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The rapid outbreak of coronavirus disease 2019 (COVID-19) has demonstrated the need
for development of new vaccine candidates and therapeutic drugs to fight against the
underlying virus, severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2).
Currently, no antiviral treatment is available to treat COVID-19 as treatment is mostly
directed to only relieving the symptoms. Retrospectively, herbal medicinal plants have
been used for thousands of years as a medicinal alternative including for the treatment of
various viral illnesses. However, a comprehensive description using various medicinal
plants in treating coronavirus infection has not to date been described adequately,
especially their modes of action. Most other reports and reviews have also only
focused on selected ethnobotanical herbs such as Traditional Chinese Medicine, yet
more plants can be considered to enrich the source of the anti-viral compounds. In this
review, we have screened and identified potential herbal medicinal plants as anti-
coronavirus medication across major literature databases without being limited to any
regions or ethnobotanic criteria. As such we have successfully gathered experimentally
validated in vivo, in vitro, or in silico findings of more than 30 plants in which these plant
extracts or their related compounds, such as those of Artemisia annua L., Houttuynia
cordata Thunb., and Sambucus formosana Nakai, are described through their respective
modes of action against specific mechanisms or pathways during the viral infection. This
includes inhibition of viral attachment and penetration, inhibition of viral RNA and protein
synthesis, inhibition of viral key proteins such as 3-chymotrypsin-like cysteine protease
(3CLpro) and papain-like protease 2 (PLpro), as well as other mechanisms including
inhibition of the viral release and enhanced host immunity. We hope this compilation
will help researchers and clinicians to identify the source of appropriate anti-viral drugs from
plants in combating COVID-19 and, ultimately, save millions of affected human lives.
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INTRODUCTION

Coronaviruses are known to infect various hosts such as mice (mouse hepatitis virus, MHV), pigs
(porcine epidemic diarrhea virus, PEDV), birds (avian coronavirus, IBV) and even human (human
coronavirus, HCoV including severe acute respiratory syndrome coronavirus (SARS-CoV), SARS-
CoV-2, Middle East Respiratory Syndrome-CoV (MERS-CoV), HCoV-OC43, HCoV-NL63 and
HCoV-229E) with different disease severity (Vellingiri et al., 2020; Zhu et al., 2020). On January 30,
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2020, theWorld Health Organization (WHO) declared the outbreak
of COVID-19, caused by the SARS-CoV-2, to be a global pandemic,
which requires an international public health emergency (Patel and
Jernigan, 2020). Ever since its outbreak in December 2019 (Yang
et al., 2020), the SARS-CoV-2 virus has spread and causedmore than
15.3 million cases and 631,000 deaths worldwide as of July 23, 2020
(https://virusncov.com/). The outbreak originated from the Hunan
seafood market in Wuhan, a main city of China which frequently
sold live exotic animals such as bats, frogs, snakes, dogs, civets, and
marmots (Wang et al., 2020a). Although the zoonotic source of
COVID-19 is yet to be verified, however, sequence-based analysis of
isolates from infected patients has indicated that bats may serve as
the primary reservoir, of which over 80% of the viral genome
sequences is identical to the previous human SARS-coronavirus
(Wu et al., 2020). Most COVID-19 patients initially suffered from
fever, cough, and fatiguewhile developing other symptoms including
muscle pain, headache, shortness of breath, and diarrhea, of which,

in extreme cases, severe inflammatory responses may lead to fatality
(Chen et al., 2020).

SARS-CoV-2 belongs to the order Nidovirales, family
Coronaviridae and genus Coronavirus, which is comprised of
single stranded positive RNA sense viruses with 29.7 kb in length
(Ksiazek et al., 2003; Marra et al., 2003; Ruan et al., 2003). Such
RNA encodes two large non-structural polyproteins and four
major structural proteins (Figure 1). The non-structural
polyproteins, known as ORF1a and ORF1b with protein sizes
of 486 and 790 kDa, respectively (Ksiazek et al., 2003; Marra et al.,
2003), will undergo co-translational processing by two viral-
encoded proteases called 3-chymotrypsin-like cysteine protease
(3CLpro) and a papain-like protease (PLpro) (Gao et al., 2003;
Snijder et al., 2003; Thiel et al., 2003). The processing of ORF1a is
carried out by PLpro at three sites (yellow filled star) which release
nsp1, nsp2, and nsp3, whereas the rest of the sites are processed
by 3CLpro (red filled star) releasing nsp4 until nsp16 (Lindner

FIGURE 1 | Mechanism of actions of antiviral agents/compounds from plants against coronavirus infection. As the virus initially infects an eukaryotic cell, several
stages in the infection process occur which can be the potential sites of attack by the antiviral compounds. The life cycle of the virus begins when spike protein (S) of
coronavirus binds to the angiotensin-converting enzyme 2 receptor (ACE2) located on the membrane of the host cells. The receptor binding facilitates viral envelope
fusion with the host cell membrane before releasing the viral RNA into the host cell. The viral RNA encodes four structural proteins and two large non-structural
polyproteins called ORF1a and ORF1b. These two non-structural polyproteins are translated and cleaved into 16 non-structural proteins (nsp) by two proteinases, 3-
chymotrypsin-like cysteine protease (3CLpro) and papain-like protease 2 (PLpro). The yellow filled stars are the sites predicted to be cleaved by PLpro whereas the red
filled stars are the sites predicted to be cleaved by 3CLpro. Besides that, the coronavirus genome also encodes structural proteins, including spike (S), envelope (E),
membrane (M), and nucleocapsid (N) proteins. After replication, transcription and translation, viral proteins and genome RNA are subsequently assembled into virions in
the endoplasmic reticulum (ER) and Golgi body before they will be transported via vesicles to be released out of the cell as new virus progenies.
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et al., 2005). Besides that, the viral RNA encodes for the structural
proteins, including nucleocapsid (N), envelope (E), membrane
(M), and spike (S) proteins (Figure 1) (Du et al., 2016; Zhou et al.,
2018; Wang et al., 2020b). The N protein is a soluble protein that
contains the nucleocapsid packages of the RNA genome.
Whereas, E is a small protein, around 76–109 amino acids
containing a single predicted hydrophobic domain that is
essential for interaction with M protein (Ruch and Machamer,
2012) which is the most prevalent membrane protein in the virion
envelope (Masters, 2006; Hogue and Machamer, 2014).
Meanwhile, the S protein serves as an important mechanism
for viral attachment and fusion to the host cells (Figure 1). In
general, upon S protein attachment to the host receptor called
angiotensin-converting enzyme 2 (ACE2), the coronavirus will
enter into the host cell through endocytosis (Figure 1). The virus
will then release the genomic RNA before the genetic codes are
being translated into non-structural polyproteins including
3CLpro, PLpro and RNA-dependent RNA polymerase (RdRp),
followed by other structural proteins (N, M, E and S) (Kumar
et al., 2020). Eventually, the viral progenies will bud out with all
the complete components including replicated genomic RNA to
infect other neighboring regions (Figure 1).

Due to its infectivity, scientists have been racing to comprehend
the origin and transmission of the virus including elucidating the
mechanism for its disease pathogenesis (Liu et al., 2020). A number
of comprehensive research have unraveled viable viral genes and
proteins as promising future targets for the development of
therapeutic agents and vaccines for COVID-19 or other related
human coronaviruses (Guo et al., 2020; Liu et al., 2020). However,
there are still no clinically approved vaccine or specific
antiviral drugs to fight the infection as of July 2020,
although more than nine pharmaceutical companies are
currently working on this disease (https://www.forbes.com/
sites/moneyshow/2020/06/16/9-pharmaceutical-companies-racing-
for-a-covid-19-vaccine/#3acd13c576ad). Current treatments used
by physicians mainly depend on managing the symptoms such as
breathing support using mechanical ventilation, and corticosteroids
to reduce lung swelling, as well as the current available antiviral and
antibiotics medications (Cascella et al., 2020).

Alternatively, herbal medicine has been used for thousands of
years to treat various viral-related illnesses and may become a
valuable source of anti-coronovirus treatment (Ling, 2020).
Evidently, in 2003, patients who suffered from severe acute
respiratory syndrome (SARS) and received Traditional Chinese
Medicine (TCM) treatment were reported to have short-term
hospitalization (inpatient care), reduced steroid-related side
effects, and improvement from the viral symptoms (World
Health Organization, 2004). Thus, most previous publications
including review papers have mainly focused on the use of TCM
and other ethnobotanical herbs (Dudani and Saraogi, 2020;
Khanna et al., 2020; Ling, 2020; Vellingiri et al., 2020) or the
use of drugs and other dietary supplements that are currently in
clinical trials (Di Matteo et al., 2020; Kumar et al., 2020;
Stahlmann and Lode, 2020). This may not cover most, if not
all, potential plant species or extracts available globally. Besides
that, the mechanism of these plant extracts and compounds,
especially their modes of action against the viral infection, are still

not comprehensively described (Dudani and Saraogi, 2020; Ling,
2020). Therefore, in this review, we have gathered previous
studies on medicinal herbs with some evidence against
coronavirus infection, either through in vivo, in vitro, or in
silico studies, and classified them based on their different
modes of actions. This review highlights the potential use of
herbal plants and related compounds in treating the coronavirus
infection, in the hope that it could lead to a potential source of
anti-viral drugs for curbing the COVID-19 outbreak.

All manuscripts were obtained from various databases such as
Scopus, PubMed, and Web of Science by using key words (herb*
OR herbal) AND (virus OR viral) AND corona* in the search
field. We have identified and included research studies starting
from year 2004 to year 2020. Relevant papers were selected after
critical evaluation on their significance and were further divided
based on their experimental designs, whether in vitro, in vivo, or
in silico (Tables 1–3). However, we acknowledge that the
recorded assay values, for examples IC50 and SI values from
the in vitro analysis (Table 1), are not comparable between cell
types/lines nor coronavirus types (Kalliokoski et al., 2013) due to
their inherent molecular and physiological differences. Thus, the
plant herbal extracts/compounds are only discussed within
specific application (cell and virus types) of their original
reported studies, to avoid over interpretation. Furthermore, the
potential use of various herbs are described in this review
according to their modes of action including inhibition of viral
attachment and penetration, inhibition of RNA and protein
synthesis, inhibition of viral proteases, inhibition of viral
release and enhancement of host immunity as well as other
mechanisms.

Inhibition of Viral Attachment and
Penetration
The inhibition of viral penetration and attachment is an effective
way to curb coronavirus infection. Infectious virion binds to cell
membrane receptors, permeates the cellular membranes and
removes the virion’s protein coat once entered into the cell
cytoplasm, releasing viral nucleic acid (Figure 1) (Smith et al.,
1980). Coronavirus S protein plays a critical role in viral
attachment, fusion, and entry, making it a potential target in
the development of vaccines, antibodies, and inhibitors (Liu et al.,
2004; Du et al., 2009, 2017; Wang et al., 2016). The S protein
modulates the viral penetration through the first binding on the
host cells using receptor-binding domain in the S1 subunit and
then fusion into host cells via the S2 subunit through the host
ACE2 receptor (Liu et al., 2004). However, different subtypes of
coronavirus have been described to recognize different receptors.
For examples, SARS-CoV specifically recognizes the ACE2
receptors, while MERS-CoV identified dipeptidyl peptidase 4
(DPP4) receptors (Li et al., 2003; Raj et al., 2013). The current
SARS-CoV-2 binds ACE2 receptor (Zhou et al., 2020), thus
inhibition at these S proteins or ACE2 may inhibit the viral
attachment from entering host cells (Figure 1).

