found that Tea (Camellia sinensis) and 

Haritaki (Terminalia chebula) has potential role against 

SARS-COV-2 3CLpro, with an IC50 for Green Tea as 8.9 ± 

0.5 μg/ml and Haritaki 8.8 ± 0.5 μg/ml (Upadhyay et al., 

2020). The in-silico studies suggested that tea component  

thearubigins binds to the cysteine 145 of protease active site 

and could be a pharmacoactive molecule (Upadhyay et al., 

2020). Hence, the inhibition in protease activity may be able 

to halt the SARS-CoV-2 replication cycle. Therefore, Green 

Tea, Black Tea, and Haritaki (Terminalia chebula)  plant 

extracts could be the potential therapeutic candidates for 

SARS-CoV-2 infection (Upadhyay et al., 2020).  Further 

investigation on role of bioactive constituents of extracts is 

needed to establish the molecular basis of inhibition and 

towards expedited drug discovery (Upadhyay et al., 2020).     

47) Natural compounds need to be evaluated as treatment and 

preventive agents in coronavirus infection (Dave et al., 2020). 

A total of 30 compounds of Solanum tuberosum and Brassica 

juncea residue smoke water were selected for the virtual 

screening against SARS-CoV-1, SARSCoV- 2 and cellular 

proteins involved in the mechanism of infection (Dave et al., 

2020).  Docking analysis identified lead molecules with 

favorable binding energy, number of poses and hydrogen 

bond interactions, which indicates the effective modulation of 

ACE2 and TMPRSS2 receptors (Dave et al., 2020). These 

Results indicated (a) curcumenol, (b) N-desmethylselegiline, 

(c) phentermine and (d) sphingolipid derivatives as a selective 

and potent candidates in comparison to hydroxychloroquine 

for COVID-19 treatment (Dave et al., 2020).   

48) Islam et al., (2020a) reported that some of the natural 

plant products have antiviral activity in the nanomolar 

concentration (e.g., lycorine, homoharringtonine, silvestrol, 

ouabain, tylophorine, and 7-methoxycryptopleurine), and 

could be leads for the further drug development on their own 

or as a template for drug design (Islam et al., 2020). In 

addition, a good number of natural products with anti-corona 

virus activity are the major constituents of some common 

dietary supplements, which can be exploited to improve the 

immunity of the general population in certain epidemics 

(Islam et al., 2020). 

49) Natural plant products have been in constant use since 

ancient times and are proven by time to be effective (Adhikari 

et al., 2020). Crude extract or pure compounds isolated from 

medicinal plants and/or herbs such as Artemisia annua, 

Agastache rugosa, Astragalus membranaceus, Cassia alata, 

Ecklonia cava, Gymnema sylvestre, Glycyrrhizae uralensis, 

Houttuynia cordata, Lindera aggregata, Lycoris radiata, 

Mollugo cerviana, Polygonum multiflorum, Pyrrosia lingua, 

Saposhnikoviae divaricate, Tinospora cordifolia etc. have 

shown promising inhibitory effect against coronavirus 

(Adhikari et al., 2020). Adhikari et al., (2020) reported 93 

antiviral drug candidates which could be a potential area of 

research in drug discovery and warrant further investigation 

(Adhikari et al., 2020). 

50) Thapsia garganica belongs to the family Apiaceae 

commonly known as the deadly carrots, is a  poisonous 

traditional medicinal plant (Al-Beltagi et al., 2021; Rasmussen  

et al., 1981; Smitt et al., 1995; Makunga et al., 2003). The 

center of diversity is around the western Mediterranean, 

extending into the Atlantic coasts of Portugal and Morocco 

(Al-Beltagi et al., 2021; Rasmussen  et al., 1981; Smitt et al., 

1995).  Thapsigargin is obtained from the intact fruits and 

roots of Thapsia garganica that are collected from the wild 

(Makunga et al., 2003; Rasmussen  et al., 1981; Smitt et al., 

1995; Al- eltagi et al., 2021). The resin of Thapsia garganica 

causes a contact dermatitis and is extensively used by the 

Northern African Arabs for medicinal purposes (Rasmussen  

et al., 1981; Smitt et al., 1995; Makunga et al., 2003). The 

major bioactive compounds synthesised by Thapsia garganica 

are thapsigargin, thapsigargicin, notrilobolid and 

thapsivillosin (Rasmussen  et al., 1981; Smitt et al., 1995; 

