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Anti-inflammatory material basis and mechanism of Artemisia stolonifera
based on UPLC-Q-TOF-MS combined with network pharmacology and
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Abstract  This study aimed to explore the anti-inflammatory material basis and molecular mechanism of Artemisia stolonifera based
on the analysis of the chemical components in different extracted fractions of A. siolonifera and their antioxidant and anti-inflammatory
effects in combination with network pharmacology and molecular docking. Thirty-two chemical components were identified from
A. stolonifera by ultra-performance liquid chromatography coupled to tandem quadrupole time-of-flight mass spectrometry ( UPLC-Q-

TOF-MS) . Among them there were 7 21 and 22 compounds in water n-butanol and ethyl acetate fractions respectively. The antio—
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xidant capacity of different extracted fractions was evaluated by measuring their scavenging ability against 1 1-diphenyl-2-picrylhydrazyl
radical 2 2-diphenyl-lH 2 4 6-rinitrophenyl) hydrazyl ( DPPH) and 2 2’-azinobis{ 3-ethylbenzthiazoline-6-sulphonic acid)
( ABTS) free radicals and total antioxidant capacity ferric reducing antioxidant power ( FRAP) assay . The inflammatory model of
RAW264. 7 cells was induced by lipopolysaccharide ( LPS)  and the levels of nitrite oxide ( NO)  tumor necrosis factor-o ( TNF-a)
interleukin-6 ( IL-6) in the supernatant and the mRNA expression of related inflammatory factors in cells were used to evaluate the anti—
inflammatory effects. The results revealed that ethyl acetate fraction of A. stolonifera was the optimal antioxidant and anti<inflammatory
fraction. By network pharmacology it was found that flavonoids such as rhamnazin eupatilin jaceosidin luteolin and nepetin could
act on key targets such as TNF serine/threonine protein kinase 1 ( AKT1)  tumor protein p33 ( TP53) caspase-3 ( CASP3) and epi-
dermal growth factor receptor ( EGFR) and regulate the phosphatidylinositol-3-kinase—protein kinase B ( PI3K-AKT) and mitogen-ac—
tivated protein kinase ( MAPK) signaling pathways to exert the anti-inflammatory effects. Molecular docking further indicated excellent
binding properties between the above core components and core targets. This study preliminarily clarified the anti-inflammatory material
basis and mechanism of ethyl acetate fraction of A. stolonifera providing a basis for the follow-up clinical application of A. stolonifera
and drug development.

Key words  Artemisia stolonifera; ethyl acetate fraction; UPLC-Q-TOF-MS; anti-inflammation; network pharmacology; molecular

