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Abstract

The recent outburst of novel Coronavirus disease (COVID-19), now a global pandemic highlights an urgent need for
therapeutics targeting ‘severe acute respiratory syndrome’ (SARS-CoV-2). In Nigeria, infection cases are on daily rise
with death rate of ~3 %. Therefore, slowing the spread of the virus will significantly reduce the strain on the healthcare
system and governments. Here, we presented local medicinal plants cultivated in Nigeria as possible therapeutic
approaches, exclusively targeting SARS-CoV-2 and its pathways. The study focused on some plants containing bioactive
compounds that showed promising results against previous coronaviruses. Potential plants identified include Zingiber
officinale, Allium cepa, Allium sativum, echinacea, euphorbia hirta, Garcenea kola, Curcuma longa, Aleo vera and olea
europaea. Although inhibition of viral replication is seen as the possible mechanism for antiviral activity of most of the
natural compounds, recent research has shown that some natural compounds can interact with major viral proteins
associated with virulence. Thereby, showing they could be a valuable tool for possible inhibition, management and
treatment of SARS-CoV-2. However, further research is required to investigate and validate their potential use as anti-
SARS-CoV-2.

Keywords: Anti-SARS-CoV-2; CoVID-19; Medicinal plant; Nigeria; Pandemic; Treatment.

1. Introduction

Viral infections are known infectious diseases that will always trigger biological, clinical, and socio-economic
problems worldwide. Recent global public health challenges have resulted from the emergence and reemergence of
viral pathogens such as Middle East Respiratory Syndrome (MERS; in 2012, 2015, 2018) and Severe Acute
Respiratory Syndrome (SARS; in 2002-2004) [1, 2]. Of utmost concern currently is the novel coronavirus which its
susceptibility seems to be associated with age, biological sex, and other health conditions [3].

Novel coronavirus later named by World Health Organization [4] as COVID-19, was declared a public health
emergency of international concern [1], due its high infection rate and global widespread [2]. As at April 28th 2020,
the world had recorded 3.06 million infected persons, with 212 thousand deaths, and an estimated 907 thousand
persons had recovered [5]. With the rate of spread and mortality of this disease, understanding the virulence
mechanisms associated with these pathogens is a matter of urgency. The development effective remedies for early
prevention as well as controlling future outbreaks depend on this knowledge.

Distributed broadly among birds, humans and other animals, coronaviruses has been reported to cause
respiratory, gastroenteritis, hepatic, and neurologic diseases [6]. Prior to the 21th century, four human coronaviruses
known (HCoV-NL63, HCoV-229E, HCoV-0C43 and HKU1) only caused mild common cold-type symptoms in
immune-competent people [7, 8]. The first Human Coronaviruses of zoonotic origin were discovered in 2002 and
2012, they were linked to some fatal illnesses and have demonstrated the possibility of animal-to-human and human-
to-human transmission. SARS-CoV was the causal agent of the severe acute respiratory syndrome outbreaks in 2002
which caused a SARS epidemic that resulted in 10% mortality. Similarly, the Middle East respiratory syndrome
coronavirus (MERS-CoV) caused a devastating pandemic in 2012 with a 37% mortality rate [9].

When the genomics of the new virus was sequenced, it had a close 79.5% genetic sequence similarity with
SARS-CoV [1] and it was named SARS-CoV-2 by the International Committee on Taxonomy of Viruses [9]. Given
the spread of the new coronavirus and its impacts on human health, the research community has responded rapidly to
the new virus and research is ongoing in all part of the world. As the infection spreads so fast, mortality piling by the
hour, it seems unrealistic to synthesize, tests for safety and toxicity of a new drugs within such limited time.
However, these constraints in time have led to repurposing of previous antiviral drugs to slow the rapid mortality
effect of the virus. None has been very effective yet, and the search for vaccine and antiviral drugs is still ongoing.
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Some herbs have been reported to contain compounds possessing possible antiviral activity against SARS-CoV-2
[10, 11]. The employment of these natural medicines can be a feasible and fast solution to this pandemic. Natural
products and local medicine has been practiced in Nigeria for thousands of years and it is cheap and easily available.
This review highlights the origin, structure, mechanism of spread and replication of SARS-COV-2, the symptoms,
mode of transmission, mitigation and various treatment methods of the virus are described. Considering the low
toxicity and availability of the plants, literature on local plants compounds as potential inhibitors of viral activities
were also studied. This study was proposed with the aim of identifying herbal inhibitors of SARS-CoV-2, thereby
locating a potential drug lead against the infections and also dietary supplements from those selected plants can be
exploited by the locals to improve the immunity of the general population.

