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A B S T R A C T   

Except for Remdesivir® no other drug or vaccine has yet been approved to treat the coronavirus disease (COVID- 
19) caused by the virus known as, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Remdesivir® 
an small molecule and nucleic acid analogue, it is used to treat adults and children with laboratory confirmed 
COVID-19, only administrated in hospital settings. Small molecules and particularly natural products count for 
almost fifty percent of the commercially available drugs, several of them are marketed antiviral agents and those 
can be a potential agent to treat COVID-19 infections. This short review rationalized different key natural 
products with known activity against coronaviruses as potential leads against COVID-19.   

1. Introduction 

Coronaviruses (CoVs) are the largest group of viruses belonging to 
the Nidovirales order, which includes Coronaviridae, Arteriviridae, and 
Roniviridae families. The Coronavirinae comprises one of two sub
families in the Coronaviridae family, with the other being the Torovir
inae [1]. Coronaviruses are named for the crown-like spikes on their 
surface and there are four main sub-groupings of coronaviruses, known 
as alpha, beta, gamma, and delta [2]. Human coronaviruses were first 
identified in the mid-1960′s [3]. Coronaviruses cause acute and chronic 
respiratory, enteric and/or central nervous system diseases in many 
species, including humans [4]. 

There are seven coronaviruses that can infect human worldwide, 
four common types are 229E and NL63 (alpha coronavirus), while OC43 
and HKU1 (beta coronavirus). Sometimes animal coronaviruses can 
cross-species transmitted and infect humans [5]. Three recent examples 
of this are beta coronaviruses; SARS-CoV (causes severe acute respira
tory syndrome, or SARS), MERS-CoV (causes Middle East respiratory 
syndrome, or MERS), and the recently named by World Health Orga
nization (WHO) as SARS-CoV-2 coronavirus causing the disease called 
COVID-19 [6]. Porcine transmissible gastroenteritis virus (TGEV), 
human coronavirus (HCoV) 229E, mouse hepatitis virus (MHV), bovine 

coronavirus (BCoV), and porcine epidemic diarrhea virus (PEDV) all 
belong to the coronaviridae family. These coronaviruses are encom
passed, positive single-abandoned RNA infections containing 27–31 kb 
genomes, which cause respiratory and enteric maladies in people and 
animals [7]. 

Currently, it is difficult to generate animal models capable to simu
late the key features for the human disease. These models are aiming to 
find the pathogenic mechanism, search for avenues to identify targets on 
the virus suitable for attack and design successful treatments. SARS-CoV 
is capable to readily infect laboratory mice, but, it does not cause any 
significant disease symptoms unless the virus is transmitted for adap
tation into the mouse host [8]. Moreover, infection of primates produces 
a milder disease than that observed in humans, although fever and 
pulmonary inflammation were noted [9]. 

On March 11, 2020, The World Health Organization (WHO) has 
declared the novel coronavirus (COVID-19) outbreak a global pandemic. 
On March 28, 2020, United States Food and Drug Administration (FDA) 
issued an emergency use authorization of hydroxychloroquine sulfate 
(Plaquenil®, Quineprox®), chloroquine phosphate (Aralen®), in which 
the physicians can prescribe those to seriously hospitalized COVID-19 
patients. Later in June 15, 2020 FDA revoked their use based on 
serious side effects and no real benefits on clinical trials [10]. As of 
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September 28, 2020, the coronavirus disease 2019 (COVID-19) 
pandemic had resulted in 33,270,108 cases and 1,001,497 deaths 
worldwide, including 7,317,312 cases and 209,423 deaths in the United 
States (US) [11]. 

Drugs currently being investigated for the possibility of use against 
CoV disease include monoclonal antibodies, direct-acting antivirals 
(DAAs) such as protease, helicase, and polymerase inhibitors, and im
munomodulators such as interferons and corticosteroids. Challenges in 

the development of CoV antivirals are both general to RNA viruses and 
specific to CoVs. The process of replication of positive-sense RNA virus 
genomes is generally characterized by high error rates, high viral yields, 
short replication times, and abundant homologous and nonhomologous 
recombination [12]. Given the urgency of the COVID-19 outbreak, we 
focus here in this report, on the potential to repurpose existing natural 
antiviral and anticancer agents with established activity against various 
coronaviruses such as severe acute respiratory syndrome (SARS) and 
Middle East respiratory syndrome (MERS) [13]. 

