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Review 
 

Abstract  
Background: The world community continues to tackle the life-threatening Coronavirus infection which has spread across 
the world. In times of pandemic, it is to be expected that people turn to those medicinal plants (MPs) commonly used to 
protect themselves against disease.  
 

Methods: To meet our objectives, we examined all documented findings about the antiviral activity of MPs as well as some 
other essential compounds, which may act as future research targets for treating Coronavirus (COVID-19). For this purpose, 
a range of electronic databases have been reviewed up until 15 November 2021: Medline via PubMed, Google Scholar, 
ScienceDirect and Scopus. Data on MPs that demonstrated one or more of these three actions were recorded, including the 
extraction method and plant part used, the chemical compounds present, the mechanism of action and the type of study. 
The compounds in some of these MPs responsible for these activities have also been discussed in the literature. 
  

Results: The following findings were obtained: 41 MPs with antiviral activities and 19 phytocompounds under clinical trials. 
The secondary metabolites with direct or indirect antiviral activity are mainly flavonoids, tannins, phenols, polysaccharides, 
terpenes, lectins, alkaloids and steroids.  
 

Conclusions: These informative data could constitute a starting point for further studies to validate antiviral activities in vivo, 
as well as meaningful efficacy in humans, for potential therapeutic agents for COVID-19 
 

Keywords: Medicinal plants; Antiviral activity, Phytocompounds; Secondary metabolites, COVID-19 Therapy  
 

Background  
In December 2019, a new coronavirus was identified belonging to the Coronaviridae family, originating from China. This 
highly contagious virus is now known as the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In March 2020, 
the World Health Organization (WHO) declared the COVID-19 outbreak a pandemic. Indeed, this coronavirus has affected 
220 countries and territories around the world (Worldometer 2021). Coronavirus diseases manifests in several different ways 
with various symptoms including those associated with the common cold, a severe acute respiratory syndrome, Middle East 
respiratory syndrome (Davenne et al. 2020) and anosmia (Moein et al. 2020). The global community has already faced the 
prospect that this coronavirus will spread across the world and become endemic (CDC 2020).  
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Today, SARS-CoV-2 continues to spread globally, resulting in associated morbidity, increased mortality producing a significant 
strain on health care resources (Cohen et al. 2021). Several preventive protocols, mainly vaccines, were proposed and some 
of them have been authorized accompanied by extensive vaccination campaigns. Although there has been approval of 
antivirals such as remdesivir, there is still an important need for effective antiviral therapies given the potential for this 
coronavirus to develop new strains.  
 
Like any previous global health crisis, it is normal for certain communities to turn to traditional treatments and practices as 
an alternative of defensive measures during a pandemic. These treatments may include the use of compounds from 
medicinal plants (MPs), some of which are already known for their antiviral properties. it’s necessary to strick a balance 
between the great popularity of these practices in some countries, where many people believe in the power of these MPs, 
and the support of conventional scientific evaluation. 
 
MPs are the oldest form of health care known to mankind and they are used for various ailments such as hypertension, 
diabetes, cancer, and viral infections. They contain a multitude of bioactive substances that can operate on several diverse 
targets and signaling pathways, leading to significant outcomes in treating viral infections. In general, the postulated benefit 
of using MPs in viral infections is correlated to effects on the immune system and the inflammatory effects of some MPs 
(Vellingiri et al. 2020). Such antiviral effects of MPs may play a significant role at different stages of viral growth (Akram et 
al. 2018). Moghadamtousi et al. propose that unlike synthetic antiviral drugs, MPs can provide basic raw ingredients for 
synthesizing potentially important antiviral drugs (Moghadamtousi et al. 2015). For this particular pandemic, social media 
reported that some “alternative” remedies (such as MPs) can prevent infection with COVID-19 or that herbal therapies and 
teas or infusions can treat infection caused by the virus. Unfortunately, there is no scientific evidence that any of these 
alternative remedies can prevent or cure the illness caused by COVID-19. More worryingly, some of them may not be safe 
for consumers. In these conditions, data are scanty regarding which MPs or which mixtures of MPs to use, what the 
formulation or the constituents should be, what the effective dosage is, and whether these MPs have any side effects.  
This paper aims to review the data contained in publicly available literature on the antiviral effect of medicinal plants. 
Selected data derived from MPs and their compounds could constitute interesting and potentially useful targets for research 
for therapies for COVID-19. 
 

Materials and Methods  
Data Source and Conditions 
The search for literature data involved a variety of the online bibliographical databases: Medline via PubMed, Google Scholar, 
ScienceDirect and Scopus. This selective review used the following search terms: medicinal plants, antiviral activity, antiviral 
compounds, COVID-19 therapy. From the electronic databases mentioned above, MPs traditionally used that possessed 
antiviral activity were identified based on specifying the Latin name (Family), extraction method and plant part used, 
chemical compounds, mechanism of action and type of study all which helped guide us to judge the quality of the study 
conducted and the information provided. The mechanisms of action of these compounds against the different types of 
viruses have also been specified. The main active ingredients within some MPs responsible for these activities have also been 
discussed through data obtained in the literature. 
 
The period covered by the literature data search was open-ended. In addition, there was no language restriction for literature 
searches that were conducted up until 15 November 2021. 
 
Data Analysis 
All data were extracted, fully read, analyzed and validated in the sense that authors checked and selected only articles related 
to the aim of the study and meeting the following inclusion criteria:  ability to access pdf versions of the articles; availability 
of experimental and clinical studies; articles with high impact factor when information is cited more than once; articles 
published in relation to and during the period of the COVID-19 pandemic. Only references which report particular and useful 
data were retained. 
 
When pharmacological and clinical studies were reviewed, the authors have assessed the quality of the studies regarding 
ethics, scientific standards as well as quality of these articles to extract and discuss only important and promising data. This 
is because in the context of COVID-19, it is essential not to raise expectations based on primary and theoretical research. 
Therefore, we prioritized medicinal plant compounds with antiviral activity based on information from clinical studies. 
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Use of other Ttols 
Structures of all the phytomolecules of this article were drawn with the free Chemdraw software 
(https://chemdrawdirect.perkinelmer.cloud/js/sample/index.html#).  
 

Results and Discussions  
A flowchart of the separate analytic steps for MPs that had antiviral activity, and the resulting sets of data which were 
analyzed, are shown in Figure 1. 
 

 
Figure 1. Flowchart of the separate analytic steps for medicinal plants that had antiviral, anti-inflammatory and strengthening 
of the immune system activities and the resulting sets that were analyzed. 
 
In this literature study, we have identified 41 MPs with antiviral activities (Table 1). It emerges from this literature study that 
most data are from experimental studies (97.6%) examining antiviral activity with only very few data from clinical studies 
(2.4%). Additionally, Table 2 includes a list of 17 phytoconstituents that have been investigated in clinical trials and are being 
evaluated in medical practice. 
 
Antiviral activity of MPs  
Antiviral activity can manifest itself through multiple pathways ranging from direct antiviral activity to other indirect antiviral 
actions such as antibacterial, immune or inflammatory actions. Hence, we found it difficult in our analysis to make these 
specific distinctions.  The role of MPs in combating viral diseases is still limited with an only a few examples such as in the 
case of coronavirus. Because there are no effective medicines available, now is the right time to highlight existing data to 
advance research based on natural compounds to treat diseases such as COVID-19. The mechanism of antiviral potential of 
MPs varies depending on the type of virus. Some phytochemical substances target the viral envelope or membrane proteins; 
others inhibit the formation of the viral genome or stop attachment of the virus to the host cellular system for reproduction 
while some destroy enzymes necessary for viral encoding (Ruwali et al. 2013). 
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Table 1. Latin name (Family), Extraction method & plant part used, Chemical compounds, Mecanism of action and Type of study of Medicinal plants with antiviral activity.  
Latin name 

(Family) 
Plant part 

used 
Extraction 

method 
Chemical compounds Mechanism of action Type of 

study 
Virus  References 

Allium sativum L. 
(Liliaceae) 

Aged 
powder, 
red bulbe, 
pods 

Decoction,  
 
Oil 

Ajoenes, Alliin, Allicin, vinyldithiins, 
sulfides, diallyl trisulfide. 

Blocking viral entry into host cells and 
inhibiting viral RNA polymerase, reverse 
transcriptase, DNA synthesis and IEG1 
transcription through downregulating 
(ERK)/(MAPK). 

A, C HCMV, 
influenza A, 
influenza B, 
HPIV3, 
HRV2, HSV, 
Coxsackie 
viruses 

Arora et al. 2011, 
Chavan et al. 
2016 , El-Saber 
Batiha et al. 
2020, Guo et al. 
1993, Lawson & 
Wang 2001, Rouf 
et al. 2020, Tsai 
et al. 1985 

Agrimonia pilosa 
Ledeb. 

(Rosaceae) 

Whole 
plant 

Ethanol 
extract 

Polyphenols, catechin  High plaque reduction on host cells against 
influenza type A and B viruses, direct contact 
with virus particles and inhibition of 
endosome and lysosome acidification for the 
virus uncoating process.  

A, B Influenza A, 
Influenza B 

Denaro et al. 
2019, Shin et al. 
2010  

Aloe vera (L.) 
Burm.f. (Liliaceae) 

Leaves  2% DMSO gel 
solution 

Anthraquinone derivatives: aloe-
emodin, emodin, chrysophanol, 
Vitamins, minerals, enzymes, 
polysaccharides, polyphenols, sterols, 
indoles, phenolic and organic acids, 
acemannans, polymannans, C-
glycosides, anthrones  

Inhibition of influenza A virus replication by 
up regulating galectin-3 expression and the 
expression of antiviral genes IFN-β, IFN-γ, PKR 
and 2'5',-OAS in infected cells. 

B influenza A Li et al. 2014, 
Rezazadeh et al. 
2016 

Artemisia afra Jacq. 
ex Willd. 

(Asteraceae) 

Leaves Hexane 
extract, 
Maceration 

Sesquiterpenes: Artemisinin, 
terpenoids, alkaloids, tannins, saponins 
and cardiac glycosides, phenols, 
flavonoids. 

Inhibition the central regulatory processes of 
viral-infected cells (NF-κB or Sp1-dependent 
pathways), thus blocking the host-cell–type 
and metabolic requirements for viral 
replication. 

A, B, C HCMV, HSV-
1, EBV, HBV, 
HCV, BVDV, 
SARS-CoV-2 

Efferth et al. 
2008, Kane et al. 
2019, Kshirsagar 
& Rao 2021, Li et 
al. 2020   

Artemisia annua L. 
(Asteraceae) 

Leaves  Dichlorometh
ane extract 

Sesquiterpene lactones: Artemisinin, 
artesunate, coumarin, flavones, 
phenolic compounds . 

Inhibition of the central regulatory processes 
of viral-infected cells (NF-κB or Sp1-
dependent pathways), thus blocking the host-
cell–type and metabolic requirements for 
viral replication. 

A, B, C HCMV, HSV-
1, EBV, HBV, 
HCV, BVDV, 
SARS-CoV-2 

Alesaeidi & Miraj 
2016,  Chekem & 
Wierucki 2006, 
Efferth et al. 
2008, Kshirsagar 
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& Rao 2021, Li et 
al. 2020  

Astragalus 
membranaceus 
(Fisch.) Bunge 

(Fabaceae) 

Roots Aqueous and 
methanol 
extracts 

Astragaloside I, Formononetin-7-O-b-D-
glucoside, 3'hydroxyl-formononetin-7-
O-b-D-glucoside.  

Inhibition of virus on cell proliferation and 
blocking effect of influenza after infection, 
increased the  SOD activity and reduced the  
MDA content.  

A,B Influenza  Ganjhu et al. 
2015, Khan  et al. 
2019, Liang et al. 
2019 

Azadirachta indica 
A. Juss. (Meliaceae) 

Leaves, 
seeds, 
bark  

Aqueous 
extract 

Polysaccharides, Terpene, nimbin, 
nimbinin, nimbidin, Azadirachtin, β-
sitosterol.  

Inhibition action the initial stage of viral 
replication and possible interaction with 
conserved residues of nucleoprotein. 

A, B PV1, 
Influenza  

Ahmad et al. 
2016, Arora et al. 
2011, Ganguli 
1994, Parida et 
al. 2002 

Camellia sinensis 
(L.) Kuntze 
(Theaceae) 

Leaves Infusion Myricetin 3-O- beta-D-glucopyranoside, 
Catechin derivatives: epigallocatechin- 
3-gallate, epicatechin, epicatechin-3-
gallate, epigallocatechin polyphenolic 
compounds and catechins. 

Inhibition effect of three major types of 
human influenza viruses and avian influenza 
virus by stopping the adsorption of the viruses 
on red blood cell. 

A, B 3 types 
human 
influenza 
viruses, AIV 

Arora et al. 2011, 
Song et al. 2007 

Chrysanthemum 
indicum L. 

(Asteraceae) 

Flowers Infusion Polysaccharide, Glycoside, 
phosphorylated chrysanthemin, 
glucose, cyanidin; stachydrine, oil and 
vitamin A, α-terpineol, cis-sabinol, 
thujone, camphor, chlorogenic acid, 
luteolin-7-glucoside, linarin, luteolin and 
acacetin, α-terpineol, cis-sabinol, 
thujone, camphor. 

Inhibition of the virus gene replication.   A, B H1N1 (swine 
flu) 

Arora et al. 2011, 
Poletto et al. 
2020 

Cinnamomum 
cassia (L.) Presl 

(Lauraceae) 

Twigs Supercritical 
fluid extract, 
ethanol 
extract 

Flavonoid, Phenylpropanoids, 
cinnamaldehyde, cinnamaldehyde, 
cinnamic acid, 2-methoxy cinnamic acid, 
coumarin, cinnamic alcohol, and 2-
methoxy cinnamaldehyde. 

