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LC-MS Combined with Network Pharmacology to Explore the Mechanism of “Wenyujin Rhizoma
Concisum-Angelicae Sinensis Radix” Essential Oil in the Treatment of Knee Osteoarthritis
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ABSTRACT: OBJECTIVE To extract the essential oil of “Wenyujin Rhizoma Concisum-Angelica Sinensis Radix”, and to
qualitatively analyze the chemical composition of the extracted essential oil by LC-MS. Network pharmacology was used to
explore the mechanism of the essential oil acting on knee osteoarthritis(KOA). METHODS The essential oil of “Wenyujin
Rhizoma Concisum-Angelicae Sinensis Radix” was extracted by steam distillation, the components of the essential oil were
analyzed by LC-MS. PubChem, Swiss Target Prediction, GeneCards, DAVID and other databases were used to predict disease
targets and pathways of active component in prevention and treatment of KOA. The key genes were analyzed by Gene
ontology(GO) analysis and Kyoto Encyclopedia of Genes and Genomes(KEGG) pathway enrichment analysis. Cytoscape was
used to construct a visual network map of “active component-disease targets”. AutoDock and Pymol were used to verify the
molecular docking between the target with the highest degree target and the active components. RESULTS A total of 59
compounds were identified in the “Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix” essential oil, and the main
components were curzerenone, isocurcumenol, ligustilide, etc. Through network pharmacology, 28 potential targets of essential
oil acting on KOA were screened, including CTSK, PTGS1, PTGS2 and ESRI, etc. KEGG enrichment analysis predicted that
“Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix” essential oil mainly targeted TNF signaling pathway, osteoclast
differentiation, IL-17 signaling pathway, relaxin signaling pathway, MAPK signaling pathway to treat KOA. The results of
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molecular docking showed that the screened active components and their corresponding target proteins had positive binding
activity. CONCLUSION LC-MS combined with network pharmacology is used to preliminaries explore the main active
components and the potential targets and mechanism of action of “Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix”
essential oil in the intervention of KOA, providing ideas for the further study of “Wenyujin Rhizoma Concisum-Angelicae

Sinensis Radix” essential oil.

KEYWORDS: essential oil; Wenyujin Rhizoma Concisum; Angelicae Sinensis Radix; chemical composition; knee osteoarthritis;

liquid chromatograph mass spectrometer; network pharmacology
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Fig. 1 Total ion flow diagram of essential oil

Tab.1 Information on chemical composition of “Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix” essential oil

fred . . MR E
Frt ok s, G s v MSMS i
S (]
1 Curzerenone FEAT CisH;g0, 466 231.1380 231.1377 130 231.137; 109.065; 175.074; 213.128; 189.126 6.81
2 Isocurcumenol SR CisHpO, 389 2351693 2351688 2.13  219.164; 191.17; 237.176; 67.054; 189.164 4.40
3 Ligustilide TR CipH,,0, 413 191.1067 191.1063 2.09 137.06; 147.117; 193.123; 93.07; 91.055  4.12
4 Ar-tumerone Iy LB CisHyO 460 217.1587 217.1587 0.199 217.159; 175.111; 161.097; 81.07; 147.117 146
5 Ilicic acid KRR CisHyO5 537 2531798 253.1787 434  189.164; 217.159; 135.116; 235.167; 121.101 1.20
6 Camphor g CioHigO 355 153.1274 1531272 131 153.127; 43.018; 97.065; 135.116; 109.1  0.796
7 2-Hydroxycinnamaldehyde 2-¥23EAEERE CoHgO, 459 149.0597 149.0595 134 149.06; 79.055; 103.054; 93.07; 81.07 0.544
8 Germacrene B B CisHhy 606 2051951 205.1951 0.126 205.194; 149.132; 95.085; 121.101; 123.117 0.400
9 3-n-Butylphathlide 1E THEER CpHuO, 553 1911067 191.1066 052 147.117; 193.124; 175.113; 105.07; 119.085 0.298
10 (-)-3-Thujene ()-3-fukrd CioHie 355 1371325 137.1322 219 81.071; 137.132; 95.085; 57.07; 69.069  0.245
11 Reynosin WA R CisHyO; 539 249.1485 249.1479 241 231.137; 83.085; 213.128; 203.142; 175.074 0.230
12 p-Cyclocostunolide AT IS CisHyO, 475 233.1536 233.1532 1.72  233.154; 215.141; 145.1; 93.07; 187.15 0213
13 Curdione FEAR CisHuO, 451 237.1849 237.1845 169 135.116; 237.185; 219.175; 107.086; 95.085 0.187
14 m-Cresol (] HH gy CHO 261 109.0648 109.0646 1.83 109.065; 81.071; 94.041; 91.055; 107.049 0.174
15 Carvone AR CoHiO 312 1511117 151.1116 0.66 151.111; 69.069; 81.071; 109.065; 123.117 0.172
16 4-Hydroxycinnamic Acid  4-F23EPIRERR CoHgO; 146 165.0546 1650543 182 165.054; 91.054; 105.034; 137.06; 95.049 0.127
17 2,4(15)-Copadiene 2,4(15)-1 "M% CisHy 654 203.1794 203.1791 148  149.132; 205.194; 121.101; 81.07; 93.07 0.0943
18 Pyrocurzerenone FEFHORTR CisHiO 935 213.1274  213.1272 0938 213.128; 198.103; 214.129; 197.095; 183.079 0.088 5
19 Valerophenone 1113 ChHuO 459 163.1117 163.1117 0297 163.11; 93.07; 145.102; 121.064; 91.054  0.087 1
20 3-Phenylpropyl acetate BEERAS I B CyHis0, 284 179.1067 179.1063 223 163.076; 181.085; 135.116; 43.018; 121.101 0.0852
21 Humulene o CisHyy 630 2051951 205.1951 0.126 149.132; 205.194; 121.101; 81.071; 93.07 0.0808
22 Zederone FEFARIE CisHigO; 420 247.1329 247.1324 2.02  141.044; 140.042; 231.131; 249.14; 139.039 0.0742
23 3-Butylidenephthalide TR CiHpO, 449 189.0910 189.0911 0529 189.092; 171.081; 153.07; 143.086; 128.062 0.066 8
24 4-Hydroxyphthalide AR CsHeO; 134 151.0390 151.0387 1.99  79.054; 153.045; 80.056; 81.061; 95.049  0.064 9
25 Thymol HEE CioHisO 261 1511117 1511115 132 110.067; 152.115; 109.065; 124.084; 43.054 0.0617
26 Curzerene HAS CisHyO 700 217.1587 217.1587 0.119 217.159; 149.097; 69.069; 121.101; 131.085 0.0579
27 m-Xylene [ — CsHip 352 107.0855 107.0855 0.385 107.086; 91.055; 105.07; 119.06; 79.055  0.0528
28 Spathulenol U CisHxO 660 221.1900 221.1898 0904 221.192; 203.18; 123.117; 95.086; 81.07 0.0505
29 p-Mentha-1,3,5,8-tetraene  Xf-i#iff-1,3,5,8-PUMs  CioHj, 285 133.1012 133.1009 225 133.1; 105.07; 93.069; 134.104; 106.073  0.0446
30 Lucidenic acid M WM CyHpOs 653 4633054 4633034 432  463.305; 51.479; 464.301; 111.041; 377.193 0.0418
31 Asteriscunolide A SLARMER A CisHisOs 303 247.1329 247.1326 121 247.132; 229.121; 201.127; 123.043; 139.039 0.038 3
32 Ethyl 4-methoxycinnamate XJHESEAEERRZEE CH,0s 275 2071016  207.1016 0.114 151.075; 209.201; 167.06; 123.081; 163.112 0.0373
33 Isocyperol SR CisHyO 629 2211900 221.1898 0.904 221.188; 203.18; 81.07; 147.117; 95.085  0.0359
34 a-Cyperone o IR CisHpO 449 219.1743  219.1737 0456 121.101; 221.184; 85.028; 71.05; 81.07  0.0354
35 3,7-dimethylindan-5- 3,7- " H BERH-5-%2 1R CioHiyO2 251 1911067 191.106 8 0.523  121.065; 193.085; 95.049; 175.112; 147.117 0.0322