Among 121 herbal compounds that were screened byWu et al.
(2004), tetra-O-galloyl-β-D-glucose (TGG) and luteolin, isolated
from Rhus chinensis Mill. and Veronica linariifolia Pall. ex Link,
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TABLE 1 | In vitro antiviral activity of various herbal extracts against coronavirus infection.

No. Herbs Extract/Compound Coronavirus
type

CC50 (conc.) or cell
survivability (%)

IC50 SI References

1. Acanthopanax
gracilistylus W.W.Sm.

Methanol extract MHV-A59 170.0 ± 6.4 μg/ml 0.9 ± 0.1 μg/ml 188.9 Kim et al. (2010)

2. Artemisia annua L. Ethanol extract SARS-CoV
BJ-001

1,053.0 ± 92.8 μg/ml 34.5 ± 2.6 μg/ml 31 Li et al. (2005)

SARS-CoV
BJ-006

1,053.0 ± 92.8 μg/ml 39.2 ± 4.1 μg/ml 27

3. Cimicifuga racemose (L.)
Nutt.

Methanol extract MHV-A59 239.0 ± 44.4 μg/ml 19.4 ± 7.0 μg/ml 12.3 Kim et al. (2008)

4. Cinnamomum verum
J.Presl (cortex)

Butanol extract wtSARS-CoV 180.0 ± 6.0 μg/ml 7.8 ± 0.3 μg/ml 23.1 Zhuang et al. (2009)
HIV/SARS-CoV 444.0 ± 13.7 μg/ml 85.3 ± 7.5 μg/ml 5.2

Procyanidin A2 wtSARS-CoV 1,116.7 ± 60.3 µM 29.9 ± 3.3 µM 37.35
HIV/SARS-CoV 796.6 ± 63.7 µM 120.7 ± 13.1 µM 4.08

Procyanidin B1 wtSARS-CoV 648.2 ± 43.4 µM 41.3 ± 3.4 µM 15.69
HIV/SARS-CoV 656.2 ± 36.7 µM 161.1 ± 20.3 µM 4.08

Cinnamtannin B1 wtSARS-CoV 184.7 ± 15.5 µM 32.9 ± 3.9 µM 5.61
HIV/SARS-CoV 242.3 ± 14.8 µM 32.9 ± 2.8 µM 7.36

5. Coptis chinensis Franch. Methanol extract MHV-A59 71.3 ± 7.2 μg/ml 2.0 ± 0.5 μg/ml 34.9 Kim et al. (2008)
6. Epimedium koreanum

Nakai
Water extract PEDV,

SM98, TGE
ND >90% at 1.5 mg/ml ND Cho et al. (2012)

7. Euphorbia neriifolia L. 3β-friedelanol HCoV NC 132.4% at 5 μg/ml NC Chang et al. (2012)
3β-acetoxy friedelane HCoV NC 80.9% at 5 μg/ml NC
Friedelin HCoV NC 109.0% at 5 μg/ml NC
Epitaraxerol HCoV NC 111.0% at 5 μg/ml NC

8. Forsythia suspensa
(Thunb.) Vahl

Forsythoside A IBV <1.28 mM 0.64 mM ND Li et al. (2011)

9. Glycyrrhiza glabra L. Glycyrrhizin SARS-CoV >20,000 mg/ml 300 mg/ml >67 Cinatl et al. (2003), Hoever et al.
(2005), Hoever et al. (2005)Glycyrrhizin SARS-CoV >24,000 μM 365 ± 12 μM >65

Glycyrrhetinic acid SARS-CoV >20 μM 20 ± 5 μM NC
Derivative GL 1 SARS-CoV >3,000 μM 40 ± 13 μM >75
Derivative GL 2 SARS-CoV 1,462 ± 50 μM 35 ± 7 μM 41
Derivative GL 3 SARS-CoV 215 ± 18 μM 139 ± 20 μM 2
Derivative GL 9 SARS-CoV 44 ± 6 μM 8 ± 2 μM 6
Derivative GL 10 SARS-CoV 250 ± 19 μM 50 ± 10 μM 5
Derivative GL 11 SARS-CoV 15 ± 3 μM 5 ± 3 μM 3
Derivative GL 12 SARS-CoV 66 ± 8 μM 16 ± 1 μM 4

10. Houttuynia cordata
Thunb.

Water extract IBV 250 mg/ml 62.5 mg/ml 4 Yin et al. (2011)
Water extract SARS-CoV NC 1,000 μg/ml NC Lau et al. (2008)
Water extract SARS-CoV NC 50, 100, 200, 400 and

800 μg/ml
NC Lau et al. (2008)

Ethyl acetate MHV >3.91 μg/ml 0.98 μg/ml >4.00 Chiow et al. (2016)
Quercetin MHV 116.52 μg/ml 125 μg/ml 0.93 Chiow et al. (2016)

11. Isatis indigotica Fortune
ex Lindl.

Water extract SARS-CoV >5,000 μg/ml 191.6 ± 8.2 μg/ml >26 Lin et al. (2005)
Indigo SARS-CoV 7,375 μM 752 μM 9.8
Sinigrin SARS-CoV >10,000 μM 217 μM >46
Beta-sitosterol SARS-CoV 1,475 μM 1,210 μM 1.21
Aloe emodin SARS-CoV 11,592 μM 366 μM 31.67
Hesperetin SARS-CoV 2,718 μM 8.3 μM 327.47

12. Lindera aggregata (Sims)
Kosterm.

Ethanol extract SARS-CoV
BJ-001

1,374.0 ± 39.0 μg/ml 88.2 ± 7.7 μg/ml 16 Li et al. (2005)

SARS-CoV
BJ-006

1,374.0 ± 39.0 μg/ml 80.6 ± 5.2 μg/ml 17

13. Lycoris radiata (L’Hér.)
Herb.

Ethanol extract SARS-CoV
BJ-001

886.6 ± 35.0 μg/ml 2.4 ± 0.2 μg/ml 370 Li et al. (2005)

SARS-CoV
BJ-006

886.6 ± 35.0 μg/ml 2.1 ± 0.2 μg/ml 422

Lycorine SARS-CoV 14,980 nM 15.7 nM 954.14
14. Phoradendron meliae

Trel.
Methanol extract MHV-A59 334.3 ± 7.0 μg/ml 13.0 ± 1.4 μg/ml 25.6 Kim et al. (2008)

15. Pelargonium
sidoides DC.

Aqueous extract
(EPs® 7630)

HCoV-229E >100 μg/ml (87%) 44.5 μg/ml >2.3 Michaelis et al. (2011)

16. Phellodendron chinense
C.K.Schneid.

Methanol extract MHV-A59 139.5 ± 81.3 μg/ml 10.4 ± 2.2 μg/ml 13.4 Kim et al. (2008)

(Continued on following page)
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respectively, were identified to have the highest affinity to the S2
subunit of the virus, thus postulating that these compounds may
interfere with the viral cell fusion process (Figures 1, 2) (Wu
et al., 2004). TGG and luteolin exhibit significant anti-SARS-CoV
activity with IC50 of 4.5 and 10.6 µM, respectively, as well as very
high selectivity index of 240.0 and 14.62, respectively (Table 1).
Selectivity index (SI) is determined based on the proportion of
cytotoxicity concentration of the extracts or compounds that can

inhibit 50% population of host cells (CC50) to inhibitory
concentration of the extracts or compounds that can cause
50% of virus inhibition (IC50). The higher the value of SI, the
lesser cytotoxicity for the host and hence it being potentially safe
to be applied as a future antiviral agent (Table 1 and Figure 2)
(Wu et al., 2004). Thus, this suggested that both compounds can
be effective against the coronavirus and, more importantly, safe
for human application.

TABLE 1 | (Continued) In vitro antiviral activity of various herbal extracts against coronavirus infection.

No. Herbs Extract/Compound Coronavirus
type

CC50 (conc.) or cell
survivability (%)

IC50 SI References

17. Polygonum multiflorum
Thunb. (vine)

Water extract SARS-CoV NC 1–10 μg/ml NC Ho et al. (2007)

Polygonum multiflorum
Thunb. (root)

Emodin SARS-CoV NC 200 μM NC Ho et al. (2007)
Water extract SARS-CoV NC 1–10 μg/ml NC Ho et al. (2007)

18. Pyrrosia lingua (Thunb.)
Farw.

Chloroform SARS-CoV
BJ-001

2,378.0 ± 87.3 μg/ml 43.2 ± 14.1 μg/ml 55 Li et al. (2005)

SARS-CoV
BJ-006

2,378.0 ± 87.3 μg/ml 40.5 ± 3.7 μg/ml 59

19. Rheum officinale Baill.
(root)

Water extract/Emodin SARS-CoV NC 1–10 μg/ml NC Ho et al. (2007)

20. Rheum palmatum L. Ethyl acetate extract SARS-CoV NC 13.76 ± 0.03 μg/ml NC Luo et al. (2009)
21. Rhus chinensis Mill. Tetra-O-galloyl-

β-D-glucose (TGG)
SARS-CoV 1,080 μM 4.5 μM 240 Wu et al. (2004)

22. Sanguisorba officinalis L. Methanol extract MHV-A59 388.4 ± 4.5 μg/ml 3.7 ± 1.4 μg/ml 105.0 Kim et al. (2010)
23. Sambucus formosana

Nakai
Ethanol extract HCoV-NL63 180.62 ± 63.04 μg/ml 1.17 ± 0.75 μg/ml 154.37 Weng et al. (2019)
Caffeic acid HCoV-NL63 >500 μM 3.54 ± 0.77 μM NC
Chlorogenic acid HCoV-NL63 >500 μM 43.45 ± 6.01 μM NC
Gallic acid HCoV-NL63 >500 μM 71.48 ± 18.40 μM NC

24. Sophora flavescens
Aiton

Methanol extract MHV-A59 556.8 ± 2.9 μg/ml 0.8 ± 0.2 μg/ml 696.0 Kim et al. (2010)

25. Sophora subprostrata
Chun & T.Chen

Methanol extract MHV-A59 307.3 ± 6.6 μg/ml 27.5 ± 1.1 μg/ml 11.1 Kim et al. (2008)

26. Stephania tetrandra
S.Moore

Tetrandrine HCoV-OC43 13.41 ± 0.36 μM 0.33 ± 0.03 μM 40.19 Kim et al. (2019)
Fangchinoline HCoV-OC43 11.54 ± 0.46 μM 1.01 ± 0.07 μM 11.46
Cepharanthine HCoV-OC43 11.26 ± 0.69 μM 0.83 ± 0.07 μM 11.63

27. Strobilanthes cusia
(Nees) Kuntze

Methanol extract HCoV-NL63 >100 μg/ml 0.64 ± 0.43 μg/ml 156.25 Tsai et al. (2020)
Tryptanthrin HCoV-NL63 >400 μM 1.52 ± 0.13 μM 263.16
Indigodole B HCoV-NL63 >400 μM 2.60 ± 0.11 μM 153.85

28. Toona sinensis (Juss.)
M.Roem.

Water extract SARS-CoV >500 μg/ml 30–43 μg/ml 17 Chen et al. (2008)

29. Torilis japonica
(Houtt.) DC.

Methanol extract MHV-A59 156.5 ± 2.6 μg/ml 0.8 ± 0.0 μg/ml 195.6 Kim et al. (2010)

30. Veronica linariifolia Pall.
ex Link

Luteolin SARS-CoV 10,600 μM 10.6 μM 14.62 Wu et al. (2004)