Inhibiting influenza virus growth. Preventing 
the viral entrance to inhibit the cytopathic 
effect of RSV. 

A, B Influenza, 
RSV  

Hayashi et al. 
2007, Ji et al. 
2015, Liu et al, 
2013, Liu et al. 
2020, Wang et al. 
2009, Zhou et al. 
2017 

Cinnamomum 
verum J.Presl 
(Lauraceae) 

Leaf Methanolic 
extract 

Polyphenols, Cinnamaldehyde, gum, 
tannin, mannitol  

Prevention the entry of the virus in the host 
cell  

A, B H1N1 (swine 
flu) 

Arora et al. 2011, 
Mathew & 
Abraham 2006  
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Crocus Sativus L. 
(Iridaceae) 

Flowers Water extract, 
Infusion 

Crocin, picrocin, Safranal, non-volatile 
(carotenoids, lycopene, and α and β 
carotenes), aromatic compounds, 
vitamins: riboflavin and thiamine  

Inhibition the virus entry by suppression of 
penetration virions into Vero cells and 
disturbance of virus replication  

A, B HIV-1, HSV-1 Dar et al. 2017, 
Soleymani et al. 
2018 

Echinacea purpurea 
(L.) Moench 
(Asteraceae) 

Stems, 
leaves, 
barks 

Aqueous, 
ethanol and 
ethyl acetate 
soluble 
fractions 

Alklamides, Cichoric acid, ethanol and 
ethyl acetate, polysaccharide and 
cichoric acid  

Inactivation of influenza viruses with similar 
membrane structures suggesting possible 
membrane target for the antiviral ingredients  

B Influenza  Vimalanathan et 
al. 2005 

Eleutherococcus 
senticosus (Rupr. & 

Maxim.) Maxim. 
(Araliaceae) 

Roots and 
bark 

Ethanol 
extract 

3α, 2β-2-(3ʹ-Hydroxy-4ʹ-methoxy-
phenyl)-1-(4ʺ-hydroxy-5ʺ-
methoxyphenyl)-1-oxo-3-propanol, 1,6-
Bis-(3,5-dimethoxy-4-hydroxyphenyl) 
hexane-1,6-dione, 1-(3-hoxy-4-
hydroxyphenyl)-6-(3,5-dimethoxy-4-
hydroxyphenyl) hexane-1,6-dione/ 
syringin, caffeic acid, isofraxidin, 
sesamin, oleanolic acid Coniferyl 
aldehyde and afzelin. 

Inhibition the productive replication of all 
viruses which belong to the RNA type human 
viruses like rhinovirus, RSV and influenza A 
virus in cell cultures. 

B Rhinovirus, 
RSV, 
Influenza A  

Aicher & 
Wozniewski 
1998, Glatthaar-
Saalmuller et al. 
2001, Madabushi 
et al. 2006, Salah 
Fatnassi et al. 
2013 

Eupatorium 
perfoliatum L. 
(Asteraceae) 

Aerial part, 
flowers 

Hydroalcoholi
c extract 

Eupafolin, Chlorogenic acid, Rutin, 
Isoqurcitrin, Trifolin, Astragalin, 3,5,-O-
Caffeoyl quinic acid, flavonoid 
glycosides, caffeoyl quinic acids. 

Inhibition the growth of influenza A virus by 
blocking attachment of the virus and by 
interfering with virus-induced 
hemagglutination. 

B Influenza A  Derksena et al. 
2016 

Geranium 
sanguineum L. 
(Geraniaceae) 

Flowers Methanolic 
ethanolic, 
polyphenolic 
extracts 

Polyphenols, Caffeic acid. Reducing the expression of hemagglutinin 
protein on the surface of cells infectious virus 
of influenza A yield and plaque, inhibition of 
formation Synthesis proteins of the virus, the 
action was directed against an early stage of 
infection. 

B influenza A  Serkedjieva & 
Hay 1998, 
Sokmena et al. 
2005 

Ginkgo biloba L. 
(Ginkgoaceae) 

Fruits, 
leaves 

Powder 
extract 

Flavonoid glycosides and terpenoids: 
ginkgolides, bilobalides. 

Inhibitory effect of the plant extract was 
observed against influenza A (H1N1 and 
H3N2) and influenza B viruses when 
Hemagglutination inhibition assays revealed 
that the extract interferes with the interaction 
between influenza viruses and erythrocytes. 

A, B influenza A 
(H1N1), 
H3N2, 
influenza B  

Arora et al. 2011, 
Haruyama & 
Nagata 2013 



Ethnobotany Research and Applications 

 

7 

Glycine max (L.) 
Merr. (Fabaceae) 

Seeds Methanol 
extract 

Phenolic acids, flavonoids, isoflavones: 
genistein, saponins: soyasaponin I and 
II, phytosterols, sphingolipids, oleic, 
linoleic, linolenic, 7S-peptides, β-
conglycinin, arachidic acids, behenic, 
lignoceric acids, palmitic acid, myristic 
acid. 

Inhibition of virus penetration and protein 
synthesis involving a virucidal effect. 

B HSV-1, 
HCMV, 
influenza, 
HIV1, FCV 
(surrogate 
of Human 
Norovirus) 

Alghamdi et al. 
2017, Hayashi et 
al. 1997, Matemu 
et al. 2011, Sakai 
& Kogiso 2008  

Glycyrrhiza glabra 
L. 

(Fabaceae, 
Papilionaceae) 

Rhizome 
roots 

Aqueous 
extract 

Glycyrrhizic acid, Triterpene, Saponins, 
liqcoumarine, glabrocoumarone, sweet 
tasting compound anethole (“trans”-1- 
methoxy-4-(prop-1-enyl) benzene), 
Glucosides, Liquiritin, Isoliquiritin. 

Inhibition of virus replication, Inhibition of 
adsorption and penetration of the virus 
during the early steps of the replicative cycle. 

A, B HBV, HCV, 
HSV, 
influenza A 
virus 
pneumonia, 
HIV, SARS 
related 
coronavirus 
 

Cinatl et al. 2003, 
Curreli et al. 
2005, Fiore et al. 
2008 

Hypericum 
perforatum L. 

(Hypericaceae) 

Leaves Ethyl acetate 
extract 

Hypericin, pseudohypericin, 
hyperoside, quercitrin, quercetin. 

Reducing the relative messenger ribonucleic 
acid mRNA expression and virus titer of 
infectious bronchitis virus in the trachea and 
kidney in vivo. 

B Bronchitis 
virus 

Chen et al. 2019 

Jatropha multifida 
L. (Euphorbiaceae) 

Stem Aqueous 
ethanol 
extract 

Lathyrane-type diterpenoids, 
jatrophane-type diterpenoids, 
coumarino-type lignoids, multifidone, 
multifidanol, multifidenol, podcarpic 
acid, totarol. 

Inhibition of both viral infection and growth. A, B Influenza  Das et al. 2008, 
Das et al. 2009, 
Das et al. 2010, 
Denaro et al. 
2019, Mohan et 
al. 2020, Shoji et 
al. 2017 

Justicia adhatoda L. 
(Acanthaceae) 

Whole 
plant 

Aqueous and 
methanolic 
extracts, 
powder 

Phenols, Tanins, Saponins, flavonoids, 
Alkaloids. 

Interfering with influenza type B virus protein 
envelope and inhibit the infection by blocking 
the virus attachment and by inhibition of viral 
hemmaglutinin protein. 

A, B Influenza B  Amber et al. 
2017, Denaro et 
al. 2019, Chavan 
& Chowdhary 
2014 

Melaleuca 
alternifolia 

Leaves Essential oil, 
infusion 

Terpene hydrocarbons: terpinen-4-ol, 
terpinolene, 1,8-cineole, γ Terpinene, α 
-Terpinene, p-Cymene, α –pinene, α –

Inhibition of the viral replication by  
interference with an early step of the viral 
replicative cycle. 

A, B Influenza A  Bishop 1995, 
Garozzo et al. 
2009, Garozzo et 
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(Maiden & Betche) 
Cheel (Myrtaceae) 

Terpineol, Aromadendrene, δ-
Cadinene, Limonene, β-phellandrene, 
Globulol, Myrcene, α –thujene. 

al. 2011, Shah & 
Baghel 2017 

Melissa officinalis 
L. (Lamiaceae) 

Leaves Hydroalcoholi
c extract, 
essential oil, 
infusion 

Citronellal, linalool, geraniol, β-
caryophyllene-oxide. 

Destructive effect on the virus and the 
internal mechanisms of the cell could reduce 
the virus of influenza A by suppressing effect 
on the growth of the virus, also was able to 
suppress the propagation of the  H9N2 
through direct interaction with the virus 
particles. 

B Influenza A  Jalali et al. 2016 

Mimosa pudica L. 
(Fabaceae) 

Leaves and 
twigs 

Methanol, 
ethanol 
extracts 

Alkaloid : Mimosine, Adrenalin, Crocetin 
dimethyl Easter, tannin, d-xylose, d-
glucuronic acid, green yellow fatty oil, 
tubuline, phytohormone turgorines, 4-
α-(b-D-glucopyranosyl-6-sulphate) gallic 
acid, terpenoids, flavonoids, glycosides, 
alkaloids, quinines, phenols, tannins, 
saponins, coumarins. 

Inhibition of viral replication and prevention 
about of cytopathic effects development. 

B MuV Gandhiraja et al. 
2009, Joseph et 
al. 2013, Malayan 
et al. 2013 

Nerium Oleander L. 
(Apocynaceae) 

Whole 
plant, 
leaves 

Aqueous 
extract, 
maceration 

Digitoxigenine, Limonene, α-Pinene, β-
Phellandren, terpinene-4-ol, Sabinene, 
Neriine, Oleandrin. 

Reducing the infectivity of virus produced 
from infected cells and Reduced expression of 
the envelope protein gp120, the sole 
determinant of virus infectivity, suggesting a 
novel mechanism underlying the impaired 
infectivity. 

B HIV, HSV-1, 
HSV-2 

Aanouz et al. 
2020, Boff et al. 
2019, Singh et al. 
2013  

Olea europaea L. 
(Oleaceae) 

Fruits Virgin olive 
oil, leaf 
extract 

Phenolic compounds: oleuropein, 
hydroxytyrosol, oleic acid, squalene. 

Blocking Cell-to-cell transmission of HIV and 
HIV replication. 

A, B HIV virus Lee-Huang et al. 
2003, Omar, 2010 

Origanum vulgare 
L. (Lamiaceae) 

Leaves Methanol 
extract, 
infusion, 
maceration, 
decoction: 
essential oil 

Carvacrol, thymol, Caryophyllene, 
spathulenol, germacrene-D, α-terpineol, 
linoleic acid, phenolic compounds: 
caffeoylquinic acids, flavans and flavone 
C-glycosides. 

Inactivating MNV and H1N1 influenza by 
acting directly on the viral capsid and 
subsequently the RNA. 

A, B MNV,  
Influenza A  

Gilling et al. 2014, 
Şahin et al. 2004, 
Vimalanathan & 
Hudson 2012, 
Zhang et al. 2014 
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Panax ginseng 
C.A.Mey. 

(Araliaceae) 

Roots Infusion and 
decoction 
extracts 

Ginsenosides, triterpenoïdes, gintonin, 
L-arabinose: D-galactose: L-rhamnose: 
D-galacturonic acid: D-glucuronic acid, 
hexuronic acid, ginsenan PA, ginsenan 
PB. 

Inhibition of the virus replication. B RSV Ang et al. 2020, 
Lee et al. 2014, 
Tomoda et al. 
1993  

Plumbago indica L. 
(Plumbaginaceae) 

Roots Maceration, 
methanolic 
and ethanolic 
extracts 

Plumbagin: 2-methyl-5-hydroxy-1,4-
naphthoquinone, flavonoid, tanins, 
carbohydrates, alkaloids, phenols. 

Inhibition of viral nucleoprotein synthesis and 
polymerase activity. 

B Influenza A Chavan et al. 
2016 

Sambucus ebulus L.  
(Adoxaceae, 

Caprifoliaceae) 

Leaves Essential oil Steriods, tannic acids, glycoside 
compounds, ebulin, caffeic acid, and 
cardiac glycosides, chlorogenic acid, 
free fatty acids: palmitic acid, alkanes, 
β-bisabolene, germacrene D, geranyl 
acetate and α-cubebene, Lectins: 
ebulitin and ebulin derivatives. 

Inhibition of enveloped viruses and 
agglutinating virus particles or preventing 
their penetration to cells by blocking virus 
receptor sites.  

A, B Influenza, 
enveloped 
viruses 

Bliah 1987, 
Ganjhu et al. 
2015, Kaya et al. 
2019 

Sambucus nigra L. 
(Adoxaceae, 

Caprifoliaceae) 

Flowers Water extract Flavonoids, agglutinins. Attacking the entry of influenza virus in the 
host cells to prevent the pathogenesis and 
stop the infection by competitive inhibition of 
the virus attachment and endocytosis. 

A, B Influenza  Akram et al. 
2018, Bliah 1987, 
Denaro et al. 
2019 

Schefflera 
heptaphylla (L.) 

Frodin (Araliaceae, 
Scarabaeoidea) 

Leaves Infusion Frodin, caffeoylquinic acids: 3,4-di-O- 
caffeoylquinic acid, 3,5-di-O-
caffeoylquinic acid, and 3-O-
caffeoylquinic acid, Saponin, 
Triterpenoids, 3alpha-hydroxylup- 
20[29]-ene-23,28-dioic acid and 3-epi-
betulinic acid 3-O-sulfate. 