1.1. Approved small molecules to treat COVID-19 

Natural compounds are potential sources for the development of 
antiviral agents. Various medicinal herbs producing anti-inflammatory, 
antifungal, and antitumor activities have been extensively studied in 
order to identify the herbs possessing antiviral properties. Indeed, 
chloroquine, the first small molecule Food and Drug Administration 
(FDA) approved to treat COVID-19, later revoked, was inspired and 
developed from quinine sharing the same quinoline core (Fig. 1). Qui
nine is the bioactive component, an old antimalarial agent, it was iso
lated from the bark of Cinchona officinalis used for centuries by the Inca 
empire in South America to treat malaria and other illness [14]. 

Remdesivir® possessed broad activity against RNA viruses; many 
research groups assessed its antiviral activity both in vitro and in vivo, 

Fig. 1. Quinine and chloroquine chemical structures, dashed ellipse corre
sponded to the quinoline core. 

Fig. 2. Chemical structures of Remdesivir® and adenosine.  

Fig. 3. Chemical structure for selected alkaloids and sinigrin.  
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validating its activity against coronaviruses. Its antiviral activity was 
confirmed against SARS, MERS zoonotic coronaviruses, as well as the 
circulating human coronaviruses HCoV− OC43 and HCoV-229E, which 
cause common human cold. In vitro and preclinical in vivo animal models 
supported the effectiveness of Remdesivir® against SARS-CoV-2 and 
related coronaviruses. These include a recent in vitro study of Remde
sivir® assessing antiviral activity against SARS-CoV-2 using qRT-PCR 
quantification of viral copy number in infected Vero E6 cells. This 
study demonstrated an IC50 of 770 nM and an IC90 equal to 1760 nM 
(with cytotoxic concentration >100 mM). The mechanism of action of 
Remdesivir® is attacking a weak point of viral replication within the 
host, such as targeting the divergent RNA-dependent RNA polymerase 
(RdRp). The chemical structure for Remdesivir® resembles adenosine 
one (Fig. 2). Imagining under cryo-electron microscopy confirm 
Remdesivir® latches onto the primer RNA of the virus shutting down the 
viral reproduction [15]. 

Recently, Y. Wang et al. reported randomized, double-blind, placebo- 
controlled trial in hospitalized adults with severe COVID-19 in China. 
Adverse effects such as constipation, hypoalbuminemia, hypokalemia, 
anemia, and thrombocytopenia as well as increased total bilirubin 
concentrations were reported in 66 % of patients who received 
Remdesivir®. Serious adverse events reported in 18 %, and drug dis
continued because of the adverse events [16]. 

Next section is a compilation of the natural products that have been 
shown to be active against the coronavirus affecting the human health. 
The compounds are grouped according to their biosynthetic origin. 

1.2. Natural Products showing activity against coronaviruses 

1.2.1. Alkaloids 
Several alkaloids have shown antiviral activity, for example, Kim 

et al. 2019, showed that bis-benzylisoquinoline alkaloids such as, tet
randrine (1), fangchinoline (2), and cepharanthine (3) isolated from 
Stephania tetrandra and other related species of Menispermaceae, (Fig. 3) 
to have potent activity against human coronavirus OC43 infection. 
Interestingly, bis-benzylisoquinoline alkaloids are enriched in several 
well-known edible plants such as Nelumbo nucifera (lotus) which is 
widely cultivated in Asia [17]. Tetrandrine (1) and fangchinoline (2) 
showed in vitro antiviral activity against human coronavirus [18]. The 
expression levels of the S- and N-proteins in MRC-5 lung human cells 
infected with HCoV− OC43 at two days’ post-infection were significantly 
diminished and virus replication was suppressed by the action of alka
loids 1-3. These alkaloids did not show cytotoxic effects on MRC-5 cells 
up to 10 μM (CC50 > 10 μM). The IC50 values of tetrandrine (1), fang
chinoline (2), and cepharanthine (3) were 0.33 ± 0.03, 1.01 ± 0.07, and 
0.83 ± 0.07 μM, respectively [19]. This in turn demonstrated that tet
randrine (1), fangchinoline (2), and cepharanthine (3) inhibited 
HCoV− OC43 at the early stage of infection which is mainly due to 
suppression of the replication of HCoV− OC43 virus [19]. 