31. Various (Chinese
medicinal herbs)

Emodin SARS-CoV NC 50% at 20 μM NC Schwarz et al. (2012)
Kaempferol SARS-CoV NC 20% at 20 μM NC
Kaempferol glycosides SARS-CoV NC >50% at 20 μM NC

32. Various (used flavonoid
library)

Herbacetin MERS &
SARS-CoV

NC 33.17–40.59 μM NC Jo et al. (2019), Jo et al. (2020)

Rhoifolin SARS-CoV NC 27.45 μM NC Jo et al. (2020)
Pectolinarin SARS-CoV NC 37.78 μM NC Jo et al. (2020)
Isobavachalcone MERS-CoV NC 35.85 μM NC Jo et al. (2019)
Quercetin 3-β-d
glucoside

MERS-CoV NC 37.03 μM NC Jo et al. (2019)

Helichrysetin MERS-CoV NC 67.04 μM NC Jo et al. (2019)

CC50 is the cytotoxicity concentration of the extracts or compounds that can inhibit 50% population of host cells. IC50 is the inhibitory concentration of the extracts or compound that can
cause 50%of virus inhibition or reduction after it has been treated with extract/compound. Selectivity index (SI) is calculated based on the ratio of CC50/IC50. The higher the value of SI, the
lesser cytotoxicity for the host and hence being potentially safe to be applied as a future antiviral agent. NC is non-calculable, and ND is data not determined/shown from respective articles.
Abbreviation: MHV, mouse hepatitis virus; wtSARS-CoV; wild-type SARS coronavirus; HIV, human immunodeficiency virus; PEDV, porcine epidemic diarrhea virus; TGE, transmissible
gastroenteritis coronavirus; HCoV, human coronavirus; IBV, avian coronavirus; 3CLpro, 3-chymotrypsin-like cysteine protease; PLpro, papain-like protease 2; RdRp, RNA-dependent RNA
polymerase; SARS, severe acute respiratory syndrome; MERS, middle east respiratory syndrome
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In addition, glycyrrhizin isolated from Glycyrrhiza glabra L.
(licorice) also has been identified to inhibit viral attachment and
penetration (Figure 1) (Cinatl et al., 2003). In addition, licorice
root has been known historically as a powerful antiviral herb
(Fiore et al., 2008), used thousands of years ago as a folk medicine
for the treatment of throat infection, asthma, bronchitis, peptic
ulcers, inflammation, and allergies (Das et al., 1989; Krausse et al.,
2004; Nassiri Asl and Hosseinzadeh, 2008). Glycyrrhizin or its
other name glycyrrhizic acid (Figure 2) is the principal bioactive
component of triterpenoid glycoside in this herb, having
demonstrated promising inhibition of SARS-CoV (Chen et al.,
2004). Evidently, the compound was found more effective (SI �

over 67; Table 1) against the replication of clinical isolates of
SARS-CoV than several synthetic antivirals, such as ribavirin,
pyrazofurin, 6-azauridine, and mycophenolic acid (Cinatl et al.,
2003). Glycyrrhizin also has been shown to suppress
inflammation through downregulation of proinflammatory
mediators (Ramos-Tovar and Muriel, 2019; Khanna et al.,
2020), but its effectiveness in combating COVID-19 severe
inflammation including cytokine storm requires further
investigation.

Another study conducted on 312 controlled traditional herbs
successfully identified two species from the family Polygonaceae
to inhibit the interaction of coronavirus S protein and ACE2 (Ho

TABLE 2 | In silico antiviral activity of various herbal extracts against coronavirus protein target.

No. Herbs Compounds Inhibition target Docking binding energy
(kcal/mol)

References

PLpro 3CLpro

1. Various (Traditional Chinese Medicine Systems
Pharmacology Database)

Coumaroyltyramine PLpro and 3CLpro −3.22 −4.18 Zhang et al.
(2020)Cryptotanshinone PLpro and 3CLpro −5.25 −6.23

Desmethoxyreserpine Replication, 3CLpro, 3CLpro Not
significant

−3.52

Dihomo-γ-linolenic acid S protein Not
significant

−3.88

Kaempferol Replication, 3CLpro −2.15 −6.01
Lignan PLpro Not

significant
−4.27

Moupinamide PLpro and 3CLpro −3.05 Not significant
N-cis-feruloyltyramine PLpro and 3CLpro −3.11 −4.31
Quercetin Replication, 3CLpro −4.62 −6.25
Sugiol PLpro and 3CLpro Not

significant
−6.04

Tanshinone IIa PLpro and 3CLpro −5.02 −5.17
2. Various (Traditional Chinese Medicine Database) Aurantiamide acetate SARS-CoV cathepsin-L

(−50.767 kcal/mol)
Not

carried out
Not carried out Wang et al.

(2007)
3. Various (flavonoid library) Herbacetin SARS & MERS-CoV 3CLpro Not

carried out
–9.263 &
−10.246

Jo et al. (2020)

Rhoifolin SARS-CoV 3CLpro Not
carried out

–9.565

Pectolinarin SARS-CoV 3CLpro Not
carried out

–8.054

Isobavachalcone MERS-CoV 3CLpro Not
carried out

−9.364 Jo et al. (2019)

Quercetin 3-β-d
glucoside

MERS-CoV 3CLpro Not
carried out

−9.751

Helichrysetin MERS-CoV 3CLpro Not
carried out

−9.953

4. Veratrum sabadilla Retz. Sabadinine 3CLpro Not
carried out

−11.6 Toney et al.
(2004)

TABLE 3 | In vivo antiviral activity of various herbal extracts against coronavirus infection.

No. Herbs Extract/
Compound

Coronavirus
type

Animal
model

Concentration Observation, survivability
and/or biopsy

References

1. Allium sativum L. Water extract IBV Chicken
embryo

0.1 ml of extract Less dwarfism observed in chicken embryos
treated with garlic

Mohajer Shojai et al.
(2016)

2. Epimedium
koreanum Nakai

Water extract PEDV Pig 0.6% of extract No disease symptoms such as diarrhoea Cho et al. (2012)
Biopsy results showed clean intestine

3. Houttuynia cordata
Thunb.

Water extract IBV Chicken
embryo

62.5 mg/ml Fully protected the chicken embryos and more
than 50% protection rate in chickens

Yin et al. (2011)
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et al., 2007). Water extracts from the root tubers of Rheum
officinale Baill., as well as the vines and root tubers of
Polygonum multiflorum Thunb., showed IC50 range of
1–10 μg/ml for the viral inhibition (Table 1) (Ho et al., 2007).
Emodin, an anthraquinone glycoside compound found from both
species (Figure 2), significantly obstructed the S protein and
ACE2 interaction (Figure 1) in a dose-dependent way (Ho et al.,
2007). This compound also inhibited the S protein-pseudotyped
retrovirus infectivity in Vero E6 cells (Ho et al., 2007), thus
showing promising potential for blocking the viral entry
(Figure 1) (Ho et al., 2007).

Besides that, ethanol extract of Sambucus formosana Nakai, a
species of elderberry, also has been identified to have very potent
anti-viral effect as it has very low IC50 at 1.17 μg/ml and high SI
of 154.37, against the coronavirus (Table 1) (Weng et al., 2019).
Caffeic acid isolated from the plant extract (Figure 2) also
demonstrated potential anti-coronavirus activity through viral
entry inhibition. This compound was able to impair the binding
interaction of human coronavirus NL63 (HCoV-NL63) with
ACE2 receptor (Figure 1) (Chiou et al., 2017) and heparan
sulphate proteoglycans (co-receptor) (Milewska et al., 2014) on
the host cell surface. In addition to caffeic acid, two other phenolic
acid constituents from this plant extract, chlorogenic acid and

gallic acid, were found to exhibit antiviral effect by reducing the
development of HCoV-NL63 particles in vitro (Table 1 and
Figure 2) (Weng et al., 2019). The IC50 of these two
compounds showed promising viral inhibition (chlorogenic
acid IC50 � 43.45 μM and gallic acid IC50 � 71.48 μM) but
the caffeic acid was more potent (IC50 � 3.54 μM) (Table 1)
(Weng et al., 2019).

The coronavirus S-protein also utilizes endosomal cathepsin
L-protease enzymatic activity for viral entry (Figure 1) (Simmons
et al., 2005; Huang et al., 2006). Cathepsin L stimulates the S
protein-mediated membrane fusion by promoting receptor
dependent and acid-dependent conformational changes in the
S2 domain in which a low pH permits optimal proteolytic
activity in endosomes (Huang et al., 2006; Bosch et al., 2008).
This indicates that the S protein may be triggered proteolytically
during the entry of the virus into infected cells throughout the
endocytic route (Simmons et al., 2005; Huang et al., 2006).
Screening of various natural compounds based on the
Traditional Chinese Medicine (TCM) database has identified
aurantiamide acetate derived from Artemisia annua L. plant
(Figure 2) (Wang et al., 2007) to inhibit the SARS cathepsin L
with the lowest docking binding energy (−50.767 kcal/mol)
(Table 2), thus possibly blocking viral entry (Figure 1) (Wang

FIGURE 2 | The chemical structure of bioactive compounds identified from plants that have inhibition effects on coronavirus infection.
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et al., 2007). This plant is originally known to exhibit many
therapeutic efficacies especially against flu-like symptoms, such
as antitracheitis (inflammation at trachea), cough relief, phlegm
removal, asthma relief and others (Zhou et al., 2011). These findings
suggest the compound could be implemented as medication to
prevent SARS-CoV infection, although this should be evaluated
further in animal studies in future (Du et al., 2009).

SARS-CoV also utilizes endocytosis route mediated by clathrin
to invade host cells (Figure 1) (Inoue et al., 2007). Clathrin-based
endocytosis has been well characterized to use growth factor
receptors such as the transferrin receptor (TfR) (Mellman,
1996), epidermal growth factor receptor (Stang et al., 2004),
and the keratinocyte growth factor receptor (Belleudi et al.,
2003). Butanol fraction of Cinnamomum verum J. Presl
(cortex) was shown to inhibit wild-type SARS-CoV (wtSARS-
CoV) infection and HIV/SARS-CoV S pseudovirus infections by
inhibiting clathrin-mediated endocytosis pathway through TfR
receptor (Table 1 and Figure 1) (Zhuang et al., 2009). Besides that,
procyanidin A2, procyanidin B1, and cinnamtannin B1
successfully fractionated from this plant (Figure 2) showed
moderate anti-wtSARS-CoV activity (IC50s of 29.9, 41.3 and
32.9 µM, respectively, and SIs of 37.35, 15.69, and 5.61,
respectively) (Table 1) (Zhuang et al., 2009). However, the
procyanidins have not been shown to inhibit the
internalization of the virus (Zhuang et al., 2009) and hence
more studies needs to be performed to elucidate their exact
mechanism of inhibition.

