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Abstract

Background Artemisia vulgaris L. is often used as a traditional Chinese medicine with the same origin of medicine
and food. Its active ingredient in leaves have multiple biological functions such as anti-inflammatory, antibacterial
and insecticidal, anti-tumor, antioxidant and immune regulation, etc. It is confirmed that folium Artemisiae argyi has
obvious anti-HBV activity, however, its antiviral activity and mechanism against herpesvirus or other viruses are not
clear. Hence, we aimed to screen the crude extracts (Fr.8.3) isolated and extracted from folium A. argyi to explore the
anti-herpesvirus activity and mechanism.

Methods The antiherpes virus activity of Fr.8.3 was mainly characterized by cytopathic effects, real-time PCR detec-
tion of viral gene replication and expression levels, western blotting, viral titer determination and plaque reduction
experiments. The main components of Fr.8.3 were identified by using LC-MS, and selected protein targets of these
components were investigated through molecular docking.

Results We collected and isolated a variety of A. vulgaris L. samples from Tangyin County, Henan Province and then
screened the A. vulgaris L. leaf extracts for anti-HSV-1 activity. The results of the plague reduction test showed that the
crude extract of A. vulgaris L.-Fr8.3 had anti-HSV-1 activity, and we further verified the anti-HSV-1 activity of Fr.8.3 at the
DNA, RNA and protein levels. Moreover, we found that Fr.8.3 also had a broad spectrum of antiviral activity. Finally, we
explored its anti-HSV-1 mechanism, and the results showed that Fr.8.3 exerted an anti-HSV-1 effect by acting directly
on the virus itself. Then, the extracts were screened on HSV-1 surface glycoproteins and host cell surface receptors for
potential binding ability by molecular docking, which further verified the phenotypic results. LC-MS analysis showed
that 1 and 2 were the two main components of the extracts. Docking analysis suggested that compounds from
extract 1 might similarly cover the binding domain between the virus and the host cells, thus interfering with virus
adhesion to cell receptors, which provides new ideas and insights for clinical drug development for herpes simplex
virus type 1.

Conclusion We found that Fr.8.3 has anti-herpesvirus and anti-rotavirus effects. The main 12 components in Fr.8.3
were analyzed by LC-MS, and the protein targets were finally predicted through molecular docking, which showed
that alkaloids may play a major role in antiviral activity.
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Introduction

Overview of HSV-1

Herpes simplex virus (HSV) is a common human path-
ogenic virus belonging to the herpesvirus subfamily.
Herpes simplex viruses (HSV-1 and HSV-2) are linear
double-stranded DNA viruses consisting of a four-layer
structure and at least 18 proteins with a complex spheri-
cal structure [1, 2]. Physical and chemical analysis showed
that the length of the HSV DNA is approximately 150 KB,
while the actual sequencing results have shown that the
length of the HSV-1 DNA is 152260 bp (17 strains, Gen-
Bank ID: X14112) [3]. HSV is mainly divided into two
serotypes, type I (HSV-1) and type II (HSV-2). The viral
genome structure and DNA sequence of these two sero-
types have a very high homology and complex structures
[4]. The proliferation process of HSV-1 includes adsorp-
tion, membrane penetration, nuclear transport, DNA
replication, gene transcription, protein synthesis, nucle-
ocapsid assembly and virus release [5].

Research status of HSV-1

According to published reports, the infection rate of her-
pes simplex virus type I in adults is 60-95%, and the her-
pes simplex virus type II infection rate is 60% [6]. HSV-1
can cause herpes simplex virus keratitis, herpes simplex
conjunctivitis, cold sores and other diseases. Recur-
rent eye infections caused by HSV-1 are one of the main
causes of blindness [7]. HSV-1 is a common pathogen
causing central nervous system infections, which can lead
to severe focal necrotizing encephalitis with high clinical
mortality and poor prognosis, and patients are often left
with many neurological defects [8]. HSV-1 can establish
latent infection in trigeminal ganglion cells to escape
immune system attack. HSV-1 is also the main patho-
gen that leads to concurrent infection with other viruses,
such as human immunodeficiency virus (HIV), and
affects HIV infection, morbidity and prognosis [9]. Due
to the neurotropic nature of herpesviruses, studies have
shown that HSV-1 can also cause fatal encephalitis and
lead to a high mortality from encephalitis [10]. Accord-
ing to the latest report of the World Health Organization,
two-thirds of people under the age of 50 in the world
are infected with HSV-1, the incidence of neurogenic
encephalitis caused by HSV-1 infection is increasing year
by year, and the fatality rate can reach 70% in the absence
of effective treatment [1, 5]. Currently, nucleosides and
their analogs, such as acyclovir (ACV) and valaciclovir
(VCV), are commonly used in clinical treatment [11].
ACV targets viral DNA polymerase and thymic nucleo-
side kinase. It works by blocking viral DNA replication
[12]. The newly developed nucleoside analogs famiclovir
(FCV) and valaciclovir are more bioavailable than acy-
clovir [13, 14]. However, these drugs neither completely
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eliminate the virus from the host nor prevent the recur-
rence of HSV. They are not effective in the early stages
of infection. With the widespread use of antiviral drugs,
this has led to mutations in the virus, leading to the
increasing resistance of HSV-1 [12, 15-17]. Therefore, it
is increasingly urgent to explore new drugs, such as other
nonnucleoside analogs and natural compounds, that are
effective against HSV-1.

Components and biological functions of Artemisia vulgaris L.
Artemisia argyi Levl. et Vant. belongs to the Composi-
tae family, genus Artemisia, which contains more than
500 varieties, including Artemisia vulgaris L., perennial
herbs and semishrubby plants that have a strong aroma.
Its taproots are distinct and slightly long, with a diame-
ter of 1.5 cm and lateral roots. It is widely distributed in
Mongolia, Korea, Russia (Far East) and China and found
throughout most of China except for extremely arid and
alpine areas [18, 19]. Since ancient times, Artemisia argyi
Levl. et Vant., as a traditional Chinese medicine that is
used as medicine and food, has the effects of warming
the meridian, relieving pain, dispelling dampness and
dispersing cold [20]. A. vulgaris L. leaf is the dry leaf of
the herbaceous plant Artemisia vulgaris L., and its main
components include terpenoids, flavonoids, phenolic
acids and polysaccharides [21-23]. In addition, it also
contains phenylpropanoids, steroids and fatty acids [24].
The active components of Folium A. argyi have different
biological functions and pharmacological effects. Studies
in vitro and in vivo have shown that the phytochemicals
of A. argyi have a variety of health-promoting potential,
including antioxidant, anticancer, anti-inflammatory,
immunomodulatory, neuroprotective, anticoagulant,
anti-osteoporosis, and antibacterial and insecticidal
activities [20]. The essential oil from A. argyi (AAEO)
has anti-inflammatory and blood-activating effects [25].
Studies have shown that the essential oil from Folium A.
argyi has antibacterial activity, and its mechanism may
involve damaging the cell membranes, resulting in leak-
age of proteins, K+and other intracellular substances
[26]. In addition, Folium Artemisiae argyi essential oil
also has strong antioxidant activity and can be used as an
inhibitor of melanin production and a natural antioxidant
for skin care products [27]. Polysaccharide from Folium
A. argyi (AAFP) has antitumor and immunomodulatory
activities [28]. In addition, some studies have reported its
antioxidant and cellular anti-inflammatory activities [29].
Therefore, AAFP has potential application value as an
antioxidant and immune enhancer and has great develop-
ment potential as a functional food and medical product.
The flavone of Folium A. argyi (FEAA) has anticoagulant
[30], antimutagenesis [31], antioxidant [29, 32] and anti-
tumor effects [33], and numerous studies have shown
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that it has important medicinal value. Studies have shown
that AgNPs, a kind of metal nanoparticle, synthesized
with Folium A. argyi extract showed a high antimicro-
bial activity against common gynecological pathogens,
such as Acinetobacter baumannii, Staphylococcus aureus,
Escherichia coli and Candida albicans [34]. Finally, Zhao
Zhihong et al. have shown that Folium A. argyi has obvi-
ous anti-hepatitis B virus (HBV) activity by demonstrat-
ing that the ethyl acetate extract of Folium A. argyi had
obvious anti-HBV activity in vitro and showed a strong
inhibition of HBV surface antigen and HBV E antigen, as
well as inhibition of HBV DNA [35]. However, there are
no reports that A. argyi can inhibit herpesviruses.

