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Artemisia argyi H. Lév. & Vaniot (A. argyi), a traditional Chinese herbal medicine, has been commonly used
in plague epidemics and has bactericidal and sterilizing pharmacological effects. This study aimed to
investigate the chemical composition and molecular mechanism of A. argyi, specifically focusing on its
main active components, sesquiterpenoids. A total of 69 sesquiterpenoids were identified by UPLC-Q-
Exactive-Orbitrap MS, of which 17 compounds were isolated. By integrating multiple databases, 91 over-
lapping protein targets were found between A. argyi sesquiterpenes and COVID-19, and 7 core targets and
major signaling pathways for disease treatment were suggested. The techniques of SARS-CoV-2 pseu-
dovirus (PsV) infection, fluorescence resonance energy transfer (FRET) and Surface plasmon resonance
(SPR) have shown that some compounds in A. argyi can effectively inhibit PsV infection and the activities
of Mpro and RBD and exert anti-inflammatory effects by reducing the secretion of NO. Molecular docking
further confirmed the binding ability of these compounds to the corresponding proteins. It was found
that Compound 10 (Achillinin C) could significantly inhibit the infection of PsV at a concentration of
14.85 lM, showing an anti-inflammatory effect and no obvious cytotoxicity to a variety of cells at this
concentration. The study concludes that A. argyi holds promise as a natural treatment for COVID-19,
offering multiple sesquiterpenoids with potential antiviral and anti-inflammatory properties. These find-
ings provide a solid foundation for future research on traditional Chinese medicine for epidemic
prevention.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction period (Liu et al., 2020, Wang et al., 2020, Guan et al., 2021), pos-
Artemisia argyi H. Lév. & Vaniot (A. argyi), also known as ‘‘Ai
Hao”, ‘‘Qi Ai” and ‘‘Xiang Ai” in China, is a perennial plant species
in the Asteraceae family that is commonly used in traditional med-
icine for its various health benefits. It is rich in active ingredients,
including volatile oils, sesquiterpenoids, flavonoids, and polysac-
charides, and shows a wide range of biological activities, including
anti-inflammatory, anti-tumor, anti-oxidation, immune regulation,
and so on(Liu et al., 2021). Meanwhile, sesquiterpenoids from Arte-
misia have been shown to have anti-inflammatory, anti-viral, anti-
cancer and anti-oxidative effects(Shao et al., 2022, Sharifi-Rad
et al., 2022, Wu et al., 2023). Sesquiterpenoids from A. argyi also
exhibited anti-inflammatory effects by inhibiting MAPKs, NF-jB,
JNK/p38 and Jak2/Stat3 signaling pathways (Zeng et al., 2014, Li
et al., 2023). Ancient Chinese books, such as ‘‘Wu Shi Er Bing Fang,”
‘‘Ling Shu,” and ‘‘Zhou Hou Bei Ji Fang,” document the use of A.
argyi as a preventative measure against epidemics, where it was
crushed and made into moxibustion strips and burned (Yang
et al., 2021).

Moxibustion, a traditional Chinese cultural practice that has
been passed down for thousands of years, has been shown to have
unique advantages in preventing and treating SARS-CoV-2, such as
relieving symptoms and preventing recurrence during the recovery
Fig. 1. The total ion chromatograms in positive i
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sibly by reducing the inflammatory response through its anti-
inflammatory effects (Xu et al., 2020), as the volatile oil and
sesquiterpenoids found in the burned moxibustion have been
shown to be effective. Based on moxibustion intervention in
COVID-19, it is necessary to study A. argyi volatile components,
COVID-19 intervention and anti-inflammatory activity. While
much research has focused on the volatile components of A. argyi,
the sesquiterpenoids and their mechanism of treating pneumonia
are not yet fully understood, thus further investigation is needed
to elucidate the pharmacological basis of A. argyi sesquiterpenoids
(AASs) and their therapeutic potential for pneumonia.

The SARS-CoV-2 spike protein plays an important role in viral
entry(Yang et al., 2021). It is composed of two subunits, S1 and
S2. The former can recognize and bind the host cell angiotensin
converting enzyme2 (ACE2) receptor through receptor binding
domain (RBD), and the latter can mediate the membrane fusion
of spike protein (Hatmal et al., 2020, Fu et al., 2022, Liu et al.,
2023). Among them, the affinity between the RBD of SARS-CoV-2
and ACE2 is 10 times higher than that of SARS-CoV RBD, indicating
that RBD is an extremely important protein in the infection process
(Muhseen et al., 2020). The development of SARS-CoV-2 entry inhi-
bitors by targeting the RBD in the S1 subunit is an attractive strat-
egy to inhibit viral entry and infection (Li et al., 2022). In all SARS-
on modes of Fr.6 (A) and Fr.8 (B) in A. argyi.
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CoV variants, main protease (Mpro) has undergone almost no
mutations(Lee et al., 2022), and further deletion of its closely
related homologus in humans has resulted in inhibitors having lit-
tle on host cell proteases (V’Kovski et al., 2021, Lokhande et al.,
2023). Therefore, mpro is necessary as one of the drug targets for
effective inhibition of SARS-CoV-2 activity.

The complex chemical components in plant medicines make
isolation and identification challenging, but the UPLC-Q-Exactive-
Orbitrap MS technology, which combines chromatography and
mass spectrometry, is a widely used and advantageous tool for
analyzing complex plant drugs due to its high separation effi-
ciency, fast scanning speed, high throughput, high resolution, and
high sensitivity (Li et al., 2017, Wang et al., 2021). Additionally,
network pharmacology, a systems biology-based network analysis
of biological systems, can improve drug efficacy and reduce toxic
side effects by regulating multiple signaling pathways, ultimately
improving the success rate of clinical trials of new drugs and saving
the cost of drug research and development(Wu et al., 2021).
Because of the high risk in novel coronavirus, SARS-CoV-2 pseu-
dovirus has become a key evaluation method in drug research
and development(Chen and Zhang 2021). At the same time, anti-
infective drugs largely rely on anti-inflammatory drugs to control
the inflammatory factor storm of SARS-CoV-2 infection(Masih
et al., 2021), and the choice of anti-inflammatory drugs often relies
on Lipopolysaccharide (LSP) to stimulate stimulated RAW264.7 to
secrete inflammatory mediators such as inducible nitric oxide syn-
thase (iNOS) to catalyze inflammation(Bu et al., 2022, Park et al.,
2022).