Inhibition of RNA and Protein Synthesis
Several plants such as Sanguisorba officinalis L., Stephania
tetrandra S. Moore, and Strobilanthes cusia (Nees) Kuntze also
have anti-viral activity towards RNA and protein synthesis of the
coronavirus. For instance, N protein expression of mouse
hepatitis virus, MHV-A59 was reduced in Sanguisorba
officinalis L. treatment, suggesting this plant extract might
negatively affect the viral nucleocapsid formation (Figure 1)
(Kim et al., 2010). Besides that, natural bis-benzylisoquinoline
alkaloids such as tetrandrine, fangchinoline, and cepharanthine
isolated from Stephania tetrandra S.Moore (Figure 2) were able
to suppress the expression of viral S and N proteins, thus
inhibiting the replication of human coronavirus OC43
(HCoV-OC43) infection in MRC-5 human lung cells
(Figure 1) (Kim et al., 2019). In addition to that, Strobilanthes
cusia (Nees) Kuntze leaf methanol extract strongly suppressed
HCoV-NL63-infected cells with IC50 of 0.64 μg/ml (Table 1),
and the HCoV-NL63 infection was potently inhibited in a
concentration-dependent manner (Tsai et al., 2020).
Tryptanthrin and indigodole B (5aR-ethyltryptanthrin) are
among the various bioactive compounds present in the extract
of S. cusia (Nees) Kuntze (Figure 2) that exhibited significant
antiviral activity in minimizing the cytopathic effect and
development of viral progeny with IC50 values of 1.52 and
2.60 µM, respectively (Table 1) (Tsai et al., 2020). Different
modes of time-of-addition/removal assay demonstrated that
tryptanthrin prevented the replication of HCoV-NL63 in the
early and the late replication stages, mainly by blocking genome
synthesis of viral RNA (Figure 1) (Tsai et al., 2020).

Furthermore, intracellular viral RNA concentrations were also
reduced in the extracts of Sophora flavescens Aiton, Acanthopanax
gracilistylus W.W.Sm., and Torilis japonica (Houtt.) DC. with a
comparable reduction in viral protein and MHV-A59 production
(Kim et al., 2010). Moreover, the extracts reduced the replication of
other subtypes of coronavirus such as the John Howard Mueller
strain of MHV and porcine epidermic diarrhea virus (PEDV)
in vitro (Kim et al., 2010). Besides that, an active ingredient of
forsythoside A isolated from the fruits of Forsythia suspensa
(Thunb.) Vahl has been identified to reduce the viral yield and
decreased the expression of infectious bronchitis virus (IBV) N gene
(Figure 1) in contrast to untreated IBV infected cells (Li et al., 2011).
Forsythoside A is completely able to inhibit IBV in primary chicken
embryo kidney cells and abrogated the virus progeny in vitro at
concentration of 0.64mM (Table 1 and Figure 2) (Li et al., 2011).
This compound also effectively inhibited pathogenic bacteria
including Staphylococcus aureus (Nishibe et al., 1982). Forsythia
suspensa (Thunb.) Vahl is typically used to prevent inflammation,
pyrexia and emesis in traditional Chinese medicine (Li et al., 2011).

RNA-dependent RNA polymerase (RdRp) is a replicase enzyme
that is crucial for the transcription and replication of coronavirus
(Thiel et al., 2003). Since RdRp has been identified to play a vitally
important role for the virus life cycle, several polymerase inhibitors
such as Remdesivir have been implemented for the treatment of
varying viral infections such as human immunodeficiency virus
type 1 (HIV-1), human hepatitis B virus (HBV), hepatitis C virus
(HCV), Zika virus, and herpes virus (Korba et al., 2006; Mercorelli
et al., 2018; Gordon et al., 2020). Thus, the inhibition of this enzyme
can potentially be used for the discovery of anti-SARS-CoV agent
(Lau et al., 2008). For example, H. cordata Thunb. has been
identified to act on RdRp activity (Figure 1) (Lau et al., 2008).
A study on the polymerase activity with different concentration
levels of H. cordata Thunb. water extract (50, 100, 200, 400 and
800 μg/ml) showed a marked reduction in RdRp activity (Table 1)
(Lau et al., 2008). Moreover, the oral acute toxicity test showed that
H. cordata Thunb. was not harmful toward mice after
implementing oral administration at 16 g/kg (Lau et al., 2008)
and 2000mg/kg (Chiow et al., 2016), thus it would be
potentially safe for human consumption. Several plant extracts
from Cimicifuga racemosa (L.) Nutt., Phellodendron chinense
C.K.Schneid., Sophora subprostrata Chun & T.Chen,
Phoradendron meliae Trel., and Coptis chinensis Franch. were
also known to inhibit RdRp activity (Figure 1) (Kim et al.,
2008). Methanol extracts from these plants decreased the
production of intracellular viral RNA and protein expression in
murine coronavirus (MHV) with IC50 values between 2.0 and
27.5 μg/ml (Table 1) (Kim et al., 2008). These extracts also
significantly decreased PEDV production in vitro, a coronavirus
that infects the cell lining of pig small intestine (Kim et al., 2008).

Inhibition of Viral Proteases, 3CLpro and
PLpro
Viral proteases such as 3CLpro and PLpro also play a prominent role
in the replication of coronavirus and presently have become the
potential drug target for the development of anti-coronavirus agents
(Anand et al., 2003; Han et al., 2005; Gan et al., 2006; Zhang et al.,
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2020). These two proteases (PLpro and 3CLpro) are responsible for the
synthesis and maturation of the various viral polyproteins as shown
in Figure 1, and hence they are vital for the biogenesis of the virus
replication complex (Lindner et al., 2005). We identified several
plants and compounds that have significant activities to inhibit these
enzymes. However, compared to PLpro, many more studies have
been conducted on 3CLpro, possibly as it was able to generate 12
important non-structural proteins (nsp 4 to nsp 16), including the
viral RdRp (nsp 12) and helicase (nsp 13) (Rut et al., 2020).

In silico docking analysis has identified 13 herbal compounds
such as coumaroyltyramine, cryptotanshinone, kaempferol, N-cis-
feruloyltyramine, quercetin, and tanshinone IIa that are able to
inhibit 3CLpro and PLpro (Figures 1, 2 and Table 2) (Zhang et al.,
2020). Furthermore, tryptanthrin isolated from the extract of S.
cusia (Nees) Kuntze (Figure 2, Table 1) also has been identified to
inhibit PLpro activity of the HCoV-NL63 in vitro (Figure 1) (Tsai
et al., 2020). Another in silico study has identified several other plant
compounds such as helichrysetin, herbacetin, isobavachalcone,
pectolinarin, quercetin 3-β-D-glucoside, and rhoifolin (Figure 2)
to effectively interrupt the enzymatic activity of 3CLpro of
coronavirus (Figure 1 and Table 2) (Jo et al., 2019, 2020).
Moreover, sabadinine, a naturally occurring bioactive compound
originally isolated from the Lily plant Veratrum sabadilla Retz.
(Figure 2) (Sayre, 1907), was also shown able to dock into the active
site of 3CLpro (Table 2) (Toney et al., 2004).

Besides that, H. cordata Thunb., Isatis indigotica Fortune ex
Lindl. and R. palmatum L. also exhibited significant inhibitory
effects on 3CLpro of SARS-CoV in in vitro experiments (Figure 1
and Table 1) (Lin et al., 2005; Lau et al., 2008; Luo et al., 2009).
The activity of 3CLpro was reduced to 50% at the maximum
concentration of 1,000 μg/ml of H. cordata Thunb. water extract,
thereby indicating that polar molecules are responsible for the
enzyme inhibition (Table 1) (Lau et al., 2008). Furthermore,
compounds isolated from I. indigotica Fortune ex Lindl. (a
member of broccoli family) such as sinigrin, beta-sitosterol,
and indigo (Figure 2) significantly inhibited cleavage activities
of the 3CLpro (Figure 1) (Lin et al., 2005). Sinigrin with an IC50 of
217 µM was found more effective than indigo compound (IC50:
752 µM) or beta-sitosterol (IC50: 1,210 µM) in inhibiting the
cleavage processing of the 3CLpro in a cell-based assay
(Table 1) (Lin et al., 2005). In addition, aloe emodin and
hesperetin, which are phenolic compounds from I. indigotica
Fortune ex Lindl. (Figure 2), also dose-dependently inhibited the
cleavage activity of 3CLpro, in which the IC50 for aloe emodin was
366 and 8.3 µM for hesperetin (Table 1) (Lin et al., 2005).
Moreover, R. palmatum L. ethyl acetate extract also had anti-
SARS-3CLpro activity with the IC50 being 13.76 μg/ml (Table 2)
and the level of inhibition being up to 96% (Luo et al., 2009). This
high rate of 3CLpro inhibitory activity from different plants
suggests that these extracts or isolated compounds may
represent a potential therapeutic agent against coronavirus.

Inhibition of Viral Release and Enhancement
of Host Immunity
Plant compounds also have been identified to specifically target
the proteins involved in the release mechanism of the virus such

as 3a ion-channel proteins (Figure 1) (Krüger and Fischer, 2009;
Fischer et al., 2010; Wang et al., 2011; Kelly et al., 2003; Montal,
2003; Lu et al., 2006). Thereby, herbal medicine that suppressed
the channel protein could thus be anticipated to prevent the viral
spread to other cells (Schwarz et al., 2012). Employment of the
anthraquinone emodin that has been used as alternative therapy
in treatment of SARS has demonstrated that it can block the 3a
ion channel, thus inhibiting the release of virus at concentration
of 20 μM (Figures 1, 2 and Table 1) (Schwarz et al., 2012).
Besides that, the flavonols, kaempferol and kaempferol glycosides
(Figure 2) also showed potent inhibition towards the 3a channels
(Table 1) (Schwarz et al., 2012), which suggests their potential
role in inhibiting coronavirus release.

Another strategy to fight against the viral infection is by
boosting the host immunity (Lau et al., 2008; Cho et al.,
2012). The host with better immunity may act as physiological
resistance to protect itself from any infection such as increase in
the formation of white blood cells which are able to destroy the
viruses rapidly. Evidently, the in vivo study of Epimedium
koreanum Nakai on PEDV showed this herbal treatment
protects against disease symptoms such as treating diarrhea
and ensuring clean intestine in pigs (Table 3) (Cho et al.,
2012). It has been suggested that the antiviral effect of E.
koreanum Nakai is modulated by immune responses including
macrophage and lymphocyte stimulation (Cho et al., 2012).
Quercetin and icariin are the main compounds of E.
koreanum Nakai (Cho et al., 2012), and interestingly, a
previous study has identified that the quercetin also may be
able to inhibit the replication of PEDV through specific viral
induced reactive oxygen species pathway (Song et al., 2011).
Besides that, an in vitro study of this herb also showed that
this plant exhibited antiviral effect against other coronavirus
subtypes such as SM98 and transmissible gastroenteritis
coronavirus (TGE) viruses (Table 1) (Cho et al., 2012). This
extract is not toxic within the host cells, hence indicating that it
can be safely delivered for possible infection treatment (Cho et al.,
2012). Besides that, H. cordata Thunb. study on mice has
identified that the water extract from this plant was able to
increase immune system of the mice through significantly
stimulating the proliferation of mouse spleen lymphocytes
(Lau et al., 2008). It was also revealed that H. cordata Thunb.
increased the CD4 + and CD8 + T cell proportion and also caused
a significant increment of mouse splenic lymphocyte secretion of
interleukin-2 (IL-2) and interleukin-10 (IL-10) (Lau et al., 2008).
These findings demonstrated that H. cordata Thunb. extract
could exhibit immunostimulatory effect which may aid to
suppress the coronavirus infection. Various other studies have
also shown that diets including micronutrients such as vitamin C
and D have the potential to prevent or treat COVID-19 by
fortifying immune system, some of which have entered clinical
trial phase (Di Matteo et al., 2020).

