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ABSTRACT

Aims: COVID-19 pandemic affects hundreds of thousands of people worldwide. Since there is no
effective treatment, the need of finding alternative methods, which can help to curb this pandemic
is urgent. This study aims to collect the information on the virucidal and toxicity properties of the
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Allium species. This genus is known to be source of nutraceuticals and also used as food. In this
context, species of this genus can be proposed as an alternative solution against COVID-19.
Methodology: The literature review was conducted on Allium spp during searches on different
databases such as PubMed, PubMed Central, Science Direct, Scielo, DOAJ, Science alert and
Google scholar. The scientific names of Allium species, antiviral compounds, antiviral activity and
toxicology of the plants of interest were used as keywords. Mendeley was used to make
bibliographic references and the chemical structures of the natural compounds from Allium genus
were drawn using ChemBioDraw Ultra 12.0 software.

Results: The findings from literature review showed that the Allium genus has demonstrated
antiviral activity on several types of virus (Herpes simplex virus type 1, Herpes simplex virus type 2,
Human immunodeficiency virus, Influenza virus, Cytomegalovirus, Human papillomavirus,
Vesicular stomatitis virus, vaccinia virus, and human rhinovirus type 2 human cytomegalovirus).
The species of this genus have also been used as food. Some species of Allium genus contain
minerals such as Zinc, which have shown an effect on SARS-CoV-1, and could be involved in
account for the reported antiviral effect.

Conclusion: Edible Allium species could be used in the management of COVID-19. Molecular

docking of main molecules of Allium species with SARS-CoV-2 protease is in progress.

Keywords: Allium species; antiviral activity; SARS-CoV-2; COVID-19.

1. INTRODUCTION

Coronaviruses (CoV) are a large family of viruses
that cause illness ranging from the common cold
to more severe diseases such as Middle East
Respiratory Syndrome (MERS-CoV) and Severe
Acute Respiratory Syndrome (SARS-CoV). The
current novel coronavirus (nCoV) is a new strain
that has not been previously identified in humans

[1].

The COVID-19 pandemic is the defying global
health crisis of this new decade and constitutes
the greatest challenge we have faced since the
Second World War. Since its emergence in Asia
late last year, the virus has spread to every
continent except in Antarctica.

In view of the collateral damage caused by this
virus, most countries have embarked on in-depth
research with a view to find a life-saving solution;
in order to respond and recover from this
pandemic.

Thus, several research studies have
demonstrated the validity of the pharmacopoeia
in the fight against this viral monster. In fact,
medicinal plants have been widely used in
African and other countries around the world for
many years, and are still being used as an
important source of antiviral therapeutic agents
for the treatment of infectious diseases [2,3]. The
role of traditional medicine in the treatment of
COVID-19 has recently been reported [4]. In
addition, it has also been shown that medicinal
plants are an important source of molecules
having pharmacological properties, including

antiviral properties that can be used in the search
for the solution to COVID-19 [5].

Furthermore, Allium species have been used
intensively in traditional foods and as anti-
infectious agents in traditional medicine. For
instance, garlic (Allium sativum L.) and onions
(Allium cepa L.) have long been used as food but
also as spices in most of African recipes
especially in the Congolese food system and for
the treatment of many diseases [6]. While other
Allium species such as leek (Allium porrum L.)
and shallots (Allium ascalonicum L.) are also rich
sources of volatile and non-volatile chemicals,
particularly quercetin. Some other compounds
such as allicin, diallyl trisulfide and ajoene,
derived from garlic extracts have been shown to
have antiviral activity [7]. Previous studies have
also shown that onions are characterized by the
highest content of flavonoids (including quercetin
and its derivates) and several other studies
reported the antiviral activity of quercetin. As
Onions contain also quercetin, this may be the
main active principle which confers the antiviral
potential to this genus [7].

The current study aims to review the literature on
the virucidal and cytotoxic properties of Allium
species considered as nutraceuticals. The found
data would make it possible to use these edible
Allium species for the management of COVID-
19.

2. METHODOLOGY

Different databases such as PubMed, PubMed
Central, Science Direct, Scielo, DOAJ, Science
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alert and Google scholar were used to constitute
the bibliography. The scientific names of Allium
species, antiviral compounds, antiviral activity
and toxicology of the plant of interest were used
as keywords. Mendeley was used to make
bibliographic references and the chemical
structures of the natural compounds from Allium
genus were drawn using ChemBioDraw Ultra
12.0 software.

3. PHYTOCHEMISTRY AND PHARM-
ACOLOGY OF ALLIUM SPECIES

3.1 Overview of Allium spp

Allium species have been used for centuries for
their exceptional flavour as vegetables and spice
besides being valued as ornamentals while in
ethnomedicine, they are used for the prevention
of various diseases. Members of the Allium
genus are known for their sulphur compounds
enriched in volatile oils [8] which imparts a
unique taste to different species [9]. Apart from
sulphur compounds, species of Allium genus
contain many other important chemical
constituents like anthocyanins, flavonoids,
phenols, tannins and carotenoids [10]. Various
pharmacological activities of Allium species
including antioxidant, anti-inflammatory,
antimicrobial, anticancer, antiviral, anticoagulant,
neuroprotective, immunomodulatory,
antitubercular and anti-allergy were attributed to
the presence of the aforementioned key
compounds [11].