Materials and methods
Plant material
The Artemisia vulgaris L. used in this experiment was
collected from Tangyin, Henan Province. A. vulgaris L.
belongs to the Artemisia genus of the Compositae family.
It is a perennial herb or slightly semishrubby plant with
a strong fragrance. The taproot of the plant is obvious
and slightly long, with many lateral roots, and the plant
is 1.5 cm in diameter. This plant often has recumbent rhi-
zomes and vegetative shoots. The stem of the plant grows
singly or clustered, with distinct longitudinal ribs; their
color is brown or tawny brown, the stem is slightly woody
at the base, grassy above, with a few short branches, and
the length is 3—5 cm. The stems and branches have gray
arachnid-like hair. The leaves are thick, covered with
gray—white pubescence above, with white glandular
spots and small concave spots, and densely covered with
gray—white spider silky hairs on the abaxial surface; the
basal leaves have long stalks, fading at the anthesis. The
shape of the lower stem leaves is suborbicular or broadly
ovate, pinnate and deeply lobed, with 2-3 lobes on each
side; the lobes’ shapes are oval or obovate and long ellip-
tic, with 2—3 small teeth on each of them. The main and
lateral veins on the back of the stem are dark brown or
rusty, and the length of petiole is 0.5-0.8 cm. Middle
leaves are ovate, triangular-ovate or subrhomboid, with
one (to two) pinnate deeply lobed to hemiclobed, with
2 or 3 lobes on each side; the shape of lobes is ovate,
ovate-lanceolate or lanceolate, the leaf base is broadly
cuneate tapering into a short petiole, and the leaf veins
are conspicuous, bulging on the back, with the leaf stalk
base usually without false stipes or very small false stipes.
Upper leaves and bracts are pinnatifid lobed, deeply
3-lobed, 3-lobed, or not divided, but the shape is elliptic,
long elliptic lanceolate, lanceolate or linear-lanceolate.
The shape of the capitulum is oval, sessile or subsessile,
with several to more than 10 of them arranged in small
spikes or compound spikes on branches, and usually
reconstituted in narrow pinnacle-shaped panicles on the
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stems, with capitulum decumbent after flowers. Involu-
cral bracts have 3—4 layers, arranged in a imbricate shape,
the outer involucral bracts are small, in ovate or nar-
rowly ovate shapes, abaxially densely covered with gray-
ish white silky spider hair, and the edge is membranous;
the middle involucral bracts are longer than the outer
ones, with a long ovate shape, abaxially covered with
silky spider silky hair, and the inner involucral bracts are
thin, abaxially nearly glabrous. The inflorescence torr is
small, (6—10 in female flowers). The purple corolla is nar-
rowly tubular, 2-lobed on the leaf, and the style is slen-
der, 2-forked at the apex. The inflorescence of bisexual
flowers is 8—12, the corolla is tubular or goblet shaped,
with glandular spots on outside, and the leaves are pur-
ple. The anthers are narrowly linear, with long triangular
and pointed apical appendages and inconspicuous pinna-
cles on the base of anther. The achene has a long ovate or
oblong shape. The flowering and fruiting period is from
July to October.

Artemisia vulgaris L. extraction

A. vulgaris L. was collected from Tangyin, Henan Prov-
ince. First, A. vulgaris L. leaves were dried and powdered
to approximately 40 eyes. Then, 2 kg of A. vulgaris L. leaf
powder was loaded into the extraction kettle, and 16 L
of 95% ethanol was added at a ratio of 1:8 to fully infil-
trate. The extraction solution was collected, and the sol-
vent was concentrated for recovery. The crude ethanol
extract of the A. vulgaris L. leaves were extracted 3 times.
The crude ethanol extract of A. vulgaris L. leaves were
suspended in twice the weight of pure water, and petro-
leum ether of equal volume (60-90 °C boiling range) was
added. After fully stirring for 5 min, the mixture was left
standing until obvious stratification appeared, and the
petroleum ether extract of the upper layer was collected.
Petroleum ether extraction was repeated 3 times before
the isopyknic ethyl acetate extraction; after fully mixing,
the mixture was allowed to stand for 5 min, until obvi-
ous stratification occurred, after which the upper ethyl
acetate extract was collected. After repeated extrac-
tion 3 times, the ethyl acetate extract was concentrated
to obtain the ethyl acetate extract of the A. vulgaris L.
leaves. Finally, the petroleum ether layer, ethyl acetate
layer and water layer were obtained. Then, the ethyl ace-
tate extract of the A. vulgaris L. leaves were dissolved in
methanol, and 100 mesh silica gel at 1.2 times the weight
was added for sample mixing. A silica gel chromatogra-
phy column with 20 times the sample volume was used,
and dichloromethane was used for activation and bal-
ancing. The dried samples were dried on a silica column
bed, and dichloromethane: methanol (100:0, 99.5:0.5,
99:1, 74:1, 64:1, 49:1, 33:1, 97:3, 95:5, 90:10, 80:20, 50:50)
was used. The Fr. 1-Fr. 9 components were obtained by
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gradient elution and combined by thin layer silica gel
chromatography. Fr. 8 (21.6 g) was mixed with 1.2 times
the volume of MCI, and a sample volume of 15 times the
MCI column was loaded. The elution gradient was meth-
anol: water (10%-100%), and the Fr.8.1-Fr.8.7 components
were obtained.