In this study, UPLC-Q-Exactive-Orbitrap MS and thin layer chro-
matography were used to screen total sesquiterpenoids from A.
argyi, and AASs were purified by column chromatography using a
variety of separation stuffers. The isolated compounds were used
to predict their therapeutic targets and molecular mechanisms
for SARS-CoV-2 by network pharmacology. The compounds with
anti-SARS-CoV-2 potential were screened by SARS-CoV-2 pseu-
dovirus (PsV) infection, Surface plasmon resonance (SPR), FRET-
based enzymatic assay, and the anti-inflammatory activity of the
Table 1
Mass spectral data of sesquiterpenes in Fr.6 from A. argyi.

No. RT (min) MS (error) Fragment Ions Form

6–1 13.41 247.13231 [M + H]+ 229.1222, 201.1271, 173.0958 C15H
6–2 13.56 263.12845 [M + H]+ 245.1149, 234.9607 C15H
6–3 14.09 247.13228 [M + H]+ 229.1219, 264.1589, 269.1143 C15H
6–4 14.72 249.14798 [M + H]+ 231.1375 C15H
6–5 14.86 303.08563 [M + H]+ 261.0738, 243.1009 C17H
6–6 14.89 265.14050[M + H]+ 173.0958, 145.1009, 131.0852 C15H
6–7 15.03 271.12988 [M + Na]+ 231.1374, 145.1009 C15H
6–8 15.16 251.16342 [M + H]+ 233.1533, 273.1457, 289.1196 C15H
6–9 15.49 231.13757 [M + H]+ 231.1271, 185.1322, 145.1009 C15H
6–10 15.49 271.05957 [M + Na]+ 253.1609 C15H
6–11 16.38 251.12485 [M + H]+ 233.0481, 223.0481 C15H
6–12 16.45 265.14240 [M + H]+ 247.1691, 173.0958 C15H
6–13 16.46 235.16872 [M + H]+ 217.1583, 137.0960, 95.0854 C15H
6–14 16.58 363.20816 [M + H]+ 321.1003, 303.0896 C20H
6–15 17.18 235.17935 [M + H]+ 235.1689, 124.1687 C15H
6–16 17.20 335.18222 [M + H]+ 317.2098, 299.2003 C19H
6–17 17.25 239.20020 [M + H]+ 221.1895, 203.1790 C15H
6–18 17.27 233.15309 [M + H]+ 161.1321, 119.0855, 105.0700 C15H
6–19 17.28 249.14977 [M�H]- 231.1387 C15H
6–20 17.28 257.15057 [M + H]+ 239.2002, 221.1895 C15H
6–21 17.32 219.17392 [M + H]+ 201.1634, 191.1429 C15H
6–22 17.45 251.16550 [M�H]- 233.1546, 207.1755 C15H
6–23 17.52 247.16710 [M + H]+ 229.1218, 211.1113, 183.1165 C15H
6–24 17.52 235.16867 [M + H]+ 217.1583, 189.1634, 161.1322 C15H
6–25 17.62 221.18965 [M + H]+ 161.1323, 119.0855 C15H
6–26 17.65 219.17401 [M + H]+ 201.1635, 159.1166 C15H
6–27 17.90 351.18326 [M + H]+ 333.1728 C19H
6–28 19.61 297.23944 [M + H]+ 261.2547 C15H

*A1 = 2-[(2S,4aR,8aS)-2-Hydroxy-4a-methyl-8-methylenedecahydro-2-naphthalenyl]acry
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compounds was evaluated by the inhibition of NO production in
cells induced by LSP. The binding ability of the compounds to the
corresponding proteins was evaluated by molecular docking.
Finally, the effective antiviral and anti-inflammatory components
in A. argyi were screened, which provided a solid foundation for
the development and application of A. argyi and the future research
on epidemic prevention of traditional Chinese medicine.

2. Materials and methods

2.1. Chemicals

The subject of this study was whole A. argyi, which was col-
lected from Tangyin, Henan Province, China in May 2018. The plant
was identified as A. argyi by Professor Wang Yifei of the College of
Life Science and Technology, Jinan University.

95% EtOH (AR), petroleum ether (PE) (AR), ethyl acetate (EA)
(AR), MTT powder, and DMSO were purchased from Zhiyuan
Chemical Reagent Factory. Fetal bovine serum, DMEM high-
glucose medium, PBS, and penicillin–streptomycin solution were
purchased from Thermo Fisher Scientific; MeCN (HPLC grade)
and MeOH (HPLC grade) were purchased from Oceanpak, Sweden.
All other chemicals used were molecular biology grade.

2.2. Instrument conditions

High-performance liquid chromatography (HPLC) SHIMADZU
LC 20AT/LC-6AD was purchased from Shimadzu (Japan), the Ultra
Performance Liquid Chromatography Coupled with Q-Exactive
Orbitrap Mass Spectrometry(UPLC-Q-Exactive-Orbitrap MS) was
purchased from Thermo Fisher Scientific (China), Bruker amaZon
SL low-resolution mass spectrometer was purchased from Brooke
Dalton (USA), the rotary evaporator was purchased from EYELA
(Tokyo, Japan), thin-layer chromatography silica gel plate was pur-
chased from Merck (Germany), TD-low-temperature microextrac-
tion and concentration unit were purchased from Tianzhong
Machinery Manufacturing Co., LTD (Wenzhou, China), and the sil-
ula Identification Rf

18O3 a-Santonin (Perez-Souto et al., 1992)
18O4 Psilostachyin B (Wang et al., 1993)
18O3 Zedoalactone F (Lou et al., 2009)
20O3 (+)-Reynosin (el-Feraly and Chan 1978)
18O5 Dehydromatricarin (Xue et al., 2021)
20O4 Tauremisin (Sheng et al., 2017)
20O3 Parthenolide (Mathon et al., 2013)
22O3 5(6)-Dihydroterrecyclic acid A (Hirota et al., 1984)
18O2 Dehydrocostus lactone (Kallo et al., 2020)
20O3 7a-Hydroxyfrullanolide (Ruangrungsi et al., 1989)
22O3 11b, 13- Dihydrosantamarine (Michalska et al., 2018)
20O4 Zedoarofuran (Li et al., 2015)
22O2 (+)-Isopetasol (Sumarah et al., 2010)
26O6 Acanthospermolide (Ganfon et al., 2012)
24O3 2a,11-Dihydroxy-6-oxodrim-7-ene (Liu et al., 2009)
26O5 Arnicolide C (Chan et al., 2019)
26O2 Ilicol (He et al., 2018)
20O2 Isoalantolactone (Wang et al., 2021)
22O3 A1 (Zdero et al., 1986)
28O3 Eudesm-1b, 6a, 11-triol (Song et al., 2014)
22O a-Cyperone (Tine et al., 2017)
24O3 Cyclobutanebutanoic acid (Kanawati et al., 2008)
18O3 Tourneforin (Dzhalmakhanbetova et al., 2009)
22O2 Artemisinic acid (Ranasinghe et al., 1993)
24O (-)-Caryophyllene oxide (Xiao et al., 2021)
22O Germacrone (Razgonova et al., 2020)
26O6 Arcotiopicrin (Hong et al., 2019)
20O6 Isotanciloide (Öksüz 1990)

lic acid.
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ica gel column chromatography fillers (200–300 mesh) were pur-
chased from Marine Chemical Works (Qingdao, China).