3.2 Allium cepa L.
Fig. 1 gives images of Allium cepa L or onion
3.2.1 Phytochemistry

Onion contains 89% water, 1.5% protein, 4%
sugar, 2% fiber, 0.1% fat, and vitamins B1, B2,
B3, B5, B9 and C, along with potassium, calcium
and selenium. Onion also contains important
dietary polysaccharides such as fructosans,
saccharose, peptides, flavonoids (mostly
quercetin), and essential oils. Quercetin
glycosides are heat-stable and show
chemopreventive  activity. Onion  contains
numerous sulfur compounds, including
thiosulfinates and thiosulfonates; cepaenes; S-
oxides; Sulphur, S-dioxides; mono-, di-, and tri-
sulfides; and sulfoxides, which inhibit cell growth
of cancer cells through induction of DNA damage
mediated G2/M arrest and apoptosis [12].

Several phytochemical studies have been carried
out on A. cepa L, and it has been found to
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harbour a myriad of compounds responsible for
its particular flavour and medicinal properties.
Among the different classes of phytochemical
constituents, phenolic compounds have received
much attention thanks to their contribution to the
biological properties of medicinal plants. A study
was conducted on four varieties of A. cepa L.
(red, purple, white and green) for their respective
phenolic composition by high performance liquid
chromatography (HPLC) and led to the
identification of Ferulic acid, gallic acid,
protocatechic acid, quercetin and kaempferol.
There were significant variations in the number of
phenolic compounds in each variety as follows:
ferulic acid (13.5-116 pg/g), gallic acid (9.3-354
Mg/g), protocatechic acid (3.1-138 pg/g),
quercetin (14.5-5110 pg/g), and kaempferol (3.2-
481 pg/g). In addition, a number of flavonoids
were also detected in different varieties of onion,
namely: quercetin aglycone, quercetin-3,4'-
diglucoside, quercetin-4'-monoglucoside,
quercetin-3-monoglucoside, quercetin 3-
glycosides, delphinidine 3,5-diglycosides [13],
quercetin  3,7,4'-triglucoside, quercetin  7,4'-
diglucoside, quercetin 3,4'-diglucoside,
isorhametine 3,4'-diglucoside. Compared to other
vegetable and fruit species, A. cepa L has a
quercetin content (300 mg kg'1) 5 to 10 times
higher than broccoli (100 mg kg™'), apple (50 mg
kg') and blueberry (40 mg kg™') [14]. Some other
studies have identified various anthocyanins in
onions: cyanidin 3-O- (3"-O-B-glucopyranosyl-6"-
O-malonyl-B-glucopyranoside)-4'-O-3-glucopyra
noside, cyanidine 7-O-(3"-O-B-gluco pyranosyl-
6"-O-malonyl-B-glucopyranoside)-4'-O-B glucop-
yranoside,cyanidine 3,4'-di-O-f-glucopyranoside,
cyanidin  4'-O-B-glucoside, peonidin 3-O-(6"-
Omalonyl-B-glucopyranoside)-5-O-f-glucopyran -
oside and peonidin  3-O-(6"-O-malonyl-3-
glucopyranoside), which were present in trace
amounts in the pigmented parts of red onion.

Vazquez-Armenta et al. [15] identified dipropyl
disulphide and dipropyl trisulphide as the main
constituents of onion. A class of biologically
active organo-sulphur compounds, Salk (en)yl-L-
cysteine sulphoxides (such as allin and vy-
glutamylcysteine) were dominant. During the
milling of the plant material, allicin, methionine,
propiin, iso-allin and fat-soluble sulphur
compounds (such as, diallyl disulphide) are
released and are responsible for the smell and
taste of fresh onions. It has been assumed that
the irritant and lacrimation factor released by the
chopped onion is produced spontaneously as
a result of the action of the enzyme alliinase
[16].

66



Lengbiye et al.; IUPR, 5(4): 64-77, 2020; Article no.IJPR.61873

Fig. 1. Allium cepa L

Meanwhile, several disulfide radicals (allyl,
methyl, propyl) have been found in red onion
varieties by TLC wusing dichloromethane
extraction. Quantitative analysis showed that di-
and trisulphides, such as cis- and trans-methyl-1-
propenyl disulphide, methyl-2-propenyl
disulphide, dipropyl disulphide, cis- and trans-
propenyl disulphide, methyl-propyl trisulphide
and dipropyl trisulphide, were abundant and
accounted for about 60% of the sulphur
compounds [17].

3.2.2 Antiviral activity

The antiviral activity of extracts from five Allium
plants (shallot, garlic, onion, leek and green
onion) and pure compounds of quercetin,
zalcitabine (ddC), and allicin against adenovirus
was assessed. Regarding the antiviral activity of
ddC, both MTT and PRD (plate reduction)
methods showed a high correlation (R2 = 0.8952)
without significant difference (paired t-test, p >
0.05). Most of the Allium plants tested were non-
toxic to human lung carcinoma cells (A549), and
shallots had the highest level of antiviral activity
for ADV41 and ADV3, followed by garlic and
onions. Shallots had the highest level of antiviral
activity against ADV3 and ADV41 infection
between 0 and 2 h, during the first replication
period of the virus. The MTT test with A549 cells
was shown to be a rapid and sensitive test
system for the detection of anti-adenoviral drugs.
The potential of shallots for the treatment of
adenoviral infections deserves further study [7].

Several studies suggest that flavonoids have
long been known to be very effective against
viruses. Many scientists have proven that
flavonoids have antiviral activity and that they
can serve as inhibitors to Kkill viruses [18]. The
mechanism of viral growth inhibition consists of
blocking and destroying viral protein and nucleic

acid synthesis [19]. Phytochemicals in onions,
such as quercetin and kaempferol, play an
important role in reducing the growth of various
viruses [20]. Moreover, quercetin and kaempferol
have been shown to have virucidal activity
against herpes simplex virus type |, rabies virus,
poliovirus, meningitis virus, rabies pseudovirus,
sindbis virus and para influenza virus type 3 [21].
Yet, cell culture data have shown that quercetin
flavonol can inhibit the replication of various
respiratory viruses, thereby reducing their
numbers [22].

