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Background. A global pandemic has recently been observed due to the new coronavirus disease, caused by SARS-CoV-2. Since
there are currently no antiviral medicines to combat the highly contagious and lethal COVID-19 infection, identifying natural
sources that can either be viricidal or boost the immune system and aid in the fght against the disease can be an essential
therapeutic support.Methods.Tis review was conducted based on published papers related to the herbal therapy of COVID-19 by
search on databases including PubMed and Scopus with herbal, COVID-19, SARS-CoV-2, and therapy keywords. Results. To
combat this condition, people may beneft from the therapeutic properties of medicinal plants, such as increasing their immune
system or providing an antiviral impact. As a result, SARS-CoV-2 infection death rates can be reduced. Various traditional
medicinal plants and their bioactive components, such as COVID-19, are summarized in this article to assist in gathering and
debating techniques for combating microbial diseases in general and boosting our immune system in particular. Conclusion. Te
immune system benefts from natural products and many of these play a role in activating antibody creation, maturation of
immune cells, and stimulation of innate and adaptive immune responses. Te lack of particular antivirals for SARS-CoV-2 means
that apitherapy might be a viable option for reducing the hazards associated with COVID-19 in the absence of specifc antivirals.

1. Introduction

COVID-19, an infectious illness produced by SARS-CoV-2
(severe acute respiratory syndrome coronavirus-2), afects
the lower respiratory tract and the hematological system. Its
key clinical manifestations, such as fever, cough, and
shortness of breath, are comparable to other types of viral
pneumonia [1]. Tere are several ways that COVID-19 can
spread but coughing or sneezing droplets is the most
common [2]. Some preventive measures, such as social
distancing and lockdown of cities, have been adopted to
control the COVID-19 pandemic [3]. SARS-CoV-2 has

become a global public health hazard despite concerted
measures to maintain the virus’s high transmissibility in
specifc places [4, 5]. At a minimum, an optimal therapy
should speed symptomatic recovery, limit viral transmission
in the population through early viral clearance from the
infected individuals, and reduce mortality [6]. We have
a long way to go before we have a medication for severe
COVID-19 patients that is successful though.

New viral-born infectious diseases have challenged the
life of humans and other living creatures. Usually, viral
diseases are difcult to control and have a more compre-
hensive public health impact, so viral pathogens have
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received more attention and have threatened modern
healthcare and pharmaceutical sectors. Preventive and
supportive treatments are now used to avoid future prob-
lems and organ damage from COVID-19. Due to the public
health issue produced by COVID-19, researchers have
concentrated on identifying medicines with therapeutic or
preventive potential for the treatment and control of this
viral illness [7–9].

Four principal viral structural proteins are spike (S),
envelope (E), membrane (M), and nucleocapsid (N) [10, 11].
SARS-CoV-2 (ACE-2) receptors, RNA-dependent RNA
polymerase (RdRP), and spike proteins are critical sections
of novel therapeutic targets based on the current knowledge
[12, 13]. Te antiviral mechanism for plant extracts difers as
per the structure and the replication process of the viruses;
some plants can help boost our body’s natural antiviral
immunity [14, 15]. Peptides and proteins of medicinal
signifcance can be synthesized from plant extracts, leading
to vaccinations and protein/peptide-based treatments
[16, 17]. Meanwhile, testing new therapeutic items will take
a long time, and many ethnic groups have already examined
medicinal plants since ancient times. Nearly 80% of the
world’s population relies on medicinal plants as their major
source of healthcare [18]. Moreover, plant- and microbial-
based natural compounds make up more than 40% of the
synthetic drugs on the market [19]. Researchers should focus
on the screening of hundreds of natural products to locate
the powerful antiviral medicine for COVID-19. As a result,
the focus of this study is on medicinal plants and herbs that
display antiviral activities and might be valuable in drug
discovery eforts.

2. Medicinal Plant Candidates

High costs and adverse efects of synthetic drugs and the
arrival of adverse drug reactions (ADRs) have required
harmless and unique antiviral drugs [20]. Herbal essences
have become an outstanding choice for the formulation of
antiviral medicines that can hinder multiple steps of the
virus replication cycle [21]. According to the features of the
SARS-CoV-2, a molecular mechanism of the host is asso-
ciated with the immune response [22]. In this situation, in
which the preventive and therapeutic representatives have
not been developed and advised for patient administration,
herbal medicines are frequently used by many individuals in
the community (Table 1).

2.1. Salvia miltiorrhiza. Te underlying antiviral mecha-
nisms can be divided into two categories: the direct in-
hibition of viruses and the indirect antiviral efect. Salvia
miltiorrhizaworks through a second process that inhibits the
infammatory response mediated by the virus by modulating
the function of the immune system [48]. On the other hand,
some main protease enzymes are important in virus repli-
cation, such as 3C like protease (3CLpro) and papain-like
protease (PLpro) [23]. One of Salvia miltiorrhiza’s most
robust and most efective PLpro inhibiting compounds is
tanshinone, a diterpene with the structure of abietane.

Moreover, this inhibitor can also act against 3CLpro. Tan-
shinones’ biological activities are anti-infammatory activity,
cardiovascular efects, and antitumor activity. Depending on
the type of the enzyme (3CLpro or PLpro), tanshinones have
diferent selective inhibitory activity against these SARS-
CoV enzymes (Figure 1). Te inhibitory efect of diferent
tanshinones against PLpro has been well proven [24, 49].

Ethanolic extract of Salvia miltiorrhiza Bunge has the
most inhibition efect on PLpro of SARS-CoV. In addition,
seven bioactive tanshinones of n-hexane fraction of the
ethanolic extract (tanshinone IIA, tanshinone IIB, methyl
tanshinonate, cryptotanshinone, tanshinone I, dihydrotan-
shinone I, and rosmariquinone) can inhibit the PLpro activity
of SARS-CoV. Cryptotanshinone was the most potent in-
hibitor of SARS-CoV PLpro [24]. Salvia miltiorrhiza can
inhibit infammatory response through its well-known fa-
vonoid tanshinone IIA (Tan IIA) [50]. Moreover, the sup-
pression of infammation and disruption of the
infammatory signaling cascade in both the mice cardiac
tissue and H9c2 cells is caused by pretreatment of Tan
IIA through the nuclear accumulation of nuclear factor
erythroid 2-related factor 2 (nrf2), triggering the expression
of its downstream gene hemeoxygenase-1 (HO-1) and
NADPH dehydrogenase quinone-1 (NQO-1) and then the
efect of Forsythiae Fructus water extract on Nrf2/HO-1
signaling [51–53]. Activities of SOD (superoxide dismutase),
catalase (CAT), and GSH-Px in serum can be increased, and
the generation of ROS in doxorubicin(DOX) can induce
cardiotixicity in animals.. Efective chemicals can decrease
hyperlipidemia in rats in Salvia miltiorrhiza [25].

2.2. Glycyrrhizin. It is a triterpenoid saponin Glycyrrhizae
Radix (GLR) obtained mainly from the roots of the Gly-
cyrrhiza glabra plant [54]. Glycyrrhizin’s many pharmaco-
logical characteristics, including anti-infammatory,
antioxidant, antiallergenic, antibacterial, antiviral, anti-
parasite, and anticancer capabilities, have been intensively
explored in biology and medicine [55–57]. Glycyrrhizin is
a multitarget substance whose potential undiscovered tar-
gets are revealed over time. It has been disclosed that dia-
mmonium glycyrrhizin treatment helped severe
COVID-19 [58].

Glycyrrhetinic acid (GA), a sapogenin moiety, can be
glycosylated to GLR and the two glucuronic acids [26]. GLR
is administered both orally and intravenously in humans.
Oral administration of GLR is metabolized to GA by in-
testinal bacteria and absorbed through the intestine, and it
can then be found in human plasma [59]. GLR’s impacts on
various human viruses have been examined over several
years. Glycyrrhiza glabra (Leguminosae family) exhibits an
antiviral activity against several viruses, including cyto-
megalovirus, herpes simplex type-1, hepatitis A, B, C,
varicella-zoster, and HIV [60–62].

GLR inhibited virus replication estimated by drug-
induced nitrous oxide synthase production and adsorp-
tion and penetration of the virus into cells [63]. GLR acts by
inhibiting virus plasma membrane penetration (membrane
efect) and suppression of viral antigen secretion

2 Evidence-Based Complementary and Alternative Medicine



Ta
bl

e
1:

Re
vi
ew

of
an
tiv

ir
al

m
ed
ic
at
io
n
ca
nd

id
at
es

fr
om

na
tu
ra
lp

ro
du

ct
s.