2.3. Extraction and isolation of sesquiterpenoids from A. argyi

A sample of A. argyi (2 kg) was weighed accurately and
extracted with 95% EtOH three times for 24 h each at room temper-
ature. The EtOH solution was filtered and concentrated in vacuum
until dry, and the extract was dissolved in 1L of water. The extrac-
tion was repeated three times with an equal volume of PE and EA.
The EA part was eluted with silica gel filler as the stationary phase
and dichloromethane and methanol as the mobile phase according
Table 2
Mass spectral data of sesquiterpenes in Fr.8 from A. argyi.

No. RT
(min)

MS Fragment Ions

8–1 7.24 301.10400
[M + Na]+

243.1009, 215.1062

8–2 7.24 261.11157 [M + H]+ 243.1008, 173.0956
8–3 7.54 305.13528 [M + H]+ 179.7259
8–4 7.79 261.11041 [M + H]+ 243.1009, 225.0904, 215,1062
8–5 8.37 345.12997 [M + H]+ 284.1278, 266.4898
8–6 8.41 231.13753 [M + H]+ 213.1270, 203.1433, 185.1321
8–7 8.76 297.08835 [M + H]+ 279.1216, 261.1114, 247.1322
8–8 8.76 265.14290 [M + H]+ 247.1321, 229.1218
8–9 8.76 247.13249 [M + H]+ 157.1008, 131.0854, 105.0699
8–10 9.73 279.12216 [M + H]+ 261.1115, 243.1009
8–11 10.26 197.11676 [M + H]+ 179.1062
8–12 10.37 293.13742 [M + H]+ 261.1115, 247.1321

8–13 10.49 249.14702 [M + H]+ 231.1375, 213.1269, 185.1321
8–14 11.02 277.10809 [M�H]- 233.1183
8–15 11.12 319.15091

[M + Na]+
279.1581, 261.1115

8–16 11.41 281.19061 [M + H]+ 263.1268, 245.1166

8–17 11.44 263.12708 [M + H]+ 245.1166, 91.0545
8–18 11.80 263.12698 [M + H]+ 245.1166, 235.1321
8–19 12.15 265.14255 [M + H]+ 247.1322, 229.1217
8–20 12.24 281.13571 [M + H]+ 263.1269, 245.1165, 235.1324
8–21 12.54 245.11662 [M + H]+ 217.1219, 199.1113, 143.0853
8–22 12.85 263.12894 [M�H]- 149.0972, 123.0816, 91.6389
8–23 13.25 261.11087 [M + H]+ 243.1009, 187.1114
8–24 13.26 267.15631 [M + H]+ 249.1477, 231.1373, 213.1268
8–25 13.87 291.15573

[M + Na]+
273.1461, 263.0798

8–26 14.01 307.15097 [M + H]+ 289.1414, 247.1323, 229.1218
8–27 14.14 315.09656 [M + H]+ 297.0879
8–28 14.25 275.16107

[M + Na]+
199.1119, 107.0712, 93.0372

8–29 14.65 291.15585
[M + Na]+

273.1829, 245.0687

8–30 14.88 273.14523
[M + Na]+

255.0897

8–31 14.91 565.23926
[M + Na]+

547.2311, 319.1142, 301.1038,
269.1139

8–32 14.94 547.22906
[M + Na]+

529.2176, 301.1039, 283.0933,
269.1147

8–33 15.15 235.16866 [M + H]+ 189.1268, 175.1479, 147.1165
8–34 15.17 237.10933 [M + H]+ 219.1738, 201.1634
8–35 15.38 299.20016 [M + H]+ 281.1352, 263.1613, 220.9056
8–36 15.80 291.15607

[M + Na]+
203.1037

8–37 15.90 251.12477 [M + H]+ 233.1159, 123.3146
8–38 16.14 237.14566 [M + H]+ 269.1741, 219.1737, 201.1636
8–39 16.75 265.14026 [M + H]+ 297.2042, 247.1321, 229.1213
8–40 16.89 277.17676

[M + Na]+
309.2029, 245.1506

8–41 17.09 253.14015 [M + H]+ 235.1684, 217.1581, 189.1633

8–42 17.73 261.11087
[M + Na]+

243.1009

* B1 = Methyl (1R,2R,3R,4S,6S)-4-ethenyl-2,6-dihydroxy-3-[1-(hydroxymethyl) eth
l � 10:4t5-diepoxysermacr-8,10-olide; B3=(4S,4aR,8aS)-4a,5,6,7,8,8a-Hexahydro-4-(hyd
1,2,3,5,6,7,8,8a-octahydronaphthalen-1-yl)propanoic acid; B5=(1,6-dimethyl-1,3,4,5,8,8a
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to the ratio of 100:0, 99:1, 74:1, 64:1, 49:1, 33:1, 14:1, 9:1, 4:1, 1:1.
All eluted parts were obtained with TLC and HPLC analysis, 9 com-
ponents were obtained by combining them (Figure S1). Finally,
according to the results of HPLC analysis, AASs were mainly
enriched in Fr.6 and Fr.8 (Figure S2).
2.4. System conditions for UPLC-Q Exactive Orbitrap-MS

The AASs extract was prepared to a concentration of 1 mg/mL
using methanol supplemented by ultrasonic dissolution, which
was then filtered using 0.22 lm organic microporous filters.
Formula Identification Rf

C15H18O5 11b,13-Dihydrolactucin (Fan et al., 2016)