The antiviral activities of various commercial
garlic products, including garlic powder tablets
and capsules, oil-macerated garlic, steam-
distilled garlic oils, garlic aged in aqueous alcohol
and fermented garlic oil, against herpes simplex
virus Types 1 and 2, influenza A and B viruses,
human cytomegalovirus, vesicular stomatitis
virus, rhinovirus, human immunodeficiency virus
(HIV), viral pneumonia and rotavirus, have been
studied. Antiviral activities of these commercial
products seem to be dependent on their
preparation process and those products with the
highest levels of allicin and other thiosulfinates,
mainly DADS, DATS and ajoene, have the best
antiviral activities [23]. In addition to sulphur
compounds, it has been reported that quercetin,
the major onion flavonoid, also possesses
antiviral activity and enhances the bioavailability
of some antiviral drugs. Lectins are a very
heterogeneous group of glycoproteins with the
ability to recognize and bind specifically to
carbohydrate ligands. Onion lectins, unlike the
garlic lectins, have a pronounced anti-HIV activity

[71.
3.3 Allium sativum L.

Fig. 2 displays images of Allium sativum or garlic.
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Fig. 2. Allium sativum

3.3.1 Phytochemistry

The nutritional value of the edible parts of A.
sativum L. has been reported as 410.7 kcal/100
g with 33 g of carbohydrates, 0.34 g of fat, 9.26 g
of proteins, 1.2 mg of vitamin B6, 5.29 mg of iron,
36.3 mg of calcium, and 6009 mg of
phosphorus. Garlic bulb contains water (65%),
carbohydrates (28%), organosulfur compounds
(2.3%), proteins (mostly allinase; 2%), amino
acids (1.2%), and fiber (1.5%). Fresh or crushed
garlic contain sulfur-containing compounds
enzymes, saponins, and phenolics [24].

3.3.2 Antiviral activity

The antiviral activity of hydro-distilled essential
oils of Allium sativum L. (bulbs) against (HSV1)
was tested by using cytopathicity (CPE) assay.
African green monkey kidney (Vero) cell line
(virus infected cells) was incubated with different
levels of essential oils. The antiviral activities
were increased with increasing essential oils
concentrations. The additions of 200, 500 and
1000 pg/mL of garlic essential oils increased
antiviral activity percentages to 37.66, 72.94 and
93.81%, respectively [25]. Nagai reported that
garlic extract has preventive effect against
infection with influenza virus and possesses the
antiviral activity against the human
cytomegalovirus, influenza B, herpes simplex
virus type 1, herpes simplex virus type 2,
parainfluenza virus type 3, vaccinia virus,
vesicular stomatitis virus, and human rhinovirus
type 2 [26]. Ajoene was found to block the
integrin-dependent processes in a human
immunodeficiency virus-infected cell system [27].
The antiviral effect of diallyl thiosulfinate (allicin),
allyl  methyl thiosulfinate, methyl allyl
thiosulfinate, ajoene, alliin, deoxyalliin, diallyl
disulfide, and diallyl trisulfide was determined
against selected viruses including, herpes
simplex virus type 1, herpes simplex virus type 2,
parainfluenza virus type 3, vaccinia virus,
vesicular stomatitis virus, and human rhinovirus
type 2. The order for virucidal activity was
generally as follows: ajoene > allicin > allyl

methyl thiosulfinate > methyl allyl thiosulfinate.
Ajoene was found in oil-macerates of garlic but
not in fresh garlic extracts. No activity was found
for the garlic polar fraction, alliin, deoxyalliin,
diallyl disulfide, or diallyl trisulfide. Fresh garlic
extract, in which thiosulfinates appeared to be
the active components, was virucidal to each
virus tested. The predominant thiosulfinate in
fresh garlic extract was allicin. Lack of reduction
in yields of infectious virus indicated
undetectable levels of intracellular antiviral
activity for either allicin or fresh garlic extract
[23].

The in vitro antiviral activity of garlic extract (GE)
on human cytomegalovirus (HCMV) was
evaluated by tissue culture, plaque reduction and
early antigen assay. A dose dependent inhibitory
effect of GE was evident when GE was applied
simultaneously with HCMV. But the effect was
stronger when the monolayers were pretreated
with GE. In addition, the antiviral effect of GE
persisted long in infected cells after its being
removed from the culture medium. The strongest
antiviral effect of GE was demonstrated when it
was applied continuously [28]. Allium sativum L.
extraction has been reported having anti-HCMV
efficacy by a mechanism associated with
suppression of the gene transcription. The effect
of allitridin (diallyl trisulfide, a compound from A.
sativum L. extraction) on the replication of HCMV
and the expression of viral immediate-early
genes was investigated. In HCMV plaque-
reduction assay, allitridin appeared to be a dose-
dependent inhibitory ability with ECsq value of 4.2
microg/mL. Time-of-addition and time-of-removal
studies showed that allitridin inhibited HCMV
replication in earlier period of viral cycle before
viral DNA synthesis. Both immediate early gene
(ie1) transcription and IEA (IE(1)72 and IE(2)86)
expression was suppressed by allitridin.
Furthermore, allitridin displayed a stronger
inhibition on IE (2)86 than on IE (1)72. Decrease
of viral DNA load in infected cells was also
detected under allitridin treatment, probably due
to an indirect consequence of the reduction in ie
gene ftranscription [29]. Allitridin can inhibit
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HCMV, IEA expression in vitro was remarkable
which is probably one of the major mechanisms
of Allitridin anti-HCMV activity because IEAs are
the very important regulatory factors for the
expression of all HCMV genes.