H
er
bs

Su
bs
ta
nc
es

Ef
ec
ts

Re
fe
re
nc
es

Sa
lv
ia

m
ilt
io
rr
hi
za

(i)
Fl
av
on

oi
d
(e
.g
.t
an
sh
in
on

e)

(i)
PL

pr
o
in
hi
bi
to
r

[2
3]

(ii
)
3C

Lp
ro
in
hi
bi
to
r

[2
4]

(ii
i)
In
hi
bi
tio

n
of

sp
ik
e
pr
ot
ei
n
an
d
IS
-s
pi
ke

pr
ot
ei
n

[2
5]

(iv
)
A
nt
i-i
nf

am
m
at
or
y

(v
)
C
ar
di
ov
as
cu
la
r
ef
ec
ts

(v
i)
A
nt
itu

m
or

(v
ii)

In
cr
ea
se

ac
tiv

iti
es

of
SO

D
(s
up

er
ox
id
e
di
sm

ut
as
e)
,c
at
al
as
e
(C

A
T)
,

an
d
G
SH

-P
x
in

se
ru
m

G
ly
cy
rr
hi
za

gl
ab
ra

(ii
)
Sa
po

ni
n
(g
ly
cy
rr
hi
zi
c
ac
id
)

(i)
A
nt
iv
ir
al
:1
.c
yt
op

la
sm

ic
:i
nh

ib
ite
d
vi
ru
sr

ep
lic
at
io
n
(b
y
pr
od

uc
tio

n
of

ni
tr
ou

so
xi
de
),
2.
m
em

br
an
e:
ad
so
rp
tio

n
an
d
pe
ne
tr
at
io
n
of

th
e
vi
ru
si
nt
o

ce
lls

by
sp
ik
e
pr
ot
ei
n
(S
A
RS

-C
oV

-2
S-
RB

D
/A

C
E2

in
te
ra
ct
io
n
in
hi
bi
to
r)

[2
6]

(ii
)
A
nt
i-i
nf

am
m
at
or
y
(m

od
ul
at
es

vi
a
an

ac
tio

n
on

M
A
PK

an
d
to
ll-
lik

e
re
ce
pt
or
s
sig

na
lin

g
pa
th
w
ay
s)

[2
7]

(ii
i)
A
nt
io
xi
da
tiv

e
[2
8]

(iv
)
A
nt
ia
lle
rg
en
ic

[2
9]

(v
)
A
nt
im

ic
ro
bi
al

[3
0]

(v
i)
A
nt
ip
ar
as
ite

(v
ii)

A
nt
ic
an
ce
r

H
on

ey

(i)
H
yd
ro
ge
n
pe
ro
xi
de

(H
2O

2)
(i)

A
nt
im

ic
ro
bi
al

[3
1]

(ii
)P

he
no

lic
ac
id
s(
e.
g.
,g
al
lic

ac
id
,c
hl
or
og
en
ic
ac
id
,s
yr
in
gi
ca

ci
d,
va
ni
lli
c

ac
id
,p

-c
ou

m
ar
ic

ac
id
,p

-h
yd
ro
xy
be
nz
oi
c
ac
id
,a

nd
ca
fe
ic

ac
id
)

(ii
)
A
nt
io
xi
da
nt

[3
2]

(ii
i)
Fl
av
on

oi
ds

(e
.g
.,
qu

er
ce
tin

,q
pi
ge
ni
n,

lu
te
ol
in
,c
hr
ys
in
,k

ae
m
pf
er
ol
,

ga
la
ng

in
,g

en
ist
ei
n,

pi
no

ce
m
br
in
,a
nd

pi
no

ba
nk

sin
)

(ii
i)
A
nt
i-i
nf

am
m
at
or
y

[3
3]

(iv
)
Ly
so
zy
m
e

(iv
)
A
nt
ib
ac
te
ri
al

[3
4]

(v
)
10
-h
yd
ro
xy
-2
-d
ec
en
oi
c
ac
id

(1
0-
H
A
D
)

(v
)
A
nt
im

ut
ag
en
ic

(v
i)
Ph

en
ol
s

(v
i)
A
nt
id
ia
be
tic

(v
ii)

C
ar
ot
en
oi
ds

(v
ii)

A
nt
ifu

ng
al

(v
iii
)
Te
rp
en
es

(v
iii
)
A
nt
itu

m
or
al

(ix
)
A
nt
iv
ir
al

(x
)
Ex

pe
di
te

w
ou

nd
he
al
in
gs

(x
i)
Im

m
un

e
bo

os
te
r

(x
ii)

El
ev
at
es

ni
tr
ic

ox
id
e
(N

O
)

(x
iii
)
C
ar
di
op

ro
te
ct
iv
e

(x
iv
)
N
eu
ro
pr
ot
ec
tiv

e
(x
v)

3C
Lp

ro
in
hi
bi
to
r

(x
vi
)
PL

pr
o
in
hi
bi
to
r

Evidence-Based Complementary and Alternative Medicine 3



Ta
bl

e
1:

C
on

tin
ue
d.

H
er
bs

Su
bs
ta
nc
es

Ef
ec
ts

Re
fe
re
nc
es

N
ig
el
la

sa
tiv

a

(i)
V
ita

m
in
s
(n
ia
ci
n,

th
ia
m
in
e,
ri
bo

fa
vi
n,

fo
lic

ac
id
,p

yr
id
ox
in
e,
an
d

vi
ta
m
in

E)
(i)

A
nt
iv
ir
al

[3
5]

(ii
)
M
in
er
al
s
(m

ag
ne
siu

m
,P

ot
as
siu

m
,p

ho
sp
ho

ru
s,
so
di
um

,c
op

pe
r,

ca
lc
iu
m
,a

nd
ir
on

)
(ii
)
A
nt
ih
yp
er
te
ns
iv
e

[3
6]

(ii
i)
Te
rp
en
es

(e
.g
.,
th
ym

oq
ui
no

ne
(T
Q
),
di
th
ym

oq
ui
no

ne
(D

TQ
)

(ii
i)
Li
ve
r
to
ni
cs

[3
7]

(iv
)
Fl
av
an
oi
ds

(iv
)
D
iu
re
tic
s

[3
8]

(v
)
Ph

yt
os
te
ro
ls

(v
)
D
ig
es
tiv

e
[3
9]

(v
i)
Ta
nn

in
s

(v
i)
A
nt
id
ia
rr
ho

ea
l

[4
0]

(v
ii)

C
ou

m
ar
in
s

(v
ii)

A
pp

et
ite

st
im

ul
an
t

[4
1]

(v
iii
)
Ph

en
ol
ic

co
m
po

un
ds

(v
iii
)
A
na
lg
es
ic
s

(ix
)
A
lk
al
oi
ds

(e
.g
.,
ig
el
lid

in
e)

(ix
)
A
nt
ib
ac
te
ri
al

(x
)
C
ar
di
ac

gl
yc
os
id
es

(x
)
A
nt
io
xi
da
nt

(x
i)
Sa
po

ni
ns

(e
.g
.,
a-
he
de
ri
n,

m
el
an
in
)

(x
i)
A
nt
i-i
nf

am
m
at
or
y

(x
ii)

U
ns
at
ur
at
ed

fa
tty

ac
id
s

(x
ii)

Im
m
un

om
od

ul
at
or
y

(x
iii
)
V
ol
at
ile

oi
ls

(x
iii
)
Br
on

ch
od

ila
to
ry

(x
iv
)
Pr
ot
ei
ns

(x
iv
)
A
nt
ih
ist
am

in
ic

(x
v)

Es
se
nt
ia
lo

il
(x
v)

A
nt
itu

ss
iv
e

(x
vi
)
A
nt
itu

m
or

V
iti
s
vi
ni
fe
ra

(i)
Re

sv
er
at
ro
l

(i)
H
ep
at
op

ro
te
ct
iv
e

[4
2]

(ii
)
C
ar
di
op

ro
te
ct
iv
e

[4
3]

(ii
i)
N
eu
ro
pr
ot
ec
tiv

e
(iv

)
A
nt
i-i
nf

am
m
at
or
y

(v
)
A
nt
im

ic
ro
bi
al

Zi
ng
ib
er

(i)
Po

ly
ph

en
ol
s
(e
.g
.,
di
ar
yl
he
pt
an
oi
ds
)

(i)
Im

m
un

e
en
ha
nc
er

[4
4]

(ii
)
A
C
E2

-A
ng

-(1
–7

)-
M
as

pa
th
w
ay

ac
tiv

at
er

Cu
rc
um

a
(i)

Po
ly
ph

en
ol
s
(e
.g
.,
di
ar
yl
he
pt
an
oi
ds
)

(i)
PL

pr
o
in
hi
bi
to
r

[4
5]

(ii
)
A
nt
i-i
nf

am
m
at
or
y

(ii
i)
A
nt
ih
yp
er
lip

id
em

ic
(iv

)
A
nt
im

ic
ro
bi
al

O
ci
m
um

sa
nc
tu
m

(t
ul
si)