Tetrandrine (1) has been known as antagonist of calmodulin, has 
anti-tumor, anti-inflammatory effects, and can effectively inhibit fibro
blasts and thereby inhibiting pulmonary fibrosis [20]. Since the 1950s, 
tetrandrine (1) has been used in China as an antihypertensive drug. In 
1970s, tetrandrine (1) underwent a phase I clinical trial as an antitumor 
drug in US. Although tetrandrine is not in clinical use in countries other 
than mainland China, it has been used in research worldwide showing to 
have multiple pharmacological activities including immunosuppression, 
antihypertensive, and antitumor activities. Tetrandrine had a synergistic 
effect on the cytotoxicity of the chemotherapeutic agents; 5-fluorouracil, 
oxaliplatin, and docetaxel in two gastric cancer cell lines [21]. Fang
chinoline (2) is known to have inhibitory effects on histamine release 
and on the production of IL-1 and tumor necrosis factor-a (TNF-α). Also, 
fangchinoline was identified as capable of inhibiting PI3K and its 
downstream signaling pathways and suppressing PI3K-mediated 
SGC7901 behavior including growth, migration, and invasion. Further 
testing in experimental in vivo models is warranted [22]. 

In an extensive study, more than 200 Chinese medicinal herb extracts 
were screened for antiviral activities against (SARS-CoV) using 3-(4,5- 
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)- 
2H-tetrazolium inner salt (MTS) assay for virus-induced cytopathic ef
fect (CPE) [19]. The extracts of Lycoris radiata, Artemisia annua, Pyrrosia 
lingua, and Lindera aggregata showed potent antiviral activities against 
SARS-CoV strain BJ001 with 50 % effective concentration (EC50) 2.4 ±
0.2, 34.5 ± 2.6, 43.2 ± 14.1, and 88.2 ± 7.7 μg/mL, respectively. Among 
those extracts, L. radiata extract showed the best inhibition effect in 
SARS-CoV bioassay guided fractionation yielded lycorine (4) as the main 
bioactive components (Fig. 3). The EC50 value for lycorine (4) was found 
to be 15.7 ± 1.2 nM. The CC50 of lycorine (4) in Vero E6 and HepG2 cells 
were 14980.0 ± 912.0 and 18810.0 ± 1322.0 nM, respectively [23]. 
Lycorine (4) can cause toxic effects at low doses in canines’ model (~ 1 
mg/kg), further development of this compound as a potential drug 
candidate is needed, and the mechanism of its antiviral activity is still 
not clear [24]. 

Isatis indigotica root is a Chinese herb frequently used for the pre
vention of SARS during the SARS outbreaks in China, Hong Kong, and 
Taiwan. The main components of I. indigotica root are the alkaloids; 
indigo (5), indirubin (6), and indican (indoxyl-β-D-glucoside) (7), and 
the allyl glucosinate, sinigrin (8) (Fig. 3). Indigo (5) and indirubin (6) 
were identified as the promiscuous chymotrypsin inhibitors [25]. C.W. 
Lin et al. [26] characterized the anti-SARS-CoV 3CLpro effect of the water 
extract of I. indigotica root-derived compounds. Of the five compounds 
that were tested in vitro, sinigrin (8) and indigo (5) showed 
dose-dependently inhibited cleavage activities of the 3CLpro in cell-free 
and cell-based assays. The IC50 values in the cell-free assays were 121 
μM for sinigrin and 300 μM for indigo. The cell-based assay indicated 
that sinigrin (IC50 = 217 μM) was more efficient in blocking the cleavage 
processing of the 3CLpro than indigo (IC50 = 752 μM). Sinigrin (8) is a 
component in many edible plants of the Brassicaceae family, such as 
broccoli and Brussels sprouts. In seeds of Brassica nigra (mustard seeds) 
sinigrin (8) is found in high concentration, mustard has been used for 
centuries by mankind for its culinary, as well as various medicinal 
properties [27]. 