Other Mechanisms
There are also other studies that have provided excellent evidence
regarding natural herbs and traditional medicine as future anti-
coronavirus compounds, even though its exact mechanism is still
unknown. For instance, plants such as Euphorbia neriifolia L. and
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Pelargonium sidoides DC. were identified as having appreciable
antiviral activity against human coronavirus infection. Several
compounds such as 3β-friedelanol, 3β-acetoxy friedelane,
friedelin, and epitaraxerol (Figure 2) that successfully isolated
from the ethanolic extract of E. neriifolia L. leaves exhibited
potent anti-human coronavirus (HCoV) activity on human
fibroblasts (MRC-5) infected cells, as opposed to the positive
control, actinomycin D (Table 2) (Chang et al., 2012). Structure-
activity relationship further demonstrated the importance of
friedelane skeleton for developing a new anti-HCoV-229E
treatment (Chang et al., 2012). Moreover, Pelargonium sidoides
DC. extract EPs® 7630 that is approved for treating acute
bronchitis has broad spectrum antiviral agent activity toward
various respiratory viruses including human coronavirus
(Table 1) (Michaelis et al., 2011). Infected cells treated with
the extract showed high survivability which was up to 87%
(Table 1) (Michaelis et al., 2011). Besides that, the P. sidoides
DC. roots have been used for generations in Southern Africa for
the medication of different diseases including airways infections
(Conrad et al., 2007; Brendler and van Wyk, 2008; Kolodziej,
2008) and in 2005, the Federal Institute of Drugs and Medical
Devices approved its standardized extract for the use of acute
bronchitis in Germany (Conrad et al., 2007). However, more
work may be needed to establish the extract efficacy in treating
the coronavirus infection.

Lycoris radiata (L’Hér.) Herb. extract also was identified as
having potent anti-coronovirus activity based on a screening
through an in vitro study (Li et al., 2005). Ethanol extract of
L. radiata (L’Hér.) Herb. that has been treated on SARS-CoV BJ-
006 strain showed the highest SI (370-422) compared with the
other plants such as Lindera aggregata (Sims) Kosterm. (SI: 16-
17), Pyrrosia lingua (Thunb.) Farw. (SI: 55-59), and Artemisia
annua L. (SI: 27-31) (Table 1) (Li et al., 2005). Further structure
and activity analysis resulted in a single bioactive compound
called lycorine being identified as an active component of anti-
SARS-CoV in L. radiata (L’Hér.) Herb. with an IC50 value of
15.7 nM (Table 1 and Figure 2). This compound also has a CC50

value of 14,980 nM in cytotoxicity assay and a selective index (SI)
greater than 900 (Table 1) (Li et al., 2005). This finding has shown
that lycorine may serve as a great candidate for the new anti-
coronavirus treatment (Li et al., 2005).

Besides that, other plants such as Toona sinensis (Juss.) M.
Roem. (Chinese mahogany) have been identified to possess
antiviral activity toward coronavirus infection too. T. sinensis
(Juss.) M. Roem (also known as Cedrela sinensis, belongs to the
family Meliacceae) is popular in Taiwan, China, and Malaysia,
has also been tested for SARS-CoV inhibition in vitro analysis and
the water extract was shown to inhibit SARS coronavirus
replication with an SI of 17 (Table 2) (Chen et al., 2008).
However, the main compound responsible for inhibiting the
SARS-CoV is still unknown, although many bioactive
compounds having been isolated from its leaves including
beta-sitosterol, beta-sitosteryl-glucoside, (+)-catechin,
(−)-epicatechin, gallic acid, kaempferol, kaempferol-d-
glucoside, methyl gallate, phytol, quercetin, quercitrin, rutin,
stigmasterol, stigmasterol glucoside and toosendanin (Chia,
2007).

Additionally, in vivo study of chicken embryo that received
treatment from garlic extract (Allium sativum L.) showed
inhibitory effects against IBV, the coronavirus that contributes
to tremendous economic loss in the poultry industry around the
world (Mohajer Shojai et al., 2016). These treated embryos
showed less dwarfism compared to the untreated group
(Table 3) (Mohajer Shojai et al., 2016). The metabolite
profiling of this extract also showed highly abundant
compounds such as diallyl disulphide, disulfide di-2-propenyl
andmethyl 2 propenyl disulphide that might be responsible for its
bioactivity (Mohajer Shojai et al., 2016). Furthermore, H. cordata
Thunb. water extracts have been shown to have an inhibitory
effect on the IBV (Table 3) (Yin et al., 2011). In vitro and in vivo
study of H. cordata Thunb. conducted on specific pathogen free
(SPF) chicken embryos and chickens demonstrated inhibitory
activity of more than 90% against IBV infection in Vero cells and
chicken embryo kidney cells as well as reduction of more than
90% of apoptosis-inducing cell death resulting from IBV infection
(Yin et al., 2011). Besides that, H. cordata Thunb. also protected
chickens against the virus during pre-treatment (62.5 mg/ml
extract given before IBV infection) or post-treatment (62.5 mg/
ml given after IBV infection), curing more than 50% of the
infected chickens (Tables 2 and 3) (Yin et al., 2011). Additionally,
ethyl acetate fraction of H. cordata Thunb. demonstrated anti-
MHV activity at an IC50 of 0.98 μg/ml (Table 1) without any
appreciable cytotoxic effects on CCL9.1 cells (Chiow et al., 2016).
The flavonoids of H. cordata Thunb. which is quercetin
(Figure 1) also significantly inhibit MHV activity with IC50 of
125 μg/ml (Table 1) (Chiow et al., 2016). Interestingly, quercetin
is currently being tested in a clinical trial due to its strong
antioxidant and prophylactic effect against COVID-19 (Di
Matteo et al., 2020). Although these evidence suggest the use
of these plant extracts for anti-coronaviral treatments, more in-
depth studies are needed to elucidate their exact mechanism in
targeting the viral infection.

CONCLUSION

A considerable amount of research strongly indicates that both
excellently characterized and less familiar medicinal plants
around the world, either crude extracts or bioactive
compounds from these plants, are very convincing as therapy
for the new emerging coronavirus infection. Several compounds
such as TGG, emodin, glycyrrhizin, aurantiamide acetate, and
caffeic acid have been identified to have inhibition on viral
attachment and penetration. Besides that, several plants and
compounds such as Sanguisorba officinalis L., Stephania
tetrandra S. Moore (tetrandrine, fangchinoline, and
cepharanthine), and Strobilanthes cusia (Nees) Kuntze
(tryptanthrin), and F. suspensa (Thunb.) Vahl (forsythoside A)
were able to inhibit the viral RNA and protein synthesis. Other
compounds such as kaempferol, N-cis-feruloyltyramine, and
quercetin have targeted and inhibited the viral proteases such
as 3CLpro and PLpro, important enzymes for the co-translation of
non-structural proteins. We also identified a few compounds that
may act on the viral release mechanism such as through the 3a ion
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channel (emodin and kaempferol) as well as enhancing the host
immune systems (E. koreanum Nakai and H. cordata Thunb.
extracts). Last but not least, several plants such as L. radiata
(L’Hér.) Herb., A. sativum L., E. neriifolia L., P. sidoides DC., and
T. sinensis (Juss.) M. Roem. have also been discovered to have
anti-coronavirus activity, yet their exact mechanisms in targeting
the coronavirus infection are still unknown, thus becoming
exciting candidates for the development of new anti-
coronavirus agents. Perhaps the most promising extracts for
this current pandemic are from L. radiata (ethanol extract and
lycorine) and S. cusia (methanol extract, tryptanthrin and
indigodole B) and I. indigotica (hesperetin) with excellent
in vitro IC50 and SI values against human coronaviruses, as
well as quercetin and kaempferol from various herbs as evidenced
from in silico experimentation. However, more preclinical and
clinical studies are needed to justify their use and efficacy against
the current SARS-CoV-2 virus. Altogether, this compilation will

aid researchers or clinicians to better evaluate some targeted plant
extracts and bioactive compounds for an effective potential
treatment against this devastating pandemic.

AUTHOR CONTRIBUTIONS

JR analysed, interpreted and reviewed the research articles as well
as drafting the article. WA designed the research framework and
critically revised the manuscript. All authors contributed to
manuscript revision, read, and approved the submitted version.

FUNDING

This study was funded by UKM Research University grants, DIP-
2018-001 and GP-2019-K019471.

REFERENCES

Anand, K., Ziebuhr, J., Wadhwani, P., Mesters, J. R., and Hilgenfeld, R. (2003).
Coronavirus main proteinase (3CLpro) structure: basis for design of anti-SARS
drugs. Science 80, 1763–1767. doi:10.1126/science.1085658

Belleudi, F., Visco, V., Ceridono, M., Leone, L., Muraro, R., Frati, L., et al. (2003).
Ligand-induced clathrin-mediated endocytosis of the keratinocyte growth
factor receptor occurs independently of either phosphorylation or
recruitment of eps15. FEBS Lett. 553 (3), 262–270. doi:10.1016/S0014-
5793(03)01020-2

Bosch, B. J., Bartelink, W., and Rottier, P. J. M. (2008). Cathepsin L functionally
cleaves the severe acute respiratory syndrome coronavirus Class I fusion protein
upstream of rather than adjacent to the fusion peptide. J. Virol. 82 (17),
8887–8890. doi:10.1128/jvi.00415-08

Brendler, T., and van Wyk, B. E. (2008). A historical, scientific and commercial
perspective on the medicinal use of Pelargonium sidoides (Geraniaceae).
J. Ethnopharmacol. 119 (3), 420–433. doi:10.1016/j.jep.2008.07.037

Cascella, M., Rajnik, M., Cuomo, A., Dulebohn, S. C., and Di Napoli, R. (2020).
Features, evaluation and treatment coronavirus (COVID-19). Treasure Island,
FL: StatPearls Publishing.

Chang, F. R., Yen, C. T., Ei-Shazly, M., Lin, W. H., Yen, M. H., Lin, K. H., et al.
(2012). Anti-human coronavirus (anti-HCoV) triterpenoids from the leaves of
Euphorbia neriifolia. Nat. Prod. Commun. 7 (11), 1934. doi:10.1177/
1934578x1200701103

Chen, C. J., Michaelis, M., Hsu, H. K., Tsai, C. C., Yang, K. D., Wu, Y. C., et al.
(2008). Toona sinensis Roem tender leaf extract inhibits SARS coronavirus
replication. J. Ethnopharmacol. 120 (1), 108–111. doi:10.1016/j.jep.2008.07.048

Chen, F., Chan, K. H., Jiang, Y., Kao, R. Y. T., Lu, H. T., Fan, K. W., et al. (2004). In
vitro susceptibility of 10 clinical isolates of SARS coronavirus to selected
antiviral compounds. J. Clin. Virol. 31 (1), 69–75. doi:10.1016/j.jcv.2004.03.003

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., et al. (2020).
Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet 28,
526. doi:10.1016/S0140-6736(20)30211-7

Chia (2007). Components of Toona Sinensis: review. Rev. Bras. Farmacogn. 29 (1),
111–124. doi:10.1016/j.bjp.2018.07.009

Chiou, S. Y., Sung, J. M., Huang, P. W., and Lin, S. D. (2017). Antioxidant,
antidiabetic, and antihypertensive properties of Echinacea purpurea flower
extract and caffeic acid derivatives using in vitro models. J. Med. Food 20 (2),
171–179. doi:10.1089/jmf.2016.3790

Chiow, K. H., Phoon, M. C., Putti, T., Tan, B. K. H., and Chow, V. T. (2016).
Evaluation of antiviral activities of Houttuynia cordata Thunb. extract,
quercetin, quercetrin and cinanserin on murine coronavirus and dengue
virus infection. Asian Pac. J. Trop. Med. 9 (1), 1–7. doi:10.1016/j.apjtm.2015.
12.002

Cho, W. K., Kim, H., Choi, Y. J., Yim, N. H., Yang, H. J., and Ma, J. Y. (2012).
Epimedium koreanum Nakai water extract exhibits antiviral activity against
porcine epidermic diarrhea virus in vitro and in vivo. Evidence-based
Complement. Altern. Med. 7 (1), 352–377. doi:10.1155/2012/985151

Cinatl, J., Morgenstern, B., Bauer, G., Chandra, P., Rabenau, H., and Doerr, H. W.
(2003). Glycyrrhizin, an active component of liquorice roots, and replication of
SARS-associated coronavirus. Lancet 361 (9374), 2045–2046. doi:10.1016/
S0140-6736(03)13615-X

Conrad, A., Kolodziej, H., and Schulz, V. (2007). Pelargonium sidoides-etrakt
(EPs® 7630): Zulassung bestätigt wirksamkeit und verträglichkeit. Wien Med.
Wochenschr. 157, 331–336. doi:10.1007/s10354-007-0434-6

Das, S. K., Das, V., Gulati, A. K., and Singh, V. P. (1989). Deglycyrrhizinated
liquorice in aphthous ulcers. J. Assoc. Phys. India 37 (10), 647.