Makunga et al., 2003). The chemical 

compound thapsigargin has been isolated from Thapsia 

garganica (Rasmussen  et al., 1981; Smitt et al., 1995; 

Makunga et al., 2003). A synthetic prodrug of thapsigargin 

called "G-202" is in preliminary clinical trials for prostrate 

cancer treatment (Al-Beltagi et al., 2021; Rasmussen  et al., 

1981; Smitt et al., 1995; Makunga et al., 2003).  The active 

constituent kills tumor cells by destroying their calcium 

balance.  Researchers from Britains, Nottingham University 

belived that an experimental cancer drug isolated from 

poisonous plant Thapsia garganica could halt covid-19. 

Thapsigargin inhibits SARS-CoV-2 activity using a range of 

cellular responses rather than targeting the virus directly (Al- 

eltagi et al., 2021). The antiviral duration of at least 48 h post-

Thapsigargin exposure experiments, proposed that 

Thapsigargin (or its derivatives) is a promising broad-

spectrum inhibitor against SARS-CoV-2, OC43, RSV and 

influenza virus (Al- eltagi et al., 2021). However, further 

analysis and clinical trials shoud be conducted in order to 

confirm the antiviral activity of the plant Thapsia garganica 

against SARS-CoV-2. 

51) Moringa oleifera (Drumstick; Nuggekai in Kannada) 

belongs to the family Moringaceae is  a powerful medicinal 

plant used to combat many human diseases. Aerial parts of 

Moringa oleifera particularly fruits and leaf extracts along 

with turmeric (Curcuma longa L.)  were used as immunity 

booster during covid-19 outbreak. The combination of 

Moringa oleifera leaf extract with turmeric (Curcuma longa 

L.) has played an important role in boosting immunity during 

SARS-CoV-2 outbreak. The plant has an effective 

https://en.wikipedia.org/wiki/Thapsigargin
https://en.wikipedia.org/wiki/Prodrug
https://en.wikipedia.org/wiki/Thapsigargin
https://en.wikipedia.org/wiki/Thapsigargin
https://en.wikipedia.org/wiki/Thapsigargin
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antimicrobial and antiviral activity and clinical studies should 

be conducted for the scientific validation as inhibior against 

SARS-CoV-2. Moringa oleifera has shown an antidengue 

activity and recommened for controlling dengue virus 

infections (Malabadi et al., 2018). In another study reported 

by Arifan et al., (2021), Moringa oleifera  leaves were used to 

make hand saintizers to prevent the spread of the covid-19 

virus (Arifan et al.,  2021). 

The researchers used computer modelling for the 

identification of the phytochemicals  from  Moringa oleifera  

(drumstick) plant which inhibit the SARS-CoV-2 virus (Shaji, 

2020; Nair and James, 2021). They found that several of the 

phytochemicals showed a high binding affinity with the 

coronavirus and could act as virus inhibitors (Shaji, 2020; 

Nair and James, 2021). The compound with the highest 

activity was apigenin-7-O-rutinoside and  also found that 

several of the phytochemicals had antioxidant properties 

which would ameliorate the post-COVID secondary infection 

(Shaji, 2020; Nair and James, 2021) (Can Moringa Leaf 

Curtail SARS-CoV-2 Growth? - Chromatography Explores 

Chromatography Today) (Shaji, 2020; Nair and James, 2021).  

Using molecular docking, an attempt was made to find out 

whether the compounds from Moringa Oleifera inhibit the 

COVID-19 drug targets Mpro and RdRp (Shaji, 2020). The 

results of this study suggested that, the compounds 

kaempferol, pterygospermin, morphine and quercetin 

exhibited best binding energy against Mpro and RdRp (Shaji, 

2020). Therefore, these natural compounds could be 

promising candidates for further evaluation of COVID-19 

prevention (Shaji, 2020).  Moreover, the Mpro residues 

Leu141, Gly143, Ser144 and Cys145 play an important role in 

hydrogen bonding and hydrophobic interactions (Shaji, 2020). 