LC-MS Analysis of alkaloids

The extract was diluted 5 times with MeOH. An aliquot
of 5 uL was analyzed by using an UltiMate 3000 UPLC
system (Thermo, MA, USA) with an ACQUITY UPLC
HSS T3 (1.8 pm 2.1 x 100 mm) column coupled to a
QTOF 5600 system (AB SCIEX, CA, USA). The flow
rate was set at 400 puL/min using H,O and acetonitrile
as solvent A and solvent B, respectively. When using ESI
positivity, the solvent was supplemented with 0.1% for-
mic acid, but when using ESI negativity, only solvent A
was supplemented with 2 mM ammonium acetate. The
adopted gradient was set as follows: 5% B was maintained
for approximately 1.5 min, followed by an increase from 5
to 10% B in 1 min, 10% to 40% B in 11.5 min, and 40% to
95% B in 8 min, which was maintained for approximately
3 min, after which there was a decrease from 95 to 5% B
in 1 min, and then an isocratic flow at 5% B for 4 min. The
mass spectrometer was operated in full scan by TOF-MS
acquisition and product ion scans by means of informa-
tion-dependent acquisition (IDA). TOF-MS acquisi-
tion was set under the following conditions: positive-ion
mode, ion source gas 1 (nitrogen gas, 60 psi), ion source
gas 2 (nitrogen gas, 60 psi), curtain gas 1 (nitrogen gas,
35 psi), temperature at 650 °C, ion spray voltage floating
(ESI+:45000 V; ESI—: — 4000 V), and collision energy
(CE, 30 eV). The IDA mode of data acquisition consisted
of a full MS1 scan and information-dependent trigger
MS/MS fragmentation events. The mass was scanned in a
range from 50 to 1200, a threshold above 100 cps of ions
was selected for the information-dependent trigger MS/
MS fragmentation events, and the speed of the 10 ms/ms
scan required 50 ms. The data was analyzed by MSDIAL,
the accurate mass tolerance was set as MS1: 0.01 Da and
MS2: 0.05 Da, and the identification score cut-off was set
as 60%.

Molecular docking

Ligand preparation

The geometrically optimized structures were retrieved
as MOL2 types and further analyzed using the Lig-
Prep application implemented in the Schrodinger
suite of programs. The ionization state was specified at
pH=7.00+2.0 by applying Epik based on the Hammett
and Taft methodologies. Desalination was carried out
by the program default. All 50 possible conformations
were produced for each compound at pH=7.00 in the
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OPLS-2005 force field. The obtained ligands were further
prepared for application in the docking calculations.

Generation of the grid

The key step in predicting ligand—receptor binding is
to fully generate the grid. Herein, a 3D boundary for
ligand binding was produced by Glide (Maestero ver-
sion 12.5, Schrodinger). First, using the Protein Prepa-
ration Wizard, the following steps were performed. (1)
The original hydrogen was removed, and only the polar
hydrogens were subsequently added. (2) Atomic charges
and bond orders were assigned. (3) All water molecules
that were not involved in ligand binding or had less than
5 A H-bonds with nonwater were removed. (4) The N-
and C-termini were capped. (5) Disulfide bonds were
generated between sulfur atoms (within 3.2 A). (6) Epik
was applied to generate possible protonation states at a
neutral pH. (7) H-bonds were assigned and further opti-
mized by PROPKA at pH=7.0. Then, the structure was
minimized with the OPLS-2005 force field. Finally, Glide
was used to generate a grid box on the outer domain of
the receptors. Since our aim was simply to estimate the
dependence of these compounds on the investigated
receptors, the position of the grid boxes was chosen man-
ually by PlayMolecule (https://playmolecule.com/).

Molecular interaction and docking studies of Artemisia argyi

compounds with three target proteins

After grid generation, ligand docking was finished
according to Glide’s protocol. HSV-1 glycoprotein D (gD)
bound to the human receptor nectin-1 (pdb ID: 3 sku)
was selected as a model for docking of derived Artemisia
argyi compounds to investigate the binding domains of
gD to its host receptor nectin-1. In addition, the extracel-
lular structure of glycoprotein B (gB) of HSV-1 (pdb ID:
4bom) was used to assess the attachment of the studied
natural products to gB. Finally, the crystal structure of
nectin-1 (PDB code: 4fmf) was used as the representa-
tive host receptor. It was found that the docking score
is a spotlight parameter to evaluate the conformations
to generate the best conformations for each ligand as an
output. Here, the output of standard precision (SP) dock-
ing was presented as extra precision (XP) docking.

Cell lines and virus

African green monkey kidney cells (Vero; ATCC CCL81)
were cultured in Dulbecco’s modified eagle medium
(DMEM) supplemented with 10% FBS in a constant tem-
perature cell incubator with 5% CO, at 37 °C. MA-104
cells were cultured in Minimum Essential Medium
(MEM) supplemented with 10% FBS in a constant tem-
perature cell incubator with 5% CO, at 37 °C. The main-
tenance medium used for virus dilutions was DMEM
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supplemented with 2% FBS. HSV-1/F (ATCC VR-733),
acyclovir-resistant strains HSV-1/Blue and HSV-1/153,
TK mutants derived from HSV-1 (KOS), HSV-2 and rota-
virus (RV) were all preserved in our lab.

Cytotoxicity test and cytopathic effect assessment

The cytotoxicity of the extracts was assessed by the Cell
Counting Kit-8 (Beyotime, China, C0037) assay. Anti-
viral activity was evaluated by the cytopathic effect
(CPE) assessment [36]. Vero cells were seeded into
96-well plates at a density of 1x 10* cells/well. Cells
were grown in 96-well plates to a single layer, then the
growth medium was removed and replaced with samples
of maintenance medium containing an 11-concentra-
tion series of extract dilutions (starting with the highest
concentration that was nontoxic); each well contained
50 pL maintenance medium, to which 50 pL of virus dilu-
tion (MOI=0.1) was then added. Each group had eight
replicate wells, and a virus control group and a normal
control group were also set up; all wells were incubated
for 48 h. The cytopathic changes were observed under an
inverted microscope. The CPE of each well was observed
and recorded when the cytopathic rate of the virus con-
trol group was more than 75% and that of the normal
control group was normal. CPE was recorded as follows:
no cytopathic lesions, “—”; 1-25% cytopathic lesions,
“+7; 26%-50% cytopathic lesions, “+ +”; 51-75% cyto-
pathic lesions, “4+ + +7; 76—-100% cytopathic lesions,
“F4+++47

Plaque reduction assay

Vero cells were seeded into 12-well plates at a density of
2.5 x 10° cells/well. When cells reached 90-100% conflu-
ence, the medium was discarded, and cells were infected
with HSV-1/F (30—40 PFUs per well) for 2 h. Then, the
viral suspension was removed, and the cells were incu-
bated with 1 mL of drystrip cover medium (50% sodium
carboxymethylcellulose and 50% 2 x DMEM) contain-
ing various concentrations of inhibitors. After 72 h,
the drystrip cover medium was gently removed, and all
wells were washed three times with phosphate buffered
saline (PBS). Cells were fixed with 4% paraformaldehyde
for 30 min, dyed with 1% crystal violet for 30 min and
then washed with tap water. The plaque numbers were
counted, and the percentage of inhibition was calculated.