C15H16O4 Linderane (He et al., 2018)
C17H20O5 Epoxydecompostin (Yamakawa et al., 1981)
C15H16O4 14-Deoxylactucin (Werner et al., 2003)
C19H20O6 Isoatriplicolide methylacrylate (Wang et al., 2020)
C15H18O2 Atractylenolide I (Ming et al., 2021)
C16H24O5 B1 (Cardona et al., 1992)
C15H20O4 Tanachin (Triana et al., 2003)
C15H18O3 Tourneforin (Talzhanov et al., 2007)
C15H18O5 Urospermal A (Zdero and Bohlmann 1990)
C11H16O3 Loliolide (Calixto et al., 2016)
C16H20O5 3-O-methyl-

isosecotanapartholide
(Öksüz 1990)

C15H20O3 2a-Hydroxyalantolactone (Rustaiyan et al., 1991)
C15H18O5 Tanaphillin (Vegh et al., 2018)
C16H24O5 B2 (Adekenov et al., 1991)

C15H20O5 8a-hydroxy-4-epi-
sonchucarpolide

(Skaltsa et al., 2001)

C15H18O4 1-dehydroperuvinine (Maldonado et al., 1985)
C15H18O4 Zederone epoxide (Wang et al., 2014)
C15H20O4 3a-hydroxyreynosin (Hajdu et al., 2014)
C15H20O5 Xylaric acid D (Yan et al., 2011)
C15H16O3 Inderalactone (Wang et al., 2021)
C15H20O4 Artecalin (Park et al., 2016)
C15H16O4 5a-hydroxydehydroleucodin (Li et al., 2017
C15H22O4 Zedoalactone A (Lin et al., 2020)
C15H24O4 Ustusol A (Liu et al., 2009)

C17H22O5 Perymeniolide (Zdero and Bohlmann 1990)
C15H19O5Cl Chloroklotzchin (Ahmed et al., 2003)
C15H24O3 Zedoarondiol (Liu et al., 2021)

C15H24O4 Acoric acid (Yalamanchili et al., 2017)

C15H22O3 Hydroxyvalerenic acid (Mathon et al., 2013)

C30H38O9 Chrysanthemulide I (Xue et al., 2018)

C30H36O8 Artemisianins A (Xue et al., 2019)

C15H22O2 Curcumenol (Liu et al., 2021)
C15H24O2 B3 (Garlaschelli and Vidari 1989)
C15H22O6 Hydroheptelidic acid (Nielsen et al., 2011)
C15H24O4 Ustusol B (Xu et al., 2020)

C15H22O3 7-Hydroxypetasol (Sugawara et al., 1993)
C14H20O3 B4 (Sugawara et al., 1993)
C16H24O3 12-Methoxydihydrocostunolide (Mathon et al., 2013)
C15H26O3 B5 (Velten et al., 1994)

C15H24O3 Ilicic acid (Jimenez-Gonzalez et al.,
2018)

C15H26O2 11,12-Dihydroxydrimene (Velten et al., 1994)

enyl]-4-methyl-a-methylenecyclohexaneacetate; B2 = 6a-Acetoxy-13-methoxy-
roxymethyl)-3,4a,8,8-tetramethyl-1(4H)-naphthalenone; B4 = 3-(2-methyl-3-oxo-
-hexahydronaphthalene-1,4a,5(2H)-triyl)trimethanol.
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Fr.6 and Fr.8 of A. argyi were separated on a Hypersil GOLD C18
(100 � 2.1 mm, 1.9 lm) column at a flow rate of 0.3 mL/min, injec-
tion volume of 2 lL, and column temperature of 40� C. The mobile
phase consisted of 0.1% formic acid aqueous solution (phase A) and
methanol solution (phase B). Gradient elution: 0.01–10.00 min,
10–30% B; 10.00 18.00 min, 30–95% % B; 18.00 to 24.00 min, 95%
B; 24.00 � 26.00 min, 95–10% B; 26.00 to 30.00 min, 10% B.

The high-resolution MS source parameters used in this study
comprised + 4.0kv and �3.0kv spray voltage, 30arb sheath gas,
10arb auxiliary gas, 0 purge gas, 320 �C ion transfer tube tempera-
ture, and 350 �C auxiliary gas heating temperature, and were
detected in positive and negative ion modes. The molecular for-
mula and exact molecular weight of the primary mass spectrum
were determined using Compound Discoverer 3.2 software and
matched with both the mzCloud network database and a local tra-
ditional Chinese medicine component database. The data were fur-
ther analyzed using mass spectrometry software and compound
database for comparison.
2.5. Extraction and isolation

Subsequently, the compounds were isolated by silica gel col-
umn chromatography, ODS column chromatography and prepara-
Fig. 2. Structure of sesqui
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tive high performance liquid chromatography (HPLC) (Chen et al.,
2022). 17 compounds were obtained with a purity of greater
than 95% and dissolved in DMSO at 4 �C (Xia et al., 2023). The
specific purification process is shown in Figure S2.
2.6. Target collection and network pharmacology analysis

The chemical components in this study were derived from the
extraction and isolation of A. argyi. The target gene set of A. argyi
was obtained by searching several databases: (1) CTD (https://ctd-
base.com/); (2) Swissstargetprediction server (https://www.swiss-
targetprediction.ch); (3) SuperPred (https://prediction.charite.de/).
Target to obtain from GeneCards database (https://www.gene-
cards.org/) to select 400 protein targets. Finally, Cytoscape will
be used to collect the targets for ‘‘compaction-target-disease”
mapping.
2.7. Bioinformatics analysis of AASs

To enhance the understanding of drug efficacy, the core targets
of COVID-19 associated AASs were incorporated into STRING for
Protein-protein interaction (PPI) analysis. Interaction networks
were constructed using PPI data with a confidence score above
terpenoids in A. argyi.

https://ctdbase.com/
https://ctdbase.com/
https://www.swiss-targetprediction.ch
https://www.swiss-targetprediction.ch
https://prediction.charite.de/
https://www.genecards.org/
https://www.genecards.org/
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0.9, and hub genes were identified to perform functional enrich-
ment through KEGG pathway and GO analyses, which were visual-
ized using Metascape (https://metascape.org) and DAVID
(https://david.ncifcrf.gov) combined with the R package cluster
Profiler (version 4.2.1) (Wang et al., 2022). Only pathways or terms
with an adjusted p-value < 0.05 and q-value < 0.01 were deemed
significant.
Fig. 3. Compounds isolated fro

Fig. 4. Compound-target network of A. argyi sesquite

6

2.8. SARS-CoV-2 MPro activity assay

The activity of SARS-CoV-2 Mpro was measured using a fluores-
cence resonance energy transfer assay in a 96-well black flat plate.
The reaction volume was 100 lL per well and consisted of 90 lL of
assay buffer, 1 lL of 2019-nCoV Mpro/3CLpro, 4 lL of substrate
(Dabcyl-KTSAVLQSGFRKME-Edans) (Beyotime Company, China),
m Fr.6 and Fr.8 in A. argyi.