2. Theory on the Origin of SARS-CoV-2

In early 2020, controversies arose over the origin of SARS-CoV-2, while some researchers argued that the
betacoronavirus was laboratory generated from a related SAR-CoV like coronavirus, other scientists’ debated it was
improbable to emerge through laboratory manipulations [12]. However, studies on the genetic data undeniably
showed that SARS-CoV-2 is not genetic manipulated virus [12]. With this ideology, SARS-CoV-2 coronaviruses
have been linked to animal origins, generally either in bats or rodents [13].

Previous outbreaks of Betacoronaviruses involved direct exposure of humans to animals; the viruses were
transmitted directly to humans from civet cats (SARS-CoV) and dromedary (MERS-CoV) [14]. However, in this
respect, researchers reported that COVID-19 may have been transmitted to humans via pangolin [15] or other wild
animals [16] sold at the seafood market, where a number of animals and birds may be the reservoirs of this virus
[17]. Following this trend, phylogenetic analysis showed that COVID-19 is similar to the CoVs circulating in
Rhinolophus (horseshoe bats) as the Bat strain had the highest nucleotide resemblance Ji, et al. [18]. The exact origin
of the virus continues to remain as a mystery to researchers worldwide. The propoposed pathway oof SARS-COV-2
is shown in Figure 1. The virus originating from the bat through an intermediary animal to the first humans where it
gains momentum into human to human spread

Figure-1. Proposed pathway of the origin of SARS-CoV-2
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3. Structure and Replication of Coronavirus

Coronavirus name was derived from the Latin word corona which means crown. This name was coined from the
virus structure whose surface projections on the viral envelope appear crown-like. The virus is a single-stranded
positive-sense RNA virus with a genome of around 28-32 kb in length, making it the largest RNA viruses ever
existed [19]. Observations made on the Coronaviruses show that they share a similar structure composed of four
important structural proteins: spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins presented in
Figure 2 Susan and Sonia [20]. The viral particles consist of an internal helical RNA-protein nucleocapsid
phosphoprotein surrounded by an envelope containing viral glycoproteins. Spike glycoprotein (S) forms the large
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glycosylated peplomers that are characteristic of coronaviruses. M, the transmembrane protein, is highly
hydrophobic and spans the membrane three times. E, a membrane-spanning protein, is a minor component of the
membrane. It is recognized that these structural proteins aid the viral infection of host cells and subsequent
replication [19, 21]. The Spike protein is responsible for attachment to host receptors, membrane protein helps shape
the virion particles and binding to nucleocapsid, Envelope protein plays a role in the assembly and release of
particles while nucleocapsid protein aids with the binding of the genome to a replication-transcription complex
which is required for the replication of genomic material [21].

Figure-2. Coronavirus structure

According to Zhang, et al. [22], SARS-CoV and SARS-CoV-2 have similar receptors, exclusively expressed at
the receptor binding domain (RBD) and the receptor binding motif (RBM) in the viral genome. At the beginning of
the viral infections, the RBM of the S protein attaches directly to the Angiotension-Converting Enzyme 2 (ACE2) of
the host cells [23, 24]. The expression of the ACE2 protein can be found in various organs of the human body
mainly in the lungs, kidney and intestine, these organs pose as prime targets for the coronavirus. After the SARS-
CoV-2 virus has entered the human cells its next target is replication of its RNA. SARS-CoV-2 and SARS-CoV has
similar virus replication mechanism which is complicated and needs more understanding [22, 23]. During the
replication stage, the replicate gene encoded enzymes uses the negative RNA genome as a model to assemble a few
sets of small, overlapping messenger RNA (MRNA) molecules that are further translated into the structural proteins,
while the positive stranded RNA genome is used as a template to produce the negative strand. Replication process in
the human host involves the N protein binding to the genome while the M protein couples with the membranes of the
endoplasmic reticulum (ER). Furthermore, the RNA gets assembled into a helical twisted structure and buds into the
ER lumen with the help of nuclear shuttle proteins (Nsp). Lastly, the Golgi bodies transfers the viral progenies to the
cell membranes and they are exocytosed into the extracellular space of the human host cell environment [21, 25].