RNA/DNA extraction and quantitative real-time PCR

The cells were treated on the basis of the diverse experimen-
tal requirements. Total RNA was extracted using TRIzol, and
the RNA concentration was measured at 260/280 nm using
a Nano Photometer P330 spectrophotometer (IMPLEN,
Munich, Germany). One microgram of RNA from each sam-
ple was reverse transcribed into cDNA using a reagent kit
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(PrimeScript RT Reagent Kit, Takara, Shiga, Japan). After-
ward, the mRNA expression levels of viral genes were
analyzed using a Bio—Rad CFX96 real-time PCR system
(Bio—Rad, CA, USA). The expression level of GAPDH was
used as a reference. The primer sequences were as follows:
HSV-1 UL54 F (5"TGGCGGACATTAAGGACATTG-3)),
UL54 R (5"TGGCCGTCAACTCGCAGA-3'), UL52 F (5~
GACCGACGGGTGCGTTATT-3), UL52 R (5-GAAGGA
GTCGCCATTTAGCC-3), UL27 F (5-GCCTTCTTCGCC
TTTCGC-3'),UL27R(5-CGCTCGTGCCCTTCTTCTT-3)),
ICPO F (5-CCCACTATCAGGTACACCAGCTT-3), ICPO
R (5-CTGCGCTGCGACACCTT-3), GAPDH F (5-GTC
ATTGAGAGCAATGCCAG-3) GAPDH R (5-GTGTTC
CTACCCCCAATGTG-3)).

The viral DNA copy numbers of the viral genes UL54,
UL52 and UL27 were assessed. Total DNA was extracted
using a TIANamp Virus DNA/RNA Kit (Transgene,
Beijing, China), and targeted genes were analyzed by
quantitative real-time PCR (Q-PCR). The Q-PCR data
analysis followed the procedure described in manufac-
turer’s specification.

Western blotting

Vero cells were infected with HSV-1/F (MOI=1) and
treated with Fr.8.3 at multiple concentrations (0 pg/mL,
5 pug/mL, 10 pg/mL, 20 ug/mL and 40 pg/mL). After 24 h,
the cells were collected and lysed in RIPA lysis buffer
(Beyotime, China) containing 2% PMSF and separated by
10% gradient SDS—PAGE. Then, the samples were trans-
ferred to PVDF membranes and incubated with primary
antibodies overnight at 4 °C, followed by incubation with
appropriate secondary antibodies (Beyotime, China)
(1:6000-8000 dilutions) for 60 min at room temperature.
Target proteins were detected by enhanced chemilumi-
nescence, and GAPDH was used as an internal standard.

Viral inactivation, attachment and penetration

Viral inactivation test

First, after digestion by trypsin, Vero cells were added
to a 12-well culture plate at 1 mL/well, with a cell
density of 2 x 10° cells/mL. Different concentrations
of drug and virus dilutions (100 puL each) were mixed
together and incubated at 37 °C for 2 h. The virus con-
trol group was mixed with maintenance solution and
incubated at 37 °C for 2 h. Then, the cell culture solu-
tion was discarded from the plate, which was washed
once with PBS, and then the incubation solution was
added. Three replicate wells were used for each drug
concentration, as well as for the positive drug control
group, virus control group and normal cell control
group. The cultures were incubated for 2 h in a 5% CO,
incubator at 37 ‘C. The mixture of drug and virus was
aspirated and discarded, the plate was washed once
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with PBS, and 1 mL/well of complete covering medium
was added. After 72 h of culture in a 5% CO, incubator
at 37 °C, the cells were fixed with 10% formaldehyde for
30 min, dyed with 1% crystal violet for 30 min, washed
with tap water and dried. The number of plaques was
counted, and the plaque inhibition rate was calculated.

Viral attachment test

First, after digestion by trypsin, Vero cells were added
to a 12-well culture plate at 1 mL/well, with a cell den-
sity of 2 x 10° cells/mL. After the cells grew into mon-
olayers, the culture plate was precooled at 4 °C for 1 h.
Then, the plate was washed once with PBS, and 100 pL
of drug and virus diluent (30 PFUs/well) was added
to each well. Three replicate wells were used for each
drug concentration, as well as for the positive drug con-
trol group, virus control group and normal cell control
group. The plates were incubated at 4 C for 80 min.
Then, the mixtures of drugs and viruses were discarded,
the plate was washed with PBS pH 7.2 three times, and
1 mL/well of complete covering fluid was added. After
72 h of culture in a 5% CO, incubator at 37 °C, the cells
were fixed with 10% formaldehyde for 30 min, dyed
with 1% crystal violet for 30 min, washed with tap water
and dried. Finally, the number of plaques was counted,
and the plaque inhibition rate was calculated.

Viral penetration test

First, after digestion by trypsin, Vero cells were added
to a 12-well culture plate at 1 mL well, with a cell den-
sity of 2 x 10° cells/mL. After the cells grew into mon-
olayers, the culture plate was precooled at 4 °C for
1 h. The plate was washed once with PBS, 100 pL of
virus dilution (30 PFUs/well) was added, and the plate
was incubated at 4 °C for 2 h. Then, 100 pL of diluted
virus was added to each well and incubated at 37 °C for
10 min. Three wells were used for each drug concen-
tration, and a positive drug control group, virus control
group and normal cell control group were also used
simultaneously. Then, PBS pH 3.0 (200 pL/well) was
added to the plate for 1 min, followed by the addition
of PBS pH 11.0 (200 pL/well) for 1 min, which was then
discarded, after which 1 mL/well complete covering
medium was added. After 72 h of culture in a 5% CO,
incubator at 37 °C, the cells were fixed with 10% for-
maldehyde for 30 min, dyed with 1% crystal violet for
30 min, washed with tap water and dried. Finally, the
number of plaques was counted, and the plaque inhibi-
tion rate was calculated.
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Statistical analysis

Data are presented as the mean=+SD. Data were ana-
lyzed by one-way analysis of variance or Student’s t test
as appropriate, and the level of significance was set at
p<0.05 (*), p<0.01 (**), or p<0.001 (***).

Results

Extraction and isolation process of Fr.8.3 and antiviral drug
screening

We carried out the chemical separation and extraction
processes of Artemisia vulgaris L. from Tangyin County,
Henan Province. The specific method is detailed in the
Materials and Methods section, and the separation pro-
cess is summarized in Fig. 1.

To determine whether the extracts have antiherpesvi-
rus activity, we screened the abovementioned Artemisia
vulgaris L. leaf extracts for antiviral activity. The cyto-
pathic effect (CPE) results are shown in Table 1, which
indicate that Fr.8.3 had good antiviral activity and that
the cytopathic rate was 1-25% at a concentration of
40 pg/mL. These results suggest that Fr.8.3 has good anti-
HSV-1 activity.