Inhibition of virus-cell fusion in the early 
stage, and the inhibition of cell-cell fusion at 
the end of the virus replication cycle. 

A, B H1N1 (swine 
flu) 

Arora et al. 2011, 
Li et al. 2007, 
Valcheva 
Kuzmanova & 
Belcheva 2006 

Scutellaria 
baicalensis Georgi 

(Lamiaceae) 

Roots Aqueous and 
ethanol 
extracts 

5,7,4'-trihydroxy-8-methoxyflavone 
(F36), baicalin. 

Reducing of influenza virus replication by 
inhibiting the fusion of the virus with 
endosome and lysosome membrane.  

A, B Influenza  Nagai et al. 1995, 
Shi et al. 2016  

Sophora flavescens 
Aiton (Fabaceae) 

Roots Methanol, 
ethanol 
extracts 

Quinolizidine, matrine : alkaloids, 
flavesines, alopecurine B, 7,11-dehydro-
oxymatrine, 10-oxy-5,6-
dehydromatrine, 10-oxysophoridine, 
piperidine, kuraridin. 

Antiviral activity against HBV and direct 
inhibition of reovirus attachment, inhibition 
of viral replication by inhibiting 
hemagglutination, blocked binding of viral 
sigma 1 protein. 

A, B HBV, 
Reovirus  

Kwon et al. 
2015b, Zhang et 
al. 2018 
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Syzygium 
aromaticum (L.) 

Merr. & L.M.Perry 
(Myrtaceae) 

Flower 
buds 

Aqueous 
extracts 

Eugenol, Beta-Caryophyllene, 2-
propanediol, eugenol acetate, galic acid, 
eugeniin. 

Inhibition viral DNA synthesis by inhibition of 
viral DNA polymerase. 

B HSV,  
FCV 
(surrogate 
of Human 
Norovirus) 

Aboubakr et al. 
2016, Benencia & 
Courreges 2000, 
Kurokawa et al. 
1998 

Taraxacum 
officinale (L.) 

Weber ex F.H.Wigg. 
(Compositae) 

Leaves Methanolic 
extracts 

Taraxine, luteolin, caffeoylquinic acids, 
quercertin diclycosides.  

Inhibition of viral nucleoprotein synthesis and 
polymerase activity and have inhibitory 
effects on dengue virus serotype 2 replication. 

B DENV-2 Flores-Ocelotl et 
al. 2018, He et al. 
2011  

Thymus capitatus 
(L.) Hoffmanns. & 

Link  
(Lamiaceae ) 

Leaves Essential oil, 
infusion 

carvacrol, thymol, p-cymène, eugenol, 
α-pinène, β-myrcène. 

Inhibition of the adsorption and penetration 
of the virus into the cell and inhibition of its 
replication within the cell. 

B HSV1, 
ECV11, ADV 

Salah-Fatnassi et 
al. 2010 

Thymus vulgaris L. 
(Lamiaceae) 

Leaves Hydrosol 
extract, 
infusion 

Carvacrol, thymol, p-cymene, γ-
terpinene, alpha-Thujene, alpha-Pinene, 
beta-Pinene, beta-Myrcene, alpha-
Phellandrene, D-Limonene, beta-
Phellandrene, Terpineol, Caryophyllene, 
Terpinen-4-ol, Cyclohexene, 1-methyl-4-
(5-methyl-1-methylene-4-hexenyl). 

Operating during pre-entry and post-entry 
steps of the virus and possible direct effects 
by inhibition on the principal external 
proteins of the influenza virus called 
hemagglutinin and Neuraminidase. 

A, B Influenza  Borugă et al. 
2014, Kaewprom 
et al. 2017 

Urtica dioica L. 
(Urticaceae) 

Whole 
plant 

Methanolic 
extracts 

Phenolics compounds: chlorogenic and 
2-O-caffeoylmalic acid, Flavonoids 
(quercetin-3-Orutinoside, kaempherol-
3-O-rutinoside), Anthocyanins, 
carvacrol, carvon; naphthalene, (E)-
anethol, hexahydrofarnesyl acetone, 
(E)-geranyl acetone, (E)-β-ionone, 
phytol.  

Inhibitory effect DENV-2 replication. B DENV-2 Flores-Ocelotl et 
al. 2018, Gül et 
al. 2012, Pinelli et 
al. 2008 

Zingiber officinale 
Roscoe 

(Zingiberaceae) 

Roots 
rhizome 

Decoction Vanillyl ketones: gingerol, paradol, 
shogaols, zingerone, camphene, p-
cineole, zingiberene. 

Inhibition of viral replication inside the HCV-
infected cells and have strong anti-influenza 
virus type A activity by inhibiting attachment 
of the virus to the cell. 

A, B Influenza A  Abd El-Wahab et 
al. 2009, Park & 
Lee 2005 

Legend: 
Type of study: A = Literature review; B = Experimental study; C = Clinical study. 
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Abbreviations. ADV: Adenovirus; AIV: Avian influenza virus, BD: Bovine dermis; BVDV: bovine viral diarrhea virus; CDV: Canine Distemper Virus; CRFK: Crandell feline kidney Cell; DADS: Diallyl 
disulfide; DATS: Diallyl trisulfide; DENV-2: Dengue virus serotype 2; DMSO: dimethylsulfoxyd; ECV11: Echovirus 11; ERK: extracellular-signal-regulated kinase; EBV: Epstein-Barr virus; FCV: feline 
calicivirus; HCMV: Human Cytomegalovirus; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus; HEP-2: Human larynx epidermoid carcinoma cells; HIV1: human immunodeficiency virus type 1;  
HPIV3: Human parainfluenza virus type 3; HRV2: human Rhinovirus type 2; HSV-1: herpes simplex virus type 1; IEG1: Immediate-early gene 1; LSDV: Lumpy Skin Disease Virus; MAPK: mitogen 
activated protein kinase; MDA: Malondialdehyde; MDCK cells: Madin-Darby canine kidney cell line; MDCK: Madin-Darby canine kidney; MNV: murine norovirus; Mumps Virus : MuV; PV1: 
Poliovirus type1; SARS-CoV-2: respiratory syndrome coronavirus 2; RSV: respiratory syncytial virus; SOD: Superoxide Dismutase.  
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Secondary metabolites with direct or indirect antiviral activity 
Flavonoids and flavones 
The antiviral activity of flavonoid derivatives has been shown to be directed towards a multitude of viruses (HSV, HIV, 
Coxsackie B virus, coronavirus, cytomegalovirus, poliomyelitis virus, rhinovirus, rotavirus, poliovirus and sindbis virus) (De 
Bruyne et al. 1999). It has been verified that the antiviral activity of flavonols against HSV-1 exceeded that of flavones (Berrin 
et al. 2011, Fritz et al. 2007). Luteoforol (Figure 2), a pure compound of Hypericum connatum Lam. (Hypercaceae), which is 
used in southern Brazil in the treatment of acute herpetic gingivostomatitis, was very active at reducing the viral titer of HSV-
1 DNA viral strains KOS and VR733 (ATCC), at a concentration of 0.625 mg/ml (Fritz et al. 2007). 
 
Table 2. List of repurposed phytoconstituants under clinical trial against COVID-19. Phytoconstituant, Plant source (Family), 
Type of trial, Targeted Virus/Purpose, Stage of development/outcomes, References 

Phytoconstituant Plant source 
(Family) 

Type of 
trial 

Targeted 
Virus/Purpose 

Stage of 
development/outcomes 

References 

Artemisinin-
piperaquine (AP)  

Artemisia annua 
(Asteraceae) 
 

NRCT SARS-CoV-2 In patients with mild-to-
moderate COVID-19, the time 
to reach undetectable SARS-
CoV-2 was significantly 
shorter in the AP group  

Li et al. 
2020 

Acai palm berry 
extract 

Euterpe oleracea  
(Arecaceae) 

CT Phase II SARS-CoV-2 7-point ordinal symptom 
scale, need for mechanical 
ventilation, need for 
hospitalization 

 
NCT04404
218, 2020 

Aged garlic 
extract  

Allium sativum 
(Amaryllidaceae) 

RCT Flu virus Reduction of severity of cold 
and flu illness, days of 
symptom exists, number of 
incidences and work/school 
missed as well the role of 
specific innate-like 
lymphocytes (γδ-T cell and NK 
cell) and antioxidant 
parameters 

Nantz et al. 
2012; 
Percival, 
2016 ; Rouf 
et al. 2020 

Alklamides, 
Cichoric acid 

Echinacea 
purpurea 
(Asteraceae) 

CT Phase 
IV  

HIV 
SARS-CoV2 

- Illustrate the interaction 
between the anti-retroviral 
drug, darunavir, and 
Echinacea purpurea in HIV-1 
infected patients 
- Estimate the potential of 
different Echinacea 
formulations (head-to-head) 
to reduce concentration 
infectivity and shedding of 
SARS-CoV-2 under in vivo 
conditions 

Mólto et 
al. 2010;  
NCT04999
098, 2021 

Black seed oil  
 

Nigella sativa  
(Ranunculaceae) 

CT Phase 
II, CT 
Phase III 
(RCT) 

Coronavirus 
Infection 

SARS-CoV2 
 

Determination of proportion 
of patients who are clinically 
recovered, normalization of 
chest radiograph, rate of 
complications 

NCT04401
202, 2020; 
NCT04347
382, 2020 

Colchicine Colchicum 
autumnale 
(Colchicaceae) 

CT Phase 
III 
randomiz
ed, 
double-
blind, 

COVID-19 
Coronavirus 
Infection 

Colchicine alleviated the risk 
of death and hospitalization 
21% more in the treatment 
group than in the placebo 
group 

NCT04322
682, 2020; 
Montreal 
Heart 
Institute, 
2020  
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placebo-
controlled 
clinical 
trial  

Another promising outcome 
of this statistically significant 
clinical trial was a decline in 
hospitalizations of 25%, the 
use of mechanical ventilation 
by 50%, and mortality by 44% 
among 4,159 patients who 
were tested positive for 
corona infection in 
nasopharyngeal PCR tests 

 

(+)-Calanolide A Calophyllum 
lanigerum 
(Clusiaceae) 

CT Phase I HIV Successfully passed the 
clinical trial  

Creagh et 
al., 2001  

Chloroquine 
diphosphate, 
hydroxychloroqui
ne 

Cinchona 
officinalis 
(Rubiaceae) 

 SARS-CoV-2 Daily dose of 600mg of 
hydroxychloroquine along 
with azithromycin 
significantly reduced virus 
load after six days of 
inclusion. 
A higher dosage of 
chloroquine diphosphate 
along with azithromycin in 
critically ill patients especially 
suffering from cardio 
disorders has been reported 
to be unsafe 

Borba et 
al., 2020; 
Gautret et 
al., 2020;  

Cannabidiol Cannabis sativa  
(Cannabaceae) 

CT Phase I, 
CT Phase II 

SARS-CoV-2 Evaluation of the impact of 
Cannabidiol on the cytokine 
profile with severe and 
critically COVID-19 infected 
people along with safety and 
efficacy profile 

NCT04731
116, 2020  

Medicinal 
cannabis  

Cannabis sativa  
(Cannabaceae) 

CT Phase II SARS-CoV-2 Treatment of COVID-19, 
treatment of symptoms 

NCT03944
447, 2020 

Licorice extract 
(Glycyrrhizin) 

Glycyrrhiza glabra 
(Fabaceae) 
 

Not 
applicable 

SARS-CoV-2 Increased number of people 
recovering from COVID-19 

NCT04487
964, 2020; 
Armanini 
et al., 2020  

Escin Aesculus 
hippocastanum 
(Sapindaceae)  

CT Phase 
II, CT 
Phase III 

Coronavirus 
Infections 

Determination of mortality 
rate, the differences in 
oxygen intake methods, time 
of hospitalization (days), time 
of hospitalization in intensive 
care units, pulmonary 
function 

NCT04322
344, 2020  

Kuntze 
extract (P2Et) 

Caesalpinia 
spinosa 
(Fabaceae) 

CT Phase 
II, 
CT Phase 
III 

COVID-19 The efficacy of P2Et in 
reducing the length of 
hospital stay of patients with 
clinical suspicion or confirmed 
case of COVID-19 

NCT04410
510, 2020 

Resveratrol  Veratrum album  
(Liliaceae) 

Not 
applicable 

SARS-CoV2 There was a trend towards 
reduction in death in patients 
receiving resveratrol-copper 

Mittra et 
al., 2020 
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Standardized 
elderberry extract  

Sambucus nigra 
(Adoxaceae) 

RCT Influenza A, 
Influenza B, 
RSV, AdV 

Improvement in clinical 
symptoms. 
No adverse effects 

Kong, 
2009; 
Tiralongo 
et al. 2016; 
Hawkins  
et al. 2019 

Quercetin Not available RCT SARS-CoV-2 No conspicuous outcome has 
been published 

NCT04377
789, 2020  

Triptolide 
woldifiion 

Tripterygium 
wilfordii 
(Celastraceae)  

CT Phase 
III, RCT 

HIV-1 All patients were explored for 
18 months in terms of the 
clinical features, drugs side-
effects, and immunological 
and viral response, and the 
HIV-1 reservoir 

Li, 2014 

Abbreviations. AdV: Adenoviruses; COVID-19: COronaVirus Disease 2019; CT: Clinical trial; HBV: Hepatitis B Virus; HIV1: 
human immunodeficiency virus type 1; NRCT: Non-randomized clinical trials; RCT: Randomized clinical trials; RSV: Respiratory 
syncytial virus; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2 
 
Particularly promising flavonoids in virology such as luteolin, kaempferol, quercetin and apigenin should be explored further 
(Figure 2). In this regard, Artemisia annua L. (Asteraceae) plays a special role in China in the fight against coronavirus because 
it is administered alone and not mixed with other plants (Van der Kooyn and Sullivan, 2013). In vitro, Artemisia annua L. has 
been shown to exhibit, with Lycoris radiata (L'Hér.) Herb., Pyrrosia lingua (Thunb.) Farw. and Lindera aggregata (Sims) 
Kosterm., significant inhibition of SARS-CoV (Li et al. 2005). In addition, very recent studies on SARS-CoV-2 confirm the 
potential of Artemisia annua L. in the fight against the epidemic. A study attempted to simulate numerically the chemical 
inhibition of test molecules on the main protease of SARS-CoV-2. Among the molecules with the greatest potential for 
inhibition, four are among the active ingredients found in Artemisia annua L. namely luteolin, kaempferol, quercetin and 
apigenin (Smith & Smith 2020, Vincent et al. 2005). Artemisia annua L. is used to treat fevers and respiratory syndromes and 
its antiviral properties are now demonstrated. These recent results support the rationale for the administration of Artemisia 
annua L. as a treatment supplement in the fight against COVID-19.  
 