In another study,  an in silico-based approach which revealed 

that the possibility of identication of potent SARS-CoV-2 

Mpro inhibitors from Moringa Oleifera (Nair and James, 

2021).  Therefore, this study gives an idea of the action of 

phytoconstituents from Moringa Oleifera leaf against the 

main protease of coronavirus (Nair and James, 2021). Among 

the 19 compounds screened, apigenin-7-O-rutinoside showed 

the highest activity against SARS CoV-2 Mpro (Nair and 

James, 2021). Moreover, these compounds are also found to 

have antioxidant property which would ameliorate the post-

COVID secondary infection (Nair and James, 2021). 

Top of Form Bottom of Form 

 52) Cissampelos pariera Linn (Kannada name-Padavali) 

Cissampelos pariera Linn is a sub erect dioecious flowering 

herb belongs to family Menispermaceae is one of the 

important Indian traditional herbal medicine (Malabadi et al., 

2018). The plant has antidengue activity and inhibited the 

dengue virus during outbreak (Malabadi et al., 2018). During 

recent SARS-CoV-2 outbreak, the cosumption of fruits, and 

leaf extract with hot water has shown inhibitory activity 

against SARS-CoV-2. Cissampelos pariera was used as an 

immunity booster during recent SARS-CoV-2 outbreak and 

prevented further virus infections. Therefore, clinical 

experiments of Cissampelos pariera should be conducted in 

order to have a scientific validation for the further 

development of antiviral drug therapy against SARS-CoV-2. 

A team of scientists from India has recently investigated the 

antiviral potency of a traditional medicinal plant Cissampelos 

pareira L. in preventing severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) infection (Haider et al., 2021). 

These findings reveal that both whole-plant extracts and 

bioactive compounds can inhibit SARS-CoV-2 replication by 

modulating estrogen receptor 1 (ESR1) activity. The study is 

currently available on the bioRxiv* preprint server 

(Cissampelos pareira L. extracts demonstrate anti-SARS-

CoV-2 activity in vitro (news-medical.net) (Haider et al., 

2021). 

53) Momordica charantia (Kannada- Hagalkai): Bitter melon 

Momordica charantia (Hagalakai) commonly known as bitter 

melon in India belongs to family Cucurbitaceae. Momordica 

charantia fruit has distinguishing bitter taste, which is more 

pronounced as it ripens, hence the name bitter melon or bitter 

gourd or balsam pear. Momordica charantia is widly grown in 

India and consumed as a vegetable. The cosumption of fruits 

has a strong antidengue activity (Malabadi et al., 2018). The 

plant has antimicrobial and antiviral activity (Malabadi et al., 

2018; Pongthanapisith et al., 2013). Among the medicinal 

plants investigated, Momordica charantia L.  has been 

reported to contain many potent antiviral activities that might 

be a good candidate against SARS-CoV-2. The proteins from 

this plant strongly inhibit several viruses including hepatitis B 

virus, dengue virus, herpes simplex virus, and Human 

immunodeficiency virus (Pongthanapisith et al., 2013). 

Therefore, during recent outbreak of SARS-CoV-2, oral 

cosumption of fruit juice of Momordica charantia with 

turmeric (Curcuma longa L.) in hot water was given to 

patients as a immunity booster in order to develop the 

immunity against SARS-CoV-2 virus in rural parts of 

Karnataka, India. Clinical study is yet to be conducted for the 

scientific validiation. 

Furthermore, the protein purified from Momordica charantia 

possessed effective antiviral activity to a broad range of 

influenza A subtypes including H1N1, H3N2, and H5N1. 

Thus, this plant protein holds a great promise to be developed 

as an effective therapeutic agent against various and even new 

emerging subtypes of influenza A such as H7N9 

(Pongthanapisith et al., 2013). 

II. CONCLUSION 

Severe acute respiratory syndrome (SARS), an emerging 

respiratory infectious diseases present a major threat to public 

health. Epidemiological investigations have suggested that the 

outbreak was associated with a seafood market in Wuhan. 