rpenoids formula constructed using Cytoscape.

https://metascape.org
https://david.ncifcrf.gov
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and 5 lL of AASs at various concentrations (dissolved in DMSO).
The concentrations of Ebselen were 0.08, 0.16, 0.31, 0.63, 1.25,
2.50, 5.00, and 10.00 lM, while those of AASs were 2.5, 5, 10,
and 20 lM. The blank control well contained 91 lL of assay buffer,
5 lL of DMSO, and 2 lL of substrate. The enzyme activity control
well contained 92 lL of detection buffer, 1 lL of Mpro, 5 lL of
DMSO, and 4 lL of substrate, and the sample well contained
90 lL of detection buffer, 1 lL of Mpro, 5 lL of DMSO, and 4 lL
of substrate. The plate was incubated in darkness at 37 �C for
5 min, and the fluorescence signal was measured using a multi-
scan spectroscopy (Thermo Fisher, Shanghai, China) with excita-
tion/emission wavelengths of 325/393 nm. The results were quan-
tified using Formula 1.

Inhibitionrate %ð Þ ¼ RFU100%enzymeactivitycontrol � RFUsample

� �

RFU100%enzymeactivitycontrol � RFUblankcontrol
� �

� 100% ð1Þ
2.9. Surface plasmon resonance (SPR) assay

The RBD (Sino Biological, 40592-V05H) was immobilized on a
CM5 sensor chip using an amino coupling reaction, with PBS-
P + used as the running buffer. The RBD was diluted to a final con-
centration of 25 lg/mL using a sodium acetate solution (10 mM,
Fig. 5. PPI of AASs in t
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pH 4.5) and the immobilization level was around 9700 RU
(Response Units). To perform the binding assays, AASs were diluted
in 5% DMSO PBS-P + running buffer to concentrations of 200 lM,
100 lM, 50 lM, 25 lM, 12.5 lM, 6.25 lM, and 3.125 lM, and then
passed over the sensor chip at a flow rate of 30 lL/min for 60 s. The
dissociation time was 60 s. The data were analyzed using the Bia-
core evaluation software, and the KD values were calculated by
either kinetic analysis or steady-state affinity method(Yi et al.,
2022).

2.10. Cell culture

HEK293T, HEK293T/ACE2, RAW264.7, HepG2, A549 and Caco-2
cell lines were cultured in Dulbecco’s Modified Eagle Medium
(DMEM, Gibco, USA) supplemented with 10% fetal bovine serum
(FBS, Capricorn scientific, Germany) and 1% penicillin (100units/
ml)/streptomycin (100 lg/mL) (Gibco, USA). 293T cells stably
expressing human-ACE2 (293T/ACE2) were constructed by our
laboratory.

2.11. Cell viability

HEK293T/ACE2, RAW264.7, HepG2, A549, and Caco-2 cells were
seeded in 96-well plates at 5000 cells per well. After 24 h, the com-
plete medium was removed, and 100 lL of DMEM solution con-
reating COVID-19.
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taining AASs at different gradient concentrations was added, and
the culture was continued for 48 h. Cell viability was examined
by an MTT colorimetric assay. Briefly, 10 lL 0.5 mg/mL MTT [3-(
4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide]
(Sigma-Aldrich) was added to each well and incubated for 4 h in
an incubator. The mediumwas then replaced with DMSO (Macklin,
Shanghai, China) to dissolve the formazan crystals (Sa-
Ngiamsuntorn et al., 2021). Absorbance was measured at a wave-
length of 570 nm on a microplate reader (Thermo Fisher).
Fig. 6. (A) The top 5 pathways for GO enrichment analysis of the targets of AASs.

8

2.12. SARS-CoV-2 pseudovirus (PsV) infection assay

The pCDNA3.1(+)-2019-HnCoV-Spike(SARS-Cov-2), pVSV-G,
and pNL4-3-Luc-R-E- plasmids (MiaoLingBio, Wuhan, China) were
co-transfected into HEK293T cells to package SARS-CoV-2 PsV (Xia
et al., 2020, Li et al., 2021). The supernatant containing PsV was
collected at 48 h after transfection, centrifuged at 3000 g for
10 min, filtered and stored at -80 �C. To evaluate the inhibitory
activity of AASs against PsV infection, 293T/ACE2 cells (5000 cells
(B) The top 20 pathways for KEGG enrichment analysis of the targets of AASs.
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/ well) were seeded into 96-well plates and cultured at 37 �C in 5%
CO2. After 24 h, 50 lL of gradient concentrations of AASs com-
pounds and 50 lL of PsV supernatant were added to each well
and mixed and incubated with the cells for 72 h. Remove medium,
PBS washing, and use with 100 mM potassium phosphate buffer
(pH 7.8), 0.2% of Triton X - 100, and 1 mM DTT splitting cells
(Wu et al., 2019). After full lysis, 20 lL of cell lysate was added
to a white 96-well plate, and 80 lL of reaction substrate (1 mM
ATP, 5 mM MgSO4 and 0.5 mM D-Luciferin) was added, and the
luminescence reaction was quantitatively measured in a 96-well
microplate photometer. The inhibition rate of PsV was calculated
as shown in Formula 2.

Inhibition rate ð%Þ ¼ ðCsolvent blank � CsampleÞ
ðCsolvent blank � Cgroup without PsV Þ � 100%: ð2Þ
2.13. Determination of nitric oxide content in RAW 264.7 cells induced
by LPS

In order to study the anti-inflammatory activity of A. argyi, the
anti-inflammatory activity of 17 compounds was evaluated in
lipopolysaccharide (LPS) -induced RAW264.7 cell inflammation
model in vitro (Masih et al., 2021). Cells were cultured in 24-well
plates at 2 � 105 cells per well for 24 h. The medium was removed
and 400 lL of various concentrations of AASs were added. After 2 h
of AASs treatment, 4 lL of 0.1 mg/mL LPS solution (dissolved in
PBS) was added to the model group and the experimental group,
and 4 lL of PBS was added to the blank group for 24 h. 50 lL of
the supernatant from each well of a 24-well plate was transferred
to a 96-well plate and the Griess kit (Beyotime Company, China)
Fig. 7. Inhibitory activity of the positive drugs chloroquine, Compound
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was added to determine the NO content (Xue et al., 2021). Absor-
bance values were measured at a wavelength of 562 nm using a
microplate reader, and nitric oxide concentration was calculated
from a standard curve, as shown in Formulae 3.

y ¼ 170:6334x� 7:0236 ð3Þ
2.14. Molecular docking

Through SPR, enzyme inhibition experiments and anti-
inflammatory activity screening, it was found that AASs could clo-
sely bind to the RBD of SARS-CoV-2, effectively inhibit the enzyme
activity of Mpro, and effectively inhibit the production of NO by
inflammatory cells. However, the structure–activity relationships
between these compounds and their corresponding proteins are
not yet.