However, it is important to point out that twenty-nine case reports of hepatotoxicity in relation with the use of the extract 
of Artemisia annua L. in grapeseed oil which were collected via the New Zealand pharmacovigilance system. The assessment 
of the case reports using the Bradford Hill guidelines for causal inference, has concluded that there was a safety signal of a 
positive causal association between the Artemisia annua L. extract and hepatotoxicity sufficient for an alert to be 
communicated and further investigations are needed (Savage et al. 2019). 
 
This should draw the attention of researchers to the importance of the toxicological study of these compounds in parallel 
with their antiviral effect and also of the studies of possible interactions between these promising natural compounds and 
conventional drugs prescribed for viral diseases including COVID-19. In addition, we cannot claim that compounds like 
kaempferol or quercetin are of any therapeutic benefit. While they show promise in terms of in vitro effects, there is 
absolutely no evidence that this is of any clinical therapeutic relevance. Additional well-targeted studies based on the 
mechanism of action of these substances in virology are required. 
 
Quantitative Real-time Polymerase Chain Reaction (qRT-PCR) results have revealed flavonoids from Berberis lycium Royle. 
(Berberidaceae) root that naturally grows in all regions of the Himalayas and in regions of Pakistan, Nepal, Bangladesh, 
Afghanistan, and India. In these countries, this plant is used to treat liver disorders and has shown a significant ability in 
reducing or even stopping proliferation of hepatitis C virus (HCV) virus and (Yousaf et al. 2018).  
 
Kaempferol is a polyphenol, which is richly present in many plants such as Achillea millefolium L., Leptocarpha rivularis DC. 
and Urtica dioica L. that has anti-inflammatory properties (Alam et al. 2020). Moreover, Kaempferol isolated from Rhodiola 
rosea L. (Crassulaceae) root has been reported to have in vitro anti-influenza A virus activity, namely against H1N1 and H9N2 
(Jeong et al. 2009). Indeed, Kaempferol at 30.2 to 99.1 µM induced activity against H1N1 and 18.5 to 133.6 µM against H9N2-
induced cytopathic effect (Jeong et al. 2009).  
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Figure 2. Chemical structure of flavonoids and flavones, drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
Two other interesting medicinal plants with antiviral activities are Radix glycyrrhizae (the rhizome of Glycyrrhiza uralensis 
Fisch., Glycyrrhiza inflata Batalin. or Glycyrrhiza glabra L., Leguminosae) and Radix astragali (the root of Astragalus 
mongholicus Bge., Leguminosae). The flavones of Radix glycyrrhizae, represented by liquiritin and liquiritigenin, were the 
most reported compounds isolated from this medicinal plant (Ming et al. 2018) and the main active constituents of Radix 
astragali include flavonoids and saponins (Ma et al. 2002).       
 
Until now, most papers on MPs and COVID-19 are from Asian countries. It is important to keep in mind that all concerned 
plants are almost never used on their own but as part of a formulation containing several ingredients that act together (Ang 
et al. 2020, Wang et al. 2020b). This impairs our ability to reach clear and measurable judgements or even evaluate data on 
the effect of a specific plant in isolation. Despite that we should still think about the possibility of enhanced activity of 
different antiviral compounds together rather than one type of compound alone. On that point, the WHO commissioned a 
study in 2004 on the complementarity between conventional treatment and traditional Chinese medicine in the treatment 
of SARS-CoV (WHO 2004). This study underlines that, under certain conditions, conventional treatment composed of 
antivirals may be more effective when there is a complementary treatment based on MPs. 
 
A meta-analysis of flavonoids with antiviral potential against coronavirus, showed that rhafolin from the leaves of Ficus 
(Moraceae) and Hordeum vulgare L. should be considered in the development of phytomedicines for the treatment of 
coronaviruses (Sawikowska 2020). Rhafolin has a flavonoid skeleton even though it belongs to the group of phenolic 
structures. For this reason, we mentioned this compound in this section on medicinal plants with secondary metabolites of 
interest.  
 
Tannins 
By mean of an in vitro study, it has been demonstrated that Punica granatum L. (Punicaceae) with its effective pericarp 
tannin, affects HSV-2. The mechanism of this effect was explained by the way this specific tannin inhibits HSV-2 replication, 
kills and blocks the absorption of virus cells (Zhang et al. 1995). 
 
The anti-herpes simplex virus (HSV-1) activity of ellagitannins and gallotannin-type compounds (Figure 3) has been studied 
and ellagitannins showed a significantly stronger activity against virus replication than that of the gallotannins. This activity 
was produced mainly with epiacutissimin B, epiacutissimin A, acutissimin A and mongolicain (Vilhelmova-Ilieva et al. 2019). 
A current study on the antiviral effect of geraniin from Spondias mombin L. (Anacardiaceae) leaf extract against HSV-1 
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replication using in vitro and in silico approaches, showed the therapeutic potential of this tannin as an anti-herpes treatment 
(Siqueira et al. 2020). 
 

 
Figure 3. Chemical structure of some tanins, drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
Phenols 
In addition to being a rich source of phenolic compounds, Plantago major L. (Plantaginaceae), is a popular traditional Chinese 
medicine used for treating viral hepatitis. Pure compounds of P. major L., especially caffeic acid exhibited the strongest 
activity against HSV-1 (EC50=15.3µg/ml, SI=671), HSV-2 (EC50=87.3µg/ml, SI=118) and adenovirus 3 (EC50=14.2µg/ml, 
SI=727) (Chiang et al. 2002). 
 
Curcumin from Punica granatum L. (Zingiberaceae) root (Figure4), is also an interesting compound with multiple 
pharmacological properties including antiviral activity (Noureddin et al. 2019) although this is not reflected in clinically 
relevant antiviral activity. However, humans appear to be able to tolerate high doses of curcumin without significant side 
effects (Chainani-Wu 2003).  
 

Figure 4. Chemical structure of phenols, drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
A large variety of MPs have been reported to have anti-hepatitis C virus activity (Wahyuni et al. 2013; Rehman et al. 2016). 
Polyphenols from Ajuga bracteosa Wall. (Lamiaceae) which is native to the hilly areas of Pakistan, China, India and Malaysia 
and Ajuga parviflora Benth. Lamiaceae leaves, which are found in Pakistan, Kashmir, and Afghanistan, have significant activity 
against HCV. They reduce or even stop the growth of this virus and consequently might be useful as an alternative therapy 
or in combination with existing treatments for HCV (Yousaf et al. 2018). This antiviral activity was higher for Ajuga parviflora 
Benth. than Ajuga bracteosa Wall. 
 
Gallic acid has shown a strong anti-herpes and anti-influenza activity at the therapeutic range of 0.8-0.05 µg/ml (Berrin et al. 
2011).  
 
Polysaccharides 
The identification of compounds from MPs as an opportunity to discover a new natural antiviral treatment are well illustrated 
by polysaccharides (Figure5) from many MPs that have been shown to possess interesting biological effects including 
antiviral activity (Zhao et al. 2020). A polysaccharide from a Chinese plant, namely Astragalus membranaceus (Fisch.) Bunge 
(Leguminosae) at a non-cytotoxic concentration (30 μg/mL), significantly suppresses the expressions of two early viral 
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proteins in the Epstein-Barr virus lytic cycle to exert an antiviral effect (Guo et al. 2014). Astragalus membranaceus (Fisch.) 
Bunge has been used for a very long time in China and is believed to have an antiviral effect (Dang et al. 2004, Yuan et al. 
2008).  
 
Houttuynia cordata Thunb. (Saururaceae) is a traditional Chinese medicinal plant. During severe acute respiratory syndrome 
between 2002 to mid-2003, Houttuynia cordata Thunb. was widely usedto prevent SARS. In the mouse, Houttuynia cordata 
Thunb. has shown anti-SARS activity through a significant inhibitory effect on SARS-CoV 3C-like protease (3CL(pro)) and RNA-
dependent RNA polymerase (RdRp) (Lau et al. 2008). In addition, Houttuynia cordata Thunb. has anti-inflammatory activity 
related to its carrageenins, which are a family of linear sulfated polysaccharides (Lu et al. 2006). 
 
Pectin isolated from the fruit pulp of Inga ssp. (Leguminosae), a fruit tree found in Central and South America and using HEp-
2 cells, inhibited the initial viral replication stages of herpes simplex virus type 1 with an IC50 of 179μg.mL−1 and for poliovirus 
with 58 μg/ml, revealing antiviral potential against these two viruses (De Godoi et al. 2019).  
 
Azadirachta indica A. Juss. (Meliaceae) has been used in Ayurvedic medicine in India for over 2000 years for many therapeutic 
indications (Subapriya & Nagini 2005). The antiherpetic (HSV-1) activity of two polysaccharides isolated from the leaf of 
Azadirachta indica A. Juss. was studied and an antiviral effect was attributed to the interference of polysaccharides in the 
early stages of HSV-1 replication (Faccin-Galhardi et al. 2019). 
 

 
Figure 5. Chemical structure of polysaccharides, drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
Terpenes and saponins 
Saikosaponins (Figure 6), triterpene glycosides contained in many medicinal plants such as Bupleurum spp. (Apiaceae), 
Heteromorpha spp. (Apiaceae), and Scrophularia scorodonia L. (Scrophulariaceae), have shown an antiviral activity towards 
HCoV-22E9 at concentrations of 0.25-25 mmol/L (Cheng et al. 2006). Furthermore, saikosaponin type B2 has potent 
anticoronaviral activity. Its mode of action possibly involves interference in the early stage of viral replication: absorption 
and penetration of the virus (Cheng et al. 2006). 
 
Radix Bupleuri (Bupleurum Chinese DC., Apiaceae) has been used in traditional Chinese medicine for a very long time. 
However, saikosaponin from this plant damages the liver (Bochuan et al. 2017) when the dosage is high and, for this reason, 
those who advise clinical use of this herbal extract should be aware of the safe dose range.  
 
A study measuring SARS-CoV-induced cytopathogenic effect on Vero E6 cells has revealed that diterpenoids, mainly of the 
abietane-type, have shown important anti-SARS-CoV effects (Wen et al. 2007).  
 
Dittrichia viscosa (L.) Greuter (Asteraceae) from Morocco, has also revealed antiviral activity against HSV, SINV, and 
poliovirus (Mouhajir et al. 2001). A current Moroccan study has proposed that the bioactive molecule, namely crocin, the 
chemical primarily responsible for the color of saffron (Crocus sativus L., Iridaceae) and β-Eudesmol (Figure 6) present in 
Laurus nobilis L. (Lauraceae) may be inhibitors against the coronavirus (Aanouz et al. 2020). 
 
Lectins are natural proteins with binding specificity for different glycan structures from plants (Figure 7).  Lectins have 
antiviral activity against the severe acute respiratory syndrome coronavirus. This activity was described mainly for mannose-
binding lectins. A possible target for antiviral intervention for these lectins was identified in the replication cycle of SARS-
CoV (Keyaerts et al. 2007). Indeed, lectin (glyco)proteins that are found predominantly in the Leguminosae family, have the 
capacity of reversibly binding to specific carbohydrates by “reading” biological information encoded in the three-dimensional 
structure of sugars, the glycocode (Wiederschain, 2013). The effect of two Machaerium genus (Leguminosae) lectins, named 
Machaerium biovulatum agglutinin (MBA) and M. lunatus agglutinin (MLA), on the inhibition of HIV infection has been 



Ethnobotany Research and Applications 

 

18 

evaluated (Animashaun et al. 1993, Nascimento et al. 2020). The preincubation of these two lectins with the virus prior to 
infection completely protected against the infection, even at a very low concentration such as 1 μg/mL. These lectins bind 
to the essential protein for ensuring HIV infectivity.  
 
Furthermore, an inhibition of human parainfluenza virus Type 2 infection elicited by a partial inhibitory effect on virus 
ribonucleic acid synthesis, inhibition of protein synthesis and prevention of the virus entry on the cells, was reported 
(Uematsu et al. 2012).  
 
Another study showed the capacity of peanut agglutinin lectin to interact against herpes simplex virus (Lundström et al. 
1987). 
 