The cytotocity of Allitridin was evaluated through
MTT colorimetry and cell morphology. HCMV IEA
levels were quantitatively detected by Flow
Cytometry. Allitridin was given before (pre-
treated for 24 h), during, or after viral inoculation
in which serial doses (maximum tolerant
concentration, MTC for human embryo lung cells,
HEL) of Allitridin was used to treat HCMV
infected HLE cells for different durations (24, 48,
72, 96 h) after viral infection. The MTC of
Allitridin was 9.60 mg x L. Allitridin remarkably
inhibited the expression of HCMV IEA in vitro.
Within MTC, the inhibitory rate had a significant
correlation with its dosage (r = 0.96). At the time
of IEA highest expression (72 h after infection),
inhibitory effect was the highest (inhibitory rate:
89.3%). With pre-treatment of Allitridin, the
inhibitory rate was 28.6%. When Allitridin was
used together with HCMV inoculation, IEA
inhibitory rate was only 10.3% [30, 31]. Garlic
inhibited CBV3 and ECHO11 at the
concentration ranging from 2.5 micrograms/mL to
7.5 micrograms/mL and 5 micrograms/mL was
the most effective [32].

The antiviral activity of garlic extracts has been
evaluated against influenza B, human rhinovirus
type 2, human cytomegalovirus (HCMV),
Parainfluenza virus type 3, herpes simplex type 1
and 2, vaccinia virus, and vesicular stomatitis
virus [33]. Interestingly, in vivo experiment
exhibited the antiviral activity of garlic extract and
it was reported that garlic showed protective
activity against influenza viruses by improving
the production of neutralizing antibodies when
given to mice and this activity was based on the
presence of several phytochemicals namely,
ajoene, allicin, allyl methyl thiosulfinate, and
methyl allyl thiosulfinate [34]. Allicin acts by
preventing several thiol enzymes, while ajoene’s
antiviral activity was due to the prevention of
adhesive interaction and fusion of leukocytes.
Moreover, DATS was active against the HCMV
replication and viral immediate-early gene
expression and it acts by enhancing natural
killer-cell (NK-cell) activity that destroys virus-
infected cells [35-36].

3.3.3 Toxicity

Garlic generally poses little in terms of safety
issues though some side effects have been
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reported. Garlic may interact with warfarin,
antiplatelets,  saquinavir,  antihypertensives,
calcium channel blockers, and quinolone family
of antibiotics, such as ciprofloxacin and
hypoglycemic drugs. Isolated cases of tropical
garlic burns and anaphylaxis were reported. In
fact, one of garlic’'s adverse local effects is
contact dermatitis [37]. Garlic application usually
results in local inflammation, but, if applied under
a pressure bandage, or if there is poor wound
care or a secondary infection, it can cause a
severe dermal reaction and a deep chemical
burn [38]. Three patients were reported in the
Department of Plastic Surgery, Assaf Harofeh
Medical Center, Zerifin in Israel for suspected
self-inflicted lower extremity burns caused by
garlic. In a two case report in China, an
anaphylactic reaction and a food dependent
exercise-induced anaphylaxis caused by eating
fresh younger garlic was reported in two patients
sensitized to Artemisia pollen [39]. Even though
not common, garlic allergy has been attributed to
the protein alliin lyase, which was reported to
induce  immunoglobulin  E  (IgE)-mediated
hypersensitivity responses from skin prick testing
[40]. Garlic intake has been reported to be
associated with decreased platelet aggregation
and bleeding events [41], explaining why it is
generally cautioned against using garlic while
using anticoagulant therapy [42] as well as other
medications.

3.4 Allium schoenoprasum L.

Fig. 3 gives an image leaves and flowers of
Allium schoenoprasum L

Fig. 3. Allium schoenoprasum L.

Allium schoenoprasum L also called Arsenic or
Chive is used as a condiment which provides a
more delicate flavour than the other Allium
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species. The young leaves and bulbs are eaten
as salad and used in cookery [43]. In China,
chives is often served with fish and are used to
garnish several food items such as cookies,
buns, pancakes, dumplings and also in many
dairy and meat products. In Indonesia, As is
used as a ftraditional drug for antihypertensive
actions. In East Asia, this species is used to
relieve cold, flu and lung congestion. As is used
to alleviate the pain from sunburn and sore
throat. Chives stimulate appetite and aids
digestion [43].

3.4.1 Phytochemistry

Chives contain a variety phytochemical
components especially phenolic compounds,
flavonoids, anthocyanins, steroids, sulphur
compounds, and miscellaneous essential oils. It
also has minerals like calcium, iron, magnesium,
phosphorus, potassium, sodium, zinc, copper,
manganese and selenium. Besides, it contains a
variety of vitamins such as vitamin A/C/E/K, B6,
(B2), Thiamin, Niacin (B3), Pantothenic acid
(B5), Total Folate(B9) and B-carotene ; Lipids :
Total saturated fatty acids, total
monounsaturated fatty acids, total
polyunsaturated fatty acids and phytosterols. The
following arsenal of amino acids: tryptophan,

threonine, Isoleucine, Leucine, Lysine,
Methionine, Phenylalanine, Tyrosine, Valine,
Aspartic acid, Arginine, Histidine, Glycine,

Proline and Serine are found in this species
[43].