ChemOffice 2019 was utilized to draw the structures of AASs,
while Autodock 4.2.6 was employed to optimize these compounds.
The protein structures of SARS-CoV-2 RBD (PDB ID: 6m0j), COVID-
19 Mpro (PDB ID: 6LU7), and iNOS (PDB ID: 4CX7) were processed
using Pymol and imported into Autodock for docking. The binding
sites between small molecules and proteins were determined
based on previous studies, and for RBD, the binding site was
located between RBD and ACE2. A grid box with dimensions of
60 Å � 60 Å � 60 Å and grid spacing of 0.375 Å was centered at
(x = -34.527, y = 20.545, z = 10.113). For COVID-19 MPro, the grid
box was set according to the location of its receptor, with dimen-
sions of 40 Å � 40 Å � 40 Å, coordinates of (x, y, z) of �9.253,
16.459, 65.388, and grid spacing of 0.375 Å (Ye et al., 2021). The
iNOS binding site was defined by a grid box centered on the co-
5, 10 and 12 against pseudovirus infection in HEK293T/ACE2 cells.
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crystallization inhibitor (x = -11.594, y = -60.255; z = 15.846) with
dimensions of 40 Å � 40 Å � 40 Å and mesh spacing of 0.375 Å.

The processed ligands and receptors were imported into Auto-
dock 4.2.6 and molecular docking was performed using default
parameters. Finally, the docking results were analyzed and pro-
cessed using PyMol 2.5, ligplot+ 2.2.5 and Chimera 1.16.
2.15. Data statistics

Experimental data are presented as mean ± SD, and all grouped
data were statistically analyzed using Graphpad Prism 8.4.3 soft-
ware. When P < 0.05 was considered statistically significant. Signif-
icant differences between data from each group were assessed by
ANOVA.
3. Results

3.1. Analysis results of UPLC-Q-Exactive-Orbitrap-MS

Fr.6 and Fr.8 in the positive ion mode of the sagitta sesquiter-
pene extract are depicted in Fig. 1, which display the total ion cur-
Fig. 8. The molecular interaction of RBD and C10(A) and C12(B)

10
rent signals. By comparing the primary mass spectrum
information, fragmentation, and molecular formula of compounds
reported in relevant literature, and combining the matching com-
pounds from mzCloud and mzVault databases, a total of 28 and
42 terpenoids were preliminarily identified in Fr.6 and Fr.8, respec-
tively (Table 1 and Table 2). The structure diagram is illustrated in
Fig. 2. The identified sesquiterpenes included 16 guaiacane, 30
eucalane, 13 gemmarane, and 8 other sesquiterpenes, as well as
2 sesquiterpene dimers and one monoterpenoid.
3.2. Structural identification of A. argyi compounds

17 compounds were isolated from A. argyi by various chromato-
graphic methods, and their structures were determined as Tana-
philin (1), Loliolide (2), 3a-hydroxyryanosin (3), 3-method-
tanaparthole (4), 14-deoxyylactin (5), Artecalin(6), Chloroflu-
otzchin (7), Chrysanthemulide I (8), Artemisianins A (9), Achillinin
C (10), Isotanciloide (11), Dehydromatricarin A (12), epi-Baynol A
(13), 3, 3-Dimethyl-c-methylene-2-(3-oxobutyl) cyclobutanoic
acid (14), Argyin C(15), Ilicic alcohol(16), Argyin A(17), through
extensive spectra analysis (Fig. 3).
. The molecular interaction of RBD and C10(C) and C12(D).
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3.3. Target collection of active ingredients of AASs

17 sesquiterpenoids isolated from A. argyi were identified using
CTD, Swissstargetprediction server and SuperPred, and 806 protein
targets were predicted. In addition, 400 targets of ‘‘COVID-1900 and
”SARS-CoV-200 were obtained from GeneCard database, and 275
targets of SARS-CoV-2 were selected. 91 of these targets over-
lapped with AASs. Cytoscape was used to generate a drug-target-
disease map (Table S1). The ‘‘drug-target-disease” diagram was
generated using Cytoscape (Fig. 4). Compounds 10, 9, 16, 6, 4 and
12 showed more than 35 cross-protein targets with SARS-CoV-2,
suggesting their potential therapeutic effects. Notably, AASs tar-
geted key proteins such as NFKB1, ACACA, CNR2, KDM1A, TLR4
and PIK3R1 in treatment.
Fig. 9. (A) Protease activities of SARS-CoV-2 Mpro in the presence of inhibitors were mea
10, 13, 14,15, 16 and 17.

11
The PPI of intersection targets was obtained by String database
and visualized by Cytoscape (Fig. 5). The average degree of each
protein was 12.84, with 29 protein targets having nodes greater
than the average, while STAT3, PIK3R1, AKT1, MAPK1, PTPN11,
EGFR, and JUN had nodes greater than 30, indicating that these 7
targets are the core targets of AASs for the treatment of COVID-19.

3.4. GO biological function annotation and KEGG pathway enrichment
analysis

Functional enrichment analysis of GO and KEGG was performed
to investigate the potential mechanism of AASs in the treatment of
SARS-CoV-2. For example, molecular functions mainly include ATP
binding and viral entry into host cell, AASs involve cellular compo-
sured by FRET-based enzymatic activity assay. IC50 of Ebselen and Compounds 1, 8,



Y. Huang, Z. Huang, Y. Gan et al. Arabian Journal of Chemistry 16 (2023) 105298
nents including cytoplasm, and biological processes include the
response to lipopolysaccharide, inflammatory response, and so on
(Fig. 6(A)). The top 20 results obtained by KEGG pathway analysis
are shown in Fig. 6(B), indicating the proportion of target genes
belonging to a certain pathway to all annotated genes in the path-
way, with dot size representing the number of target genes. The
analysis revealed that a majority of the diseases associated with
the identified targets were viral-related, with pathways in cancer
being the most prevalent. This suggests that AASs may have poten-
tial involvement in multiple cancer-related pathways for treat-
ment purposes. Furthermore, the NOD-like receptor and HIF-1
signaling pathways were identified as the primary signaling path-
ways targeted by AASs in relation to COVID-19.
3.5. Analysis of anti-pseudovirus infection

To screen for potential inhibitors of SARS-CoV-2 entry in A.
argyi, pseudovirus coated with SARS-CoV-2 Spike protein was used
to infect HEK293T/ACE2, and chloroquine was selected as the pos-
itive drug. As shown in Fig. 7, the three compounds 5, 10 and 12 in
A. argyi had a good inhibition effect on pseudovirus invasion within
20 lM, and the inhibition rate reached 54.2385%, 53.7423% and
63.964% at 20 lM, and the cell survival rate was higher than 80%
at this concentration. The anti-pseudovirus results of other com-
pounds are shown in Figure S4.