(i)
D
ih
yd
ro
di
eu
gi
no

lB
(i)

In
hi
bi
tin

g
vi
ru
s
re
pl
ic
at
io
n
(M

pr
o ,
PL

pr
o )

[4
6]

(ii
)
Tu

lsi
no

lA
,B

,C
,D

,E
,F

,G
(ii
)
A
nt
iv
ir
al

[4
7]

(ii
i)
A
da
pt
og
en
ic

(iv
)
Im

m
un

om
od

ul
at
or
y

(v
)
A
nt
im

ic
ro
bi
al

(v
i)
C
ar
di
op

ro
te
ct
iv
e

(v
ii)

A
nt
i-i
nf

am
m
at
or
y

(v
iii
)
A
nt
iv
ir
al

(ix
)
A
nt
ifu

ng
al

(x
)
A
nt
ib
ac
te
ri
al

(x
i)
A
nt
id
ia
be
tic

(x
ii)

A
na
lg
es
ic

(x
iii
)
A
nt
ife
rt
ili
ty

(x
iv
)
A
nt
ic
an
ce
r

(x
v)

A
nt
isp

as
m
od

ic
(x
vi
)
A
nt
ie
m
et
ic

(x
vi
i)
D
ia
ph

or
et
ic

(x
vi
ii)

H
ep
at
op

ro
te
ct
iv
e

4 Evidence-Based Complementary and Alternative Medicine



(cytoplasmic efect) in hepatitis A and B viruses, respectively
[27]. GLR disrupts the antigen sialylation and intracellular
transmission also causes diminishing of motion of molecules
in the membrane and prevents pore formation for virus
entry by its saponins [58]. Because GLR is a nonlytic saponin
and does not afect the integrity of the whole membrane, it
has a modest permeabilizing and hemolyzing efect and
a low rate of liposome leakage [64]. Glycyrrhizin has been
shown in clinical research to have possible inhibitory action
in replicating two clinical isolates of coronavirus (FFM-1
and FFM-2). It has been suggested to evaluate for SARS
treatment [63].

In addition, rod-like micelle and fbril formation of GLR
is due to its amphiphilic and anisotropic structure and self-
assembling into the fbrillary network [65]. GLR possesses
two advantages: frst, it can boost the solubility of poorly
soluble drugs; and second, it can raise these drugs’ passive
difusion through cell membranes. Diferent drug delivery
systems are embedded for certain diseases, including he-
patocellular carcinoma by GLR [66].

Cholesterol is an essential compound in lipid mem-
branes. One of the interactions of GLR is with membrane
cholesterol which can cause membrane disorganization and
disturbance and act by improving ions and small molecules’

permeability to the membrane [58]. In the raft monolayer
model, GA can perform even better than GLR. Tis dis-
organization is a critical point in surface attachment by the
ganglioside-binding domain of the spike (S) protein of
SARS-CoV-2 to the respiratory cells. Additionally, it has
been presented that GLR can reduce the quantity of cho-
lesterol in lipid rafts and prevent the translocation of TLR-4
to lipid rafts [67].

Combining of some antiviral drugs such as chloroquine
and hydroxychloroquine with GLR can weaken virus entry
to the host cell [68, 69]. Lately, it has been suggested that
SARS-CoV-2 infection can be reduced by inhibiting the viral
lipid-dependent attachment of the novel coronavirus to the
host cell’s plasma membrane by natural products like sterols
and cyclodextrin [70]. Furthermore, lipid rafts are crucial in
SARS-coronavirus infection because they can be an entry
port for the abovementioned virus. Due to decreased viral
particle formation, cholesterol depletion with methyl-
cyclodextrin can diminish coronavirus infection [69, 71].
Hence, impediments of lipid rafts and cellular cholesterol
metabolisms that play an essential role in the entry of viruses
and their infectivity can be considered a principle.

GLR has anti-infammatory and immune modulator
features through several pathways such as toll-like receptor

SARS-COV 2

Viral RNA Honey Glycyrrhiza glabra

S protein
(Cleavage to S1

and S2 subunits)

Nigella
sativa

Glycyrrhiza glabra

ACE2
Zingiber

Endocytosis

RNA Replication

RNA+
RNA-

Ribosome

Cell Membrane

Cytoplasm

Lung cells (epithelial cells of trachea,
alveoli, bronchi, bronchial serous
glands, alveolar macrophages and

monocytes

Exocytosis

Viral release

Viral
assembly

Glycyrrhiza
glabra

Golgi
Apparatus

Reticulum
Endoplasmic

- 3CLpro

- Mpro

- PLpro

- Spikepro

Ocimum sanctum
Nigella sativa
Glycyrrhiza glabra

Ocimum sanctum
Nigella sativa
Honey
Salvia miltiorrhiza

Figure 1:Te schematic mechanism of SARS-CoV-2 entry and replication into the host cell. S (spike) protein on the surface of SARS-CoV-2
binds to the ACE2 receptor on the surface of the host cell and enters it by endocytosis. Ten, S protein is cleaved to S1 and S2 subunits. Te
viral genome is then released into the cytoplasm and translated through the ribosome. In the following, negative sense RNAs are produced
from positive sense genomic RNA of virus as a template. Later, some structural and nonstructural proteins are also manufactured, e.g., MPro,
3CLpro, PLpro, and S protein. Te viral proteins and genome RNA are assembled in the ER and Golgi apparatus compartment and then
inserted into the vesicles. Vesicles containing the virus, transported to the cell membrane and release via exocytosis. At each stage, natural
products’ inhibitory efects on coronavirus pathogenicity are indicated by a red arrow. Te virus may also leave the cell by budding. Te
fgure is provided by BioRender.
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signaling and MAPK. Strong binding of GLR to HMGB1
distributed the protein interactions such as advanced gly-
cation end products (RAGE), TLR2, and TLR4. Te anti-
infammatory efects of GLR via TLR4/HMGB1-dependent
are well proven [30]. Te reduced TLR activity is associated
with the diminished infammatory cytokine and in-
fammatory mediator activity, such as the TLR4 ligand
nicotinate phosphoribosyltransferase. It has been demon-
strated that GLR can bind to more proteins like serum al-
bumin and bind to nucleic acids, DNA, and RNA even
weakly [29]. GLR has been revealed to disturb the autophagy
process in infected host cells, so this point can be benefcial
[72]. A study suggested that GLR could be used alongside
some drugs such as chloroquine to promote solubilization
and bioavailability of drugs, virus replication inhibition, and
complement the drug activity, which can have synergistic
efects in some circumstances [73].

Among the other 44 compounds, glycyrrhizic acid de-
rived from Glycyrrhiza uralensis Fisch was the best option
for SARS-CoV-2 S1 subunit attachment. Disturbing of
receptor-binding domains (RBDs) of SARS-CoV-2 and
angiotensin-converting enzyme II (ACE2) interaction by
binding to S1 protein could be a potential target of gly-
cyrrhizic acid even at low concentrations (IC50� 22 μM).
According to the molecular docking results, two strong
hydrogen interactions with Asp405 and Arg408 in the
carboxyl of ring E, a strong hydrogen interaction with
ARg403 in the carbonyl of ring C, plus a strong hydrogen
interaction with Tyr453 in glycosyl, show that glycyrrhizic
acid could be a multitarget inhibitor and a potential can-
didate for SARS-CoV-2 infection treatment. Glycyrrhizic
acid has modest cell toxicities to transfected HEK293 cells,
mouse aorta smooth muscle cells (MASMCs) even at high
concentrations (100 μM), and also human lung cells [28].

2.3. Vitis vinifera. Grapes like Vitis vinifera have long been
known for their nutritional and therapeutic benefts. Glu-
cose, organic acids, and polyphenols such as favonoids
(quercetin), tannins, and stilbenes are all present in this
medicinal fruit (resveratrol and viniferins) [74]. Resveratrol
represents a wide range of pharmacological and therapeutic
activities such as anti-infammatory, neuroprotective, car-
dioprotective, hepatoprotective, and antibacterial efects
[75]. In vitro, resveratrol shows both the inhibition of in-
fection and a decrease in MERS-CoV replication [42]. Tis
means that resveratrol’s anti-MERS and anti-SARS-CoV2
properties can be explored further. It has been revealed that
the antioxidant polyphenol resveratrol protects against free
radical damage in disorders such as cancer, diabetes, heart
disease, neurological disease, and microbial infection
[76, 77].