4. Symptoms, Mode of Transmission, Mitigation and Treatment Methods

SARS-CoV-2 infects people in different ways, which may be direct (human to human contact) or indirect
(contact with contaminated inanimate surfaces) [2, 26]. Most infected persons develop mild to moderate symptoms
requiring no special treatment till recovery. People with underlying medical conditions such as people with chronic
lung disease or moderate to severe asthma, serious heart conditions, immune-compromised persons, severe obesity
(with body mass index [BMI] > 40), people with diabetes, chronic kidney disease undergoing dialysis, liver disease
and older folks are at a higher risk of developing severe disease and death [27].

The COVID-19 is known to show symptoms slowly over an incubation period of around 2 weeks. During this
time the virus replicates in the upper and lower respiratory tract, forming lesions [28]. The common symptoms
exhibited by infected individuals include tiredness, fever, cough, dyspnea, sore throat/lesion in the lungs, aches and
pains and very few people will report diarrhoea, nausea or a runny nose [29] with highest occurrence of fever (87.9
%) and the least is conjunctival congestion (0.8 %). The overall occurrence distribution of signs and symptoms is
presented in Figure 3. In the advanced stage, pneumonia is markedly observed in patients which progresses to severe
pneumonia and acute respiratory distress syndrome (ARDS) resulting to need for life -support [30].
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Figure 3. Occurrence of signs and symptoms of COVID-19 (reproduced from WHO [31]
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The virus is transmitted mainly by symptomatic people although there are suggestions that individuals who
remain asymptomatic could transmit the virus [26]. The possibility of transmission before symptoms develop seems
to be infrequent, although it cannot be excluded thereby suggesting that the use of isolation is the best preventive
measure for containing this epidemic. According to current information, the mode of human-human transmission of
SARS-CoV-2 is primarily through respiratory droplets and contact media. Droplet transmission occurs when a
person is within 1 m radius of an infected person, therefore is at risk of having his/her mucosae (mouth and nose) or
conjunctiva (eyes) exposed to infective respiratory droplets [4]. However, recent studies have suggested that the
virus may be transmitted beyond 3 m and therefore exposing the possibility of long distance transport of droplet
[26]. Furthermore, transmission of SARS-CoV-2 can occur by either having direct contact with infected people and
indirectly by coming in contact with surfaces in the immediate environment or with objects used by or on the
infected person. Airborne transmission has also been discussed but this mode of transmission of the virus may be
possible in specific circumstances in which high level of aerosols is generated and recently through fart although this
mechanism is not properly defined [2, 26]. Overview of transmission pathway of SARS-CoV-2 based on current
information is presented in Figure 4.

Figure-4. Overview of transmission pathway of SARS-CoV-2 based on current information Source: Enyoh, et al. [26]
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Currently, there are no approved or universally recommended therapies or vaccines for SARSCoV-2. Plasma
and antibodies obtained from the convalescent patients have been proposed for use in treatment. In addition, various
vaccine strategies, such as using inactivated viruses, live-attenuated viruses, viral vector-based vaccines, subunit
vaccines, recombinant proteins, and DNA vaccines, have been developed but have only been evaluated in animals so
far. Since no effective therapy or vaccine in existence right now, current possible measures are to control the source
of infection, by early diagnosis, reporting, isolation, supportive treatments for infected persons, good personal
hygiene, wearing fitted mask, ventilation, and avoiding crowded places. The major steps taken by China, which can
be adopted globally in controlling the pandemic is presented in Figure 5.

Figure-5. Major steps in brief of the strategy taken by China (Source: WHO [31]; Islam, et al. [27])
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5. Novel Coronavirus in Nigeria

The first case of SARS-CoV-2 in Nigeria was confirmed in an Italian citizen in Lagos in February 27, 2020. The
second case was recorded in Ogun State on 9 March 2020, in a Nigerian citizen who had contact with the first case
[32]. Ever since, the number of cases in on continual increase reaching a total of 1532 cases with 255 recovery cases
and 44 deaths as of 29™ April, 2020 (Figure 6). The age-sex distribution of confirmed cases presented in Figure 7
showed that male had the higher cases in the age group of 31-40. With the increasing widespread of the virus and
death in Nigeria coupled with poor health care system, there are needs to look within our ecosystem and search for
remedies for the virus.