Toxicity effects of Fr.8.3 on different cell lines

To assess the toxicity of Fr.8.3 on different cell lines, a
CCK-8 assay was used to determine the toxicity of Fr.8.3
on two cell lines, which was represented by the 50%
inhibition rate (ICs;)/50% cell survival rate (CCs). As
seen from the cell survival rate of each cell line in Fig. 2,
the trend in cytotoxicity of Fr.8.3 on both cell lines was
consistent; that is, with the increase in drug concentra-
tion, the cell survival rate decreased. The half-inhibition
rates (IC;) of Fr.8.3 on Vero and MA-104 cells were 85.6
and 62.9 pug/mL, respectively (Fig. 2). These results sug-
gest that Fr.8.3 has a low cytotoxicity, accompanied by a
strong antiviral activity.

Comprehensive anti-HSV-1 effect of Fr.8.3

To further evaluate the anti-HSV-1 activity of Fr.8.3, we
measured the anti-HSV-1 activity of Fr.8.3 on Vero cells
by the following methods. According to the results of
the plaque reduction test, the concentration of Fr.8.3 at
40 pg/mL had an obvious anti-HSV-1 effect, the inhi-
bition rate of plaque was more than 70% (Fig. 3A). In
addition, we further verified the above conclusion
by constructing HSV-1 fluorescence reporter strains
labeled with EGFP. The results showed that the fluo-
rescence intensity of the EGFP fluorescence reporter
strains was significantly reduced when the concen-
tration of Fr.8.3 was 40 pg/mL, and the results of
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Fig. 1 Extraction and isolation process of Fr. 8.3 from Artemisia vulgaris L. leaves

significance difference analysis were consistent with  extent (Fig. 3C, D). Finally, western blot results also
this (Fig. 3B). Fr.8.3 at 40 pg/mL significantly inhibited  showed that the concentration of Fr.8.3 at 40 pg/mL
DNA replication of the HSV-1 genomic DNA expres-  significantly inhibited the expression level of HSV-1
sion levels and decreased HSV-1 titer to a certain proteins (Fig. 3E).
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Table 1 Antiviral activity screening of extracts from Artemisia vulgaris L

Extract Number (ina Extract Extract Extract Extract Extract Antiviralactivity
DMSO solvent) concentration concentration concentration concentration concentration
(ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
Fr8.1 40 pg/mL 20 pg/mL 10 pg/mL 5 pg/mL 2.5 pug/mL No
523 mg/mL ++++) H++++) H++++) ++++) H++++)
Fr8.2 40 pg/mL 20 pg/mL 10 pg/mL 5 pg/mL 2.5 pg/mL No
23.2mg/mL (++++) H++++) ++++) (++++) H++++)
Fr8.3 40 pg/mL 20 pg/mL 10 pg/mL 5 pg/mL 2.5 pg/mL Yes
54.8 mg/mL (+) (++++) (++++) (++++ (++++)
Fr84 40 pg/mL 20 pg/mL 10 pg/mL 5pg/mL 2.5 pg/mL No
34 mg/mL ++++) H++++) ++++) H++++) H++++)
Fr8.5 40 pg/mL 20 pg/mL 10 pg/mL 5 pg/mL 2.5 pg/mL No
85 mg/mL ++++) ++++) ++++) ++++) ++++)
Fr8.6 40 pg/mL 20 pg/mL 10 pg/mL 5 pg/mL 2.5 pg/mL No
36 mg/mL ++++ ++++ ++++ ++++ ++++
Fr8.7 40 pg/mL 20 pg/mL 10 pg/mtL 5 ug/mL 2.5 pg/mL No
34.8 mg/mL H++++) ++++) ++++) H++++) ++++)
A B
Vero MA-104
150 150
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Fig. 2 Cytotoxicity of Fr.8.3 on different cell lines. A Vero cells (IC5=285.6 ug/mL), B MA-104 cells (IC5o=62.9 ug/mL). Data represent the mean 4 SD

In conclusion, Fr.8.3 can inhibit HSV-1 at the plaque
production and DNA, RNA and protein levels, indicat-
ing that it has a comprehensive anti-HSV-1 effect.

Anti-ACV resistant strains activity of Fr.8.3

We then explored the activity of Fr.8.3 against ACV
resistant strains. First, we detected the DNA expres-
sion levels of two HSV-1 drug-resistant strains, HSV-1/
Blue and HSV-1/153, the results showed that Fr.8.3 sig-
nificantly inhibited the genomic DNA copy number of
both ACV-resistant strains at 40 ug/mL (Fig. 4A, C). In
addition, we also detected titers for two ACV-resistant
strains and showed that Fr.8.3 at 40 pg/mL was able to
inhibit titers for both of them (Fig. 4B, D).

Antiviral spectrum of Fr.8.3

After observing the anti-HSV-1 activity of Fr.8.3, we
wanted to clarify whether Fr.8.3 also has the same anti-
viral activity against other herpesvirus family members
and other viruses, and therefore we conducted the fol-
lowing exploration. First, we performed viral plaque
reduction test of HSV-2, the results showed that Fr.8.3
inhibited the number of plaques in HSV-2 at a concen-
tration of 40 pg/mL, the inhibition rate of plaque was
more than 70% (Fig. 5A). Then, we tested the antiviral
activity of Fr.8.3 using rotavirus maintained in our labo-
ratory, and the results of the plaque reduction test and
viral titer determination consistently showed that Fr.8.3
had an anti-rotavirus effect. The rate of plaque inhibition
was nearly 100%, and the RV titer was also significantly
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Fig. 3 Comprehensive anti-HSV-1 activities of Fr.8.3. A plaque reduction test, B fluorescence detection experiment. HSV-1 fluorescence reporter
strains tagged with EGFP were constructed to assess the signal value of fluorescence intensity, and then the inhibitory effect of Fr.8.3 on HSV-1 was
evaluated, C real-time fluorescence quantitative amplification reactions (Q-PCR) assessing the DNA level, D viral titers of HSV-1, E western blotting.
The results presented were obtained from three independent experiments. Data represent the mean = SD. Statistical differences were analyzed via
Student’s t test, and a value of p < 0.05 was considered significant (p <0.05, 'p<0.01, p<0.001)

down-regulated (Fig. 5B, C). Furthermore, in order to
more effectively describe the anti-HSV-2 activity of
Fr.8.3, we detected the genomic DNA copy number of
HSV-2, and the result showed that the DNA copy num-
ber of the three viruses decreased significantly after add-
ing Fr.8.3 (Fig. 5D). In summary, Fr.8.3 shows an antiviral
effect on a broad spectrum of viruses.

Effects of Fr.8.3 on the direct inactivation, attachment

and penetration of HSV-1

To further clarify the anti-HSV-1 mechanism of Fr.8.3, we
carried out experiments to assess direct inactivation of
virus, virus adsorption and virus penetration. The results
demonstrated that Fr.8.3 at 40 pg/mL could not only
directly inactivate HSV-1, but also inhibit the adsorp-
tion stages of HSV-1 (Fig. 6A, B). However, it showed no

obvious inhibition of penetration stages of HSV-1 virus
entry (Fig. 6C). These results indicate that Fr.8.3 exerts
an anti-HSV-1 effect by directly acting on the virus or by
inhibiting the viral adsorption stages, while its specific
mechanism needs to be further explored.