Di Matteo, G., Spano, M., Grosso, M., Salvo, A., Ingallina, C., Russo, M., et al.
(2020). Food and COVID-19: preventive/Co-therapeutic strategies explored by
current clinical trials and in silico studies. Foods 9 (8), 1036. doi:10.3390/
foods9081036

Du, L., He, Y., Zhou, Y., Liu, S., Zheng, B. J., and Jiang, S. (2009). The spike protein
of SARS-CoV - a target for vaccine and therapeutic development. Nat. Rev.
Microbiol. 7 (3), 226–236. doi:10.1038/nrmicro2090

Du, L., Tai, W., Zhou, Y., and Jiang, S. (2016). Vaccines for the prevention against
the threat of MERS-CoV. Expert Rev. Vacc. 15 (9), 1123–1134. doi:10.1586/
14760584.2016.1167603

Du, L., Yang, Y., Zhou, Y., Lu, L., Li, F., and Jiang, S. (2017). MERS-CoV spike
protein: a key target for antivirals. Expert Opin. Ther. Targets 21 (2), 131–143.
doi:10.1080/14728222.2017.1271415

Dudani, T., and Saraogi, A. (2020). Use of herbal medicines on coronavirus. Acta
Sci. Pharm. Sci. 11 (6), 416–419. doi:10.31080/asps.2020.04.0518

Fiore, C., Eisenhut, M., Krausse, R., Ragazzi, E., Pellati, D., Armanini, D., et al.
(2008). Antiviral effects of Glycyrrhiza species. Phyther. Res. 22 (2), 141–148.
doi:10.1002/ptr.2295

Fischer, W. B., Thiel, G., and Fink, R. H. A. (2010). Viral membrane proteins. Eur.
Biophys. J. 39, 1041–1042. doi:10.1007/s00249-009-0525-y

Gan, Y. R., Huang, H., Huang, Y. D., Rao, C. M., Zhao, Y., Liu, J. S., et al. (2006).
Synthesis and activity of an octapeptide inhibitor designed for SARS
coronavirus main proteinase. Peptides 27 (4), 622–625. doi:10.1016/j.
peptides.2005.09.006

Gao, F., Ou, H. Y., Chen, L. L., Zheng, W. X., and Zhang, C. T. (2003). Prediction of
proteinase cleavage sites in polyproteins of coronaviruses and its applications in
analyzing SARS-CoV genomes. FEBS Lett. 553 (3), 451–456. doi:10.1016/
S0014-5793(03)01091-3

Gordon, C. J., Tchesnokov, E. P., Woolner, E., Perry, J. K., Feng, J. Y., Porter, D. P.,
et al. (2020). Remdesivir is a direct-acting antiviral that inhibits RNA-
dependent RNA polymerase from severe acute respiratory syndrome
coronavirus 2 with high potency. J. Biol. Chem. 295, 6785–6797. doi:10.
1074/jbc.RA120.013679

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 58904411

Remali and Aizat Plant Compounds Against Coronavirus

https://doi.org/10.1126/science.1085658
https://doi.org/10.1016/S0014-5793(03)01020-2
https://doi.org/10.1016/S0014-5793(03)01020-2
https://doi.org/10.1128/jvi.00415-08
https://doi.org/10.1016/j.jep.2008.07.037
https://doi.org/10.1177/1934578x1200701103
https://doi.org/10.1177/1934578x1200701103
https://doi.org/10.1016/j.jep.2008.07.048
https://doi.org/10.1016/j.jcv.2004.03.003
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/j.bjp.2018.07.009
https://doi.org/10.1089/jmf.2016.3790
https://doi.org/10.1016/j.apjtm.2015.12.002
https://doi.org/10.1016/j.apjtm.2015.12.002
https://doi.org/10.1155/2012/985151
https://doi.org/10.1016/S0140-6736(03)13615-X
https://doi.org/10.1016/S0140-6736(03)13615-X
https://doi.org/10.1007/s10354-007-0434-6
https://doi.org/10.3390/foods9081036
https://doi.org/10.3390/foods9081036
https://doi.org/10.1038/nrmicro2090
https://doi.org/10.1586/14760584.2016.1167603
https://doi.org/10.1586/14760584.2016.1167603
https://doi.org/10.1080/14728222.2017.1271415
https://doi.org/10.31080/asps.2020.04.0518
https://doi.org/10.1002/ptr.2295
https://doi.org/10.1007/s00249-009-0525-y
https://doi.org/10.1016/j.peptides.2005.09.006
https://doi.org/10.1016/j.peptides.2005.09.006
https://doi.org/10.1016/S0014-5793(03)01091-3
https://doi.org/10.1016/S0014-5793(03)01091-3
https://doi.org/10.1074/jbc.RA120.013679
https://doi.org/10.1074/jbc.RA120.013679
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Guo, Y. R., Cao, Q. D., Hong, Z. S., Tan, Y. Y., Chen, S. D., Jin, H. J., et al. (2020).
The origin, transmission and clinical therapies on coronavirus disease 2019
(COVID-19) outbreak- A n update on the status. Mil. Med. Res. 226, 20–39.
doi:10.1186/s40779-020-00240-0

Han, Y. S., Chang, G. G., Juo, C. G., Lee, H. J., Yen, S. H., Hsu, J. T. A., et al. (2005).
Papain-like protease 2 (PLP2) from severe acute respiratory syndrome
coronavirus (SARS-CoV): expression, purification, characterization, and
inhibition. Biochemistry 44, 10349–10359. doi:10.1021/bi0504761

Ho, T. Y., Wu, S. L., Chen, J. C., Li, C. C., and Hsiang, C. Y. (2007). Emodin blocks
the SARS coronavirus spike protein and angiotensin-converting enzyme 2
interaction. Antiviral Res. 74 (2), 92–101. doi:10.1016/j.antiviral.2006.04.014

Hoever, G., Baltina, L., Michaelis, M., Kondratenko, R., Baltina, L., Tolstikov, G. A.,
et al. (2005). Antiviral activity of glycyrrhizic acid derivatives against SARS-
coronavirus. J. Med. Chem. 48 (4), 1256–1259. doi:10.1021/jm0493008

Hogue, B. G., and Machamer, C. E. (2014). Coronavirus structural proteins and
virus assembly. In Nidoviruses 28, 569. doi:10.1128/9781555815790.ch12

Huang, I. C., Bosch, B. J., Li, F., Li, W., Kyoung, H. L., Ghiran, S., et al. (2006). SARS
coronavirus, but not human coronavirus NL63, utilizes cathepsin L to infect
ACE2-expressing cells. J. Biol. Chem. 281 (6), 3198–3203. doi:10.1074/jbc.
M508381200

Inoue, Y., Tanaka, N., Tanaka, Y., Inoue, S., Morita, K., Zhuang, M., et al. (2007).
Clathrin-dependent entry of Severe Acute Respiratory Syndrome coronavirus
into target cells expressing ACE2 with the cytoplasmic tail deleted. J. Virol. 81
(16), 8722–8729. doi:10.1128/jvi.00253-07

Jo, S., Kim, H., Kim, S., Shin, D. H., and Kim, M. S. (2019). Characteristics of
flavonoids as potent MERS-CoV 3C-like protease inhibitors. Chem. Biol. Drug
Des. 94 (6), 2023–2030. doi:10.1111/cbdd.13604

Jo, S., Kim, S., Shin, D. H., and Kim, M. S. (2020). Inhibition of SARS-CoV 3CL
protease by flavonoids. J. Enzyme Inhib. Med. Chem. 35 (1), 145–151. doi:10.
1080/14756366.2019.1690480

Kalliokoski, T., Kramer, C., Vulpetti, A., and Gedeck, P. (2013). Comparability of
mixed IC 50 data–a statistical analysis. PloS One 8 (4), e61007. doi:10.1371/
journal.pone.0061007

Kelly, M. L., Cook, J. A., Brown-Augsburger, P., Heinz, B. A., Smith, M. C., and
Pinto, L. H. (2003). Demonstrating the intrinsic ion channel activity of virally
encoded proteins. FEBS (Fed. Eur. Biochem. Soc.) Lett. 552 (1), 61–67. doi:10.
1016/S0014-5793(03)00851-2

Khanna, K., Kohli, S. K., Kaur, R., Bhardwaj, A., Bhardwaj, V., Ohri, P., et al. (2020).
Herbal immune-boosters: substantial warriors of pandemic Covid-19 battle.
Phytomedicine 5, e561. doi:10.1016/j.phymed.2020.153361

Kim, D. E., Min, J. S., Jang, M. S., Lee, J. Y., Shin, Y. S., Park, C. M., et al. (2019).
Natural bis-benzylisoquinoline alkaloids-tetrandrine, fangchinoline, and
cepharanthine, inhibit human coronavirus oc43 infection of mrc-5 human
lung cells. Biomolecules 9 (11), 696. doi:10.3390/biom9110696

Kim, H. Y., Eo, E. Y., Park, H., Kim, Y. C., Park, S., Shin, H. J., et al. (2010).
Medicinal herbal extracts of Sophorae radix, Acanthopanacis cortex,
Sanguisorbae radix and Torilis fructus inhibit coronavirus replication
in vitro. Antivir. Ther. 15 (5), 697–709. doi:10.3851/IMP1615

Kim, H. Y., Shin, H. S., Park, H., Kim, Y. C., Yun, Y. G., Park, S., et al. (2008). In vitro
inhibition of coronavirus replications by the traditionally used medicinal herbal
extracts, Cimicifuga rhizoma, Meliae cortex, Coptidis rhizoma, and Phellodendron
cortex. J. Clin. Virol. 41 (2), 122–128. doi:10.1016/j.jcv.2007.10.011

Kolodziej, H. (2008). Aqueous ethanolic extract of the roots of Pelargonium
sidoides - new scientific evidence for an old anti-infective
phytopharmaceutical. Planta Med. 74 (6), 661–666. doi:10.1055/s-2007-993778

Korba, B. E., Furman, P. A., and Otto, M. J. (2006). Clevudine: a potent inhibitor of
hepatitis B virus in vitro and in vivo. Expert Rev. Anti Infect. Ther. 4, 549–561.
doi:10.1586/14787210.4.4.549