In order to explore the most important domain RBD binding to
ACE2 in Spike protein. By SPR analysis of 17 compounds, only C10
and C12 showed strong binding to the RBD of SARS-CoV-2 spike
protein, while other sesquiterpenoids such as C3, C8, C13 and
C16 showed only weak binding (Figure S5, S6). The KD values for
C10 and C12 binding to SARS-CoV-2-RBD were 181.9 lM and
164.4 lM, respectively. Molecular docking analysis indicated that
Compounds 10 and 12 formed hydrogen bonds with Arg403, which
led to tight binding to RBD. The a, b-unsaturated c-lactone struc-
ture of C10 and C12 interacted with Glu406 and Arg403 via their
ester groups (Fig. 8 (C, D)). Therefore, the unsaturated lactone
structure of sesquiterpenes plays a crucial role in their binding
Fig. 10. (A-H) The molecular interaction of SARS-CoV-2 Mpro an

12
conformation to the RBD protein, with Arg403 serving as the key
residue for binding to the spike RBD protein.
3.6. Inhibitory activity of AASs on SARS-CoV-2 Mpro

Main protease (Mpro) is a crucial protease for mediating viral
replication and transcription in SARS-CoV-2 (Marinho et al.,
2020), making it a potential target for developing drugs against
the virus (Fu et al., 2022). To investigate the efficacy of AASs in
treating SARS-CoV-2-induced pneumonia, the inhibitory activity
of 17 sesquiterpenoids from A. argyi against Mpro was analyzed
using Ebselen as a positive control drug (Figure S7). The inhibition
rate of Mpro on the test compounds showed a clear dose–effect
relationship, with the inhibition rate increasing with increasing
concentration (Fig. 9(C)). IC50 values for Compounds 1, 8, 10, 13,
14, 15, 16 and 17 in A. argyi were found to be 24.64 lM,
21.46 lM, 23.17 lM, 35.58 lM, 33.45 lM, 26.34 lM, 35.27 lM,
and 8.737 lM.

Based on the inhibition of Mpro activity by sesquiterpenes, the
relationship between chemical structure and activity was further
analyzed by molecular docking of several sesquiterpenes with
strong inhibitory activity (Fig. 10). From the docking results, it is
obvious that compounds 15 and 17 are guaiacane-type sesquiter-
pene lactones, and the O-diol hydroxyl groups at C-3 and C-4 posi-
tions of their five-membered rings form a stable hydrogen bond
with residue Ser46; Compound 8 also contains the same structure,
and its five-membered ring of guaiacane sesquiterpene lactone
also has O-diol hydroxyl group, and forms a stable combination
with Asn119, so it is considered that this structure is beneficial
to interact with Mpro to achieve lower concentration to inhibit its
activity. From other docking results, it is also found that residues
Thr24 and Thr26 are important groups for sesquiterpenes to bind
with MPro, and unsaturated ketones in sesquiterpenes can form
hydrogen bonds with these residues to achieve stability (Fig. 10
(A, C)).
d Compounds 1, 8, 10, 13, 14, 15, 16 and 17, respectively.
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3.7. Inhibition of NO induced by LPS in RAW264.7 cells

Before investigating the inhibitory effect of AASs on NO release
in inflammatory RAW264.7 cells in vitro, the inhibitory effect of
these compounds on cell viability was first studied to screen
sesquiterpenes that could exert good anti-inflammatory activity
without affecting normal cell growth. Therefore, the cytotoxicity
of 17 sesquiterpenoids at 50 lM was studied (Fig. 11 (A)). Com-
pounds 4, 10, 12, 15, 16, 17 showed significant inhibitory effects
at the concentration of 50 lM, but Compounds 4, 12, 15, 17 still
inhibited normal cell growth at the concentration of 25 lM
(Fig. 11 (B)).

The results showed that Compounds 2, 4, 5, 9, 10, 12, 13, 15, 16,
and 17 could significantly inhibit the release of NO in RAW264.7
inflammatory model in a concentration-dependent manner, while
Compounds 1, 3, 6, 7, 8, 11, and 14 showed a weak inhibitory effect
(Figure S6). For example, there are many hydroxyl groups in the
structure of C3, C8 and C11, which weaken the lipid solubility of
compounds and lead to their weaker inhibitory ability on NO
release in RAW264.7 cells than other sesquiterpenes.
Fig. 11. MTT assay of 17 compounds (50 lM). (B) MTT assay of Compounds 4, 10, 13, 1
production in RAW264.7. Results presented as the mean ± SD of three replicated tests.
*P < 0. 05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Sesquiterpene dimers showed stronger ability to inhibit cellular
NO secretion levels compared to monosesquiterpenoids. C10,
formed by the polymerization of C1 with another sesquiterpene,
showed better inhibition than C1 due to the presence of two active
groups despite the destruction of one lactone outer double bond
structure. Compound 2, 5, 9, 10, 13, and 16 did not inhibit the
growth of RAW264.7 cells at a concentration of 25 lM (Figure S8),
while their IC50 values for inhibiting the level of NO in RAW264.7
cells were 11.03, 4.415, 6.718, 3.656, 2.605, and 4.189 lM
(Fig. 11 (C)), respectively, indicating good activity.