 
Figure 6. Chemical structure of terpenes and saponins, drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
Lectins 

 
 Figure 7. Chemical structure of a lectin, drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
Alkaloids  
Plant species from the Amaryllidaceae family have shown many promising antiviral alkaloids (Szlávik et al. 2004). The DNA 
and RNA binding activities of these alkaloids have also been demonstrated (Hohmann et al. 2002).  
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Alkaloids from the bulbs of Leucojum vernum L. (Amaryllidacea), namely lycorine (Figure 8) and homolycorine, have a high 
antiretroviral activity with an IC50 between 0.4-7.3 μg/ml (Szlávik et al. 2004). Lycorine displayed strong antiviral effects 
against poliovirus, Coxsackie, Semliki forest, measles and HSV-1 viruses (Leven et al. 1983, Leven et al. 1982). Lycorine also 
exerts a pronounced inhibitory effect against flaviviruses and Bunyaviruses (Gabrielsen et al. 1992). In addition, lycorine 
obtained from Lycoris radiata (L'Hér.) Herb. after fractionation, purification and CPF/MTS essays of the extract of this plant, 
could be considered as an anti-SARS-CoV component in a cell culture study with an EC50 value of 15.7 ± 1.2 nM (Li et al. 
2005).  

 
Figure 8. Chemical structure of lycorine (alkaloid), drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, USA). 
 
Sophora alopecuroides L. (Leguminosae) is found in Japan (Iinuma & Ohyama 1995), Pakistan (AttaurRahman et al. 2000), 
Iran (Pourahmad & Mohammadi 2017), and Mongolia (Kwon et al. 2015a). It has been reported that both matrine and 
oxymatrine alkaloids from Sophora alopecuroides L. seeds have antiviral activity (Wang et al. 2020a). Another interesting 
alkaloid with antiviral effect is atropine which has significant anti-herpes and anti-influenza activities at the therapeutic range 
of 0.8-0.05 µg ml−1 (Berrin et al. 2011).  
 
We must of course keep in mind the toxicity of alkaloids if studies were designed to examine antiviral potential.  
 
Steroids 
Steroids are hormones with an important role in cellular growth modulation and signal transduction. In animal 
experimentation, brassinosteroids, a natural collection of phytosterols, inhibit replication of many viruses (Kaur Kohli et al. 
2020). 
 
The bioactive steroid molecule digitoxigenin (Figure 9) from the Moroccan plant Nerium oleander L. (Apocynaceae) has been 
proposed as an inhibitor against the coronavirus (Aanouz et al. 2020). In this study authors have found that the sample 
analyzed from this plant contained 11.25% of digitoxigenin (Aanouz et al. 2020). However, it is known that all parts of Nerium 
oleander L. contain digitoxigenin, which is a very toxic cardiotonic steroid that has a digitoxin-like effect (Rajapakse 2009). 

 
Figure 9. Chemical structure of the digitoxigenin (steroid), drawn with ChemDraw 20.1 (PerkinElmer Inc., Massachusetts, 
USA). 

 
Conclusion  
COVID-19 has significant morbidity and mortality and so the discovery and identification of novel effective anti- COVID-19 
drugs from medicinal plants without significant adverse effects is of great importance. MPs already available and identified 
in this review as interesting from a therapeutic perspective, should be examined as they are already part of some existing 
healthcare systems and may be useful prophylactic or therapeutic agents for COVID-19.  Several plants and phytochemicals 
discussed in this article could constitute a starting point for future research ranging from experimental studies to clinical 
trials. 
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Indeed, this review highlights the interest of medicinal plants in biomedical and clinical applications in interfering in a virus’s 
mode of action and resulting pathology.    These include Artemisia annua L., Glycyrrhiza glabra L. and Echinacea purpurea 
(L.) Moench which were investigated for antiviral and anti-inflammatory properties primarily against the Corona viruses. 
Plant-specific compounds, such as Glycyrrhizic acid, Alklamides, Cichoric acid, Artemisinin, artesunate, flavones, Triterpene, 
Saponins, and phenolic compounds like liqcoumarine, glabrocoumarone, coumarin, inhibit viral entry and adsorption, 
destroy the nucleocapsid and genetic material, and prevent virus replication. Which attest and affirm our ancestors' 
traditional use of these MPs. Not surprisingly, many researchers are now interested in evaluating the efficacy of compounds 
from MPs for antiviral properties. Such research should be encouraged mainly with regard to those MPs with antiviral activity 
because many plant extracts could well be potential candidates to usefully treat COVID-19. This article only aims to indicate 
potential further research tracks of interest using plants as a possible means of treatment of COVID-19. However, data from 
this article form a useful starting point for further studies to validate antiviral activities both in vivo, as well as meaningful 
efficacy in humans. 

 
Declarations  
List of abbreviations: 3CLpro - Viral Main Proteinase; CPE - cytopathic effect; DNA - deoxyribonucleic acid; EC50 - Half maximal 
effective concentration; HCV - Hepatitis C Virus; HIV - Human Immunodeficiency Virus; HMs - Herbal Medicines; HSV - Herpes 
Simplex Virus; IC50 - The half maximal inhibitory concentration; NLRP3 - NOD-- LRR- and pyrin domain-containing protein 3; 
RNA - ribonucleic acid; SARS- SI - Selectivity index; Severe Acute Respiratory Syndrome; SINV - SINdbis Virus; TM - Traditional 
Medicine; WHO - World Health Organization 
Ethics approval and consent to participate: Not applicable 
Consent for publication: Not applicable 
Availability of data and materials: The data set generated for the current study are included in this published article. 
Competing interests: 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. 
Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 
sectors. 
Author contributions: L.A. and B.B. collected the data. L.A. and S.S. analyzed and wrote the text. S.S., R.H. and A.D. 
participated in the theoretical background, monitoring data collection and analysis, helping with discussions, and perform 
the final version of the text.  

 
Acknowledgements  
Authors would like to thank Dr. Brian Edwards of the International Society of Pharmacovigilance and Husoteria Ltd for proof-
reading this paper in English. 
 

Literature cited 
Aanouz I, Belhassan A, El Khatabi K, Lakhlifi T, El Idrissi M, Bouachrine M. 2021. Moroccan medicinal plants as inhibitors of 
COVID-19: Computational investigations. Journal of Biomolecular Structure and Dynamics 39(8):2971-2979.  

Abd El-Wahab A, El-Adawi H, El-Demellawy M. 2009. In vitro study of the antiviral activity of Zingiber officinale. Planta Medica 
75-PF7.  

Aboubakr H, Nauertz A, Luong A, Nhungoc T, Agrawal S, El-Sohaimy S, Youssef MM, Goyal SM. 2016. In vitro antiviral activity 
of clove and ginger aqueous extracts against feline calicivirus, a surrogate for human norovirus. Journal of food protection 
79(6):1001-1012.  

Ahmad A, Rizwan Javed M, Qayyum Rao A, Husnain T. 2016. Designing and screening of universal drug from neem 
(Azadirachta indica) and standard drug chemicals against influenza virus nucleoprotein. BMC Complementary and 
Alternative Medicine 16(1):519. 

Aicher B, Wozniewski T. 1998. Eleutherococcus, Hagers Handbuch der Pharmazeutischen Praxis. Berlin: Springer. 

Akram M, Tahir IM, Shah SMA, Mahmood Z, Altaf A, Ahmad K, Naveed M, Daniya M, Nasir S, Mehboob H, 2018. Antiviral 
potential of medicinal plants against HIV, HSV, influenza, hepatitis, and coxsackievirus: A systematic review. Phytotherapy 
Research 32(5):811–822.  



Ethnobotany Research and Applications 

 

21 

Alam W, Khan H, Shah MA, Cauli O, Saso L. 2020. Kaempferol as a dietary anti-inflammatory agent: current therapeutic 
standing. Molecules 25(18):4073.  

Alesaeidi S, Miraj S. 2016. A Systematic review of anti-malarial properties, immunosuppressive properties, anti-inflammatory 
properties. Electronic Physician Journal 8(10):3150-3155.  

Alghamdi SS, Khan MA, El-Harty EH, Ammar MH, Migdadi HM. 2017. Comparative phytochemical profiling of different 
soybean (Glycine max (L.) Merr) genotypes using GC-MS. Saudi Journal of Biological Sciences 25(1):15-21.  

Amber R, Adnan M, Tariq A, Mussarat SA. 2017. Review on antiviral activity of the Himalayan medicinal plants traditionally 
used to treat bronchitis and related symptoms. Journal of Pharmacy and Pharmacology 69(2):109-122.  

Ang L, Lee HW, Choi JY, Zhang J, Soo Lee M. 2020. Herbal medicine and pattern identification for treating COVID-19: a rapid 
review of guidelines. Integrative Medicine Research 9(2): 100407. 

Animashaun T, Mahmood N, Hay AJ, Hughes RC. 1993. Inhibitory effects of novel mannose-binding lectins on HIV-infectivity 
and syncytium formation. Antiviral Chemistry and Chemotherapy 4:145–153.  

Armanini D, Fiore C, Bielenberg J, Sabbadin C, Bordin L. 2020. Coronavirus-19: possible therapeutic implications of 
spironolactone and dry extract of Glycyrrhiza glabra L. (Licorice). Frontiers in Pharmacology 11:558418.  

Borba MGS, Val FFA, Sampaio VS, Alexandre MAA, Melo GC, Brito M, Mourão MPG, Brito-Sousa JD, Baía-da-Silva D, Guerra 
MVF, Hajjar LA, Pinto RC, Balieiro AAS, Pacheco AGF, Santos Jr JDO, Naveca FG, Xavier MS, Siqueira AM, Schwarzbold A, 
Croda J, Nogueira ML, Romero GAS, Bassat Q, Fontes CJ, Albuquerque BC, Daniel-Ribeiro CT, Monteiro WM, Lacerda MVG. 
2020. Effect of high vs low doses of chloroquine diphosphate as adjunctive therapy for patients hospitalized with severe 
acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) infection. JAMA Network Open 3(4):e208857.  

Creagh T, Ruckle JL, Tolbert DT, Giltner J, Eiznhamer DA, Dutta B,Flavin MT, Xu ZQ. 2001. Safety and pharmacokinetics of 
single doses of (+)-calanolide a, a novel, naturally occurring nonnucleoside reverse transcriptase inhibitor, in healthy, human 
immunodeficiency virus-negative human subjects. Antimicrobial Agents Chemotherapy 45 :1379-1386.  

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, Doudier B, Courjon J, Giordanengo V, Vieira VE, Tissot Dupont 
H, Honoré S, Colson P, Chabrière E, La Scola B, Rolain JM, Brouqui P, Raoult D. 2020. Hydroxychloroquine and azithromycin 
as a treatment of COVID-19: results of an open-label non-randomized clinical trial. International Journal of Antimicrobial 
Agents 56(1):105949.  

Hawkins J, Baker C, Cherry L, Dunne E. 2019. Black elderberry (Sambucus nigra) supplementation effectively treats upper 
respiratory symptoms: a meta-analysis of randomized, controlled clinical trials. Complementary Therapies in Medicine 
42:361-365.  

Arora R, Chawla R, Rohit M, Arora P, Sharma RK, Kaushik V, Goel R, Kaur A, Silambarasan M, Tripathi RP, Bhardwaj JR. 2011. 
Potential of complementary and alternative medicine in preventive management of novel H1N1 Flu (Swine Flu) pandemic: 
thwarting potential disasters in the bud. Evidence Based Complementary and Alternative Medicine 2011:586506.  

Atta-ur-Rahman Au, Choudhary M I, Parvez K, Ahmed A, Akhtar F, Nur-e-Alam M, Hassan NM. 2000. Quinolizidine Alkaloids 
from Sophora alopecuroides. Journal of Natural Product Research 63:190-192.  

Benencia F, Courreges MC. 2000. In vitro and in vivo activity of eugenol on human herpesvirus. Phytotherapy Research 
14(7):495-500. 

Berrin Ö, Murat K, Ilkay O. 2011. Cytotoxicity, antiviral and antimicrobial activities of alkaloids, flavonoids, and phenolic acids. 
Pharmaceutical Biology 49:396-402. 

Bishop CD. 1995. Antiviral activity of the essential oil of Melaleuca alternifolia (Maiden & Betche) Cheel (tea tree) against 
tobacco mosaic virus. Journal of Essential Oil Research 7(6):641–644. 

Bliah MAM. 1987. Anti-viral composition. EP0173092A2. European Patent Office.  

Bochuan Y, Rui Y, Yongsheng M, Shan Z, Xiaodong Z, Ying L. 2017. A systematic review of the active saikosaponins and extracts 
isolated from Radix Bupleuri and their applications. Pharmaceutical Biology 55:620-635. 



Ethnobotany Research and Applications 

 

22 

Boff L, Munkert J, Ottonic FM, Schneider NFZ, Ramos GS, Kreis W, Fernandes de Andrade, S, Dias de Souza Filho J, Braga FC, 
Alves RJ, Maia de Pádua R, Oliveira Simões CM. 2019. Potential anti-herpes and cytotoxic action of novel semisynthetic 
digitoxigenin-derivatives. European Journal of Medicinal Chemistry 167, 546-561.  

Borugă O, Jianu C, Mişcă C, Goleţ I, Gruia AT, Horhat FG. 2014. Thymus vulgaris essential oil: chemical composition and 
antimicrobial activity. Journal of Medicine and Life 3(3):56-60. 

Centers for Disease Control and Prevention (CDC). 2020. Coronavirus Disease 2019 (COVID-19) situation summary. 
https://www.cdc.gov/coronavirus/2019-nCoV/summary.html (Accessed 22/04/2020). 

Chainani-Wu N. 2003. Safety and anti-inflammatory activity of curcumin: a component of tumeric (Curcuma longa). J. 
Alternative Complementary Medicine 9, 161-168. 