Figure-6. Confirmed COVID-19 cases in Nigeria by state (Data source: NCDC [32])
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Figure-7. Age-sex distribution of confirmed cases (data as at 26/04/20)
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6. Potential Herbal Remedies to Combat Coronavirus

The simplest route to combating SARS-CoV-2 would be to deactivate the virus route to entering cells as this has
been utilized in previous viruses of its kind [33]. Reports made by several groups have suggested the use of some
natural compounds have potency to inhibit SARS-CoV activity. Traditional medicine has been suggested in China,
India and other regions of the world for the treatment of COVID-19. There is significant evidence showing the
effectiveness of the herbal medicine [34-37], for example data reported by the National Health Commission of the
People's Republic of China showed that at the national level 74,187 infected patients used traditional Chinese
medicine and in Hubei Province 61,449 infected patients. From the clinical observation, the efficacy of
treatment rate was above 90% [38]. Reports for traditional herbal medications against COVID-19 have been
documented in Thailand [39], India [40], Bolivia [41] and Tunisia [42]. In Madagascar, the use of herbal medicines
as antivirus has been legalized and produced in large quantities.

Although, the mechanisms of this treatment have not been clearly understood, identification of the antiviral
mechanisms from these natural agents will shed light on where they interact with the viral life cycle, such as viral
entry, replication, assembly, and release, as well as on the targeting of virus—host-specific interactions. Our proposed
mechanism is the use of the herbs for interactions such as inhibiting the viral 3CL protease and blocking the viral
RNA-dependent RNA polymerase activity. Nine carefully selected herbs cultivated in Nigeria which include Ginger
(Zingiber officinale), onions (Allium cepa), Garlic (Allium sativum), Echinacea, Euphorbia hirta, Garcenea kola,
Turmeric (Curcuma longa), Aleo vera and Olive (olea europaea), have been reported to contain compounds capable
of inhibiting a variety of viruses. These plants have been selected in the review and their bioactive compounds and
their antiviral compounds highlighted (Table 1).

Table-1. Potential plants, compound of interest and some therapeutic history

SN Plant Compound of | Structure Some therapeutic
interest history
1 Zingiber Gingerol O OH - human respiratory
officinale Shogaols syncytial virus
CH,
HO
OCH,
gingerol
2 Allium Cepa | Quercetin human
Isorhamnetin immunodeficiency
Kaempferol virus (HIV),
Myricetin herpes simplex
virus type 1
poliovirus type 1
para-influenza virus
) type 3
Quercetin potato virus
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Allium Allicin influenza virus
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colds and influenza

HO
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o wound healing,
HO w candidiasis,
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Echinacea Caffeic Acid

caffeic acid polio virus
Euphorbia Afzelin b Asthma
hirta Quercitin conjunctivitis
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gallic acid

= =
Caffeic acid © O
OH

influenza virus
hepatitis

diarrhea
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bronchitis and
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cough

Garcenea Kolaviron
Kola

kolaviron

Curcuma Curcumin CH, CH, dengue virus

longa | hepatitis C virus

N V4 Zika virus
chikungunya viruses

HO OH

OCH, H,CO
curcumin

Aleo vera Emodin OH 0 OH human
CH

OH O OH
Chrysophanol | | respiratory
HC | OH |
0

syncytial virus
0

Emodin and Chrysophanol

Olea Oleuropin OH herpes

europaea OH 1 mononucleosis
hepatitis virus
rotavirus

bovine rhinovirus
canine parvovirus
feline leukaemia

Ho °© virus
respiratory syncytial
= virus
OH

. parainfluenza type 3
Oleorupin virus
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6.1. Zingiber Officinale Roscoe

Ginger (Zingiber officinale) is a common and widely used spice. It is rich in various chemical constituents,
including phenolic compounds, terpenes, polysaccharides, lipids, organic acids, and raw fibers. The health benefits
of ginger are mainly attributed to its phenolic compounds, such as gingerols and shogaols [43]. Researchers have
confirmed that ginger possesses multiple biological activities, including antioxidant, anti-inflammatory,
antimicrobial, anticancer, neuroprotective, cardiovascular protective, respiratory protective, antiobesity, antidiabetic,
antinausea, antiviral and antiemetic activities. Fresh ginger possesses anti-viral activity against human respiratory
syncytial virus due to the presence of bioactive phenolic phytocompounds [44]. These have been found to inhibit
viral replication and prevent viruses from entering host cells. Report of Virtual screening of gingerol performed
against some replication protease of SARS-COV-2 showed the potential ability of ginger to serve as putative remedy
to the COVID-19 [45].