LC-MS analysis detected twelve compounds

in the ethanolic extract of Artemisia vulgaris L.

In order to determine the main anti-HSV-1 components
in the crude extract of Artemisia argyi, LC—-MS analysis
was performed on Fr.8.3. The results showed that several
different molecules in the ethanolic extract from Artemi-
sia vulgaris L. (Fig. 7). Among these, twelve compounds,
including fenoprofen Ca, naloxone, austricine, OSTHOL,
nabumetone and vinpocetine etc., were the major constit-
uents in the Artemisia vulgaris L. leaf extract (Table 2).
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Molecular docking results

Previous studies have shown that Fr.8.3 can directly inac-
tivate HSV-1 and also inhibit the adsorption phase of
HSV-1. Therefore, we wondered if Fr.8.3 inactivated the
virus by inhibiting the HSV-1 adsorption process. Since
the glycoproteins such as gB and gD on the surface of
the virus capsule are closely related to the functions of
virus adsorption, puncture and localization, we con-
ducted target prediction through molecular docking in
bioinformatics. To further confirm that one of the above
components plays a major antiviral role, we performed
molecular docking with the 12 components and target
proteins gB, gD and their receptor molecules. Of course,

further experiments will be required to explore and vali-
date this hypothesis. We assume that the crude extract of
single compounds also has an antiviral effect; therefore,
the separation of crude extract for further extraction and
purification is necessary, and this work is of great signifi-
cance. The subsequent medicinal value and clinical sig-
nificance of Artemisia vulgaris L. are very important and
reflect the concept of the new use of an old medicine.
First, we performed molecular docking for the 12
main components identified in the LC-MS analysis,
and the docking score was the main parameter used to
evaluate the interaction (Table 3). In other words, the
lower the negative energy or fraction, the higher the
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free binding energy and the more favorable the ther-
modynamic interaction between the ligand and the
protein. We predicted the different binding conforma-
tions of the receptor-binding ligands by the interactions
of the above compounds with three target proteins.
According to the obtained molecular docking results,

Compounds 2 (naloxone) and 10 (vinpocetine) bound
more stably to the 3 target proteins (gB and gD are
HSV-1 proteins, and nect-1 is a host protein); that is,
they were more compatible with receptor target pro-
teins and could bind three at the same time. The spe-
cific data are shown in Table 3. In addition, the binding
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domain and two-dimensional interaction of the opti-
mal ligands Compounds 2 and 10 are shown in detail
in Fig. 8.

Discussion

Herpes simplex virus type I (HSV-1) is a double-stranded
DNA enveloped virus that mainly infects the mouth, skin
and eyelids, causing gingival stomatitis, dermal herpes
and keratoconjunctivitis. HSV-1 also causes herpes sim-
plex encephalitis (HSE), which has a mortality rate of up
to 70% [37]. Even more worrisome is the fact that her-
pes simplex viruses remain latent in the host’s peripheral

nervous system for life and can never be eradicated. Since
the discussion of herpes simplex virus encephalitis (HSE)
by the Mathewson Commission in 1926 and the subse-
quent description of histopathological changes, her-
pes simplex virus infection has become one of the most
common causes of sporadic fatal encephalitis [38]]. HSE
underlies the viral origin of diseases of the Central Nerv-
ous System (CNS). Despite being able to be treated by the
use of antiviral approaches, HSE remains a common CNS
infectious disease [39]. Since most patients have serious
neuropsychological sequelae after taking the clinical drug
acyclovir and drug resistance is frequent, it is necessary
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Fig. 7 LC-MS analysis of the ethanolic extract of Artemisia vulgaris L.
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Table 2 The major bioactive components detected and measured in the ethanolic extract of Artemisia vulgaris L. via LC-MS

Number Retention time Name Molecular formula Molecular weight Area

1 8.526684 FenoprofenCa Ci5H1405 242.27 378760.219
2 9.068367 Naloxone CioH,NO, 32740 600392750
3 9.662367 Austricine Ci5H5005 280.32 1339471.500
4 9.972366 OSTHOL CisHi60;5 244.28 850254.063
5 10.07572 9_10-alpha-Epoxy-eremanthin CisHi50; 246.30 1781266.500
6 10.30738 Nabumetone CisHi60, 228.29 1070968.000
7 1043572 Deoxysappanone B 7,3"-dimethyl ether CyoHy006 356.40 1207993.875
8 1135207 Eriodictyol Ci5H,,04 288.25 1393491.000
9 11.99175 Carboxyibuprofen Ci5Hi604 236.26 806880.875
10 1381513 Vinpocetine CooHogN,0, 350.50 574186.188
11 18.8879 alpha-Lapachone Ci5H1405 24227 792523438
12 25.23938 Erucamide C,,HNO 337.60 1626762.750

to develop specific and efficient clinical drugs, in particu-
lar from natural compounds for anti-HSV-1 therapy.

The bioactive ingredients of Artemisia vulgaris L.
have many different pharmacological effects, and their
application value is very wide. However, there are few
reports on the antiviral effects of Artemisia vulgaris L.,
especially anti-herpesvirus effects. Our results showed
that the extracts Fr.8.3 had a significant inhibitory

effect on viral replication. Also, the results of molecular
docking suggest that the extracts may have an inhibi-
tory effect on virus adsorption and entry into cells.
At present, the main problem we are facing is how to
continue to separate and extract single pure monomer
compounds from the crude extract of A. vulgaris and
further explore the mechanism of the monomer com-
pounds, which will be an innovative work to screen
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Fig. 8 Two-dimensional interactions and binding poses of ligands 2 [naloxone] and 10 [vinpocetine] with A the extracellular domain of
glycoprotein B of HSV-1 (gB, PDB code: 2GUM), B herpes simplex virus type 1 (HSV-1) glycoprotein D (gD, PDB code 35KU), and C the crystal

structure of nectin-1 (PDB code: 3U83)

out the components of A. vulgaris with good anti-her-
pesvirus activity through the method of antiviral drug
screening, which is of great significance. This study
has not only enhanced the potential application value

of Chinese herb A. vulgaris but also laid a theoretical
foundation for the development of new clinical drugs
against herpesviruses and provided new ideas.
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Table 3 Docking results of the top compounds with the lowest binding energies and docking score with three different receptors

(energy values are in kcal/mol)