Furthermore the sequence analysis confirmed that SARS-

CoV-2 has been originated from bats. In this review paper, the 

use of medicinal plants combating SARS-CoV-2 has been 

https://www.chromatographytoday.com/news/hplc-uhplc/31/breaking-news/can-moringa-leaf-curtail-sars-cov-2-growth-chromatography-explores/53452
https://www.chromatographytoday.com/news/hplc-uhplc/31/breaking-news/can-moringa-leaf-curtail-sars-cov-2-growth-chromatography-explores/53452
https://www.chromatographytoday.com/news/hplc-uhplc/31/breaking-news/can-moringa-leaf-curtail-sars-cov-2-growth-chromatography-explores/53452
https://www.chromatographytoday.com/news/hplc-uhplc/31/breaking-news/can-moringa-leaf-curtail-sars-cov-2-growth-chromatography-explores/53452
https://www.biorxiv.org/content/10.1101/2021.02.17.431579v1
https://www.news-medical.net/news/20210221/Cissampelos-pareira-L-extracts-demonstrate-anti-SARS-CoV-2-activity-in-vitro.aspx
https://www.news-medical.net/news/20210221/Cissampelos-pareira-L-extracts-demonstrate-anti-SARS-CoV-2-activity-in-vitro.aspx
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highligthed and listed. Among the listed medicinal plants, 

some of the medicinal plants showed antibacterial activity, 

others under in vitro conditions, and animal studies 

demonstrated the blockage or inhibited the SARS-CoV-2 

activity. The use of herbal formulations inhibited the host 

enzyme transmembrane protease serine 2 (TMPRSS2) 

facilitates viral particle entry into host cells  blocks virus 

fusion with ACE2, making it a potential target to inhibit virus 

entry. Furthermore, foods and herbs possess a potential 

antiviral ability against SARS-CoV-2 and can prevent 

COVID-19.  This has opened a new ray of hope for 

developing traditional herbal medicine remedies for SARS-

CoV-2 infection. This will help in  prevention and treatment 

of diseases covid-19.  

However, these hypotheses require experimental validation in 

SARS-Cov-2 infection models and COVID-19 patients. In 

addition, subsequent in vitro and in vivo experiments are 

needed to elucidate their efficacy against SARS-CoV-2. 

However, much of the evidence comes from animal and in 

vitro studies and overall clinical Evidence-Based 

Complementary and Alternative Medicine evidence to support 

these herbal interventions remains weak and lacking. 

Furthermore, there are many experimental issues and data 

presented is not enough for the scientific validation. The 

treatment durations in the existing trials are also of concern. 

This uncertainty is mainly caused by methodological 

limitations such as poor study design, relatively small sample 

sizes, inappropriate outcome measures and primary and 

secondary end-point selection, and invalid statistical analysis.  

Future epidemiological and clinical studies are required to 

further assess the benefits of herbal medicines for the 

prevention of SARS-CoV-2. 

Herbal remedies consist of portions of plants or unpurified 

plant extracts containing several constituents which are often 

generally believed to work together synergistically. Herbal-

derived remedies need a powerful and deep assessment of 

their pharmacological qualities and safety issues. The other 

problems of herbal-based treatments is the lack of definite and 

complete information about the composition of extracts. 

Although some herbal medicines have promising potential and 

are widely used, many of them remain untested and their use 

also not monitored. This makes knowledge of their potential 

adverse effects very limited and identification of the safest 

and most effective therapies as well as the promotion of their 

rational use more difficult. Herbs are natural products and 

their chemical composition varies depending on several 

factors, such as botanical species, used chemotypes, the 

anatomical part. Herbal medicine has become a popular form 

of healthcare; even though several differences exist between 

herbal and conventional pharmacological treatments. An 

herbal medicine needs to be tested for efficacy using 

conventional trial methodology and several specific herbal 

extracts have been demonstrated to be efficacious for specific 

conditions. Drug regulatory framework should also be applied 

immidiately to ensure that they conform to required standards 

of safety, quality, and efficacy.  

Finally, there is a possibility that these treatments might be 

associated with the induction of harmful effects. In addition, 

preclinical and clinical trial evaluations of these herbal agents 

for COVID-19 have not specifically been conducted, so 

further investigations related to this are warranted. 
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