Resveratrol enhances resveratrol by decreasing the
phosphoinositide 3-kinase/A serine/threonine protein ki-
nase (Akt)/mTOR signaling pathway and increasing AMPK
and SIRT1 pathways autophagy and killing cancer cells [78].
As an antiviral agent, resveratrol is efective against a wide
range of viruses, including the herpes simplex virus, en-
terovirus 71, the Epstein–Barr virus, the respiratory syncytial

virus, infuenza, and the Middle East respiratory syndrome-
coronavirus, a relative of the SARS-CoV-2 virus that causes
MERS [42, 79]. SARS-CoV-2 replication and cytokine
storms may be reduced if copper and resveratrol are ad-
ministered together [43].

2.4. Zingiber. Ginger is the root of the Zingiber ofcinale
plant, which is a member of the Zingiberaceae family. It is
one of the most widely used spices with therapeutic char-
acteristics [80]. Zingiber contains a group of polyphenols
known as diarylheptanoids, which have been shown to have
anti-infammatory properties [81]. It can facilitate the im-
mune response and is benefcial for COVID-19 prevention.
Tere are some instances in which the severity of COVID-19
is attributed to macrophage hyperinfammation, even
though COVID-19 is not a disease of infammation by
itself [44].

In certain circumstances, ginger’s anti-infammatory
properties could help reduce symptoms and illness sever-
ity. As a result, ginger has been demonstrated to have
therapeutic efects on metabolic illnesses such as diabetes
and cardiovascular disease in animal models [82]. Diabetes
and cardiovascular disease have a higher death rate in
persons who test positive for COVID-19; therefore, this is an
important consideration [83]. As a result, ginger’s antiviral
properties also have antioxidative, immunomodulatory, and
anti-infammatory properties [84]. Te presence of allicin in
ginger is reported to have anti-infuenza cytokines, an ef-
fective traditional remedy against common cold viruses [85].
COVID-19 virus has been demonstrated to be an efcient
antiviral because 6-gingerol has a high afnity for various
binding sites on viral protein molecules [86]. Tus, ginger,
with its long history of use in traditional medicine for the
treatment of infectious diseases, has become a promising
source of antimicrobial agents.

2.5. Curcuma. For many years, Curcuma has been a com-
monly used yellow spice with medicinal properties like
ginger. Curcumin is also a source of diarylheptanoid
polyphenols, as previously indicated [87, 88]. Curcumin is
one of the other diarylheptanoids from Curcuma longa that
represents a good inhibitory activity against PLpro and has
various therapeutic properties like antihyperlipidemic, anti-
infammatory, and antimicrobial activities [45]. In combat
against COVID-19, nutritional supplementation is recom-
mended to bolster the immune system, and curcumin may
be a good choice for this purpose [89]. Curcumin’s thera-
peutic efects have been studied extensively. Its antiviral
activity has been observed against a variety of viruses, in-
cluding emerging arboviruses like Zika virus (ZIKV) or
chikungunya virus (CHIKV), hepatitis viruses, respiratory
infuenza virus, herpes simplex virus-2, papillomavirus, and
human immunodefciency virus (HIV) [90].

As an antiviral agent, curcumin can exert its efects in
various ways, including via disrupting viral pathways or
cellular processes or directly on virus-encoded proteins [91].
One recent study found that curcumin-derived carbon
quantum dots could enhance curcumin’s antiviral activities
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in vitro and in vivo against enterovirus 71 (EV71) through
various pathways [92]. Te entry receptor of HCoV-229E
was discovered to be inhibited by carbon quantum dots
alone, making them efcient against the human coronas
virus (HCoV) [93]. Various intracellular small oxidative
compounds may be scavenged by curcumin’s ability to
transport electrons [94]. Anaerobic fermentation is exac-
erbated, and the energy supply is reduced in severe
COVID-19 cases because of pneumonia, which interferes
with cell metabolism [95]. Curcumin, a powerful antioxi-
dant, has been found to enhance the production of anti-
oxidant enzymes and neutralize free radicals [96]. Acute
sepsis-induced lung damage in rats is accompanied by an
increase in the activity of superoxidase dismutase (SOD) and
recovery of the levels of xanthine oxidase (XO) and total
antioxidative capacity (TAOC). In contrast, MDA levels are
reduced [97]. Curcumin has been shown to have antioxi-
dant, anti-SARS-CoV-2, and perhaps immune-enhancing
properties. Tere is a possibility that curcumin could play
a role in the prevention and control of COVID-19.

2.6. Honey. For many years, honey has been used for me-
dicinal purposes such as wound healing, antimicrobial,
antiviral, immune booster, anti-infammatory, antifungal,
antioxidant, antidiabetic, cardioprotective, neuroprotective,
antimutagenic, and antitumoral [98]. Honey has been shown
to cure various viral respiratory disorders, like pneumonia,
throat infection, and bronchitis; thus, it might relieve
pneumonia caused by coronavirus [99]. Hydrogen peroxide
(H2O2) is an antibacterial component found in honey [31].
Combining honey with some nutrients such as cinnamon,
garlic, and ginger increases its antimicrobial and immune
booster efect [100]. As abovementioned, honey possesses
antiviral activities that can act against some viruses such as
HIV, varicella-zoster virus (VZV), herpes simplex virus
(HSV), respiratory syncytial virus (RSV), infuenza viruses,
and adenovirus as a result of low pH, osmotic efect, and
some natural compounds such as lysozyme, favonoids,
hydrogen peroxide, and phenolic acids [98].

Tere are two fundamental ways that honey can show its
antiviral efect. One way is the nitric oxide (NO) pathway by
raising NO as a principal cellular neurotransmitter in
multiple physiological procedures [101]. Te second way
also has two parts. First, it is attributed to honey’s fatty acid
10-hydroxy-2-decenoic acid (10-HAD). In this way, it has
been suggested that honey acts by eradicating the virus by
leukocyte adhesion to the virus via 10-HAD induction.
Second, strength in antiviral immunity is due to promoting
the maturation of dendritic cells (DCs) derived from human
monocytes and the capability of T helper cell type-1 (T1)
polarization by 10-HAD [32]. Medicinal efects of honey
such as antiviral, neuroprotective, and antioxidant are due to
its small components, including phenolic acids, phenols,
favonoids, carotenoids, and terpenes [102].

Te antiviral activity of favonoids in honey and propolis
like quercetin and its derivatives (e.g., isorhamnetin, iso-
quercetin, quercitrin, and rutin) has represented against
human respiratory syncytial, human metapneumovirus,

infuenza virus, human rhinovirus, parainfuenza, and
betacoronavirus (SARS-CoV) through the critical viral en-
zyme, 3-chymotrypsin-like cysteine protease (3C-likepro) of
SARS-CoV inhibition, as a promising target in coronavi-
ruses [103]. A potential action of honey against 3C-like pro
of SARS-CoV-2 is attributed to six compounds, including
galangin, lumichrome, cafeic acid, 3-phenyllactic acid,
phenethyl ester [CAPE], and chrysin, which was found by
molecular modeling [33]. Synergistically, honey presents
more efcacies with antibiotics. Honey ameliorates the in-
nate immune system and stimulates the adaptive immune
system, especially in upper respiratory tract infections, with
its polyphenolic compounds [34]. Some studies have sug-
gested that a component of honey called methylglyoxal may
have an antimicrobial activity, but this has not been
explained in detail [104].

In honey, the richest phenolic acids are vanillic acid, p-
hydroxybenzoic acid, cafeic acid, gallic acid, p-coumaric
acid, syringic acid, and chlorogenic acid [105]. Moreover,
most favonoids include chrysin, galangin, pinobanksin,
apigenin, luteolin, pinocembrin, quercetin, genistein, and
kaempferol [106]. It has been revealed that the bioactive
compounds of honey and propolis, including ellagic acid,
hesperetin, kaempferol, artepillin C and p-coumaric acid,
and quercetin, were the most promising compounds on
COVID-19 RdRp and Mpro [107]. Among them, quercetin
is the most active one on the Mpro in micromolar doses. It
has been proven against 3CLpro and PLpro of SARS-CoV
and 3CLpro protease of Middle Eastern respiratory syn-
drome coronavirus (MERS-CoV) [108].

As an immune booster, honey can be used as a sup-
portive treatment for patients infected with novel corona-
virus and as preventive ways in healthy people [109]. Hence,
taken from the reports, three efects from honey, inducing
lymphocyte proliferation and activation, inhibiting the
production of proinfammatory cytokines, and inducing
autophagy machinery, have been expected. It should be
noted that lymphocytopenia is one of the immune problems
caused by COVID-19. SARS-CoV-2 causes excessive in-
fammatory responses by fusing the membrane through the
S protein and infecting T-lymphocytes. Tis process is at-
tributed to COVID-19 mortality due to lymphocytopenia;
nevertheless, SARS-CoV-2 can proliferate infected T
lymphocytes.