1.2.2. Flavonoids 
In 2005, Lin et al. studied phenolic compounds which were evaluated 

for their inhibitory effects on the SARS- CoV 3CLpro. Aloe-emodin (9) 
and hesperetin (10) dose-dependently inhibited cleavage activity of the 
3CLpro in in vitro cell-free and cell-based assays, the IC50 values of aloe- 
emodin (9) and hesperetin (10) were 132 μM and 60 μM, respectively 
[26]. 

The expression of nucleocapsid (N) protein essential for MERS-CoV 
replication was decreased after resveratrol treatment, down regulating 
the apoptosis induced by MERS-CoV in vitro assay [28]. Resveratrol also 
has been found to inhibit herpes simplex virus types 1 and 2 (HSV-1 and 
HSV-2) replication in a dose-dependent, and reversible manner [29]. In 
several toxicity studies, resveratrol was orally administrated at its 
maximum tolerated doses to access its adverse effects; the results show 
the lack of carcinogenicity. Reports revealed the absence of acute skin 
and eye irritation or other allergenicity signs that could be caused by the 
compound. Despite being an estrogen-like compound, studies provide 
further evidence that trans-resveratrol has low estrogenic potency in vivo 
[30]. A large amount of resveratrol is produced in the skin of grapes to 
protect the plant against fungal diseases and sun damage [31]. Resver
atrol is widely available on red wine extract, grape seed extract, and 
Japanese knotweed extract and others. Most supplements on the market 
are derived from Japanese knotweed as it has the highest concentrations 
of resveratrol in nature [32]. Commercial dietary supplements contain 
an average between 50–500 mg of trans-resveratrol (11), human clinical 
studies have also been performed up to single doses of 5 g of resveratrol 
without observing adverse effects [30]. These data suggest that trans-
resveratrol (11) is well tolerated in humans and that 450 mg/day can 
represent a safe dose for a 70 kg individual [33]. Resveratrol has low 
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systemic bioavailability and is available in solution form and as a 
transdermal patch, however, its safety and effectiveness have not been 
approved by the FDA [34]. 

Amentoflavone (12) a bi-flavonoid isolated from Selaginella sinensis, 
Torreya nucifera, and other medicinal plants has shown in vitro potent 
antiviral activity against respiratory syncytial virus (RSV), with an IC50 
of 5.5 μg/mL [35], as well as significant activity against influenza A and 
B viruses [36]. Additionally, amentoflavone (12) revealed moderate 
anti-herpes simplex virus HSV-1 and anti-HSV-2 activities with EC50 
values of 17.9 μg/mL (HSV-1) and 48.0 μg/mL (HSV-2), and also 
described as SARS-CoV 3CL protease inhibitor with an IC50 of 8.3 μM 
[37]. This compound has shown high cytotoxicity against MCF-7 and 
HeLa cancer cell lines [38]. 

Myricetin (13) and scutellarein (14) (Fig. 4) are strong inhibitors of 
SARS-CoV helicase and their effect is mediated through inhibition of 
ATPase activity. The IC50 values of myricetin and scutellarein in vitro 
were 2.71 ± 0.19 μM and 0.86 ± 0.48 μM, respectively [39]. It has been 
noticed that neither myricetin (13) nor scutellarein (14) can affect the 
growth of MCF10A cells at cellular concentrations close to their IC50′

s 
[40]. 

Myricetin (13) is a typical plant-derived flavonoid produced funda
mentally by individuals from the families Myricaceae, Anacardiaceae, 
Polygonaceae, Pinaceae, and Primulaceae and considered as one of the key 
elements of different beverages [40]. 