Ligand gB gD nect-1

Docking Glide gscore  MMGBSA dG Docking Glide gscore  MMGBSA dG Docking Glide gscore  MMGBSA dG

score Bind score Bind score Bind
1 — 569 — 570 — 32.04 —4.76 —4.76 —31.88 — 382 — 382 — 37.66
2 —4.16 — 428 — 3435 —349 — 457 — 4661 —3.00 —4.08 —31.25
3 —382 —573 — 36.80 —3.01 — 491 —3335 —3.11 — 502 — 3697
4 — 541 — 541 —43.17 — 434 — 434 — 3047 — 502 —502 — 3833
5 —6.71 —6.71 — 4333 — 452 — 452 —36.90 —4.16 —4.16 — 3278
6 —5.86 —5.86 —30.29 —5.10 —5.10 — 3244 — 492 — 492 — 3845
7 —591 —591 —3813 —372 —372 —31.69 —4.85 —4.85 — 4538
8 — 2.86 —520 —44.09 — 507 —5.09 — 3263 —325 —593 — 36.07
9 —517 — 517 —33.79 - - —528 —528 — 3064
10 —4.79 —533 —42.12 — 365 —4.20 — 3762 —4.14 — 444 — 3595
11 —6.00 —6.00 13.01 — 477 — 477 —31.51 —493 —493 —30.56
12 - - - — 167 — 167 —31.26 — 274 — 274 —49.85
Abbreviations Declarations

HSV-1 Herpes simplex virus type 1

HSV-2 Herpes simplex virus type 2

HSE Herpes simplex virus encephalitis
A.vulgaris L. Artemisia vulgaris L.

HIV Human immunodeficiency virus

HBV Hepatitis B virus

ACV Acyclovir

VCV Valaciclovir

FCV Famiclovir

AAEO Essential oil of Artemisiae argyi

AAFP Polysaccharide of Folium Artemisiae argyi
FEAA Flavone of Artemisia argyi

MeOH Methyl alcohol

Vero African green monkey kidney cells
DMEM Dulbecco’s modified Eagle’s medium
FBS Fetal bovine serum

CPE Cytopathic effect

MOI Multiplicity of infection

PFU Plaque-forming unit

PBS Phosphate buffered saline

GAPDH Glyceraldehyde-phosphate dehydrogenase
Q-PCR Quantitative real-time—polymerase chain reaction

Acknowledgements
Not applicable.

Author contributions

PL participated in data analysis and the drafting and editing of the manu-
script. JX outlined and revised the manuscript. JZ provided technical help for
Artemisia argyi Extract separation, and ZR provided research ideas for antiviral
experiments. YW and ZR contributed to the critical review and revision of the
manuscript. All authors have reviewed and supported the final manuscript. All
authors read and approved the final manuscript.

Funding

The work was supported by grants from the National Natural Science Founda-
tion of China [Grant Nos. 82072274 and 8207140384] and the Guangdong
Natural Science Foundation [Grant No. 2019A1515010046].

Availability of data and materials
The research data generated from this study are included in the article and
additional files.

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors agreed to this publication.

Competing interests
The authors declare that they have no competing interests.

Author details

'Jinan Biomedicine Research and Development Center, Department of Cell
Biology, College of Life Science and Technology, Jinan University, Guang-
zhou 510006, Guangdong, People’s Republic of China. 2Guangdong Province
Key Laboratory of Bioengineering Medicine, Jinan University, Guangzhou,
China. *Guangdong Provincial Biotechnology Drug & Engineering Technology
Research Center, Jinan University, Guangzhou, China. *National Engineering
Research Center of Genetic Medicine, Jinan University, Guangzhou, China.
>College of Pharmacy, Jinan University, Guangzhou, China. °School of Bio-
medical and Pharmaceutical Sciences, Guangdong University of Technology,
Guangzhou, China.

Received: 30 September 2022 Accepted: 13 January 2023
Published online: 28 February 2023

References

1. Karampuri S, Bag P, Yasmin S, Chouhan DK, Bal C, Mitra D, et al. Structure
based molecular design, synthesis and biological evaluation of a-pyrone
analogs as anti-HSV agent. Bioorg Med Chem Lett. 2012;22(19):6261-6.

2. Laine RF, Albecka A, van de Linde S, Rees EJ, Crump CM, Kaminski CF.
Structural analysis of herpes simplex virus by optical super-resolution
imaging. Nat Commun. 2015;6:5980.

3. McGeoch DJ, Dalrymple MA, Davison AJ, Dolan A, Frame MC, McNab
D, et al. The complete DNA sequence of the long unigue region in
the genome of herpes simplex virus type 1.J Gen Virol. 1988;69(Pt
7):1531-74.

4. Kolokotronis A, Doumas S. Herpes simplex virus infection, with particu-
lar reference to the progression and complications of primary herpetic
gingivostomatitis. Clin Microbiol Infect. 2006;12(3):202-11.



Xiao et al. Chinese Medicine

20.

21

22.

23.

24.

25.

26.

27.

(2023) 18:21

Whitley RJ. Herpes simplex encephalitis: adolescents and adults. Antivi-
ral Res. 2006;71(2-3):141-8.

LiW, Wang XH, Luo Z, Liu LF, Yan C, Yan CY, et al. Traditional Chinese
medicine as a potential source for HSV-1 therapy by acting on virus or
the susceptibility of host. Int J Mol Sci. 2018;19(10):3266.

Richards CM, Case R, Hirst TR, Hill TJ, Williams NA. Protection against recur-
rent ocular herpes simplex virus type 1 disease after therapeutic vaccina-
tion of latently infected mice. J Virol. 2003;77(12):6692-9.

Kolawole OM, Amuda OO, Nzurumike C, Suleiman MM, Ikhevha OJ.
Seroprevalence and Co-Infection of Human Immunodeficiency Virus
(HIV) and Herpes Simplex Virus (HSV) Among Pregnant Women in Lokoja,
North-Central Nigeria. Iran Red Crescent Med J. 2016;18(10):e25284.
Coen DM, Schaffer PA. Antiherpesvirus drugs: a promising spectrum of
new drugs and drug targets. Nat Rev Drug Discov. 2003;2(4):278-88.
Rechenchoski DZ, Faccin-Galhardi LC, Linhares REC, Nozawa C. Herpesvi-
rus: an underestimated virus. Folia Microbiol. 2017;62(2):151-6.

. Silva GS, Richards GA, Baker T, Amin PR. Encephalitis and myelitis in

tropical countries: Report from the Task Force on Tropical Diseases by the
World Federation of Societies of Intensive and Critical Care Medicine. J
Crit Care. 2017;42:355-9.

Piret J, Boivin G. Resistance of herpes simplex viruses to nucleoside ana-
logues: mechanisms, prevalence, and management. Antimicrob Agents
Chemother. 2011;55(2):459-72.

Brantley JS, Hicks L, Sra K, Tyring SK. Valacyclovir for the treatment of
genital herpes. Expert Rev Anti Infect Ther. 2006;4(3):367-76.

Sahu PK, Umme T, Yu J, Nayak A, Kim G, Noh M, et al. Selenoacyclovir and
selenoganciclovir: discovery of a new template for antiviral agents. J Med
Chem. 2015;58(21):8734-8.

Saijo M, Suzutani T, De Clercq E, Niikura M, Maeda A, Morikawa S, et al.
Genotypic and phenotypic characterization of the thymidine kinase of
ACV-resistant HSV-1 derived from an acyclovir-sensitive herpes simplex
virus type 1 strain. Antiviral Res. 2002;56(3):253-62.