6.2. Allium Cepa

Allium cepa (onion) belongs to the Liliaceae family and is known to contain many phytochemicals such as
carotenoids, copaenes, flavonoids, minerals, phenolics, phytoestrogens, terpenoids, vitamins, anthocyanins, and
amino acids [46]. The plant have been reported to possess several therapeutic properties such as antimicrobial
activity, antiparasitic, antiviral, antifungal, antioxidant and anti-inflammatory effects [47]. There is data on the
inhibitory effects of A. cepa against human immunodeficiency virus (HIV), herpes simplex virus type 1, poliovirus
type 1, para-influenza virus type 3, and potato virus [48, 49]. Organosulfur compounds like Isorhamnetin,
Kaempferol, Quercetin, Myricetin found in the plant are associated with inhibition of viral infection [50]. These
chemicals can hinder virus attachment to host cell, alter transcription and translation of viral genome in host cell and
also affect viral assembly. Quercetin can affect entry and attachment of Enterovirus and Influenza virus on host cell
[47]. These compounds have also been tipped as a potential inhibitor and antiviral herb against the SARS-COV-2
[10].

6.3. Allium Sativum

Allium sativum (garlic) may be one of the most famous herbal remedies to be used by humans in history dating
back to ancient cultures. Garlic has been an interesting plant for centuries as a medicinal panacea. Broad range of
pathogenic organisms, including bacteria, fungi, protozoa and viruses has been shown to be sensitive to fresh
crushed garlic [51]. The main active component of Fresh garlic extracts “allicin”. This active compound has been
shown to possess antiviral activity in vitro and in vivo studies. Its beneficial effects may be due in part to sulfur-
containing compounds such as allicine, diallyl disulfide, diallyltrisulfide that react with thiol groups of various
enzymes which are critical for microorganism surveillance. A report by Mehrbod, et al. [51] showed the antiviral
activity of A. sativum against influenza virus in cell culture. Molecular docking of the main component against Main
protease of SARS-COV-2 shows that it is a potential inhibitor for replication of the Virus [10].

6.4. Echinacea

Modern medicinal uses of Echinea are supported in literature as they have been used for treatment of colds and
influenza, lung conditions, wound healing and candidiasis, and various other topical and systemic conditions [52].
Further, it has been tipped as a remedy for treatment of respiratory infections [53]. In view of the current popularity
of Echinacea preparations in the prevention and treatment of upper respiratory symptoms, it is tempting to speculate
that antiviral activities are present, and indeed there have been a few reports of anti-HSV activity and anti-influenza
A virus activity of the plant [54]. Based on this, the plant may be used in treating COVID-19 as the disease share
similar signs and symptoms. The presence of caffeic acid in the plant has been seen as the bioactive compound
responsible for pharmacological property. Caffeic acid has been shown to inhibit the multiplication of influenza A
virus in vitro, Caffeic acid has also been shown to have antiviral activity against herpes simplex virus (DNA virus)
and polio virus (RNA virus).

6.5. Euphorbia Hirta

Euphorbia hirta also called the asthma herb is a medicinal weed located in many parts of Africa, Asia, and
Australia. It has been used locally in the treatment of gastrointestinal disorders, bronchial and respiratory diseases
[55]. Other properties have also been recorded for E. hirta, e.g. hypotensive, tonic, antipyretic, anti-inflammatory
and sedative effects [56]. The latex of the plant is used in the treatment of conjunctivitis, fresh wounds and burns.
Previous phytochemical studies on this plant have revealed the presence of diterpenoids, triterpenoids and flavonoids
[57] while hydrolysable dimericellagitannins (euphorbin A,B, C and E) have been isolated from the leaves of the
plant [56]. Other researcher has detected quercitin, myricitrin, rutin, gallic acid, caffeic acid, afzelin and more
medicinal compounds in the plant [58-60]. The plant parts have been assayed by various researchers for antiviral
activity, and the striking presence of these phytochemicals has been reported to be responsible for its antiviral
activity [61]. Some compounds present in the plant like Quecertin, Caffeic acid and afzelin have been tipped to be
inhibitors of SAR-COV-2 [10].