3.4.2 Pharmacological activities

Allium  schoenoprasum L. (chive) is an
herbaceous perennial plant grown for its leaves
which are used for both culinary and medicinal
purposes. Chives have a beneficial effect on the
circulatory system by lowering the blood
pressure, and they have antimicrobial activity,
especially antifungal, and antioxidant, and
antiviral properties. The pharmacological effects
are due to diallyl sulfides (diallyl monosulfide,
diallyl  disulfide, diallyl trisulfide, diallyl
tetrasulfide), flavonoids, vitamin C, and
carotenoids [44]. Scientific evaluation of chives
validates its traditional claims and demonstrates
diverse pharmacological potentials including an
anti-inflammatory, anticancer, antioxidant,
antihelminthic and antihypertensive [43]. In
Malaysia this plant species is failing to show
either antiviral or cytotoxic activity against herpes
simplex virus-type 1 and vesicular stomatitis
virus [45].
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3.5 Allium fistulosum L.

Fig. 4 displays images of Allium fistulosum L or
Welsh onion.

Allium fistulosum L. is a very popular vegetable
in East Asian countries, and it has been recorded
as a crude drug in oriental medical dictionaries
for abdominal pain and phlegmon. In addition,
Welsh onion has been used as a folk remedy for
the common cold in Japan. These traditional
usages of A. fistulosum L. suggest that it might
contain active substances that contribute to the
prevention and/or cure of respiratory infectious
diseases, including flu [46].

3.5.1 Phytochemistry

The structure of the fructan was characterised
and elucidated by chemical and spectroscopic
analyses. The fructan was composed of terminal

(21.0%) and 2,1- linked b-D-Fruf residues
(65.3%) with 1,6-linked b-D-Glcp residues
(13.7%). The molecular weight of the

polysaccharide and polydispersity was estimated
to be 1.5-103 and 1.18, respectively [46].

3.5.2 Pharmacological activity

The antiviral activity of fructan was evaluated in
vitro. The results revealed that fructan did not
show the antiviral activity against influenza A
virus in vitro, on the contrary it demonstrated an
inhibitory effect on virus replication in vivo when
it was orally administered to mice. In addition, the
polysaccharide enhanced the production of
neutralising antibodies against influenza A virus.
Therefore, the antiviral mechanism of the
polysaccharide seemed to be dependent on the
host immune system, i.e., enhancement of the
host immune function was achieved by the
administration of the polysaccharide [46].

3.6 Allium vineale L.
Fig. 5 gives images of Allium vineale L.

Allium vineale L. has been used as a substitute
for A. sativum L. in cooking; the bulb is used as a
flavouring agent and the leaves as an addition to
salad [47,48]. Cherokee Native Americans used
both A.vineale L. and A. sativum L. as
carminatives, diuretics, and expectorants [49].

3.6.1 Phytochemistry

Gas chromatographic analysis of A. vineale L.
essential oils showed that the major components
were sulfur-containing compounds allyl methyl
trisulfide  (7.9-13.2%), allyl (E)-1-propenyl
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Fig. 5. Allium vineale L.

disulfide (7.9-12.5%), dimethyl trisulfide (4.3—
17.4%), diallyl disulfide (4.4-12.2%), diallyl
trisulfide (2.8—-10.5%), and methyl (E)-1-propenyl
disulfide (2.6-12.5%). The high proportion of
sulfur containing components (ranged between
74.9 and 91.6%) [50,51].

Antiviral activity of some species of Allium genus
is summarized in (Table 1).

4. DISCUSSION

Natural products provide a rich resource for
novel antiviral drug development. In this brief
report, we summarize the antiviral activities from
Allium genus, which has been wused as

71

nutraceuticals and against some notable viral
pathogens [4, 6]. To this end, Allium genus is a
high-potential anti-COVID-19 plant nutraceutical
candidate for the management of this disease in
DRC. Species of the Allium genus have many
uses in traditional foods and medical applications
as anti-infectious agents. These data pave the
way for research on anti-COVID-19 herbal
medicines. Indeed, in addition to its secondary
metabolites endowed with virucidal properties,
some species of the Allium genus contains zinc
[40]. This chemical element, although
indispensable as an enzymatic co-factor, a slight
increase of the intracellular concentration inhibits
the replication of retroviruses including SARS-
CoV-1 [4].
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Table 1. Antiviral activity of some species of Allium genus

Species Vernacular name Type of virus Target viruses Compounds Mecanism of Reference
action
Allium fistulosum L. Ndembi (lingala), bola, Enveloped RNA Influenza virus The fructan was inhibitory [42]
niasibola (kikongo), virus composed of terminal effect on virus
ciboule (french), welsh and 2,1-linked b-D-Fruf replication in
onion (english) residues with 1,6-linked vivo
b-D-Glcp residues.
Allium thunbergii L. Thunberg garlic Non-enveloped  Adenovirus types  Quercetin, diallyl Inhibitory effet  [7]
(english), oignon DNA virus 3 and 41 thiosulfinate (allicin) on virus
ornemental (french) replication
Allium sativum L. Ail (french), garlic Enveloped RNA Herpes simplex Allitridin, diallyl Inhibitory effet  [22,28]
(english) virus virus type 1 and thiosulfinate (allicin), allyl  on virus
Non-enveloped 2, parainfluenza methyl thiosulfinate, replication as
RNA virus virus type 3, methyl allyl thiosulfinate,  earlier period
Enveloped DNA vesicular ajoene, alliin, deoxyalliin,  of viral cycle
virus stomatitis virus, diallyl disulfide, and before viral
vaccinia virus, diallyl trisulfide, limonene DNA
and human synthesis;
rhinovirus type 2 mecanism
human suppression
cytomegalovirus. of gene
transcription.
Allium cepa L. Matungulu (lingala), Enveloped DNA Human Quercetin, Lectins Suppression [7]
oignon (french), onion virus immunodeficiency (heterogeneous) of gene
(english) virus transcription,
inhibitory effet
on virus
replication
Non-enveloped  Adenovirus types  Quercetin, diallyl Inhibitory effet  [7]
DNA virus 3 and 41 thiosulfinate (allicin) on virus
replication
Allium ascalonicum L.  Echalote (french), shallot Non-enveloped  Adenovirus types  Quercetin, diallyl Inhibitory effet  [7,47,48]
(english) DNA virus 3 and 41 thiosulfinate (allicin), on virus
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Species Vernacular name Type of virus Target viruses Compounds Mecanism of Reference
action
flavone, ascalin, and replication
furostanol saponins
Allium porrum L. Poireau, ail poireau Non-enveloped  Adenovirus types  Quercetin, diallyl Inhibitory effet  [7]
(french), leek (english) DNA virus 3 and 41 thiosulfinate (allicin) on virus
replication
Alliumschoenoprasum Ciboulette, civette, Enveloped DNA Herpes simplex Anthocyanins, namely Inhibitory effet  [40]
L. ciboule ou ail civette virus virus type 1 and 3-(3,6 on virus
(french), chives (english) Vesicular dimalonylglucoside), 3- replication