Szpara ML, Parsons L, Enquist LW. Sequence variability in clinical and
laboratory isolates of herpes simplex virus 1 reveals new mutations. J
Virol. 2010;84(10):5303-13.

James SH, Prichard MN. Current and future therapies for herpes simplex
virus infections: mechanism of action and drug resistance. Curr Opin Virol.
2014;8:54-61.

Zhang WJ, You CX, Yang K, Chen R, Wang Y, Wu Y, et al. Bioactivity of
essential oil of Artemisia argyi Lévl. et Van. and its main compounds
against Lasioderma serricorne. J Oleo Sci. 2014,63(8):829-37.

Abad MJ, Bedoya LM, Apaza L, Bermejo P. The Artemisia L. genus: a review
of bioactive essential oils. Molecules. 2012;17(3):2542-66.

Song X, Wen X, He J, Zhao H, Li S, Wang M. Phytochemical components
and biological activities of Artemisia argyi. J Funct Foods. 2019;52:648-62.
Yoshikawa M, Shimada H, Matsuda H, Yamahara J, Murakami N. Bioactive
constituents of Chinese natural medicines. I. New sesquiterpene ketones
with vasorelaxant effect from Chinese moxa, the processed leaves of
Artemisia argyi Levl. et Vant.: moxartenone and moxartenolide. Chem
Pharm Bull. 1996;44(9):1656-62.

Han B, Xin Z, Ma S, Liu W, Zhang B, Ran L, et al. Comprehensive charac-
terization and identification of antioxidants in Folium Artemisiae Argyi
using high-resolution tandem mass spectrometry. J Chromatogr B Analyt
Technol Biomed Life Sci. 2017;1063:84-92.

Zhang P, Shi B, Li T, Xu Y, Jin X, Guo X, et al. Immunomodulatory effect of
Artemisia argyi polysaccharide on peripheral blood leucocyte of broiler
chickens. J Anim Physiol Anim Nutr. 2018;102(4):939-46.

Xiao-Yan L, Yuan Z, Long-Bo Z, Da-Hui L, Xian-Zhang H, Li Z, et al.
Research progress on chemical constituents from Artemisiae argyi Folium
and their pharmacological activities and quality control. Zhongguo
Zhong Yao Za Zhi. 2020;45(17):4017-30.

Ge YB, Wang ZG, Xiong Y, Huang XJ, Mei ZN, Hong ZG. Anti-inflammatory
and blood stasis activities of essential oil extracted from Artemisia argyi
leaf in animals. J Nat Med. 2016;70(3):531-8.

Guan X, Ge D, Li S, Huang K, Liu J, Li F. Chemical composition and antimi-
crobial activities of Artemisia argyi Lévl. et Vant essential oils extracted by
simultaneous distillation-extraction, subcritical extraction and hydrodistil-
lation. Molecules. 2019;24(3):483.

Huang HC, Wang HF, Yih KH, Chang LZ, Chang TM. Dual bioactivi-

ties of essential oil extracted from the leaves of Artemisia argyi as an

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 16 of 16

antimelanogenic versus antioxidant agent and chemical composition
analysis by GC/MS. Int J Mol Sci. 2012;13(11):14679-97.

Bao X, Yuan H,Wang C, Liu J, Lan M. Antitumor and immunomodulatory
activities of a polysaccharide from Artemisia argyi. Carbohydr Polym.
2013;98(1):1236-43.

Hu Q Liu Z GuoY, Lu S, Du H, Cao Y. Antioxidant capacity of flavonoids
from Folium Artemisiae argyi and the molecular mechanism in Caeno-
rhabditis elegans. J Ethnopharmacol. 2021;279:114398.

Lv JL, Li ZZ, Zhang LB. Two new flavonoids from Artemisia argyi with their
anticoagulation activities. Nat Prod Res. 2018;32(6):632-9.

Nakasugi T, Nakashima M, Komai K. Antimutagens in gaiyou (Artemisia
argyi levl. et vant.). J Agric Food Chem. 2000;48(8):3256-66.

Xia JX, Zhao BB, Zan JF, Wang P, Chen LL. Simultaneous determination of
phenolic acids and flavonoids in Artemisiae argyi Folium by HPLC-MS/MS
and discovery of antioxidant ingredients based on relevance analysis. J
Pharm Biomed Anal. 2019;175:112734.

Seo JM, Kang HM, Son KH, Kim JH, Lee CW, Kim HM, et al. Antitu-

mor activity of flavones isolated from Artemisia argyi. Planta Med.
2003;69(3):218-22.

Hu L, Yang X, Yin J, Rong X, Huang X, Yu P, et al. Combination of AgNPs
and domiphen is antimicrobial against biofilms of common pathogens.
Int J Nanomed. 2021;16:7181-94.

Cui X, Wang Y, Kokudo N, Fang D, Tang W. Traditional Chinese medicine
and related active compounds against hepatitis B virus infection. Biosci
Trends. 2010;4(2):39-47.

Tang L, Yan H, Wu W, Chen D, Gao Z, Hou J, et al. Synthesis and anti-
influenza virus effects of novel substituted polycyclic pyridone derivatives
modified from baloxavir. ] Med Chem. 2021;64(19):14465-76.

Looker K, Magaret A, May M, Turner K, Vickerman P, Gottlieb S, et al. Global
and regional estimates of prevalent and incident herpes simplex virus
type 1 infections in 2012. PLoS ONE. 2015;10(10):e0140765.

Kennedy PGE. An overview of viral infections of the nervous system in
the immunosuppressed. J Neurol. 2021;268(8):3026-30.

Whitley R. Herpes simplex encephalitis: adolescents and adults. Antiviral
Res. 2006;71:141-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Antiviral activities of Artemisia vulgaris L. extract against herpes simplex virus
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Overview of HSV-1
	Research status of HSV-1
	Components and biological functions of Artemisia vulgaris L.

	Materials and methods
	Plant material
	Artemisia vulgaris L. extraction
	LC–MS Analysis of alkaloids
	Molecular docking
	Ligand preparation
	Generation of the grid
	Molecular interaction and docking studies of Artemisia argyi compounds with three target proteins

	Cell lines and virus
	Cytotoxicity test and cytopathic effect assessment
	Plaque reduction assay
	RNADNA extraction and quantitative real-time PCR
	Western blotting
	Viral inactivation, attachment and penetration
	Viral inactivation test
	Viral attachment test
	Viral penetration test

	Statistical analysis

	Results
	Extraction and isolation process of Fr.8.3 and antiviral drug screening
	Toxicity effects of Fr.8.3 on different cell lines
	Comprehensive anti-HSV-1 effect of Fr.8.3
	Anti-ACV resistant strains activity of Fr.8.3
	Antiviral spectrum of Fr.8.3
	Effects of Fr.8.3 on the direct inactivation, attachment and penetration of HSV-1
	LC–MS analysis detected twelve compounds in the ethanolic extract of Artemisia vulgaris L.
	Molecular docking results

	Discussion
	Acknowledgements
	References