Myricetin (13) shows a wide spectrum of activities that incorporate 
anti-oxidant, anticancer, antidiabetic and anti-inflammatory activities 
[41]. It shows a few activities that are identified with the central nervous 
system (CNS) and the compound is suggested to be useful against Par
kinson’s and Alzheimer’s diseases [42]. According to some reports 
myricetin (13) has the capability to modify the immune response or 
functioning of the immune system [42]. This compound has cytotoxic 
and apoptosis-promoting effects in prostate cancer (PCa) cells [43]. 

Scutellaria baicalensis roots have been widely used in traditional 
Chinese medicine to treat viral infection [44]. In vitro and in vivo repli
cation of SARS-CoV can be inhibited by the flavonoid baicalin (15), 
which is isolated from S. baicalensis. Numerous inhibitory activities were 
confirmed for baicalin (EC50 at 48 h is 12.5–25 μg/mL and at 72 h is 
25–50 μg/mL) by virtue of neutralization-based testing of the nine SARS 
coronavirus isolates [45]. 

The most potent anti-SARS-CoV-2 3CLpro activity was shown by an 
aglycon of baicalin, baicalein (16), with an IC50 of 0.39 μM. Studies of 
several analogs have demonstrated the potentiality of additionally four 
flavonoids as potent inhibitors of SARS-CoV-2 3CLpro. These potent in
hibitors include scutellarein (14), which is largely distributed in genera 
Scutellaria and Erigerontis, and shows IC50 value of 5.8 μM against SARS- 
CoV-2 3CLpro. The other three remaining flavonoid compounds are 
myricetin (13), dihydromyricetin (17), and quercetagetin (18). They 
were respectively constituents from Ampelopsis japonica (Bailian in 

Fig. 4. Phenolic compounds tested against coronaviruses.  
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Chinese), Eriocaulon buergerianum (Gujingcao in Chinese) and Polygoni 
avicularis (Bianxu in Chinese), and possess inhibitory activity against 
SARS-CoV- 2 3CLpro with IC50 values of 1.20, 1.24, and 2.86 μM [46]. 
Baicalin has been shown to possess potential cytotoxicity [47]. 

Tannic acid (19) (IC50 = 3 μM) and 3-isotheaflavin-3-gallate (20) 
(IC50 = 7 μM) (Fig. 5) were shown to be potent inhibitors of SARS 3CLpro 

by virtue of high-throughput screening of a natural product library 
(approx. 720 compounds) [48]. These two compounds form part to a 
group of natural polyphenols found in tea [45]. According to the results 
obtained, the extracts from Pu-erh tea and black tea were the most 
potent inhibitors of SARS protease [48]. It was also reported that bovine 

coronavirus and rotavirus infections could be neutralized by theaflavins 
extracted from black tea [49] with EC50 of 34.7 μg/mL. The findings also 
corroborate the presence of an inactivation activity (in vitro) of thea
flavin and theaflavin gallate derivatives (20) against both rotavirus and 
coronavirus. 

The activity of polyphenols derived from Broussonetia papyrifera 
against 3-chymotrypsin-like and papain-like coronavirus cysteine pro
teases were discussed by Ji-Young Park et al. [50]. Many polyphenols 
were discovered to be more potent as inhibitors of papain-like protease 
(PLpro) than those of 3-chymotripsin-like protease (3CLpro) [50]. Among 
these polyphenols, papyriflavonol (22) (Fig. 6) was discovered to 

Fig. 5. Chemical structure of theaflavins extracted from black.  

Fig. 6. Phenolic compounds tested against coronaviruses.  
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manifest the most potent inhibitory activity against PLpro with an IC50 
value of 3.7 μM while C-5-alkyl group (prenyl)-substituted flavan (23) 
was the most potent against SARS- CoV 3CLpro which was proven to be 
more effective than quercetin derivative (IC50 = 52.7 μM). 

Recently, it has been suggested by Stevens et al. that polyphenols 
inhibition of viral proteases associated with viral replication is due to 
their protein affinity via hydrogen bonding [51]. 