docking; molecular mechanism
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Table 2  Identification of main chemical components in different extracted fractions of Artemisia stolonifera
g m/z -
No. B MS/MS
/min M-H
1 0.58 191.0551 C,H,0, 93.0345 87.0079 85.0293 59.0140 ( quinic acid) ' 2
2 2,92 353.0869 CH;g0p  191.0551 179.0345 173.0445 161.0252 ( neochlorogenic acid) ' 29
135.045 4
3 3.92 341.089 0 C,sH, 0,  281.0641 251.0564 221.0429 203.030 5 3- ( caffeic acid 3-glucoside) ¥
179.0358 177.0532 161.021 7 135.043 4
4 4.03 353.0873 C,H,0, 191.0555 179.0347 173.0458 161.0215 ( chlorogenic acid) ' 2
135.044 4
5 4.23 353.0870 C,H,0, 191.0564 179.0341 173.0455 161.0245 ( cryptochlorogenic acid) ' ?
135.044 6
6  4.29 177.020 4 C,H,0, 133.0297 105.032 1 ( esculetin) ¥
7 4.38 179.0340 CoH,0, 135.0447 134.0370 ( caffeic acid) ¥
8  5.02 387.1653 C,HyO, 207.1045 163.1128 101.0232 59.013 4 ( hydroxyjasmonic acid hexose) ! 2
9 537 593.1505 C,HyO,5  533.1389 503.1152 473.1118 383.0776 6 8- - ( apigenin-6 8-di-C-gluco—
353.067 5 117.035 2 side) ?
10 5.70 367.1029 C,;H,0, 193.055 1 191.0554 173.045 7 5- ( 54eruloylquinic acid) > ¥
11 6.09 563.1394 CyHy0yy 473.109 1 443.097 0 383.0763 353.065 6 ( schaftoside) 2
297.075 8
12 6.77 609.1459 CyH;,044 301.0327 300.0264 271.0240 243.0290 3-0- ( quercetin 3-O-neohesperido—
151. 003 4 side) 2
13 6.89 609.1447 CyHy0, 301.033 1 300.0264 271.023 8 243.028 7 ( rutin) 2 ¥
14 7.02 533.1290 CyHy, O,  473.1097 443.097 8 383.076 1 353.0655 6 8- - ( apigenin6 8-di-C-pento—
325.070 9 297.075 5 side) ?
15 7.13 463.0877 CyHyOp,  301.0333 300.0266 271.0238 255.028 8 3-0- ( quercetin 3-glucoside) 2 ¥
151. 002 4
16 7.20 461.0716 C, H30,, 327.0523 285.039 7 - ( luteolin 7-glycuronic acid)
17 7.24 4470925 C,H,0,, 284.0332 151.001 8 3- ( kaempferol 3-glucoside) *
18 7.37 593.150 2 Cy,Hy0,5 285.0389 284.0314 133.028 4 - ( luteolin 7-rutinoside) 2 ¥
19 7.64 515.119 8 CpH,,0,,  353.0870 335.0769 191.0576 179.034 9 B( isochlorogenic acid B) ' 29
173.0457 161.0257 135.046 3
20 7.71 593.1505 CyH;,0,5 285.038 7 284.031 6 133.029 4 3- ( kaempferol 3—utinoside) 2 3
21 7.87 515.1191 Cy5H,,04, 353.0869 335.0793 191.0551 179.0345 A( isochlorogenic acid A) 23)
173.044 7 161.024 3 135.044 5
22 8.02 515.118 8 C,sH,,04, 353.087 1 335.0774 191.0557 179.034 1 A (isochlorogenic acid A isomer) ¥
173.045 1 161.024 0 135.044 8
23 8.18 487.0894 C,,H,0,, 325.0567 163.0247 145.014 2 - - ( 2-caffeoyl2-hydroxypen-—
tanedioic acid) ' ?
24 8.41 515.119 1 CyHy0,,  353.0871 335.0776 191.0557 179.034 2 € ( isochlorogenic acid C) 2 ¥
173.045 2 161.024 1 135.044 7
25 8.60 461.1089 C,H,,0,, 446.081 7 284.0307 3-0- ( rhamnocitrin 3-O—gluco—
side) ¥
26 8.91 549.1963 CpyHy,0,, 505.1604 387.164 6 353.086 6 ( tracheloside) ? ?
27 10.30 285.039 0 C,sH, 0, 175.0304 151.0003 133.029 7 ( luteolin) ¥
28 10.44 207.0656 C, H,0, 179.0346 135.0445 (ethyl caffeate) ¥
29 10.76 677.1523 CyHyO,s  515.1201 353.0868 335.0756 191.0555 3 4 5- (3 4 Sdricaffeoylquinic
179.034 4 173.0448 161.0240 135.0449  acid)
30 12.50 329.066 6 C,,H,,0, 314.0411 299.0190 145.030 0 ( jaceosidin) ¥
31 13.32 329.2327 C,H,,0, 314.0494 299.0129 271.024 8 132.0259 ( thamnazin) ¥
32 14.58 343.081 2 C4H,0, 328.0567 313.0349 298.0162 132.019 1 ( eupatilin) 3
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Fig.3 Effect of different extracted fractions of Artemisia stolonifera on survival rate of RAW264. 7 cells (x+s n=3)
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Fig.4 Effect of different extracted fractions of Artemisia stolonifera on NO TNF-« and IL-6 levels in supernatant of RAW264. 7 cells
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Fig.5 Effect of different extracted fractions of Artemisia stolonifera on mRNA expressions of TNF« IL-6 IL-18 COX-2 MCP-1 and
iNOS in RAW264. 7 cells (x+s n=3)
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3709