2.7. Nigella sativa. Nigella sativa is a tiny black seed taken
from a fower in the Ranunculaceae family and utilized as
a medicinal substance for many years for various diseases.
Tis plant is commonly grown in the Middle East, Europe,
and Asia. It is also known as black cumin or black seed [110].
Antiviral, antibacterial, anti-infammatory, antidiarrheal,
and antitussive properties and many other medicinal
properties have been found in N. sativa. N. Sativa has also
been an antioxidant, immunomodulatory, diuretic, liver
tonic, and digestive stimulant [111]. It is efective against
a wide range of infectious and chronic noninfectious dis-
eases such as diabetes mellitus, dyslipidemia, hypertension,
neurologic disorders, infammatory disorders, cancer,
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asthma, bronchial headache, gastrointestinal problems, and
dysentery [40, 112]. Its antioxidant activity may help reduce
the oxidative damage of organs caused by the virus [113]. In
addition, some other components such as minerals (sodium,
potassium, iron, calcium, copper, magnesium, and phos-
phorus) and vitamins (vitamin E, ribofavin, niacin, folic
acid, pyridoxine, and thiamine), essential amino acids,
carbohydrates, proteins, and fats can be found in N. sativa
[35, 114].

N. sativa can be used as an adjuvant in patients infected
with novel coronavirus at 40–80mg/kg/day doses as oil in
combination with drugs used to treat coronavirus without
any side efects to ameliorate patients [36]. Moreover, in
some studies, it has been suggested that N. sativa shows not
only antihistaminic results due to inhibiting the release of
histamines and leukotrienes and blocking histamine re-
ceptors but also represents an anti-infammatory activity by
the inhibition of nuclear factor kappa B (NF-κB)
[38, 40, 115]. Te immunomodulatory property of N. sativa
is related to some of its bioactive compounds, which boost
immunity by increasing T lymphocytes and natural killer
cells to overcome the symptoms associated with COVID-19,
including infammation and oxidative stress [116].

N. sativa contains bioactive compounds including ter-
penes (thymoquinone (TQ), dithymoquinone (DTQ), car-
vone, limonene, trans-anethole, and p-cymene),
phytosterols, coumarins, favonoids, saponins, isoquinoline
alkaloids (nigellicimine, nigellicimine-N-oxide, and
α-hederin), indazole alkaloids (nigellidine and nigellicine),
cardiac glycosides, tannins, fatty acids, volatile oils, and
phenolic compounds detected by phytochemical screening
[37]. Elevated serum interferon-gamma levels, increased
CD4 counts, enhanced suppressor function, and increased
macrophage counts result fromN. sativa antiviral properties
[117].

On the other hand,N. sativa possesses some components
that bind to specifc targets, including some proteins and
pathways such as chemokine cancer, relaxin signaling
pathway, PI3K-Akt signaling pathway, IL-17, HIF-1 sig-
naling pathway, AGE-RAGE, VEGF pathway, FoxO path-
way, nuclear receptors, cytochrome P450, oxidoreductases,
erasers, lyases, enzymes, family A G protein-coupled re-
ceptors, calcium signaling pathways, and circadian pathways
to represent its protection activity [118]. N. sativa seeds
contain a wide range of immune-stimulating, antibacterial,
and anti-infammatory compounds, including unsaturated
fatty acids, saponins (melanin), fxed oil classes, essential oil,
alkaloids, and proteins [119]. In a clinical trial, oral N. sativa
oil in doses of up to 5 g per day for 12weeks has shown safe
results [120].

Te inhibition property of SARS-CoV-2 is related to its
active constituents, including α-hederin and nigellidine
[121]. A-hederin is a saponin that exhibits various anti-
infammatory, antioxidant, antitumor, antifungal, and
antiparasite activities and has shown impressive efects on
asthma and cancers in vivo and acts better than chloroquine,
hydroxychloroquine, and favipiravir [38]. Hederagenin is
another saponin that is present in N. sativa. Nigellidine is
a signifcant alkaloid that acts like chloroquine and is better

than hydroxychloroquine and favipiravir [122]. Nigellidine
represents relatively good binding afnity to some proteins
and enzymes of SARS-CoV-2, including spike-glycoprotein,
nonstructural protein 2, N-terminus-protenase, nucleo-
capsid, and 6LU7 [41]. Moreover, it shows high binding
energy with human receptors, infammatory signal mole-
cules, and other proteins such as human IL1R (1itb), TNFR1
(1ncf), and TNFR2 (3alq) [123].

Nigellicine, nigellidine (indazoles), nigellimine, and
nigellimine N-oxide have all been found in the seeds of
N. sativa [39]. In addition, other compounds such as ar-
ginine, palmitic, ascorbic, stearic acids, leucine, glutamic,
methionine, lysine, glycine, and phytosterols are also found.
Some bioactive constituents like nigellimine have the same
structure as chloroquine and hydroxychloroquine [124].
Tey may provide similar ionophore functions to enhance
Zn entry to pneumocytes to boost host immune response
(proliferation and activation of neutrophils, NK cells,
macrophages, and T and B cells as well as cytokine pro-
duction by the immune cells) against SARS-CoV-2 by
stopping the recombinant SARS-Co-RdRp activity by the
inhibition of elongation and template binding. On the other
hand, thymoquinone may inhibit virus binding to ACE2 on
the pneumocytes [39].

SARS-CoV-2 may use human ACE2 as an attachment
target to enter the host cell [41]. Te RdRp in these black
seeds might also stop the spread of the virus [116]. Te
pharmacological efects of TQ, a major bioactive component
of N. sativa, have been suggested in some studies for nu-
merous disorders such as respiratory distresses [40]. Kinases,
heat shock proteins, and oxidorectases are targets of thy-
moquinone (2-methyl-5-propane-2-ylcyclohexa-2, 5-diene-
1, 4-dione) and had a combined afnity with 6LU7, ACE2,
and heat shock protein A5 active sites [125]. It has been
reported that thymoquinone can show chemosensitizer and
apoptotic activity through the downregulation of the PI3K/
Akt/mTOR activation, in which an overexpression of PI3K/
Akt/mTOR can be seen in patients infected with SARS-CoV-
2 [126].

Tis medicinal plant also possesses thymol, dithy-
moquinone, thymohydroquinone (THQ), p-cymene, 4-
terpineol, and t-anethole diagnosed by molecular docking
that can inhibit COVID-19 infection [127].Nigella sativa can
be used prophylactically, as mentioned in Ayurvedic/Unani
medicine [128]. Tymohydroquinone is one of the com-
ponents of the black seed which can show diferent prop-
erties such as regulation of blood pressure, negative
regulation of cell death, oxidative stress, regulation of im-
mune response, and positive regulation of kinase activity
[110]. Tymohydroquinone showed moderate docking en-
ergy with SARS-CoV-2 6LU7, endoribonucleoase, ADP-
ribose-1ʺ-phosphatase, RNA-dependent RNA polymerase,
the binding domain of the SARS-CoV-2 spike protein, and
human ACE2 [129].

Te anti-infammatory activity of N. sativa is due to the
inhibition of oxidative products of arachidonic acid called
thromboxane B2, and leukotriene through blocking the
activity of cyclooxygenase and lipoxygenase enzymes [36].
Tus, it is essential to manage the overexpression of
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cytokines in patients infected with SARS-CoV-2. Increasing the
expression of CD-Tcells and interferon (INF) gamma by black
seed oil has been demonstrated to reduce certain viral loads in
some studies [112]. N. sativa presents benefcial antioxidant
activities through bioactive ingredients including thymoqui-
none, t-anethole, and 4-terpineol, and carvacrol in human
preadipocytes and pretreatment of some retinal epithelial cells
may be damaged by oxidative stresses [130].

Te anticoagulant activity of thymoquinone of N. sativa
has been tested, and it has been shown that this ingredient
modifes cancer-associated thrombosis (CAT) and tempo-
rarily prolongs the coagulation time of thrombin time (TT),
prothrombin time (PT), and activated partial thrombo-
plastin time (aPTT) in vitro. Also, these herbal seeds are
potent bronchodilators [131]. To treat viral infections,
dithymoquinone (DTQ), also called nigellone, is a polymer
of the carbonyl thymoquinone class that disrupts the SARS-
CoV-2: ACE2 interface and the host’s recognition of the
virus while also afecting the S-protein pathway [132]. Black
seeds are employed in pharmaceutical derivatives because of
the high absorption through the stomach, high solubility,
and favorable drug-likeness profle of DTQ. However, it
needs to be subjected to in vitro and in vivo validation to
confrm the inhibitory potency [133, 134]. In a study, it has
proven that the level of infammatory cytokine IL-8 in-
creased after treatment by N. sativa extract in HeLa cells as
well as downregulation of transient receptor potentials
(TRP) genes such as TRPA1, TRPC4, TRPM6, TRPM7,
TRPM8, and TRPV4 genes, causing decreasing viral load of
coronavirus in infected cells [135, 136].