Molecular docking results indicated that C9 and C10 had similar
structures, both possessing a, b-unsaturated c-lactone and a, b-
unsaturated ketone functionalities, and displayed comparable
binding affinity towards iNOS protein (Fig. 12). However, C10,
which had an additional hydroxyl group at the C-80 position,
formed a hydrogen bond with amino acid residue Glu263, resulting
in a stronger binding force and lower binding energy. Thus, the
unsaturated lactone ring and unsaturated ketone functionalities
were crucial for the binding conformation of AASs and iNOS pro-
tein, while the hydroxyl group in AASs contributed to the binding
affinity by reducing the binding energy.
5, 16 and 17 (25 lM). (C) Inhibitory effects of Compounds 2, 5, 9, 10, 13, 16 on NO
The GraphPad Prism was used to analyze the results using one-way ANOVA. Note:



Fig. 12. Interactions of compounds 2, 5, 9, 10, 13, and 16 with iNOS protein, respectively.
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3.8. Cytotoxic profiles of the 17 compounds

One of the major problems in the development of medicinal
plant-derived drugs is the possible damage to different organs of
the human body caused by herbs. To address this issue, in this
study, we used human cell lines from three major organs, including
liver (HepG2), lung (A549), and intestine (Caco-2), to evaluate the
cytotoxicity of these 17 compounds by MTT assay. The results
showed that the same compound showed different cytotoxicity
in different cell lines. Among them, Compound 10, which had the
best combination of anti-Pseudovirus and anti-inflammatory
effect, showed obvious toxicity at the concentration of 50 lM,
but did not show great toxicity to the three cell lines when the con-
centration was reduced to 25 lM.
4. Discussion

A. argyi, as a traditional Chinese medicine with a long history of
epidemic prevention, has high research value in the context of
COVID-19. In this study, A. argyi from Tangyin, Henan Province
was used to further investigate the relationship between chemical
composition, pharmacological effect, chemical structure and activ-
ity of sesquiterpenoids, to provide material basis for the research
and development of innovative traditional Chinese medicine with
a long history of epidemic prevention.

The sesquiterpene fractions of A. argyi decoction were extracted
by ethanol cold immersion method, and the crude extracts were
initially separated by silica gel column chromatography. The
14
results showed that Fr. 6 and 8 were enriched in sesquiterpenes,
and a total of 69 sesquiterpenoids were obtained from the two
fractions. This further indicates that A. argyi contains abundant
sesquiterpene resources and provides a reference for determining
the material basis of A. argyi medicinal effect and exploring new
natural anti-inflammatory lead drugs.

Moreover, through the use of HPLC and chromatographic sepa-
ration, the monomer compounds of A. argyiwere isolated and their
structures were identified using nuclear magnetic resonance anal-
ysis and mass spectrometry. Network pharmacology was
employed to explore the potential therapeutic effects of sesquiter-
penoids from A. argyi in the treatment of COVID-19. By employing
a comprehensive approach of identification and prediction, multi-
ple protein targets associated with COVID-19 and SARS-CoV-2
were identified and found to overlap with the AASs. The drug-
target-disease map revealed that several AASs exhibited a signifi-
cant number of cross-protein targets with COVID-19, indicating
their potential therapeutic effects in respiratory conditions. The
PPI analysis highlighted key proteins involved in the treatment,
emphasizing their importance as potential targets for AASs. The
functional enrichment analysis provided insights into the molecu-
lar functions, cellular components, and biological processes associ-
ated with AASs, elucidating their mechanisms of action. Notably,
viral-related pathways and cancer-related pathways were promi-
nently identified, suggesting the potential of AASs in treating viral
infections and cancer. These findings contribute to the understand-
ing of AASs as potential therapeutic agents for COVID-19 and open
avenues for further research and development of targeted thera-
pies(Wang et al., 2018).



Fig. 13. Cytotoxicity of AASs on three cell lines representing major human organs was assessed by MTT assay after 48 h treatment with (A) liver (HepG2), (B) lung (Calu-3),
and (C) intestine (Caco-2) cell lines. All experiments were performed in three biological replicates. The GraphPad Prism was used to analyze the results using one-way
ANOVA. Note: *P < 0. 05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Several AASs compounds have shown promising results in
inhibiting SARS-CoV-2 infection and reducing inflammation
in vitro. Compounds 5, 10, 12 can inhibit the infection of SARS-
CoV-2 pseudovirus, and compound 10,12 can form a good binding
with RBD in the domain of Spike protein by SPR. For SARS-CoV-2
Mpro, compounds 1, 8, 10, 13, 14, 15, 16 and 17 in AASs could effec-
tively inhibit the activity of Mpro. In addition, compounds 5, 9, 10,
13 and 16 also reduced the anti-inflammatory effect of NO secre-
tion. Finally, the direct analysis of different compounds and protein
by molecular docking technology shows that the O-diol hydroxyl
group of five-membered ring in guaiacane sesquiterpene lactone
can form a stable hydrogen bond with the residue Ser 46 in Mpro,
while the structure of a, b-unsaturated-c-lactone and unsaturated
ketone forms a hydrogen bond with the amino acid residue in iNOS
protein, achieving a stable binding conformation.

Based on the above in vitro experiments, Compound 10 (Achil-
linin C) was identified as a promising compound that could inhibit
pseudovirus infection and reduce NO secretion to alleviate inflam-
mation. Through a separate systematic pharmacological analysis of
15
C10, it was found that, as shown in Figure S9, 48 target proteins
overlapped with SARS-CoV-2, accounting for more than half of
the cross targets between AASs and diseases, and NFKB1 was the
most important target protein. The other sesquiterpenes were dif-
ferent, C10 was more concentrated in the KEGG pathway in PD-L1
expression and PD-1 checkpoint pathway in cancer and Coron-
avirus disease-COVID-19. The present study also found that C10
could effectively inhibit A/Puerto Rico/8/1934 H1N1 influenza
virus with an IC50 of 42.29 lM (Zhu et al., 2023), indicating that
C10 had good antiviral activity. We believe that these findings
lay the foundation for the development of novel natural products
with anti-viral and anti-inflammatory effects, and that A. argyi
could be a promising treatment for this pandemic.
5. Conclusion

In conclusion, this study sheds light on the potential of A. argyi,
a traditional Chinese medicine, as a source of natural anti-
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inflammatory and antiviral compounds in the context of COVID-19.
The analysis of sesquiterpenoids obtained from A. argyi revealed
the presence of abundant sesquiterpene resources and provided a
reference for determining the material basis of A. argyi medicinal
effect and exploring new natural anti-inflammatory lead drugs.
Through in vitro testing, several AASs compounds showed promis-
ing results for inhibiting SARS-CoV-2 PsV and reducing inflamma-
tion. Compound 10 (Achillinin C) was identified as a particularly
promising candidate, effectively inhibiting the virus, reducing
inflammation, and having no impact on normal cell growth. These
findings provide a foundation for the development of new natural
medicines for COVID-19 and other inflammatory diseases, as well
as contributing to the ongoing search for effective treatments for
this pandemic.
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