Stomatitis Virus (6-malonylglucoside), 3-
(3-malonyl-glucoside)
and 3-glucoside of
cyanidin ; quercetin,
kaempferol, gallic acid,
p-coumaric acid, sinapic
acid, isorhamnatin and
rutin
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Fig. 6. Structures of antiviral chemical compounds of genus Allium

It is now evident that species of the Allium genus
contains the sulfur compounds and quercetin [49]
that prevent chronic diseases such as cancer,
cardiovascular disease, inflammation, diabetes,
etc. From a biomolecular point of view, these
compounds would cause apoptosis of cancer
cells (quercetin); sulfur compounds would
increase the bioavailability of H,S while inhibiting
adipogenesis  (anti-obesity  activity), etc.
[50].Thus, during this period of health crisis,
these food plants, especially because of their
anti-inflammatory effects, may play an important
role in the management of patients with
coronavirus related co-morbidities (COVID-19)
[51]. Indeed, an infection with COV-SARS2 may

increase the risk of complications. Hence the
need for education about these drugs.

Fig. 6 displays some structures of antiviral
chemical compounds of Allium genus.

5. CONCLUSION

The world is going through a major crisis due to
COVID-19. This pandemic still has no acceptable
remedy. It is therefore important to search for
alternative solutions, especially for African
countries. Allium genus is widely used for its
various properties including antiviral activity. The
purpose of this work was to do the survey on the
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antiviral properties of the Allium species. The
results obtained show that some Allium species
possess antiviral properties and which can be
used in the management of COVID-19.

The aforementioned results are sufficient proof
that the exploitation of the traditional
pharmacopoeia has a bright future in store for us,
which would be of great benefit in the fight
against COVID-19. Edible Allium species could
be used in the management of COVID-19.
Molecular docking of the main molecules of
Allium species with SARS-CoV-2 protease is in
progress

ACKNOWLEDGEMENTS

Author Clement M Mbadiko thanks International
Foundation for Science (IFS) and the author Pius
T Mpiana, the TWAS and the Swedish
International Development Agency (SIDA) for the
grant.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Acter T, Uddin N, Das J, Akhter,

Choudhury TR, Kim S. Evolution of severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) as coronavirus disease
2019 (COVID-19) pandemic: A global
health emergency. Science of the Total
Environment, 2020;730:1-19

2. Mukhtar M, Arshad M, Ahmad M,
Pomerantz RJ, Wigdahl B, and Parveen Z.
Antiviral Potentials of Medicinal Plants.
Virus Research, 2008;131(2):111-120.

3. Mpiana PT, Ngbolua KN, Tshibangu DST,
Kilembe JT, Gbolo BZ, Mwanangombo DT,
Inkoto CL, Lengbiye EM, Mbadiko CM,
Matondo A, Bongo GN and Tshilanda DD.
Aloe vera (L.) Burm. F. as a Potential Anti-

COVID-19 Plant: A Mini-review of Its
Antiviral Activity. European Journal of
Medicinal Plant. 2020;31(8): 86-93.

4. Li-sheng W, Yiru W, Dawei Y and

Qingquan L. A review of the 2019 Novel
Coronavirus (COVID-19) based on current
evidence. International ~ Journal  of
Antimicrobial Agents. 2020;55(6):105948.
Available:https://doi.org/10.1016/j.ijantimic
ag.2020.105948

5. Lengbiye EM, Ngbolua KN, Bongo GN,
Messi LN, Noté OP, Mbing JN, Pegnyemb

Lengbiye et al.; IUPR, 5(4): 64-77, 2020; Article no.IJPR.61873

75

10.

11.

12.

13.

14.

15.

16.

DE and Mpiana PT. Vitex madiensis Oliv.
(Lamiaceae): phytochemistry,
pharmacology and future directions, a
mini-review. Journal of Pharmacognosy
and Phytochemistry. 2018;7(2):244-
251.

ISSN: 2278-4136. ISSN: 2349-8234.
Lanzotti, V. The Analysis of Onion and
Garlic. Journal of Chromatography. 2006;
1112(1-2): 3-22.

Chen CH, Chou TW, Cheng LH, Ho CW. In
vitro anti-adenoviral activity of five Allium
plants. Journal of the Taiwan Institute of
Chemical Engineers. 2011;42:228-232.
DOI:10.1016/j.jtice.2010.07.011

Kim S, Kim DB, Lee S, Park J, Shin D, Yoo
M. Profiling of organosulphur compounds
using HPLCPDA and GC/MS system and
antioxidant activities in hooker chive
(Allium hookeri). Natural Product
Research. 2016;30:2798—-2804.