Chavan R, Chowdhary A. 2014. In vitro inhibitory activity of Justicia adhatoda extracts against influenza virus infection and 
hemagglutination. International Journal of Pharmaceutical Sciences and Research 25(2):231-236. 

Chavan RD, Shinde P, Girkar K, Madage R, Chowdhary A. 2016. Assessment of anti-influenza activity and hemagglutination 
inhibition of Plumbago indica and Allium sativum extracts. Pharmacognosy Research 8(2) :105-111. 

Chekem L, Wierucki S. 2006. Extraction de l'artémisinine et synthèse de ses dérivés artésunate et artéméther [Extraction of 
artemisinin and synthesis of its derivates artesunate and artemether].  Phytothérapie. 66(6):602-605.  

ChemDraw® software. https://chemdrawdirect.perkinelmer.cloud/js/sample/index.html# (Accessed 06/04/2020). 

Chen H, Muhammad I, Zhang Y, Ren Y, Zhang R, Huang X, Diao L,  Liu H, Li X, Sun X, Abbas G, Li G. 2019. Antiviral activity 
against infectious bronchitis virus and bioactive components of Hypericum perforatum L. Frontiers in Pharmacology 1272 Pp. 

Cheng PW, Ng LT, Chiang LC, Lin CC. 2006. Antiviral effects of saikosaponins on human coronavirus 229E in vitro. Clinical and 
Experimental Pharmacology and Physiology 33:612-616. 

Chiang LC, Chiang W, Chang MY, Ng LT, Lin CC. 2002. Antiviral activity of Plantago major extracts and related compounds in 
vitro. Antiviral Research 55:53–62.  

Cinatl J, Morgenstern B, Bauer G, Chandra P, Rabenau H, Doerr HW. 2003. Glycyrrhizin, an active component of liquorice 
root, and replication of SARS-associated coronavirus. Lancet. 361 :2045-2046. 

Cohen MS, Nirula A, Mulligan MJ, Novak RM, Marovich M, Yen C, Stemer A, Mayer SM, Wohl D, Brengle B, Montague BT, 
Frank I, McCulloh RJ, Fichtenbaum CJ, Lipson B, Gabra N, Ramirez JA, Thai C, Chege W, Gomez Lorenzo MM, Sista N, Farrior 
J, Clement ME, Brown ER, Custer KL, Van Naarden J, Adams AC, Schade AE, Dabora MC, Knorr J, Price KL, Sabo J, Tuttle JL, 
Klekotka P, Shen L, Skovronsky DM. 2021. Effect of Bamlanivimab vs Placebo on incidence of COVID-19 among residents and 
staff of skilled nursing and assisted living facilities: A randomized clinical trial. JAMA. 326(1):46-55.  

Curreli F, Friedman-Kien AE, Flore O. 2005. Glycyrrhizic acid alters Kaposi sarcoma-associated herpes virus latency, triggering 
p53-mediated apoptosis in transformed B lymphocytes. Journal of Clinical Investigation 115(3):642-52.  

Dang SS, Jia XL, Cheng YA, Chen YR, Liu EQ, Li ZF. 2004. Inhibitory effect of Huangqi Zhechong decoction on liver fibrosis in 
rat. World Journal of Gastroenterology 10:2295-2298.  

Dar RA, Shahnawaz M, Sumera Banoo Malik SB, Sangale MK, Ade AB, Qazi PH. 2017. Cultivation, distribution, taxonomy, 
chemical composition and medical importance of Crocus sativus. Journal of Phytopharmacy 6(6):356-358. 

Das B, Laxminarayana K, Krishnaiah M, Srinivas Y, Raju TV. 2009. Multidione, a novel diterpenoid from Jatropha multifida. 
Tetrahedron Letters 50(34):4885–7. 

Das B, Ravikanth B, Reddy KR, Thirupathi P, Raju TV, Sridhar B. 2008. Diterpenoids from Jatropha multifida. Phytochemistry. 
69(14):2639-41. 

Das B, Satya Kumar A, Narayan Kumar J, Venugopal Raju T. 2010. A new macrocyclic diterpenoid from Jatropha multifida. 
Natural Product Research 24(16):1510–3. 

Davenne E, Giot JB, Huynen P. 2020. Coronavirus and COVID-19: focus on a galopping pandemic. Revue Médicale de Liege. 
75(4):218-225.  



Ethnobotany Research and Applications 

 

23 

De Bruyne T, Pieters L, Deelstra H, Vlietinck A. 1999. Condensed vegetable tannins: Biodiversity in structure and biological 
activities. Biochemical Systematics and Ecology 27:445-459. 

De Godoi AM, Faccin-Galhardi LC, Rechenchoski DZ, Arruda TBMG, Cunha AP, de Almeida RR, Almeida R, Rodrigues FEA. 
Rodrigues EA, Ricardo NMPS, N. Maria Pontes Silva Ricardo, Nozawa C, Linhares REC. 2019. Structural characterization and 
antiviral activity of pectin isolated from Inga spp. International Journal of Biological Macromolecules 139:925-931.  

Denaro M, Smeriglio A, Barreca D, De Francesco C, Occhiuto C, Milano G, Trombetta D. 2020. Antiviral activity of plants and 
their isolated bioactive compounds: An update.  Phytotherapy Research 34(4):742-768. 

Derksena A, Kühn J, Hafezi W, Sendker J, Ehrhardt C, Ludwig S, Hensel A. 2016. Antiviral activity of hydroalcoholic extract 
from Eupatorium perfoliatum L. against the attachment of influenza A virus. Journal of Ethnopharmacology 188:144-152.  

Efferth T, Romero MR, Wolf DG, Stamminger T, Marin JJG, Marschall M. 2008. The Antiviral activities of artemisinin and 
artesunate. Clinical Infectious Diseases 47(6):804-11.  

El-Saber Batiha G, Magdy Beshbishy A, G Wasef L, Elewa Y, A Al-Sagan A, Abd El-Hack ME, Taha AE, M Abd-Elhakim Y, Prasad 
Devkota H. 2020. Chemical constituents and pharmacological activities of garlic (Allium sativum L.): A review. Nutrients 
12(3):872.  

Faccin-Galhardi LC, Ray S, Lopes N, Ali I, Espada SF, Dos Santos JP, Ray B, Linhares REC, Nozawa C. 2019. Assessment of 
antiherpetic activity of nonsulfated and sulfated polysaccharides from Azadirachta indica. International Journal of Biological 
Macromolecules 137:54-61.  

Fiore C, Eisenhut M, Krausse R. 2008. Antiviral effects of Glycyrrhiza species. Phytotherapy Research 22(2):141-148.  

Fisher P, Ward A. 1994. Medicine in Europe: complementary medicine in Europe. British Medical Journal 309:107-111.  

Flores-Ocelotl MR, Rosas-Murrieta NH, Moreno DA, Vallejo-Ruiz V, Reyes-Leyva J, Domínguez F, Santos-Lopez L. 2018. 
Taraxacum officinale and Urtica dioica extracts inhibit dengue virus serotype 2 replication in vitro. BMC Complementary 
Alternative Medicine 18(1):95.  

Fritz D, Venturi CR, Cargnin S, Schripsema J, Roehe PM, Montanha JA, von Poser JL. 2007. Herpes virus inhibitory substances 
from Hypericum connatum Lam., a plant used in southern Brazil to treat oral lesions. Journal of Ethnopharmacology 113:517-
520.  

Fu J, Wang Z, Huang L, Zheng S, Wang D, Chen S, Zhang H, Yang S. 2014. Review of the botanical characteristics, 
phytochemistry, and pharmacology of Astragalus membranaceus (Huangqi). Phytotherapy Research 28(9):1275-83.  

Gabrielsen B, Monath TP, Huggins JW, Kefauver DF. 1992. Antiviral RNA activity of selected Amaryllidaceae isoquinoline 
constituents and synthesis of related substances. Journal of Natural Products 55:1569-1581.  

Gandhiraja N, Sriram S, Meena V, Srilakshmi K, Sasikumar C, Rajeshwari R. 2009. Phytochemical screening and antimicrobial 
activity of the plant extracts of Mimosa pudica L. against selected microbes. Ethnobotanical leaflets 13:618-24. 

Ganjhu RK, Mudgal PP, Maity H, Dowarha D, Devadiga S, Nag S, Arunkumar G.. 2015. Herbal plants and plant preparations 
as remedial approach for viral diseases. Virus disease. 26(4):225–236. 

Garozzo A, Timpanaro R, Bisignano B, Furneri PM, Bisignano G, Castro A. 2009. In vitro antiviral activity of Melaleuca 
alternifolia essential oil. Letters in Applied Microbiology 49(6): 806-808. 

Garozzo A, Timpanaro R, Stivala A, Bisignano G, Castro A. 2011. Activity of Melaleuca alternifolia (tea tree) oil on Influenza 
virus A/PR/8: study on the mechanism of action. Antiviral Research 89(1):83-8.  

Gilling DH, Kitajima M, Torrey JR, Bright KR. 2014. Antiviral efficacy and mechanisms of action of oregano essential oil and its 
primary component carvacrol against murine norovirus. Journal of Applied Microbiology 116(5):1149-63.  

Glatthaar-Saalmuller B, Sacher F, Esperester A. 2001. Antiviral activity of an extract derived from roots of Eleutherococcus 
senticosus. Antiviral Research 50(3):223–228. 

Gül S, Demirci B, Başer KHC, Akpulat HA, Aksu P. 2012. Chemical composition and in vitro cytotoxic, genotoxic effects of 
essential oil from Urtica dioica L. Bulletin of Environmental Contamination and Toxicology 88(5):666-671.  



Ethnobotany Research and Applications 

 

24 

Guo N, Lu D, Woods GL Reed E, Zhou GZ, Zhang LB, Waldman RH. 1993. Demonstration of the anti-viral activity of garlic 
extract against human cytomegalovirus in vitro. Chinese Medical Journal 106(2):93-96. 

Guo Q, Sun X, Zhang Z, Zhang L, Yao G, Li F, Yang X, Song L, Jiang G. 2014. The effect of Astragalus polysaccharide on the 
Epstein-Barr virus lytic cycle. Acta Virologica 58:76-80.  

Haruyama T, Nagata K. 2013. Anti-influenza virus activity of Ginkgo biloba leaf extracts. Journal of Natural Medicines 
67(3):636-42.  

Hayashi K, Hayashi H, Hiraoka N, Ikeshiro Y. 1997. Inhibitory activity of soya saponin II on virus replication in vitro. Planta 
Medica 63(2):102-105.  

Hayashi K, Imanishi N, Kashiwayama Y, Kawano A, Terasawa K, Shimada Y, Ochiai H. 2007. Inhibitory effect of 
cinnamaldehyde, derived from Cinnamomi cortex, on the growth of influenza A/PR/8 virus in vitro and in vivo. Antiviral. 
Research 74(1):1–8. 

He W, Han H, Wang W, Gao B. 2011. Anti-influenza virus effect of aqueous extracts from dandelion. Virology Journal 8:538.  

Hohmann J, Forgo P, Molnμr J, Wolfard K, Molnμr A, Thalhammer T, Imre M, Derek S. 2002. Antiproliferative Amaryllidaceae 
alkaloids isolated from the bulbs of Sprekelia formosissima and Hymenocallis x festalis. Planta Medica 68:454-457.  

Leven M, Van den Berghe DA, Vlietinck AJ. 1983. Plant antiviral agents. IV. Influence of lycorine on growth pattern of three 
animal viruses. Planta Medica 49(2):109-114. 

Ieven M, Vlietinck AJ, Van den Berghe DA, Totte J. 1982. Plant antiviral agents. III. Isolation of alkaloids from Clivia miniata 
Regel (Amaryllidaceae). Journal of Natural Product 45:564-573.  

Jalali P, Moattari A, Mohammadi A, Ghazanfari N, Pourghanbari G. 2016. Melissa officinalis efficacy against human influenza 
virus (New H1N1) in comparison with oseltamivir. Asian Pacific Journal of Tropical Disease  6(9):714-717.  

Jeong HJ, Ryu YB, Park SJ, Kim JH, Kwon HJ, Kim JH, Park KH, Rho MC, Lee WS. 2009. Neuraminidase inhibitory activities of 
flavonols isolated from Rhodiola rosea roots and their in vitro anti-influenza viral activities. Bioorganic and Medicinal 
Chemistry 17:6816-23.  

Ji B, Zhao Y, Zhang Q, Wang P, Guan J, Rong R, Yu z. 2015. Simultaneous determination of cinnamaldehyde, cinnamic acid, 
and 2-methoxy cinnamic acid in rat whole blood after oral administration of volatile oil of Cinnamoni Ramulus by UHPLC-
MS/MS: An application for a pharmacokinetic study. Journal of Chromatography B:Analytical Technologies in the Biomedical 
and Life Sciences 1001:107-113.  

Joseph B, George J, Mohan J. 2013. Pharmacology and traditional uses of Mimosa pudica. International Journal of 
Pharmaceutical Sciences and Drug Research 5(2):41-44. 

Kaewprom K, Chen Y, Lin C, Chiou M, Lin C. 2017. Antiviral activity of Thymus vulgaris and Nepeta cataria hydrosols against 
porcine reproductive and respiratory syndrome virus. Thai. Journal of Veterinary Medicine 47(1):25-33. 

Kane NF, Kyama MC, Nganga JK, Hassanali A, Diallo M, Kimani FT. 2019. Comparison of phytochemical profiles and 
antimalarial activities of Artemisia afra plant collected from five countries in Africa. South African Journal of Botany 125: 
126-133.  

Kaur Kohli S, Bhardwaj A, Bhardwaj V, Sharma A, Kalia N, Landi M, Bhardwaj R. 2020. Therapeutic potential of 
brassinosteroids in biomedical and clinical research. Biomolecules. 10:572.  