Houttuynia cordata Thunb. (Saururaceae) or HC is a medicinal plant 
commonly used in folk medicine in a number of Asian countries. It is 
effective in the treatment of pneumonia, infectious diseases, refractory 
hemoptysis, and malignant pleural effusion [52]. It was the main herbal 
component of heat-removing and detoxifying formula during the severe 
acute respiratory syndrome (SARS) outbreak in 2002–2003 [53]. 
Considerable inhibitory effects were demonstrated in vitro and in vivo by 
HC water extract on both SARS-CoV 3C-like protease (3CLpro) and 
RNA-dependent RNA polymerase [54], where HC extract was discov
ered to be an effective inhibitor of [α-32P] UTP incorporation at 50 
μg/mL. Interestingly, oral acute toxicity analysis demonstrated that HC 
was non-toxic to laboratory animals after an oral administration at 16 
g/kg. 

The inhibitory activities of chalcones and coumarins isolated from 
the edible Angelica keiskei against SARS-CoV proteases (3CLpro and 
PLpro) were determined (cell-free/based) [55]. Xanthoangelol E (24) 
(Fig. 6), exhibited the most inhibitory activity against 3CLpro and PLpro 

with IC50 values of 11.4 and 1.2 μM [56]. Data suggested that chalcones 
exhibited competitive inhibition to the SARS-CoV 3 CLpro and 
noncompetitive inhibition to the SARS-CoV PLpro. 

1.2.3. Terpenoids 
Terpenoids represent diverse class of molecules that provide a wealth 

of opportunities to address many human health and societal issues. 
Euphorbia neriifolia L. is an herb local to Southeast Asia. From leaves of 
E. neriifolia, 23 compounds were isolated, including 22 triterpenoids and 
one flavonoid glycoside [57]. The antiviral activity of all the isolated 

compounds was evaluated. The assay results indicated the highly in
fluence of the antiviral activity with small differences in the structural 
features of the tested compounds. Among the friedelane derivatives 
tested, two epimers, 3β- friedelanol and 3α-friedelanol, with difference 
orientation at C-3 that affected dramatically their antiviral activity 
while epitaraxerol (25) (Fig. 7), a taraxerane derivative, was the most 
active derivative [57]. 

Glycyrrhizin (26) (Fig. 7), the active component of liquorice roots, has 
been reported to possess moderate antiviral activity against SARS-CoV in 
vitro with an EC50 of 300 g/mL [58], however its full mechanism is 
unclear. Glycyrrhizin affects cellular signaling pathways such as protein 
kinase C; casein kinase II; and transcription factors such as activator 
protein 1 and nuclear factor kB (NF-κB). 

Saikosaponins isolated from medicinal plants such as Bupleurum spp., 
Heteromorpha spp., and Scrophularia scorodonia have been reported to 
produce various biological activities including antihepatitic, anti
nephritic, antihepatomic, anti-inflammatory, immunomodulatory, and 
antibacterial effects [59–61]. The cytotoxicity of saikosaponins A, B2, C, 
D and actinomycin D on MRC-5 cells using the XTT assay indicated no 
cytotoxic effect on the cells at concentrations of 2.5 μM/L. Saikosapo
nins (A, B2, C and D) were examined for their anticoronaviral activity, 
where saikosaponin B2 (27) (Fig. 7) has potent anticoronaviral activity 
[62]. The percentage viral inhibition for 0.25, 2.5, and 25 μM/L saiko
saponin B2 was 35.7 ± 0.7, 63.0 ± 0.8, and 100.0 ± 0.2 %, respectively. 
The mechanistic studies show that saikosaponin B2 inhibits HCoV-229E 
infection in a dose- and time-dependent manner, block viral penetration 
into cells, and interfere with the early stage of viral replication, such as 
virus absorption and penetration. 

In another study, 221 phytocompounds were evaluated for their 
activity against severe acute respiratory syndrome associated corona
virus (SARS-CoV) using a cell-based assay measuring SARS-CoV-induced 
cytopathogenic effect on Vero E6 cells. Twenty tested compounds 
exhibited significant levels of anti-SARS-CoV activity at 10 μM with no 
cytotoxicity against Vero E6 cells. Due to its pivotal role in the SARS- 

Fig. 7. Chemical structure of triterpenoids and Savinin.  
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CoV life cycle, the 3CL protease is a key target for discovery of anti- 
SARS- CoV agents [63]. The inhibitory effects of compounds on 
SARS-CoV 3CL protease activity were investigated. Only betulinic acid 
(28) (IC50 = 10 μM, Ki = 8.2 ± 0.7 μM) and savinin (29) (IC50 = 25 μM, 
Ki = 9.1 ± 2.4 μM) (Fig. 7) exhibited significant inhibition on 3CL 
protease. The mechanism of action of betulinic acid and savinin on 3CL 
protease was shown to be competitive inhibition via molecular docking 
[63,64]. 