Mnayer D, Fabiano-Tixier AS, Petitcolas E,
Hamien T, Nehme N, Ferrant C,
Fernandez X, Chemat F. Chemical
composition, antibacterial and antioxidant
activities of six essentials oils from the
alliaceae  family. Molecules. 2014
19:20034-20053.

Vina SZ, Cerimele EL. Quality changes in
fresh chives (Allium schoenoprasum L.)
during refrigerated storage. Journal of
Food Quality, 2009;32:747—759.

Vlase L, Parvu M, Parvu EA, Toiu A.
Chemical constituents of three Allium
species from Romania. Molecules. 2012;
18:114-127.

Ravi KU. Nutraceutical, pharmaceutical
and therapeutic uses of Allium cepalL.: A
review. International Journal of Green
Pharmacy. 2016;10(1) :S46.

Shi-lin Z, Peng D, Yu-chao X, Shan-Wu L,
Jian-jun W. Quantification and analysis of
anthocyanin and flavonoids compositions,
and antioxidant activities in onions with
three different colors. Journal of Integrative
Agriculture. 2016;15(9): 2175-2181.
Hollman P. Flavonols, Flavones, and
Flavanols - Nature, Occurrence and
Dietary Burden. Journal of the Science of
Food and Agriculture. 80(7):1081-1093.
Vazquez-Armenta FJ, Cruz-Valenzuela
MR. and Ayala-Zavala JF. Essential Qils in
Food Preservation, Flavor and Safety, First
Edition. 2016;617-623.
DOI:10.1016/B978-0-12-416641-7.00070-5
Imai S, Tsuge N, Tomotake M, Nagatome
Y, Sawada H, Nagata T and Kumagai H.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

An onion enzyme that makes the eyes
water. Nature, 2002;419:685.
Available:https://doi.org/10.1038/419685a
Hayashi K, Hayashi T, Arisawa M, Morita
N. Antiviral agents of plant origin:
antiherpetic activity of acacetin. Antiviral
Chemistry and Chemotherapy. 1993;4(1):
49-53.

Zandi K, Teoh BT, Sam SS, Wong PF,
Mustafa MR and Abu Bakar S. Antiviral
activity of four types of bioflavonoid against
dengue virus type-2.Virology Journal.
2011;8:560.

Kumar S and Pandey AK. Chemistry and
biological activities of flavonoids: an
overview. The Scientific World Journal,
2013.1D162750.
DOI:10.1155/2013/162750.
Calderon-Montafio JM, Burgos-Moron E,
Perez-Guerrero C, Lopez LM. A review on
the dietary flavonoid kaempferol. Mini-
Reviews in Medicinal Chemistry. 2011;
11(4):298-344.

Chen, L, Li J, Luo C, Liu H, Xu Weijun,
Chen G, Liew OW, Zhu W, Puah CM,
Shen X and Jiang H. Binding interaction of
quercetin-3-B-galactosideand its synthetic
derivatives with SARS-CoV3CL"™:
structure—activity  relationship  studies
revealsalient pharmacophore features.
Bioorganic and Medicinal Chemistry.
2006 ;14(24):8295-8306.

Weber ND, Andersen DO, North JA,
Murray BK, Lawson LD and Hughes BG. In
Vitro virucidal effects of Allium sativum
(Garlic) extract and compounds. Planta
Medica. 1992;58:417-423.

Kuete V. Medicinal spices and vegetables
from Africa: Therapeutic potential against
metabolic, inflammatory, Infectious and
systemic diseases. Acadmic Press, 2017;
1:464.
DOl:http://dx.doi.org/10.1016/B978-0-12-
809286-6.00013-3.

Ebadi M. Pharmacodynamic basis of
herbal medicine. CRC Press, Taylor &
Francis Group, 2007.

Yamada Y and Azuma K. Evaluation of the
in vitro antifungal activity of allicin.
Antimicrobial Agents and Chemotherapy.
1997;11(4):743-749.

Tatarintsev AV, Vrzhets PV, Ershov DE,
Shchegolev AA, Turgiev AS, Karamov EV,
Kornilaeva GV, Makarova TV, Fedorov NA
and Varfolomeev SD. The ajoene
blockade of integrindependent processes
in an HIV-infected cell system. Vestnik

Lengbiye et al.; IUPR, 5(4): 64-77, 2020; Article no.IJPR.61873

76

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Rossiiskoi Akademii Meditsinskikh Nauk,
1992;11:6-10.

Guo NL, Lu DP, Woods GL, Reed E, Zhou
GZ, Zhang LB and Waldman RH.
Demonstration of the anti-viral activity of
garlic extract against human
cytomegalovirus in vitro. Chinese Medical
Jou. 19931;06(2):93-96.

Zhen H, Fang F, Ye DY, Shu SN, Zhou YF,
Dong YS, Nie XC, Li G. Experimental
study on the action of allitridin against
human cytomegalovirus in vitro: Inhibitory
effects on immediate-early genes. Antiviral
Research. 2001;72(1): 68— 74.

Shu SN, Fang F and Dong YS. An
experimental study on the effect of allitridin

on inhibiting the expression of HCMV
immediate-early  antigens in  vitro.
Zhongguo Zhong Yao Za Zhi. 2003;

28(10): 967-970.

Luo R, Dong Y and Fang F. The
experimental study of the anti-enterovirus
effects of drugs in vitro. Zhonghua Shi Yan
He Lin Chuang Bing Du Xue Za Zh,. 2003;
15(2):135-138.