2.8. Ocimum sanctum (Tulsi). As a family member, Lam-
iaceae is known as holy basil or tulsi. Ocimum sanctum is
a fragrant perennial plant. Scientifc research defnes its
benefcial efects. Essential oils like eugenol, extracted from
tulsi leaves, have been shown to have antiviral properties
[137]. O. sanctum is a sanctifed herb mentioned in scrip-
tures such as Ayurvedic for its medicinal features, including
immunomodulatory, anti-infammatory, antimicrobial,
adaptogenic, cardioprotective, antifungal, antiviral, anti-
bacterial, analgesic, anticancer, antiemetic, antidiabetic,
antispasmodic, hepatoprotective, antifertility, and di-
aphoretic properties. Tis medicinal herb possesses dihy-
drodieuginol B and tulsinol A, B, C, D, E, F, and G that can
inhibit the main protease and papain-like protease of SARS
coronavirus [47]. Like other medicinal herbs, O. sanctum
possesses phytochemicals diagnosed by molecular docking,
which can bind with Mpro of novel coronavirus. SARS-CoV-
2 Mpro can be considered a promising target in virus rep-
lication inhibition. Mpro is the main stimulator in viruses to
produce functional proteins such as endoribonuclease,
exoribonuclease, and RNA polymerase, which impede hosts
intrinsic immune system function [46]. Tulsi can be used
safely against SARS-CoV-2 since it has no side efects.

2.9. Scutellaria baicalensis Georgi. Baicalein is the primary
active ingredient of Scutellaria baicalensis Georgi, a medic-
inal plant with anti-infammatory and antiviral properties

[138]. Research demonstrated that angiotensin-converting
enzyme 2 (ACE2) and coronavirus 3CL Mpro on host ep-
ithelial cells impacted by its S-protein are the key targets for
inhibiting coronavirus proliferation. At the same time,
a virus-induced cytokine storm is the leading cause of
consequences such as infammation, septic shock, and
multiple organ failure [139]. Baicalin had been confrmed to
inhibit SARS-CoVin vitro, and scutellarin could interact
with ACE2. Molecular docking and network pharmacology
are the mainstays of pharmacological research for the
treatment of COVID-19 [140]. ACE2 and 2019-nCoV-Mpro
bind to baicalein and oroxylin A, indicating that they may
directly afect the virus and host cells. Hence, this prevents
virus proliferation, avoids the body’s immunity, and blocks
virus attacks. Naringenin and beta-sitosterol can regulate the
expression of critical genes (CCL2, IL-1β, and IL-6) in the
treatment of COVID-19 and produce anti-infammatory
and immune-enhancing efects through IL-17, TNF,
AGE-RAGE signaling pathways, and cytokine-cytokine re-
ceptor interaction pathways [141, 142].

Anti-infammatory actions are expected to be the main
focus of SB compounds’ therapeutic benefts on COVID-19
since they reduce cytokine storms and prevent the synthesis
of proinfammatory cytokines [143]. TCM medicines are
now the primary therapy for the COVID-19 study. In ad-
dition, Lianhua Qingwen can regulate the imbalance of
ACE-Ang-II and ACE2-Ang-, leading to overwhelming
proinfammatory cytokines with cytokine storm [144].
Additionally, the immunological system (MAPK, NF-B,
PI3K-AKT) is regulated to prevent organ damage [145].
TCM has “multicomponent, multitarget, and multipathway”
features on COVID-19. Some countries authorized chlo-
roquine and hydroxychloroquine to treat COVID-19 [146].
However, side efects such as diarrhea and nausea might
occur, making TCM therapy a must.

2.10. Allium sativum (Garlic). As a bulbous, herbaceous
plant, garlic (Allium sativum L.) is one of the oldest culti-
vated plants [147].Tere are a wide variety of garlic products
on the market, ranging from extracts to capsules to essential
oils [148]. Garlic has been utilized medicinally and culinarily
for thousands of years [149]. Human ailments have also
benefted from their therapeutic efects. Anti-infammatory,
immunomodulatory, immunostimulatory, cardioprotective,
hypoglycemic, antioxidant, antibiotic, antifungal, antibac-
terial, antiseptic, anticancer, and antiviral activities of this
old medication are among its many therapeutic properties
[150]. Recent studies have found alliin, allyl thiosulfnate,
and s-allyl cysteine (SAC) interesting possibilities for
boosting the immune system. [151]. Natural killer cells (NK
cells), macrophages, lymphocytes, eosinophils, and dendritic
cells (DCs) are among the most impressive immune system
boosters thanks to garlic’s ability to modulate cytokine
production, immunoglobulin synthesis, phagocytosis, and
macrophage activation [152]. After short-term treatment
with the garlic extract, there are considerable increases in T
lymphocytes, notably CD4+ and CD8+T cells [153]. Pa-
tients with SARS-CoV-2 infection have been found to have
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decreased levels of these immunological markers, which
have been linked to death in nearly all cases [153–155].

Garlic’s antiviral and immunomodulatory properties
have been demonstrated in clinical trials for viral cold and
fu, acute respiratory viral infections, and recalcitrant
multiple common warts (RMCWs) [156]. In addition,
preclinical data showed that garlic and its organosulfur
compounds (OSCs) have a potential antiviral activity against
various human, animal, and plant pathogenic viruses by
blocking viral entry into the host cells, inhibiting viral RNA
polymerase, reverse transcriptase, DNA synthesis, and
transcription of the immediate-early gene 1 (IEG1) and
reducing the ERK/mitogen activated protease activity [157].

3. Future Perspectives

Patients infected with SARS-CoV-2 can hardly be treated
with synthetic medications; thus, herbal remedies that
possess important properties such as anti-infammatory,
antiviral, antioxidant, and similar have emerged as a viable
alternative. Plant-based medicines that have been in-
vestigated for safety and efcacy and are widely available to
patients due to the worldwide burden of COVID-19 can be
on the frontlines of combating the ongoing tragedy caused
by COVID-19. To employ bioactive secondary metabolites
as medication, the issues of solubility, stability, and bio-
availability must be addressed [158, 159]. For this purpose,
the most efective medicinal plants were investigated to
achieve the desired results and appropriate treatment as
quickly as possible. But besides all these, a diferent way to
learn about the potency of these second-metabolites is to use
artifcial intelligence techniques like molecular docking
studies, toxicology analyses, and pharmaceutical in-
vestigations [114]. However, the mutations that occur in the
targets should be considered. New medicine research tactics
based on plant extracts are urgently needed to protect
humans on our planet against pandemics like COVID-19,
both now and in the future. Indeed, using herbs with high
efciency such as garlic, Zingiber, and curcuma will led us to
develop more efcient antiviral therapies based on their
efective components.

4. Conclusion

Medicinal plants can ofer a viable platform for searching for
medication prospects to be tested against COVID-19. Te
secondary metabolism of several plants functions as a trea-
sure of phytochemicals, which have shown potential in the
combat against human viruses. Tese herbal medicines
might have the capabilities to control the synthesis and
release of proinfammatory cytokines, interfere with the
virus’s development in host cells, and alter some RAA-
related molecular pathways. Medicinal plants might be
benefcial as treatments to eliminate COVID-19. Hence, it is
not recommended for patients to use supplements con-
taining one of these compounds to prevent COVID-19 or to
heal the disease without particular advice or under the direct
guidance of a medical professional. A suggestion for the
clinician is that the management of these medicinal plants

must be ofered carefully to the patients, even if they are
healthy. Tere has been a lot of contradicting information
regarding these plants. Consequently, there is a risk that
these therapies are related to the induction of undesirable
side efects. Furthermore, preclinical and clinical trial tests of
these herbal agents for COVID-19 have not been done, so
more research is required.
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J. Steinmann, and E. Steinmann, “Anti-infective properties of
the golden spice curcumin,” Frontiers in Microbiology,
vol. 10, p. 912, 2019.

[88] F. Badrzadeh, A. Akbarzadeh, N. Zarghami et al., “Com-
parison between efects of free curcumin and curcumin
loaded NIPAAm-MAA nanoparticles on telomerase and
PinX1 gene expression in lung cancer cells,” Asian Pacifc
Journal of Cancer Prevention, vol. 15, no. 20, pp. 8931–8936,
2014.

[89] A. Roy, B. Sarkar, C. Celik et al., “Can concomitant use of
zinc and curcumin with other immunity-boosting nutra-
ceuticals be the arsenal against COVID-19?” Phytotherapy
Research, vol. 34, no. 10, pp. 2425–2428, 2020.

[90] M. R. Jennings and R. J. Parks, “Antiviral efects of curcumin
on adenovirus replication,” Microorganisms, vol. 8, no. 10,
p. 1524, 2020.