1.2.4. Fatty acids and polyketides- diarylheptanoids 
Alnus japonica and its constituents exhibit various biological prop

erties, including anti-inflammatory, anticancer, and anti-influenza ac
tivities. The ethanol extract of the stem bark of A. japonica exhibited 
PLpro inhibitory activity. Nine diarylheptanoids were identified; platy
phyllenone, hirsutenone (30), platyphyllone, platyphyllonol-5- 
xylopyranoside, hirsutanonol, oregonin, rubranol, rubranoside B (31), 
and rubranoside (32) (Fig. 8) [65]. The isolated compounds were tested 
against SARS-CoV PLpro using a continuous fluorometric assay, where 
six diarylheptanoids showed a dose-dependent inhibitory effect against 
the PLpro. Compounds 30 and 31 exhibited modest activity, with IC50 
values of 8.0 and 9.1 μM. These compounds also were tested using re
combinant 3CLpro expressed in vitro, where compound 32 exhibited 
stronger 3CLpro inhibition than the other derivatives with IC50 = 36.2 
μM. 

The diarylheptanoids were found to be reversible inhibitors, where 
an increase in concentration rapidly reduced enzyme activity [65]. 
Structural-activity relationship (SAR) of diarylheptanoids established 
that α, β-unsaturated carbonyl and catechol groups may play a pivotal 
role in SARS-CoV PLpro inhibition by interacting with the PLpro nucleo
philes [65]. The mechanism of inhibition of cysteine protease may 
involve the formation of a covalent bond between the carbonyl group 
located at the warhead of the inhibitor and the cysteine active site res
idue in the enzyme. 

A number of experiments aimed at the evaluation of the inhibitory 
activity and the effects of Chinese medicinal herbs on the S protein and 
ACE2 interaction have been carried out by T.-Y. Ho et al. [66]. The herbs 
were divided by the team into 32 families in order to compare the levels 
of inhibition through taxonomic characterization. Up to 60–90 % of the 
binding of S protein to Angiotensin-converting enzyme 2 (ACE2) at 1 μg 
was blocked by six herb families, including Nelumbonaceae, Labiatae, 

Magnoliaceae, Oleaceae, Lauraceae, and Polygonaceae. Among the given 
families, the highest inhibitory effect on the S protein and ACE2 inter
action was demonstrated by Polygonaceae, with t inhibitory percentage 
of 86.33 ± 4.55 %, where Radix et Rhizoma Rheim, Radix Polygoni mul
tiflora, and Caulis Polygoni multiflori pertain to Polygonaceae [67]. 
Emodin, the major components of the genus Rheum and Polygonum, is 
the likely active constituent responsible for blocking both the binding of 
SARS-CoV S protein to ACE2. Emodin (33) (Fig. 9) blocked the binding 
of S protein to ACE2 in a dose-dependent manner. The IC50 value of 
emodin is 200 μM. Emodin is an anthraquinone compound consists of 
three cyclic rings. The anti-psychotic drug promazine (34) (Fig. 9), 
which has been shown to exhibit the significant effect in inhibiting the 
replication of SARS-CoV [68], shared a similar structure with emodin. 
As compared to emodin, promazine exhibited the highest inhibition. 
However, the differences between emodin and promazine were not 
significant. 

1.2.5. Current trends and clinical trials 
Many anti-immune treatments, investigational clinical trials using 

repurposed drugs for evaluation of direct antiviral activity have already 
been launched, including multiple antiviral and antimalarial medicines 
[68]. A great effort has been addressed towards sharing information on 
biomolecular simulation data to reveal models of how the coronavirus 
could potentially infect human, as well as how to prevent and/or treat 
COVID-19 [69]. 