Kaya Y, Haji EK, Arvas YE, Aksoy HM. 2019. Sambucus ebulus L.: Past, present and future. AIP Conference Proceedings 2155:1-
7.  

Keyaerts E, Vijgen L, Pannecouque C, Van Damme E, Peumans W, Egberink H, Balzarini J, Van Ranst M. 2007. Plant lectins are 
potent inhibitors of coronaviruses by interfering with two targets in the viral replication cycle. Antiviral Research 75:179-
187.  

Khan HM, Raza SM, Anjum AA, Ali MA. 2019. Antiviral, embryo toxic and cytotoxic activities of Astragalus membranaceus 
root extracts. Pakistan Journal of Pharmaceutical Sciences 32(1):137-142.  



Ethnobotany Research and Applications 

 

25 

Kong F-k.  2009. Pilot clinical study on a proprietary elderberry extract: efficacy in addressing influenza symptoms. Journal of 
Pharmacology and Pharmacokinetic 5:32–43.  

Kshirsagar SG, Rao RV. 2021. Antiviral and immunomodulation effects of Artemisia. Medicina (Kaunas). 57(3): 217.  

Kurokawa M, Hozumi T, Basnet P, Nakano M, Kadota S, Namba T, Kawana T, Shiraki K.. 1998. Purification and characterization 
of eugeniin as an anti-herpesvirus compound from Geum japonicum and Syzygium aromaticum. J. Pharmacol. Exp. Ther. 
284(2):728-35. 

Kwon J, Basnet S, Lee J W, Seo E-K, Tsevegsuren N, Hwang BY, Dhongo L. 2015a. Chemical constituents isolated from the 
Mongolian medicinal plant Sophora alopecuroides L. and their inhibitory effects on LPS-induced nitric oxide production in 
RAW 264.7 macrophages. Bioorganic and Medicinal Chemistry Letters 25:3314-3318. 

Kwon H, Jeong J, Lee SW, Ryu YB, Jeong HJ, Jung K, Lim JS, Cho KO, Lee WS, Rho MC, Park SJ. 2015b. In vitro anti-reovirus 
activity of kuraridin isolated from Sophora flavescens against viral replication and hemagglutination. Journal of 
Pharmacological Sciences 128(4):159-69.   

Lawson LD, Wang ZJ. 2001. Low allicin release from garlic supplements: a major problem due to the sensitivities of alliinase 
activity. Journal of Agricultural and Food Chemistry 49(5):2592-2599.   

Lee JS, Ko E, Hwang HS, Lee Y, Kwon Y, Kim M, Kang S. 2014. Antiviral activity of ginseng extract against respiratory syncytial 
virus infection. International Journal of Molecular Medicine 34(1):183-190.  

Lee-Huang S, Zhang L, Huang PL, Chang YT, Huang PL. 2003. Anti-HIV activity of olive leaf extract (OLE) and modulation of 
host cell gene expression by HIV-1 infection and OLE treatment. Biochemical and Biophysical Research Communications 
307(4):1029-1037. 

Li MH, Yang XQ, Wan ZJ, Yang YB. 2007. Chemical constituents of the seeds of Euryale ferox. Chinese Journal of Natural 
Medicines 5(1):24-26. 

Li SW, Yang TC, Lai CC, Huang SH, Liao JM, Wan L. 2014. Antiviral activity of Aloe-emodin against influenza a virus via galectin-
3 up-regulation. European Journal of Pharmacology 738:125-132.  

Li SY, Chen C, Zhang HQ, Guo HY, Wang L, Zhang X, Hua SN, Yu J, Xiao PG, Li RS, Tan X. 2005. Identification of natural 
compounds with antiviral activities against SARS-associated coronavirus. Antiviral Research 67:18-23.  

Li, T. 2014. Study on the impact of Triptolide Woldifiion on HIV-1 reservoir in acute HIV-1 infection. 
https://clinicaltrials.gov/ct2/show/NCT02219672 (Accessed 12/11/2021). 

Li G, Yuan M, Li H, Deng C, Wang Q, Tang Y, Zhang H, Yu W, Xu Q, Zou Y, Yuan Y, Guo J, Jin C, Guan X, Xie F, Song J. 2020. 
Safety and efficacy of artemisinin-piperaquine for treatment of COVID-19: An open-label, non-randomized, and controlled 
trial. International Journal of Antimicrobial Agents 18:106216.  

Liang Y, Zhang Q, Zhang L, Wang R, Xu X, Hu X. 2019. Astragalus Membranaceus treatment protects Raw264.7 cells from 
influenza virus by regulating G1 phase and the TLR3-Mediated Signaling Pathway. Evidence Based Complementary 
Alternative Medicine 2019:2971604.  

Linuma M, Ohyama M, Tanaka T. 1995. Six flavonostilbenes and a flavanone in roots of Sophora alopecuroides. 
Phytochemistry 38:519-525.  

Liu J, Zhang Q, Li R, Wei S, Huang C, Gao Y, Pu X. 2020. The traditional uses, phytochemistry, pharmacology and toxicology 
of Cinnamomi ramulus: a review. Journal of Pharmacy and Pharmacology 72(3):319-342.  

Liu R, He T, Zeng N, Chen T. 2013. Mechanism of anti-influenza virus of volatile oil in Cinnamomi Ramulus and 
Cinnamaldehyde. Zhong Cao Yao 44(11):1460-1464.   

Lu HM, Liang YZ, Yi LZ, Wu XJ. 2006. Anti-inflammatory effect of Houttuynia cordata injection. Journal of Ethnopharmacology 
104:245-249.  

Lundström M, Olofsson S, Jeansson S, Lycke E, Datema R, Månsson JE. 1987. Host cell- induced differences in O-glycosylation 
of herpes simplex virus gC-1. Virology 161:385-394.  



Ethnobotany Research and Applications 

 

26 

Ma XQ, Shi Q, Duan JA, Dong TT, Tsim KW. 2002. Chemical analysis of Radix Astragali (Huangqi) in China: a comparison with 
its adulterants and seasonal variations. Journal of Agricultural and Food Chemistry 50:4861-4866.  

Madabushi R, Frank B, Drewelow B. 2006. Hyperforin in St. John’s wort drug interactions. European Journal of Clinical 
Pharmacology 62:225-233.  

Malayan J, Selvaraj B, Warrier A, Shanmugam S, Mathayan M, Menon T. 2013. Anti-mumps virus activity by extracts of 
Mimosa pudica, a unique Indian medicinal plant. Indian Journal of Virology 24(2):166-73.  

Matemu AO, Nakamura K, Kayahara H, Murasawa H, Katayama S, Nakamura S. 2011. Enhanced antiviral activity of soybean 
β-conglycinin-derived peptides by acylation with saturated fatty acids. Journal of Food Science 76(6):M299-304.  

Mathew S, Abraham TE. 2006. In vitro antioxidant activity and scavenging effects of Cinnamomum verum leaf extract assayed 
by different methodologies. Food Chemistry and Toxicology 44(2):198-206.  

Ming Y, Yi J, Li-Ping Y. 2018. A systematic summary of natural compounds in Radix Glycyrrhizae. Traditional Medicine 
Research 3:82-94.  

Mittra I, de Souza R, Bhadade R, Madke T, Shankpal P, Joshi M, Qayyumi B, Bhattacharjee A, Gota V, Gupta S, Chaturvedi P, 
Badwe R. Resveratrol and Copper for treatment of severe COVID-19: an observational study (RESCU 002). MedRxiv [Preprint] 
2020 (Accessed 12/11/2021). 

Moein ST, Hashemian SMR, Mansourafshar B, Khorram-Tousi A, Tabarsi P, Doty RL. 2020. Smell dysfunction: a biomarker for 
COVID-19. International Forum of Allergy and Rhinology 

Moghdamtousi SZ, Nikzad S, Kadir HA, Abubakar S, Zandi K. 2015. Potential antiviral agents from marine fungi: an overview. 
Mar. Drugs 13:4520-4538.  

Mohan S, Elhassan Taha MM, Makeen HA. 2020. Bioactive Natural Antivirals: An updated review of the available plants and 
isolated molecules. Molecules 25(21):4878.  

Moltó J, Valle M, Miranda C, Cedeño S, Negredo E, Barbanoj MJ, Clotet B. 2011. Herb-drug interaction between Echinacea 
purpurea and Darunavir-Ritonavir in HIV-Infected Patients. Antimicrobial Agents Chemotherapy 55:326.  

Montreal Heart Institute (2020). Colchicine reduces the risk of COVID-19-related complications. Available at:  
https://www.globenewswire.com/news release/2021/01/23/2163109/0/en/Colchicine-reduces-the-risk-of-COVID-19-
related complications.html (Accessed 14/11/2021). 

Mouhajir F, Hudson JB, Rejdali M, Towers GHN. 2001. Multiple Antiviral Activities of endemic medicinal plants used by berber 
peoples of Morocco. Pharmaceutical Biology 5:364-374.   

Nagai T, Moriguchi R, Suzuki Y, Tomimori T, Yamada H. 1995. Mode of action of the anti-influenza virus activity of plant 
flavonoid, 5,7,4'-trihydroxy-8-methoxyflavone, from the roots of Scutellaria baicalensis. Antiviral Research 26(1):11-25.  

Nascimento KS, Silva MTL, Oliveira MV, Lossio CF, Pinto-Junior VR, Osterne VJS, Cavada BS. 2020. Dalbergieae lectins: A 
review of lectins from species of a primitive Papilionoideae (leguminous) tribe. International Journal of Biological 
Macromolecules 144:509-526.  

Nantz MP, Rowe CA, Muller CE, Creasy RA, Stanilka JM, Percival SS. 2012. Supplementation with aged garlic extract improves 
both NK and γδ-T cell function and reduces the severity of cold and flu symptoms: A randomized, double-blind, placebo-
controlled nutrition intervention. Clinical Nutrition 31(3):337–344. 

NCT03944447. (2020). Outcomes mandate national integration with cannabis as medicine for prevention and treatment of 
COVID-19 (OMNI-Can). https://clinicaltrials.gov/ct2/show/NCT03944447 (Accessed 13/11/2021). 

NCT04322344. (2020). Escin in patients with Covid-19 infection (Add-On-COV2). 
https://clinicaltrials.gov/ct2/show/NCT04322344 (Accessed 13/11/2021). 

NCT04322682. (2020). Colchicine Coronavirus SARS-CoV2 trial (COLCORONA) (COVID-19). 
https://www.clinicaltrials.gov/ct2/show/NCT04322682 (Accessed 13/11/2021). 

NCT04347382. (2020). Honey & Nigella Sativa trial against COVID-19 (HNS-COVID-PK). 
https://clinicaltrials.gov/ct2/show/NCT04347382 (Accessed 13/11/2021). 



Ethnobotany Research and Applications 

 

27 

NCT04377789. (2020). Effect of quercetin on prophylaxis and treatment of COVID-19. 
https://www.clinicaltrials.gov/ct2/show/NCT04377789 (Accessed 13/11/2021). 

NCT04401202. (2020). Nigella Sativa in COVID-19. https://clinicaltrials.gov/ct2/show/NCT04401202 (Accessed 13/11/2021). 

NCT04404218. (2020). The Açaí Berry COVID-19 Anti-inflammation trial (ACAI). 
https://clinicaltrials.gov/ct2/show/NCT04404218 (Accessed 13/11/2021). 

NCT04410510. (2020). P2Et extract in the symptomatic treatment of subjects with COVID-19. 
https://clinicaltrials.gov/ct2/show/NCT04410510 (Accessed 13/11/2021). 

NCT04487964. (2020). Complementary intervention for COVID-19. https://clinicaltrials.gov/ct2/show/NCT04487964 
(Accessed 13/11/2021). 

NCT04731116. (2020). Cannabidiol treatment for severe and critical Coronavirus (COVID-19) pulmonary infection. 
https://clinicaltrials.gov/ct2/show/NCT04731116 (Accessed 13/11/2021). 

NCT04999098. (2021). Clinical study to assess the antiviral properties of Echinaforce reducing oropharyngeal concentration 
and infectivity of SARS-CoV2. https://clinicaltrials.gov/ct2/show/NCT04999098 (Accessed 13/11/2021). 

Noureddin SA, El-Shishtawy RM, Al-Footy KO. 2019. Curcumin analogues and their hybrid molecules as multifunctional drugs. 
European Journal of Medicinal Chemistry 182:111631.  

Omar SH. 2010. Oleuropein in olive and its pharmacological effects. Scientia Pharmaceutica 78(2):133-54.  

Parida MM, Upadhyay C, Pandya G, Jana AM. 2002. Inhibitory potential of neem (Azadirachta indica Juss) leaves on dengue 
virus type-2 replication. Journal of Ethnopharmacology 79(2):273-8.  

Park KJ, Lee HH. 2005. In vitro antiviral activity of aqueous extracts from Korean medicinal plants against influenza virus type 
pplied Microbiology and Biotechnology 15(5):924-929. 

Percival SS. 2016. Aged garlic extract modifies human Immunity Journal of Nutrition 146(2):433s–436s.  

Pinelli P, Ieri F, Vignolini P, Bacci L, Baronti S, Romani A. 2008. Extraction and HPLC analysis of phenolic compounds in leaves, 
stalks, and textile fibers of Urtica dioica L. Journal of Agricultural and Food Chemistry 56(19):9127-32.  

Poletto P, Alvarez-Rivera G, Torres TMS, Mendiola JA, Ibañez E, Cifuentes A. (2020). Compressed fluids and phytochemical 
profiling tools to obtain and characterize antiviral and anti-inflammatory compounds from natural sources. Trends Analytical 
Chemistry 129:115942.   