[91] J. Dai, L. Gu, Y. Su et al., “Inhibition of curcumin on in-
fuenza A virus infection and infuenzal pneumonia via
oxidative stress, TLR2/4, p38/JNK MAPK and NF-κB
pathways,” International Immunopharmacology, vol. 54,
pp. 177–187, 2018.

[92] A. Balasubramanian, R. Pilankatta, T. Teramoto et al., “In-
hibition of dengue virus by curcuminoids,” Antiviral Re-
search, vol. 162, pp. 71–78, 2019.

[93] S. M. Richart, Y.-L. Li, Y. Mizushina et al., “Synergic efect of
curcumin and its structural analogue (Monoacetylcurcumin)
on anti-infuenza virus infection,” Journal of Food and Drug
Analysis, vol. 26, no. 3, pp. 1015–1023, 2018.

[94] A. C. Banerjea and A. Ali, “Curcumin inhibits HIV-1 by
promoting Tat protein degradation,” Scientifc Reports, vol. 6,
2016.

[95] K. Balasubramanian, “Relativistic quantum chemical and
molecular dynamics techniques for medicinal chemistry of
bioinorganic compounds,” in Biophysical and Computa-
tional Tools in Drug Discovery, pp. 133–193, Springer, Berlin,
Germany, 2021.

[96] S. Abrahams, W. L. Haylett, G. Johnson, J. A. Carr, and
S. Bardien, “Antioxidant efects of curcumin in models of
neurodegeneration, aging, oxidative and nitrosative stress:
a review,” Neuroscience, vol. 406, pp. 1–21, 2019.

[97] Y. Wang, Q. Tang, P. Duan, and L. Yang, “Curcumin as
a therapeutic agent for blocking NF-κB activation in ul-
cerative colitis,” Immunopharmacology and Immunotox-
icology, vol. 40, no. 6, pp. 476–482, 2018.

[98] K. S. Hossain, M. G. Hossain, A. Moni et al., “Prospects of
honey in fghting against COVID-19: pharmacological in-
sights and therapeutic promises,” Heliyon, vol. 6, no. 12,
Article ID e05798, 2020.

[99] X. Yang, Y. Yu, J. Xu et al., “Clinical course and outcomes of
critically ill patients with SARS-CoV-2 pneumonia in
Wuhan, China: a single-centered, retrospective, observa-
tional study,” Te Lancet Respiratory Medicine, vol. 8, no. 5,
pp. 475–481, 2020.

[100] R. Sami, G. Alshehry, E. Elgarni, and M. Helal, “Saudi
community care awareness food facts, nutrients, immune
system and COVID-19 prevention in taif city among dif-
ferent age categories,” African Journal of Food, Agriculture,
Nutrition and Development, vol. 21, no. 1, pp. 17213–17233,
2021.

Evidence-Based Complementary and Alternative Medicine 13



[101] K. Watanabe, R. Rahmasari, A. Matsunaga, T. Haruyama,
and N. Kobayashi, “Anti-infuenza viral efects of honey
in vitro: potent high activity of manuka honey,” Archives of
Medical Research, vol. 45, no. 5, pp. 359–365, 2014.

[102] E. O. Omotayo, S. Gurtu, S. A. Sulaiman, M. S. Ab Wahab,
S. Kns, and M. S. M. Salleh, “Hypoglycemic and antioxidant
efects of honey supplementation in streptozotocin-induced
diabetic rats,” International Journal for Vitamin and Nu-
trition Research, vol. 80, no. 1, pp. 74–82, 2010.

[103] W. G. Lima, J. C. Brito, and W. S. Cruz Nizer, “Bee products
as a source of promising therapeutic and chemoprophylaxis
strategies against COVID-19 (SARS-CoV-2),” Phytotherapy
Research, vol. 35, no. 2, pp. 743–750, 2021.

[104] A. A. Dayem, H. Y. Choi, Y. B. Kim, and S.-G. Cho, “An-
tiviral efect of methylated favonol isorhamnetin against
infuenza,” PLoS One, vol. 10, no. 3, Article ID e0121610,
2015.

[105] S. Samarghandian, T. Farkhondeh, and F. Samini, “Honey
and health: a review of recent clinical research,” Pharma-
cognosy Research, vol. 9, no. 2, pp. 121–127, 2017.

[106] M. J. Kwon, H. M. Shin, H. Perumalsamy, X. Wang, and
Y.-J. Ahn, “Antiviral efects and possible mechanisms of
action of constituents from Brazilian propolis and related
compounds,” Journal of Apicultural Research, vol. 59, no. 4,
pp. 413–425, 2020.

[107] M. A. Shaldam, G. Yahya, N. H. Mohamed, M. M. Abdel-
Daim, and Y. Al Naggar, “In silico screening of potent
bioactive compounds from honeybee products against
COVID-19 target enzymes,” Environmental Science and
Pollution Research, vol. 28, no. 30, pp. 40507–40514, 2021.

[108] Y.W. Chen, C.-P. B. Yiu, and K.-Y. Wong, “Prediction of the
SARS-CoV-2 (2019-nCoV) 3C-like protease (3CL pro)
structure: virtual screening reveals velpatasvir, ledipasvir,
and other drug repurposing candidates,” F1000Research,
vol. 9, p. 129, 2020.

[109] R. M. L. Colunga Biancatelli, M. Berrill, J. D. Catravas, and
P. E. Marik, “Quercetin and vitamin C: an experimental,
synergistic therapy for the prevention and treatment of
SARS-CoV-2 related disease (COVID-19),” Frontiers in
Immunology, vol. 11, p. 1451, 2020.

[110] E. M. Yimer, K. B. Tuem, A. Karim, N. Ur-Rehman, and
F. Anwar, “Nigella sativa L.(black cumin): a promising
natural remedy for wide range of illnesses,” Evidence-based
Complementary and Alternative Medicine, vol. 2019, Article
ID 1528635, 16 pages, 2019.

[111] H. N. Pise and S. L. Padwal, “Evaluation of anti-
infammatory activity of Nigella sativa: an experimental
study,” National Journal of Physiology, Pharmacy and
Pharmacology, vol. 7, no. 6, p. 1, 2017.

[112] R. Jakhmola Mani, N. Sehgal, N. Dogra, S. Saxena, and
D. Pande Katare, “Deciphering underlying mechanism of
Sars-CoV-2 infection in humans and revealing the thera-
peutic potential of bioactive constituents from Nigella sativa
to combat COVID19: in-silico study,” Journal of Bio-
molecular Structure and Dynamics, vol. 40, no. 6,
pp. 2417–2429, 2020.

[113] S. Chiappalupi, L. Salvadori, A. Vukasinovic, R. Donato,
G. Sorci, and F. Riuzzi, “Targeting RAGE to prevent SARS-
CoV-2-mediated multiple organ failure: hypotheses and
perspectives,” Life Sciences, vol. 272, Article ID 119251, 2021.

[114] C. G. Yedjou, S. Njiki, J. Enow et al., “Pharmacological efects
of selected medicinal plants and vitamins against COVID-
19,” JOURNAL OF FOOD and NUTRITION, vol. 7, no. 2,
p. 202, 2021.

[115] X. Y. Lim, B. P. Teh, and T. Y. C. Tan, “Medicinal plants in
COVID-19: potential and limitations,” Frontiers in Phar-
macology, vol. 12, Article ID 611408, 2021.

[116] M. T. Rahman, “Potential benefts of combination of Nigella
sativa and Zn supplements to treat COVID-19,” Journal of
Herbal Medicine, vol. 23, Article ID 100382, 2020.

[117] A. A. Onifade, A. Jewell, and A. Okesina, “Seronegative
conversion of an HIV positive subject treated with
<i>Nigella sativa</i> and honey,” African Journal of In-
fectious Diseases, vol. 9, no. 2, pp. 47–50, 2015.

[118] M. A. Farhangi, P. Dehghan, S. Tajmiri, and M. M. Abbasi,
“Te efects of Nigella sativa on thyroid function, serum
vascular endothelial growth factor (VEGF)–1, Nesfatin-1
and anthropometric features in patients with Hashimoto’s
thyroiditis: a randomized controlled trial,” BMC Comple-
mentary and Alternative Medicine, vol. 16, pp. 471–479, 2016.

[119] W. Kooti, Z. Hasanzadeh-Noohi, N. Sharaf-Ahvazi,
M. Asadi-Samani, and D. Ashtary-Larky, “Phytochemistry,
pharmacology, and therapeutic uses of black seed (Nigella
sativa),” Chinese Journal of Natural Medicines, vol. 14, no. 10,
pp. 732–745, 2016.

[120] H. Hosseinzadeh, A. Tavakkoli, V. Mahdian, and
B. M. Razavi, “Review on clinical trials of black seed (Nigella
sativa) and its active constituent, thymoquinone,” Journal of
Pharmacopuncture, vol. 20, no. 3, pp. 179–193, 2017.