Krausse, R., Bielenberg, J., Blaschek, W., and Ullmann, U. (2004). In vitro anti-
Helicobacter pylori activity of Extractum liquiritiae, glycyrrhizin and its
metabolites. J. Antimicrob. Chemother. 54 (1), 243–246. doi:10.1093/jac/dkh287

Krüger, J., and Fischer, W. B. (2009). Assembly of viral membrane proteins.
J. Chem. Theory Comput. 5, 2503–2513. doi:10.1021/ct900185n

Ksiazek, T. G., Erdman, D., Goldsmith, C. S., Zaki, S. R., Peret, T., Emery, S., et al.
(2003). A novel coronavirus associated with severe acute respiratory syndrome.
N. Engl. J. Med. 348 (20), 1953–1966. doi:10.1056/NEJMoa030781

Kumar, R., Harilal, S., Al-Sehemi, A. G., Mathew, G. E., Carradori, S., and Mathew,
B. (2020). The Chronicle of COVID-19 and possible strategies to curb the

pandemic. Curr. Med. Chem. 182, 111602. doi:10.2174/
0929867327666200702151018

Lau, K. M., Lee, K. M., Koon, C. M., Cheung, C. S. F., Lau, C. P., Ho, H. M.,
et al. (2008). Immunomodulatory and anti-SARS activities of
Houttuynia cordata. J. Ethnopharmacol. 118 (1), 79–85. doi:10.1016/j.
jep.2008.03.018

Li, H., Wu, J., Zhang, Z., Ma, Y., Liao, F., Zhang, Y., et al. (2011). Forsythoside A
inhibits the avian infectious bronchitis virus in cell culture. Phyther. Res. 6,
1060–1069. doi:10.1002/ptr.3260

Li, S. Y., Chen, C., Zhang, H. Q., Guo, H. Y., Wang, H., Wang, L., et al. (2005).
Identification of natural compounds with antiviral activities against SARS-
associated coronavirus. Antiviral Res. 67 (1), 18–23. doi:10.1016/j.antiviral.
2005.02.007

Li, W., Moore, M. J., Vasllieva, N., Sui, J., Wong, S. K., Berne, M. A., et al. (2003).
Angiotensin-converting enzyme 2 is a functional receptor for the SARS
coronavirus. Nature 426 (6965), 450–454. doi:10.1038/nature02145

Lin, C. W., Tsai, F. J., Tsai, C. H., Lai, C. C., Wan, L., Ho, T. Y., et al. (2005). Anti-
SARS coronavirus 3C-like protease effects of Isatis indigotica root and plant-
derived phenolic compounds. Antiviral Res. 67, 18–23. doi:10.1016/j.antiviral.
2005.07.002

Lindner, H. A., Fotouhi-Ardakani, N., Lytvyn, V., Lachance, P., Sulea, T., and
Ménard, R. (2005). The papain-like protease from the Severe Acute Respiratory
Syndrome coronavirus is a deubiquitinating enzyme. J. Virol. 79 (24),
15199–15208. doi:10.1128/jvi.79.24.15199-15208.2005

Ling, C. (2020). Traditional Chinese medicine is a resource for drug discovery
against 2019 novel coronavirus (SARS-CoV-2). J. Integr. Med. 18 (2), 87–88.
doi:10.1016/j.joim.2020.02.00

Liu, C., Zhou, Q., Li, Y., Garner, L. V., Watkins, S. P., Carter, L. J., et al. (2020).
Research and development on therapeutic agents and vaccines for COVID-19
and related human coronavirus diseases. ACS Cent. Sci. 6 (3), 315–331. doi:10.
1021/acscentsci.0c00272

Liu, S., Xiao, G., Chen, Y., He, Y., Niu, J., Escalante, C. R., et al. (2004). Interaction
between heptad repeat 1 and 2 regions in spike protein of SARS-associated
coronavirus: implications for virus fusogenic mechanism and identification of
fusion inhibitors. Lancet 363 (9413), 938–947. doi:10.1016/S0140-6736(04)
15788-7

Lu,W., Zheng, B. J., Xu, K., Schwarz,W., Du, L.,Wong, C. K. L., et al. (2006). Severe
acute respiratory syndrome-associated coronavirus 3a protein forms an ion
channel and modulates virus release. Proc. Natl. Acad. Sci. USA 103 (33),
12540–12545. doi:10.1073/pnas.0605402103

Luo, W., Su, X., Gong, S., Qin, Y., Liu, W., Li, J., et al. (2009). Anti-SARS
coronavirus 3C-like protease effects of Rheum palmatum L. extracts. Biosci.
Trends 3 (4), 124–126.

Marra, M. A., Jones, S. J. M., Astell, C. R., Holt, R. A., Brooks-Wilson, A.,
Butterfield, Y. S. N., et al. (2003). The genome sequence of the SARS-
associated coronavirus. Science 80, 231. doi:10.1126/science.1085953

Masters, P. S. (2006). The molecular biology of coronaviruses. Adv. Virus Res. 66,
193–292. doi:10.1016/S0065-3527(06)66005-3

Mellman, I. (1996). Endocytosis and molecular sorting. Annu. Rev. Cell Dev. Biol.
12, 575–625. doi:10.1146/annurev.cellbio.12.1.575

Mercorelli, B., Palù, G., and Loregian, A. (2018). Drug repurposing for viral
infectious diseases: how far are we?. Trends Microbiol. 26 (10), 865–876. doi:10.
1016/j.tim.2018.04.004

Michaelis, M., Doerr, H. W., and Cinatl, J. (2011). Investigation of the influence of
EPs® 7630, a herbal drug preparation from Pelargonium sidoides, on replication
of a broad panel of respiratory viruses. Phytomedicine 18 (5), 384–386. doi:10.
1016/j.phymed.2010.09.008

Milewska, A., Zarebski, M., Nowak, P., Stozek, K., Potempa, J., and Pyrc, K. (2014).
Human coronavirus NL63 utilizes heparan sulfate proteoglycans for
attachment to target cells. J. Virol. 88 (22), 13221–13230 doi:10.1128/jvi.
02078-14

Mohajer Shojai, T., Ghalyanchi Langeroudi, A., Karimi, V., Barin, A., and Sadri, N.
(2016). The effect of Allium sativum (Garlic) extract on infectious bronchitis
virus in specific pathogen free embryonic egg. Avicenna J. phytomedicine 6,
458–267. doi:10.22038/ajp.2016.6455

Montal, M. (2003). Structure-function correlates of Vpu, a membrane protein of
HIV-1. FEBS (Fed. Eur. Biochem. Soc.) Lett. 552 (1), 47–53. doi:10.1016/S0014-
5793(03)00849-4

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 58904412

Remali and Aizat Plant Compounds Against Coronavirus

https://doi.org/10.1186/s40779-020-00240-0
https://doi.org/10.1021/bi0504761
https://doi.org/10.1016/j.antiviral.2006.04.014
https://doi.org/10.1021/jm0493008
https://doi.org/10.1128/9781555815790.ch12
https://doi.org/10.1074/jbc.M508381200
https://doi.org/10.1074/jbc.M508381200
https://doi.org/10.1128/jvi.00253-07
https://doi.org/10.1111/cbdd.13604
https://doi.org/10.1080/14756366.2019.1690480
https://doi.org/10.1080/14756366.2019.1690480
https://doi.org/10.1371/journal.pone.0061007
https://doi.org/10.1371/journal.pone.0061007
https://doi.org/10.1016/S0014-5793(03)00851-2
https://doi.org/10.1016/S0014-5793(03)00851-2
https://doi.org/10.1016/j.phymed.2020.153361
https://doi.org/10.3390/biom9110696
https://doi.org/10.3851/IMP1615
https://doi.org/10.1016/j.jcv.2007.10.011
https://doi.org/10.1055/s-2007-993778
https://doi.org/10.1586/14787210.4.4.549
https://doi.org/10.1093/jac/dkh287
https://doi.org/10.1021/ct900185n
https://doi.org/10.1056/NEJMoa030781
https://doi.org/10.2174/0929867327666200702151018
https://doi.org/10.2174/0929867327666200702151018
https://doi.org/10.1016/j.jep.2008.03.018
https://doi.org/10.1016/j.jep.2008.03.018
https://doi.org/10.1002/ptr.3260
https://doi.org/10.1016/j.antiviral.2005.02.007
https://doi.org/10.1016/j.antiviral.2005.02.007
https://doi.org/10.1038/nature02145
https://doi.org/10.1016/j.antiviral.2005.07.002
https://doi.org/10.1016/j.antiviral.2005.07.002
https://doi.org/10.1128/jvi.79.24.15199-15208.2005
https://doi.org/10.1016/j.joim.2020.02.00
https://doi.org/10.1021/acscentsci.0c00272
https://doi.org/10.1021/acscentsci.0c00272
https://doi.org/10.1016/S0140-6736(04)15788-7
https://doi.org/10.1016/S0140-6736(04)15788-7
https://doi.org/10.1073/pnas.0605402103
https://doi.org/10.1126/science.1085953
https://doi.org/10.1016/S0065-3527(06)66005-3
https://doi.org/10.1146/annurev.cellbio.12.1.575
https://doi.org/10.1016/j.tim.2018.04.004
https://doi.org/10.1016/j.tim.2018.04.004
https://doi.org/10.1016/j.phymed.2010.09.008
https://doi.org/10.1016/j.phymed.2010.09.008
https://doi.org/10.1128/jvi.02078-14
https://doi.org/10.1128/jvi.02078-14
https://doi.org/10.22038/ajp.2016.6455
https://doi.org/10.1016/S0014-5793(03)00849-4
https://doi.org/10.1016/S0014-5793(03)00849-4
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Nassiri Asl, M., and Hosseinzadeh, H. (2008). Review of pharmacological effects of
Glycyrrhiza sp. and its bioactive compounds. Phyther. Res. 22 (6), 709–724.
doi:10.1002/ptr.2362

Nishibe, S., Okabe, K., Tsukamoto, H., Sakushima, A., and Hisada, S. (1982). The
structure of forsythiaside isolated from Forsythia suspensa. Chem. Pharm. Bull.
30, 1048–1050. doi:10.1248/cpb.30.1048

Patel, A., and Jernigan, D. B. (2020). Initial public health response and interim
clinical guidance for the 2019 novel coronavirus outbreak - United States,
December 31, 2019-February 4, 2020.MMWRMorb. Mortal. Wkly. Rep. 69 (5),
140–146. doi:10.15585/mmwr.mm6905e1

Raj, V. S., Mou, H., Smits, S. L., Dekkers, D. H. W., Müller, M. A., Dijkman, R.,
et al. (2013). Dipeptidyl peptidase 4 is a functional receptor for the
emerging human coronavirus-EMC. Nature 23, 1069–1070. doi:10.1038/
nature12005

Ramos-Tovar, E., and Muriel, P. (2019). “Phytotherapy for the liver,” in Dietary
intervention in liver diseases. Editors R.R. Watson and V.R. Preedy (New York,
NY: Acaddemic Press). doi:10.1016/B978-0-12-814466-4.00009-4

Ruan, Y. J., Wei, C. L., Ee, L. A., Vega, V. B., Thoreau, H., Yun, S. T. S., et al. (2003).
Comparative full-length genome sequence analysis of 14 SARS coronavirus
isolates and common mutations associated with putative origins of infection.
Lancet 361, 1779–1785. doi:10.1016/S0140-6736(03)13414-9

Ruch, T. R., and Machamer, C. E. (2012). The coronavirus E protein: assembly and
beyond. Viruses 8, 339. doi:10.3390/v4030363

Rut, W., Groborz, K., Zhang, L., Sun, X., Zmudzinski, M., Hilgenfeld, R., et al. (2020).
Substrate specificity profiling of SARS-CoV-2 Mpro protease provides basis for
anti-COVID-19 drug design. bioRxiv. 10, 521. doi:10.1101/2020.03.07.981928

Sayre, L. (1907). A manual of organic materia medica and pharmacognosy: an
introduction to the study of the vegetable kingdomand the vegetable and animal drugs.