2003 7 | 48 14 ‘@ THEFHRE Vol.48 No.14 | July 2023
3
Table 3 Core components for the anti-inflammatory effects of ethyl acetate fraction of Artemisia stolonifera and their topological charac—
teristics
No. CAS
1 ( rhamnazin) 552-54-5 0.019 4 0.425 4 25
2 ( eupatilin) 22368214 0.017 8 0.425 4 25
3 ( jaceosidin) 18085977 0.014 2 0.419 1 23
4 ( luteolin) 491-70-3 0.013 6 0.416 1 22
5 ( nepetin) 520-11-6 0.0120 0.416 1 22
3.6 PPI 16
STRING 3.4 4, 5
89 PPI 100 ( tumour nec—
o 1 ( SLC37A4) rosis factor TNF) | / 1( se—
88 1 568 . rine / threonine protein kinase 1 AKT1) . pS3

8,

35.6.0.010 9.0.528 0

8 pPP1

( tumor protein p53 TP53) |
3 CASP3)
factor receptor EGFR) o

3( caspase—

( epidermal growth

Fig.8 PPI network for the anti-inflammatory effects of ethyl acetate fraction of Artemisia stolonifera
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Table 4  Core targets for the anti-inflammatory effects of ethyl

acetate fraction of Artemisia stolonifera and their topological char—

acteristics

No. UniProt ID

1 TNF PO1375 0.1321 0.790 9 128
2 AKT1 P31749 0.104 9 0.763 2 120
3 TP53 P04637 0.069 1 0.750 0 118
4 CASP3 P42574 0.077 2 0.7250 108
5 EGFR P00533 0.067 4 0.713 1 106
6 MMP9 P14780 0.055 1 0.659 1 88
7 ESR1 P03372 0.041 4 0.654 1 84
8 PTGS2 P35354 0.033 6 0.649 3 80
9 ERBB2 P04626 0.018 3 0. 630 4 82
10 MAPK1 P28482 0.021 6 0.621 4 72
11 CCND1 P24385 0.018 8 0.612 7 72
12 MAPK14 Q16539 0.031 2 0.5959 62
13 TLR4 000206 0.016 6 0.5959 64
14 MMP2 P08253 0.011 8 0.591 8 62
15 APP P05067 0. 060 1 0.587 8 54
16 PRKCD Q05655 0.014 5 0.543 8 36

BP. ; CC. ; MF. o
9 GO

3.7 GO KEGG
DAVID 89
GO KEGG o P<0.05
GO
( biological process BP) 455
( cellular component CC) 69
N N : ( molecular
function MF) 102 N
(ATP) .
9
KEGG P<0.05
140 o 20
-lg P
KEGG 10,
( pathways in cancer) .
3- - B ( phosphatidylinositol 3-ki—

nase-protein kinase B PI3K-AKT) N

( proteoglycans in cancer) .

Fig.9 GO functional enrichment analysis of the potential anti<inflammatory targets of ethyl acetate fraction of Artemisia stoloni+fera

( mitogen-activated protein kinase MAPK)

TNF.
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AKT1.TP53., CASP3.EGFR 3.8
20 5 ( N N
N ) PPI
5 ( TNFLAKT1.TP53.CASP3
EGFR 100) 5.
-5.0 keal *mol ™' 5
5
7 -7.0 kecal *mol ™ 15
; 5
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mol ™! 11,
5 0
5
Table 5 Binding energy of core components to key targets of
ethyl acetate fraction of Artemisia stolonifera
/kcal *mol !
TNF  AKT1  TP53 CASP3 EGFR
10 KEGG

Fig.10 KEGG pathway enrichment analysis of the potential an—

ti-inflammatory targets of ethyl acetate fraction of Artemi-sia

stolonifera

11

(1XU1) (6S9W) ( 6UPT) ( 7RN9) ( 31KA)

( thamnazin) -6.0 -9.8 -7.5 -6.8 -7.8
( eupatilin) -5.9 -93 -6.6 -6.7 ~-7.17
( jaceosidin) -5.9 -9.7 -7.1 -7.0 -7.7
( luteolin) -6.2 -10.1 -7.5 -7.6 -7.8
(_nepetin) -6.0 -9.9 -6.8 -7.1 -7.7

Fig.11 Molecular docking of core anti-inflammatory components and key targets of ethyl acetate fraction of Artemisia stolonifera
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