[121] B. Salim and M. Noureddine, “Identifcation of compounds
from Nigella sativa as new potential inhibitors of 2019 novel
corona virus (Covid-19): molecular docking study,” Chem,
vol. 1, Article ID 12055716, 2020.

[122] A. E. Koshak and E. A. Koshak, “Nigella sativa L as a po-
tential phytotherapy for coronavirus disease 2019: a mini
review of in silico studies,” Current Terapeutic Research,
vol. 93, Article ID 100602, 2020.

[123] J. K. R. da Silva, P. L. B. Figueiredo, K. G. Byler, and
W. N. Setzer, “Essential oils as antiviral agents, potential of
essential oils to treat SARS-CoV-2 infection: an in-silico
investigation,” International Journal of Molecular Sciences,
vol. 21, no. 10, p. 3426, 2020.

[124] S. Javed, M. H. Sultan, W. Ahsan, and A. Khan, “Derma-
tological efects of Nigella sativa: a cosmetic and therapeutic
approach,” in Black Seeds (Nigella Sativa), pp. 119–148,
Elsevier, Amsterdam, Te Netherlands, 2022.

[125] R. Yan, Y. Zhang, Y. Li, L. Xia, Y. Guo, and Q. Zhou,
“Structural basis for the recognition of SARS-CoV-2 by full-
length human ACE2,” Science, vol. 367, no. 6485,
pp. 1444–1448, 2020.

[126] S. Elgohary, A. A. Elkhodiry, N. S. Amin, U. Stein, H. M. El
Tayebi, and H. M. Tymoquinone, “A tie-breaker in SARS-
CoV2-infected cancer patients?” Cells, vol. 10, no. 2, p. 302,
2021.

[127] M. K. A. Sahak, N. Kabir, G. Abbas, S. Draman,
N. H. Hashim, and D. S. Hasan Adli, “Te role of Nigella
sativa and its active constituents in learning and memory,”
Evidence-based Complementary and Alternative Medicine,
vol. 2016, Article ID 6075679, 6 pages, 2016.

[128] M. F. Ramadan and K. M. M. Wahdan, “Blending of corn oil
with black cumin (Nigella sativa) and coriander (Corian-
drum sativum) seed oils: impact on functionality, stability
and radical scavenging activity,” Food Chemistry, vol. 132,
no. 2, pp. 873–879, 2012.

[129] S. Piplani, P. K. Singh, D. A. Winkler, and N. Petrovsky, “In
silico comparison of SARS-CoV-2 spike protein-ACE2
binding afnities across species and implications for virus

14 Evidence-Based Complementary and Alternative Medicine



origin,” Scientifc Reports, vol. 11, Article ID 13063, 13 pages,
2021.

[130] N. Namazi, R. Mahdavi, M. Alizadeh, and S. Farajnia,
“Oxidative stress responses to Nigella sativa oil concurrent
with a low calorie diet in obese women: a randomized,
double blind controlled clinical trial,” Phytotherapy Research,
vol. 29, no. 11, pp. 1722–1728, 2015.

[131] A. N. J. M. Yusof, “Screening of haemostatic activity of
nigella sativa seed extract,” Journal of Engineering and Health
Sciences, vol. 1, pp. 57–74, 2017.

[132] S. M. D. Rizvi, T. Hussain, A. Moin et al., “Identifying the
most potent dual-targeting compound (s) against 3CLpro-
tease and NSP15exonuclease of SARS-CoV-2 from nigella
sativa: virtual screening via physicochemical properties,
docking and dynamic simulation analysis,” Processes, vol. 9,
no. 10, p. 1814, 2021.

[133] H. Naz, “Nigella sativa: the miraculous herb,” Pakistan
Journal of Biochemistry and Molecular Biology, vol. 44, p. 48,
2011.

[134] S. K. Tiruppur Venkatachallam, H. Pattekhan, S. Divakar,
and U. S. Kadimi, “Chemical composition of Nigella sativa
L. seed extracts obtained by supercritical carbon dioxide,”
Journal of Food Science and Technology, vol. 47, no. 6,
pp. 598–605, 2010.

[135] M. Ulasli, S. A. Gurses, R. Bayraktar et al., “Te efects of
Nigella sativa (Ns), Anthemis hyalina (Ah) and Citrus
sinensis (Cs) extracts on the replication of coronavirus and
the expression of TRP genes family,” Molecular Biology
Reports, vol. 41, no. 3, pp. 1703–1711, 2014.

[136] O. G. Oyero, M. Toyama, N. Mitsuhiro et al., “Selective
inhibition of hepatitis c virus replication by Alpha-zam,
a Nigella sativa seed formulation,” African Journal of Tra-
ditional, Complementary and Alternative Medicines, vol. 13,
no. 6, pp. 144–148, 2016.

[137] M. M. Cohen, “Tulsi-Ocimum sanctum: a herb for all rea-
sons,” Journal of Ayurveda and Integrative Medicine, vol. 5,
no. 4, p. 251, 2014.

[138] M. A. Ozma, E. Khodadadi, F. Pakdel et al., “Baicalin,
a natural antimicrobial and anti-bioflm agent,” Journal of
Herbal Medicine, vol. 27, Article ID 100432, 2021.

[139] H. Su, S. Yao, W. Zhao et al., “Discovery of baicalin and
baicalein as novel, natural product inhibitors of SARS-CoV-2
3CL protease in vitro,” Acta Pharmacologica Sinica, vol. 41,
pp. 1167–1177, 2020.

[140] S. A. Amin, S. Banerjee, K. Ghosh, S. Gayen, and T. Jha,
“Protease targeted COVID-19 drug discovery and its chal-
lenges: insight into viral main protease (Mpro) and papain-
like protease (PLpro) inhibitors,” Bioorganic & Medicinal
Chemistry, vol. 29, Article ID 115860, 2021.

[141] C.-L. Zhang, S. Zhang, W.-X. He et al., “Baicalin may al-
leviate infammatory infltration in dextran sodium sulfate-
induced chronic ulcerative colitis via inhibiting IL-33 ex-
pression,” Life Sciences, vol. 186, pp. 125–132, 2017.

[142] A. Liskova, M. Samec, L. Koklesova et al., “Flavonoids against
the SARS-CoV-2 induced infammatory storm,” Biomedicine
& Pharmacotherapy, vol. 138, Article ID 111430, 2021.

[143] J.-W. Song, J.-Y. Long, L. Xie et al., “Applications, phyto-
chemistry, pharmacological efects, pharmacokinetics, tox-
icity of Scutellaria baicalensis Georgi. and its probably
potential therapeutic efects on COVID-19: a review,” Chi-
nese Medicine, vol. 15, pp. 102–126, 2020.

[144] U. Kaur, K. Acharya, R. Mondal et al., “Should ACE2 be
given a chance in COVID-19 therapeutics: a semi-systematic

review of strategies enhancing ACE2,” European Journal of
Pharmacology, vol. 887, Article ID 173545, 2020.

[145] Y.-Q. He, C.-C. Zhou, L.-Y. Yu et al., “Natural product
derived phytochemicals in managing acute lung injury by
multiple mechanisms,” Pharmacological Research, vol. 163,
Article ID 105224, 2021.

[146] S. Huang, Y. Liu, Y. Zhang et al., “Baicalein inhibits SARS-
CoV-2/VSV replication with interfering mitochondrial ox-
idative phosphorylation in a mPTP dependent manner,”
Signal Transduction and Targeted Terapy, vol. 5, pp. 266–
273, 2020.

[147] N. Martins, S. Petropoulos, and I. C. Ferreira, “Chemical
composition and bioactive compounds of garlic (Allium
sativum L.) as afected by pre-and post-harvest conditions:
a review,” Food Chemistry, vol. 211, pp. 41–50, 2016.

[148] K. Ried, “Garlic lowers blood pressure in hypertensive in-
dividuals, regulates serum cholesterol, and stimulates im-
munity: an updated meta-analysis and review,” Journal of
Nutrition, vol. 146, no. 2, pp. 389S–396S, 2016.

[149] Y. Zhou, Y. Li, T. Zhou, J. Zheng, S. Li, and H. Li, “Dietary
natural products for prevention and treatment of liver
cancer,” Nutrients, vol. 8, no. 3, p. 156, 2016.

[150] A. Shang, S. Cao, X. Xu et al., “Bioactive compounds and
biological functions of garlic (allium sativum L.),” Foods,
vol. 8, no. 7, pp. 246–331, 2019.

[151] G. Batiha, A. Beshbishy, L. Wasef et al., “Chemical con-
stituents and pharmacological activities of garlic (Allium
sativum L.): a review,” Nutrients, vol. 12, no. 3, p. 872, 2020.

[152] R. Arreola, S. Quintero-Fabián, R. I. López-Roa et al.,
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