6.6. Garcinia Kola
Garcinia kola belongs to the family Guittiferae, the English name is bitter kola and it is commonly cultivated in
all parts of Nigeria. The plant has been referred to as a “wonder plant” because every part of it has been found to be
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of medicinal importance [62]. G. kola is used in folklore remedies for the treatment of ailments such as liver
disorders, hepatitis, diarrhea, laryngitis, bronchitis and gonorrhoea [63, 64]. The seed is masticatory and also used to
prevent and relieve colic, chest colds, and cough and can as well be used to treat headache [65]. The medicinal
properties of the plant are due to the presence of the biflavonoid Kolaviron. Kolaviron the antiviral compound in
Garcinia kola has been reported to suppress mortality mice infected with influenza virus [66]. Locally, it has been
tipped by herbalists as a putative anti-SAR-COV-2.

6.7. Curcuma Longa

Turmeric (Curcuma longa) is an ancient coloring spice of Asia, currently found in northern Nigeria as the main
source of curcumin. It is traditionally used for many remedies to various conditions. Curcumin, due to a variety of
specific characterizations is in interest of scientists in recent years. It has been used as a food additive and herbal
supplement due to its potential medicinal properties. It has been found to exhibited antiviral properties against
several viruses, including dengue virus and hepatitis C virus, Zika and chikungunya viruses [67]. Recent molecular
docking studies result showed that Curcumin is a potential inhibitor of the SARS-CoV-2 [10].

6.8. Aloe Vera

Aloe vera has been used for medicinal purposes in several cultures for millennia: Greece, Egypt, India, Mexico,
Japan and China [68]. This plant is recently cultivated in all parts of as an ornamental plant as well as for medicinal
use. Aloe vera leaves has been reported to have antiviral, anti-inflammatory, antibacterial properties. It contains
anthraquinone derivatives like aleo-emodin, emodin and chrysophanol reportedly exhibiting antiviral activity [69].
The potential inhibition activity of aleo vera against SARS-COV-2 has been reported by Ambrish, et al. [70].

6.9. Olea Europaea

Olive (Olea europaea) is native to the Mediterranean region and is main component of the Mediterranean diet.
The oil has been used for both diet and spiritual purposes, the leaves have been widely used as a folk remedy in
traditional medicine [71].The plant has been reported to possess several pharmacological properties including
antioxidant, anti-inflammatory, anti-atherogenic, anti-cancer, antimicrobial and antiviral [72]. The main active
constituents of olive plant include oleic acid, phenolic constituents, and squalene [73]. Oleuropein is generally the
most prominent phenolic compound in olive cultivars [73]. Olive leaf extract has been claimed in a U.S. patent to
have potent antiviral activities against herpes mononucleosis, hepatitis virus, rotavirus, bovine rhinovirus,
canine parvovirus, and feline leukaemia virus [72]. In addition, the leaf extracts has exhibited a significant antiviral
activity against respiratory syncytial virus and parainfluenza type 3 virus [73]. The molecular docking of Oleuropin
against SARS-COV-2 main protease has shown the potential use of oleuropin as an inhibitor of SARS-COV-2 as
reported by Siti, et al. [10].

7. Conclusion

As the days roll by, SARS-COV-2 harvest the weaker immune members of the populace increasing death toll,
economic breakdown in states and countries are besieged by poverty. All round the clock effort of researchers and
medical practitioners yields little effort as there is no positive sign of a synthetic antivirus or vaccines to end the
pandemic situation. Drug repurposing has been done and various drugs have been used to treat the symptoms
exhibited by persons infected with SARS-CoV-2. Some researches remind us of our earliest source of side effect free
drugs. Local medicines have been utilized for treating the symptoms of COVID-19 in many parts of the world and it
has been effective.Our review suggests the importance of a few medicinal plants in Nigeria that have been used for
decades in treating various respiratory ailments. It highlights the pathways that the plant-based medicines may target
SARS-COV-2 to reduce the burden of COVID-19 in the absence of vaccines and synthetic drugs. Thus, proactive
investments in researches in natural product as a means to derive vaccines or drugs to treat COVID-19 can bring
resounding hope to overcome this fatal infection.
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