Schwarz, S., Sauter, D., Lü,W.,Wang, K., Sun, B., Efferth, T., et al. (2012). Coronaviral
ion channels as target for Chinese herbal medicine. For. Immunopathol. Dis.
Therap. 25, 6789. doi:10.1615/ForumImmunDisTher.2012004378

Simmons, G., Gosalia, D. N., Rennekamp, A. J., Reeves, J. D., Diamond, S. L., and
Bates, P. (2005). Inhibitors of cathepsin L prevent severe acute respiratory
syndrome coronavirus entry. Proc. Natl. Acad. Sci. USA 102 (33), 11876–11881.
doi:10.1073/pnas.0505577102

Smith, R. A., Sidwell, R. W., and Robins, R. K. (1980). Antiviral mechanisms of
action.Annu. Rev. Pharmacol. Toxicol. 20, 259–284. doi:10.1146/annurev.pa.20.
040180.001355

Snijder, E. J., Bredenbeek, P. J., Dobbe, J. C., Thiel, V., Ziebuhr, J., Poon, L. L. M.,
et al. (2003). Unique and conserved features of genome and proteome of SARS-
coronavirus, an early split-off from the coronavirus group 2 lineage. J. Mol. Biol.
331 (5), 991–1004. doi:10.1016/S0022-2836(03)00865-9

Song, J., Shim, J., and Choi, H. (2011). Quercetin 7-rhamnoside reduces porcine
epidemic diarrhea virus replication via independent pathway of viral induced
reactive oxygen species. Virol. J. 8, 460. doi:10.1186/1743-422X-8-460

Stahlmann, R., and Lode, H. (2020). Medication for COVID-19—an overview of
approaches currently under study. Dtsch. Arztebl. Int. 117, 213–219. doi:10.
3238/arztebl.2020.0213

Stang, E., Blystad, F. D., Kazazic, M., Bertelsen, V., Brodahl, T., Raiborg, C., et al.
(2004). Cb1-dependent ubiquitination is required for progression of EGF
receptors into clathrin-coated pits. Mol. Biol. Cell 14, 289–293. doi:10.1091/
mbc.E04-01-0041

Thiel, V., Ivanov, K. A., Putics, Á., Hertzig, T., Schelle, B., Bayer, S., et al. (2003).
Mechanisms and enzymes involved in SARS coronavirus genome expression.
J. Gen. Virol. 84 (Pt 9), 2305–2315. doi:10.1099/vir.0.19424-0

Toney, J. H., Navas-Martín, S., Weiss, S. R., and Koeller, A. (2004). Sabadinine: a
Potential non-peptide anti-Severe Acute-Respiratory-Syndrome agent
identified using structure-aided design. J. Med. Chem. 47 (5), 1079. doi:10.
1021/jm034137m

Tsai, Y.-C., Lee, C.-L., Yen, H.-R., Chang, Y.-S., Lin, Y.-P., Huang, S.-H., et al.
(2020). Antiviral action of tryptanthrin isolated from Strobilanthes cusia leaf
against human coronavirus NL63 outbreak of novel coronavirus (SARS-Cov-2):
first evidences from international scientific literature and pending questions.
Biomolecules 10 (3), 366. doi:10.3390/biom10030366

Vellingiri, B., Jayaramayya, K., Iyer, M., Narayanasamy, A., Govindasamy, V.,
Giridharan, B., et al. (2020). COVID-19: a promising cure for the global panic.
Sci. Total Environ. 725, 138277. doi:10.1016/j.scitotenv.2020.138277

Wang, C., Horby, P.W., Hayden, F. G., and Gao, G. F. (2020a). A novel coronavirus
outbreak of global health concern. Lancet 395 (10223), 470–473. doi:10.1016/
S0140-6736(20)30185-9

Wang, K., Xie, S., and Sun, B. (2011). Viral proteins function as ion channels.
Biochim. Biophys. Acta Biomembr. 1808 (2), 510–515. doi:10.1016/j.bbamem.
2010.05.006

Wang, N., Shang, J., Jiang, S., and Du, L. (2020b). Subunit vaccines against
emerging pathogenic human coronaviruses. Front. Microbiol. 11, 298.
doi:10.3389/fmicb.2020.00298

Wang, Q., Wong, G., Lu, G., Yan, J., and Gao, G. F. (2016). MERS-CoV spike
protein: targets for vaccines and therapeutics. Antiviral Res. 133, 165–177.
doi:10.1016/j.antiviral.2016.07.015

Wang, S. Q., Du, Q. S., Zhao, K., Li, A. X., Wei, D. Q., and Chou, K. C. (2007).
Virtual screening for finding natural inhibitor against cathepsin-L for
SARS therapy. Amino Acids 33 (1), 129–135. doi:10.1007/s00726-006-
0403-1

Weng, J. R., Lin, C. S., Lai, H. C., Lin, Y. P., Wang, C. Y., Tsai, Y. C., et al. (2019).
Antiviral activity of Sambucus formosana Nakai ethanol extract and related
phenolic acid constituents against human coronavirus NL63. Virus Res. 273,
197767. doi:10.1016/j.virusres.2019.197767

World Health Organization (2004). SARS: clinical trials on treatment using a
combination of traditional Chinese medicine and Western medicine. Beijing:
World Health Organization.

Wu, A., Peng, Y., Huang, B., Ding, X., Wang, X., Niu, P., et al. (2020). Genome
composition and divergence of the novel coronavirus (2019-nCoV)
originating in China. Cell Host Microbe 27 (3), 325–328. doi:10.1016/j.
chom.2020.02.001

Wu, C. Y., Jan, J. T., Ma, S. H., Kuo, C. J., Juan, H. F., Cheng, Y. S. E., et al. (2004).
Small molecules targeting severe acute respiratory syndrome human
coronavirus. Proc. Natl. Acad. Sci. USA 101 (27), 10012–10017. doi:10.1073/
pnas.0403596101

Yang, G., Zhang, H., and Yang, Y. (2020). Challenges and countermeasures of
integrative cancer therapy in the epidemic of COVID-19. Integr. Cancer Ther.
9, 1534. doi:10.1177/1534735420912811

Yin, J., Li, G., Li, J., Yang, Q., and Ren, X. (2011). In vitro and in vivo effects of
Houttuynia cordata on infectious bronchitis virus. Avian Pathol. 40 (5),
491–498. doi:10.1080/03079457.2011.605107

Zhang, D. hai, Wu, K. lun., Zhang, X., Deng, S. qiong., and Peng, B. (2020). In silico
screening of Chinese herbal medicines with the potential to directly inhibit 2019
novel coronavirus. J. Integr. Med. 18 (2), 152–158. doi:10.1016/j.joim.2020.02.005

Zhou, J., Xie, G., and Yan, X. (2011). Natural sources and applications molecular
structures, pharmacological activities, encyclopedia of traditional Chinese
medicines. Available at: https://link.springer.com/content/pdf/10.1007/978-3-
642-16744-7.pdf (Accessed April 14, 2020).

Zhou, P., Yang, X., Hu, B., Zhang, L., and Zhang, W. (2020). A pneumonia
outbreak associated with a new coronavirus of probable bat origin. Nature 17
(8), 677–686. doi:10.1038/s41586-020-2012-7

Zhou, Y., Jiang, S., and Du, L. (2018). Prospects for a MERS-CoV spike vaccine. 17
(8), 677–686. Expert Rev. Vaccines. doi:10.1080/14760584.2018.1506702

Zhu, Z., Lian, X., Su, X., Wu, W., Marraro, G. A., and Zeng, Y. (2020). From SARS
and MERS to COVID-19: a brief summary and comparison of severe acute
respiratory infections caused by three highly pathogenic human coronaviruses.
Respir. Res. 21, 224. doi:10.1186/s12931-020-01479-w

Zhuang, M., Jiang, H., Suzuki, Y., Li, X., Xiao, P., Tanaka, T., et al. (2009).
Procyanidins and butanol extract of Cinnamomi cortex inhibit SARS-CoV
infection. Antiviral Res. 82 (1), 73–81. doi:10.1016/j.antiviral.2009.02.001

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Remali and Aizat. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org January 2021 | Volume 11 | Article 58904413

Remali and Aizat Plant Compounds Against Coronavirus

https://doi.org/10.1002/ptr.2362
https://doi.org/10.1248/cpb.30.1048
https://doi.org/10.15585/mmwr.mm6905e1
https://doi.org/10.1038/nature12005
https://doi.org/10.1038/nature12005
https://doi.org/10.1016/B978-0-12-814466-4.00009-4
https://doi.org/10.1016/S0140-6736(03)13414-9
https://doi.org/10.3390/v4030363
https://doi.org/10.1101/2020.03.07.981928
https://doi.org/10.1615/ForumImmunDisTher.2012004378
https://doi.org/10.1073/pnas.0505577102
https://doi.org/10.1146/annurev.pa.20.040180.001355
https://doi.org/10.1146/annurev.pa.20.040180.001355
https://doi.org/10.1016/S0022-2836(03)00865-9
https://doi.org/10.1186/1743-422X-8-460
https://doi.org/10.3238/arztebl.2020.0213
https://doi.org/10.3238/arztebl.2020.0213
https://doi.org/10.1091/mbc.E04-01-0041
https://doi.org/10.1091/mbc.E04-01-0041
https://doi.org/10.1099/vir.0.19424-0
https://doi.org/10.1021/jm034137m
https://doi.org/10.1021/jm034137m
https://doi.org/10.3390/biom10030366
https://doi.org/10.1016/j.scitotenv.2020.138277
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1016/j.bbamem.2010.05.006
https://doi.org/10.1016/j.bbamem.2010.05.006
https://doi.org/10.3389/fmicb.2020.00298
https://doi.org/10.1016/j.antiviral.2016.07.015
https://doi.org/10.1007/s00726-006-0403-1
https://doi.org/10.1007/s00726-006-0403-1
https://doi.org/10.1016/j.virusres.2019.197767
https://doi.org/10.1016/j.chom.2020.02.001
https://doi.org/10.1016/j.chom.2020.02.001
https://doi.org/10.1073/pnas.0403596101
https://doi.org/10.1073/pnas.0403596101
https://doi.org/10.1177/1534735420912811
https://doi.org/10.1080/03079457.2011.605107
https://doi.org/10.1016/j.joim.2020.02.005
https://link.springer.com/content/pdf/10.1007/978-3-642-16744-7.pdf
https://link.springer.com/content/pdf/10.1007/978-3-642-16744-7.pdf
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1080/14760584.2018.1506702
https://doi.org/10.1186/s12931-020-01479-w
https://doi.org/10.1016/j.antiviral.2009.02.001
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	A Review on Plant Bioactive Compounds and Their Modes of Action Against Coronavirus Infection
	Introduction
	Inhibition of Viral Attachment and Penetration
	Inhibition of RNA and Protein Synthesis
	Inhibition of Viral Proteases, 3CLpro and PLpro
	Inhibition of Viral Release and Enhancement of Host Immunity
	Other Mechanisms

	Conclusion
	Author Contributions
	Funding
	References