Pourahmad Jaktaji R, Mohammadi P. 2018. Effect of total alkaloid extract of local Sophora alopecuroides on minimum 
inhibitory concentration and intracellular accumulation of ciprofloxacin, and acrA expression in highly resistant Escherichia 
coli clones. Journal of Global Antimicrobial Resistance 12:55-60.  

Puri A, Sahai R, Singh KL, Saxena RP, Tandon JS, Saxena KC. 2000. Immunostimulant activity of dry fruits and plant materials 
used in Indian traditional medical system for mothers after child birth and invalids. Journal of Ethnopharmacology 71(1-
2):89-92. 

Rajapakse S. 2009. Management of yellow oleander poisoning. Clinical Toxicology (Phila). 47:206-212.  

Rastogi S, Pandey DN, Singh RH. 2020. COVID-19 Pandemic: A pragmatic plan for Ayurveda Intervention. Journal of Ayurveda 
Integrative Medicine 13(1):100312. 

Rehman S, Ijaz B, Fatima N, Muhammad SA, Riazuddin S. 2016. Therapeutic potential of Taraxacum officinale against HCV 
NS5B polymerase: in-vitro and in silico study. Biomedicine and Pharmacotherapy 83:881-891.  

Rezazadeh F, Moshaverinia M, Motamedifar M, Alyaseri M. 2016. Assessment of anti HSV-1 activity of Aloe vera gel extract: 
an in vitro study. Journal of Dentistry, Shiraz University of Medical Sciences 17(1):49-54. 

Rouf R, Jamal Uddin S, Kumer Sarker D, Torequl Islam M, Eunus S, Ali Shilpi JA, Nahar L, Tiralongo E, Sarker SD. 2020. Antiviral 
potential of garlic (Allium sativum) and its organosulfur compounds: A systematic update of pre-clinical and clinical data. 
Trends Food Science and Technology 104:219-234.  



Ethnobotany Research and Applications 

 

28 

Ruwali P, Rai N, Kumar N, Gautam P. 2013. Antiviral potential of medicinal plants: an overview. International Research Journal 
of Pharmacy 4:8-16.  

Şahin F, Güllüce M, Daferera D, Sökmen A, Sökmen M, Polissiou M, Agar G, Ozher H. 2004. Biological activities of the essential 
oils and methanol extract of Origanum vulgare in the Eastern Anatolia region of Turkey. Food Control. 15(7), 549-557.  

Sakai T, Kogiso M. 2008. Soy isoflavones and immunity. Journal of Medical Investigation 55(3-4):167-73.  

Salah-Fatnassi KBH, Slim-Bannour A, Harzallah F, Mighiri Z, Chaumont JP, Aouni M. 2010. Activités antivirale et antioxydante 
in vitro d'huiles essentielles de Thymus capitatus (L.) Hoffmans and Link de Tunisie. Acta Botanica Gallica 157(3):433-444.  

Savage R L, Hill G R, Barnes J, Kenyon S H, Tatley M V. 2019. Suspected hepatotoxicity with a supercritical carbon dioxide 
extract of Artemisia annua in grapeseed oil used in New Zealand. Frontiers Pharmacology 10:1448.  

Sawikowska A. 2020. Meta-analysis of flavonoids with antiviral potential against coronavirus. Biometrical Letters 57(1):13-
22.  

Serkedjieva J, Hay AJ. 1998. In vitro anti-influenza virus activity of a plant preparation from Geranium sanguineum L. Antiviral 
Research 37(2):121-30.  

Shah G, Baghel US. 2017. Melaleuca alternifolia: A review of the medicinal uses, pharmacology and phytochemistry. 
International Journal of ChemTech Research (10): 418-427.  

Shi H, Ren K, Lv B, Zhang W, Zhao Y, Tan RX, Li E. 2016. Baicalin from Scutellaria baicalensis blocks respiratory syncytial virus 
(RSV) infection and reduces inflammatory cell infiltration and lung injury in mice.  Scientific Reports 6:35851.  

Shin W, Lee K, Myung-Hwan P, Seong B. 2010. Broad-spectrum antiviral effect of Agrimonia pilosa extract on influenza 
viruses. Microbiology and Immunology 54(1):11-9.  

Shoji M, Woo S, Masuda A, Win NN, Ngwe H, Takahashi E, Kido H, Morita H, Ito T,  Kuzuhara T. 2017. Anti-influenza virus 
activity of extracts from the stems of Jatropha multifida Linn. collected in Myanmar. BMC Complementary Alternative 
Medicine 17(1):96.  

Singh S, Shenoy S, Nehete PN, Yang P, Nehete B, Fontenot D, Yang G, Newman RA, Sastry KJ. 2013. Nerium oleander derived 
cardiac glycoside oleandrin is a novel inhibitor of HIV infectivity. Fitoterapia 84:32-9.  

Siqueira EMDS, Lima TLC, Boff L, Lima SGM, Lourenço EMG, Ferreira ÉG, Barbosa E, Machado P, Farias K, Ferreira L. 2020. 
Antiviral potential of Spondias mombin L. leaves extract against herpes simplex virus type-1 replication using in vitro and in 
silico approaches. Planta Medica 86:505-515.  

Smith M, and Smith JC. Repurposing therapeutics for COVID-19: Supercomputer-based docking to the SARS-CoV-2 viral spike 
protein and viral spike protein-human ACE2 interface. ChemRxiv [Preprint] (2020) (Accessed 20/06/2021). 

Sokmena M, Angelova M, Krumova E, Pashova S, Ivancheva S, Sokmen A, Serkedjieva J. 2005. In vitro antioxidant activity of 
polyphenol extracts with antiviral properties from Geranium sanguineum L. Life Sciences 76(25):2981-93.  

Soleymani S, Zabihollahi R, Shahbazi S, Bolhassani A. 2018. Antiviral effects of Saffron and its major ingredients. Current Drug 
Delivery 15(5):698-704.  

Song JM, Park KD, Lee KH, Byun YH, Park JH, Kim SH, Kim HJ, Seong BL. 2007. Biological evaluation of anti-influenza viral 
activity of semi-synthetic catechin derivatives. Antiviral Research 76(2):178-85.  

Subapriya R, and Nagini S. 2005. Medicinal properties of neem leaves: A review. Current Medicinal Chemistry Anticancer 
Agents 5:149-156.  

Szlávik L, Gyuris Á, Minárovits J, Forgo P, Molnár J, Hohmann J. 2004. Alkaloids from Leucojum vernum and antiretroviral 
activity of amaryllidaceae alkaloids. Planta Medica 70:871-873.  

Tomoda M, Takeda K, Shimizu N, Gonda R, Ohara N, Takada K, Hirabayashi K. 1993. Characterization of two acidic 
polysaccharides having immunological activities from the root of Panax ginseng. Biological and Pharmaceutical Bulletin 
16(1):22-5.  



Ethnobotany Research and Applications 

 

29 

Tiralongo E, Wee SS, Lea RA. 2016. Elderberry supplementation reduces cold duration and symptoms in air-travellers: A 
randomized, double-blind placebo-controlled clinical trial. Nutrients 8(4):182.  

Tsai Y, Cole LL, Davis LE, Lockwood SJ, Simmons V, Wild GC. 1985. Antiviral properties of garlic: in vitro effects on influenza 
B, herpes simplex and Coxsackie viruses. Planta Medica 5:460–461.  

Uematsu J, Koyama A, Takano S, Ura Y, Tanemura M, Kihira S, Yamamoto H , Kawano M, Tsurudome M, Komada H. 2012. 
Legume lectins inhibit human parainfluenza virus type 2 infection by interfering with the entr. Viruses 4:1104-1115.  

Van der Kooyn F, Sullivan SE. 2013. The complexity of medicinal plants: The Traditional Artemisia annua formulation, current 
status and future perspectives. Journal of Ethnopharmacology 150:1-13.  

Vellingiri B, Jayaramayya K, Iyer M, Narayanasamy A, Govindasamy V, Giridharan B, Ganesan S, Venugopal A, Venkatesan D, 
Ganesan H, Rajagopalan K, Rahman PKSM, Cho SG, Kumar NS, Subramaniam MD. 2020. COVID-19: A promising cure for the 
global panic. Science of the Total Environment 725:138277.  

Vilhelmova-Ilieva N, Jacquet R, Deffieux D, Pouységu L, Sylla T, Chassaing S, Nikolova I, Quideau S, Galabov, AS. 2019. Anti-
herpes simplex virus type 1 activity of specially selected groups of tannins. Drug Research 69:374-373.  

Vimalanathan S, Hudson J. 2012. Anti-Influenza virus activities of commercial Oregano oils and their carriers. Journal of 
Applied Pharmaceutical Science 2 (7):214-218.  

Vimalanathan S, Kang L, Amiguet VT, Livesey J, Arnason T, Hudson J. 2005. Echinacea purpurea. Aerial parts contain multiple 
antiviral compounds. Pharmacology and Biology 43(9):740-745. 

Vincent MJ, Bergeron E, Benjannet S, Erickson BR, Rollin PE, Ksiazek TG, Seidah NG, Nichol ST. 2005. Chloroquine is a potent 
inhibitor of SARS coronavirus infection and spread. Virology Journal 2:69.  

Wahyuni TS, Tumewu L, Permanasari AA, Apriani E, Adianti M, Rahman A. 2013. Antiviral activities of Indonesian medicinal 
plants in the East Java region against hepatitis C virus. Virology Journal 10:259.  

Wang KC, Chang JS, Chiang LC, Lin CC. 2009. 4-Methoxycinnamaldehyde inhibited human respiratory syncytial virus in a 
human larynx carcinoma cell line. Phytomedicine. 16(9):882-886.  

Wang R, Deng X, Gao Q, Wu X, Han L, Gao X, Zhao S, Chen W, Zhou R, Li Z, Bai C. 2020a. Sophora alopecuroides L.: An 
ethnopharmacological, phytochemical, and pharmacological review. Journal of Ethnopharmacology 248:112172.  

Wang SX, Wang Y, Lu YB, Li JY, Song YJ, Nyamgerelt M, Wang XX. 2020b. Diagnosis and treatment of novel coronavirus 
pneumonia based on the theory of traditional Chinese medicine. Journal of Integrative Medicine 18(4):275-283. 

Wen CC, Kuo YH, Jan JT, Liang PH, Wang SY, Liu HG, Lee CK, Chang ST, Kuo CJ, Lee SS,  Hou CC, Hsiao PW, Chien SC, Shyur LF, 
Yang NS. 2007. Specific plant terpenoids and lignoids possess potent antiviral activities against severe acute respiratory 
syndrome coronavirus. Journal of Medical Chemistry 50:4087-4095.  

Wiederschain GY. 2013. Glycobiology: progress, problems and perspectives. Biochemistry 78:679-696.  

Wordometer. (2021). Countries where COVID-19 has spread. https://www.worldometers.info/coronavirus/countries-
where-coronavirus-has-spread/ (Accessed 31/11/2021). 

World Health Organization. 2004. Report of the WHO International Expert Meeting to review and analyse clinical reports on 
combination treatment for SARS, 8-10 October 2003, Beijing, People's Republic of China. 
https://apps.who.int/iris/handle/10665/43029 (Accessed 14/04 2020). 

Yousaf T, Rafique S, Wahid F, Rehman S, Nazir A, Rafique J, Aslam K, Shabir G, Shah SM.. 2018. Phytochemical profiling and 
antiviral activity of Ajuga bracteosa, Ajuga parviflora, Berberis lyceum and Citrus lemon against Hepatitis C Virus. Microbial 
Pathogenesis 118:154-158.  

Yuan C, Pan X, Gong Y, Xia A, Wu G, Tang J, Aslam K, Shabir G, Shah SM. 2008. Effects of Astragalus polysaccharides (APS) on 
the ex- pression of immune response genes in head kidney, gill and spleen of the common carp, Cyprinus carpio L. 
International Immunopharmacology 8:51-58.  

Zhang X, Guo Y, Wang C, Li G, Xu J, Chung H, Ye W-C, Li YL, Wang GC. 2014. Phenolic compounds from Origanum vulgare and 
their antioxidant and antiviral activities. Food Chemistry152:300-306.  



Ethnobotany Research and Applications 

 

30 

Zhang Y, Luo D, Yang L, Cheng W, He L, Kuang G, Li MM, Li Y, Wang G. 2018. Matrine-type alkaloids from the roots of Sophora 
flavescens and their antiviral activities against the Hepatitis B Virus. Journal of Natural Product 81(10):2259–2265.  

Zhang J, Zhan B, Yao X, Gao Y, Shong J. 1995. Antiviral activity of tannin from the pericarp of Punica granatum L. against 
genital Herpes virus in vitro. Zhongguo Zhong Yao Za Zhi 20:556-558. 

Zhao Y, Yan B, Wang Z, Li M, Zhao W. 2020. Natural polysaccharides with immunomodulatory activities. Mini-Reviews in 
Medicinal Chemistry 20:96-106.  

Zhou X, Huang F, Xu L, Lin Z, De Vrij F, Ayo-Martin AC, Kroeg M, Zhao M, Yin Y, Wang W, Cao W, Wang Y, Kushner S, Peron 
JM, Alric L, Man R, Jacobs Bart C,  Eijk JJ, Aronica EMA, Sprengers D, Metselaar H, Zeeuw CI,  Dalton HR, Kamar N, 
Peppelenbosch MP, Pan Q. 2017. Hepatitis E virus infects neurons and brains. Journal of Infectious Diseases 215(8):1197-
1206.  

 
 
 