Al-Snafi AE. Pharmacological effects of
Allium species grown in Iraq. An overview.
International Journal of Pharmaceutical
and health care Research. 2013;1(4):132-
147.

Bidone J, Argenta DF, Kratz J, Pettenuzzo
LF, HoHorn AP, Koester LS, Bassani VL,
Simoes CMO and Teixeira HF. Antiherpes
activity and skin/mucosa distribution of
Flavonoids from Achyrocline staureioides
extract incorporated into topical
nanoemulsions  Biomedical = Research
International. 2015; ID 238010; 7

Spedding G, Ratty A and Middleton E.
Inhibition of reverse ftranscriptases by
flavonoids. Antiviral Research.1989;
12(2):99-110.

Friedman T, Shalom A, Westreich M. Self-
inflicted garlic burns: our experience and
literature review. Int. J. Dermatol. 2006;45
(10):1161-1163.

Yin J, Li H. Anaphylaxis caused by
younger garlic: two cases report in China.
J. Allergy Clin. Immunol. 2007;119(1) :
S34.

Kao SH, Hsu CH, Su SN, Hor WT, Chang
TW, Chow LP. Identification and
immunologic  characterization of an
allergen, alliin lyase, from garlic (Allium
sativum). The Journal of Allergy and
Clinical Immunology. 2004;113(1):161—
168.



37.

38.

39.

40.

41.

42.

43.

44.

45.

Chagan L, loselovich A, Asherova L and
Cheng JW. Use of  alternative
pharmacotherapy in management of
cardiovascular diseases. The American
Journal of Managed. Care. 2002;8(3):270—
285.

Saw JT, Bahari MB, Ang HH and Lim YH.

Potential  drug-herb interaction  with
antiplatelet/anticoagulant drugs.
Complementary Therapy in. Clinical
Practice. 2006;12(4):236-241.

Rattanachaikunsopon P and

Phumkhachorn P. Diallyl sulfide content
and antimicrobial activity against food-
borne pathogenic bacteria of chives (Allium
schoenoprasum). Biosciences,
Biotechnology and Biochemestry. 2008;72:
2987-2991.

Singh V, Chauhan G, Krishan P and Shri
R. Allium schoenoprasum L..a review of
phytochemistry, pharmacology and future
directions. Natural Product Research.
2018;3(18):2202—2216.

Stajner, D.; Canadanovic-Brunet, J.;
Pavlovic, A. Allium schoenoprasum L., as
a natural antioxidant. Phytotherapy
Research. 2004;18:522-524.

Lee J-B, Miyake S, Umetsu R, Hayashi K,
Chijimatsu T, Hayashi T. Anti-influenza A
virus effects of fructan from Welsh onion
(Allium fistulosum L.). Food Chemistry.
2012;134:2164-2168.

Kunkel G. Plants for Human Consumption:
An Annotated Checklist of the Edible

Phanerogams and Ferns. Koeltz
Scientific Books: Konigstein, Germany;
1984.

Facciola S. Cornucopia: A Source Book of
Edible Plants; Kampong Publications:
Vista, CA, USA, 1990. Sylva, NC, USA;
1975.

Sanchez-Machado DI, Lopez-Hernandez
J, Paseiro-Losada P, Lopez-Cervantes J.
An HPLC method for the quantification of
sterols in edible seaweeds. Biomedical
Chromatography. 2004;18:183—190.

Lengbiye et al.; IUPR, 5(4): 64-77, 2020; Article no.IJPR.61873

46.

47.

48.

49.

50.

51.

Vlase L, Parvu M, Parvu EA and Toiu A.
Chemical Constituents of Three Allium
Species from Romania. Molecules. 2013;
18:114-127.
DOI:10.3390/molecules18010114.
Fattorusso E, lorizzi EM, Lanzotti V, and
Taglialatela-Scafati 0. Chemical
Composition of Shallot (Allium
ascalonicum Hort.). Journal of Agricultural

and Food Chemistry. 2002;50(20)5686-
90.

Wang HX and TB Ng. Ascalin, a New Anti-
fungal Peptide with Human

Immunodeficiency Virus Type 1 Reverse
Transcriptase-inhibiting  Activity ~ from
Shallot Bulbs. Peptides. 2002;23(6):1025-
1029.

Mbadiko CM, Inkoto CL, Gbolo BZ,
Lengbiye EM, Kilembe JT, Matondo A,
Mwanangombo DT, Ngoyi EM, Bongo GN,
Clarisse M. Falanga1l, Damien S. T.
Tshibangu, Tshilanda DD, Ngbolua KN
and Mpiana PT. A Mini Review on the
Phytochemistry, Toxicology and Antiviral
Activity of Some Medically Interesting
Zingiberaceae  Species. Journal = of
Complementary and Alternative Medical
Research. 2020;9(4):44-56.

Yawen Z, Yuping L, Jiazhen Y, Xiaoying P,
Juan D, Xiaomeng Y, Tao Y and Shuming
Y. Therapeutic Role of Functional
Components in Allium for Preventive
Chronic Disease in Human Being. Review
Article. Open Access, 2017; ID 9402849.
DOl:doi.org/10.1155/2017/9402849.
Matondo A, Kilembe JT, Mwanangombo
DT, Nsimba BM, Gbolo BZ, Bongo GN et
al. Facing COVID-19 via anti-inflammatory
mecanism of action: Molecular docking
and Pharmacokinetic studies of six anti-
inflammatory compounds derived from
Passiflora  edulis. Research  Square
prepint; 2020.

DOI: 10.21203/rs.3.rs-87703/v1.

© 2020 Lengbiye et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/61873

77