Recently, Riva et al., reported a high-throughput analysis of 
approximately 12,000 known drugs evaluated for their activity against 
SARS-CoV-2 replication which afforded 30 known drugs capable to 
inhibit viral SARS-CoV-2 replication [69]. Six drugs were further char
acterized for cellular dose-activity relationships, and showed effective 
concentrations likely to be commensurate with therapeutic doses in 
patients. The mechanism of those drugs includes the PIKfyve kinase 
inhibitor Apilimod, cysteine protease inhibitors MDL-28170, Z LVG 
CHN2, VBY-825, and ONO 5334, and the CCR1 antagonist MLN-3897 
[70]. 

There are several ongoing clinical trials using repurposed clinical- 
stage or approved drugs such as remdesivir, favipiravir, lopinavir/rito
navir, hydroxychloroquine, and natural or semisynthetic products like 
quercetin [71,72], colchicine [73], tetrandrine [74], desferrioxamine B 
[75], azithromycin [76–78] (Fig. 10) are under investigation for treating 

Fig. 8. Diarylhepatanoids from Alnus japonica (Betulaceae).  

Fig. 9. Chemical structure of emodin and promazine.  
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COVID-19 patients, as well as several vaccines are in fast phases of 
clinical trials. Selected examples of natural products which are in cur
rent clinical trials to treat COVID-19 are shown below. 

Desferrioxamine B (Desferal®) is produced by Streptomyces pilosus 
and the only siderophore currently marketed (DB00746). It is produced 
by the fermentation of S. pilosus and is used therapeutically in patients 
with iron and aluminum overload [79]. Desferrioxamine B is also known 
for its antiproliferative activity against leukemia and neuroblastoma 
cells in vitro and in vivo and in current clinical trials for its antitumor 
activity [80]. Replication of human immunodeficiency virus type 1 

(HIV-1) can be influenced by iron, hence, decreasing the availability of 
iron may inhibit HIV-1 replication, where deferoxamine is capable of 
forming catalytically inactive iron-chelator complexes [81]. 

Quercetin is reported to be effective on treatment and prophylaxis of 
other SARS like coronavirus infections, as a strong antioxidant and 
scavenger flavonoid without any serious reported adverse effects. This 
in turn motivates investigators to consider quercetin as an effective lead 
on both prophylaxis and treatment of COVID-19 cases [82]. 

Favipiravir (T-705; 6-fluoro-3-hydroxy-2-pyrazinecarboxamid, Avi
gan®) is an antiviral drug that selectively inhibited the RdRP of 

Fig. 10. Natural and semisynthetic compounds that are under ongoing clinical trials.  
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influenza virus [83]. It showed specific activity against all three influ
enza A, B, and C [84,85]. The primary mechanism of action of favipir
avir against the influenza virus was through specific inhibition to vRNA 
polymerase [86]. Favipiravir functions as a purine homologue, where 
vRNA polymerase mistakenly recognizes favipiravir-RTP as a purine 
nucleotide resulted in inhibition of viral RNA synthesis [86]. 

Colchicine (Colcrys®) is an alkaloid isolated from the plant 
Colchicum autumnale. It is a drug used to treat gout and Behçet’s disease 
with narrow therapeutic-toxicity window and a marked variability be
tween individuals in drug disposition [87]. Colchicine binds in an 
equimolar and poorly reversible manner to soluble nonpolymerized 
tubulin with high activation energy, forming a tubulin-colchicine com
plex [88]. 

It appears through this short review that natural products with the 
unique pharmacophores and high safety margin will present key 
element in dealing with the pandemic 2019-nCoV. 

2. Conclusions 

There is an urgent and critical need to identify novel medical 
countermeasures both for prophylactic and treatment use. Since the 
production of a vaccine could take 12–18 months, and de novo devel
opment of therapies usually requires 10–17 years, repositioning clini
cally evaluated drugs represents one of the most practicable strategies 
for the rapid identification and deployment of treatments for emerging 
infectious diseases such as COVID-19 [65]. 
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