carboxylic acid
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36 Germacrone o R CisH»O 359 219.1743  219.1744 0456 163.111; 221.152; 81.07; 203.18; 119.085 0.0319
37 1-Phenyl-1-propanone 1R - 1- PN i CoH;,0 485 1350804 135.0804 0.126 135.08; 107.086; 79.055; 91.055; 117.07  0.0303
38 Curcumenol FEAR M CisHpO, 396 2351693 2351690 1.10  257.153; 258.155; 65.004; 275.915; 269.025 0.029 7
39 Curcumanolide A FEARIBENE A CisH»O, 497 235.1693 2351688 224  135.116; 219.173; 237.181; 107.086; 95.085 0.026 8
40 a-Fenchene R 95 CioHis 431 1371325 137.1323 134  95.085; 137.132; 81.071; 57.07; 109.1 0.0236
41 Cuelure R THIRE  CpHi,Os 298 207.1016 207.1017 0378  207.102; 189.092; 119.085; 161.096; 165.09 0.0229
42 Zedoarol e CisHis0; 341 247.1329 247.1324 218  247.132; 229.12; 139.039; 248.128; 201.127 0.022 8
43 Biphenyl P SN CiHypo 412 1550855 155.0856 0401 155.086; 156.09; 153.07; 154.078; 129.07 0.0219
44 Chavicol 4SRRI CoH,00 528 135.0804 135.0804 0.127 135.08; 107.086; 93.07; 79.055; 91.054 0.0199
45 pB-Terpinene izt CioHs 447 1371325 137.1324 0882 137.095; 81.071; 95.085; 109.1; 67.055 0.0197
46 Decyl acetate L TR5E TR CioHp0, 421 201.1849 201.1848 0310 201.126; 159.08; 131.084; 173.132; 145.1 0.0191
47 LYSINE R CeHuuN,0, 608 147.1128 147.1127 0361 147.117; 105.07; 119.085; 148.12; 91.055 0.017 8
48 Epishyobunone FKETHTR CisHyO 693 221.1900 221.1898 1.05  221.192; 203.18; 81.071; 95.085; 109.1 0.0176
49 2,4-Dimethylbenzaldehyde 2,4- “FIIEIREEE CoH O 502 1350804 1350805 0456 135.08; 107.086; 93.07; 91.055; 79.055 0.0175
50 Procurcumenol DR ARA St CisHpO, 510 2351693 2351689 1.79  135.116; 237.184; 219.172; 107.086; 95.085 0.0157
51 p-Mentha-1,3,8-triene p-THf-1,3,8-= M CioHig 609 1351168 135.1166 124  81.07; 137.095; 95.085; 67.055; 109.102  0.0156
52 Tetramethylpyrazine JIE % CgHpN, 594 137.1073  137.1070 1.84  137.107; 138.111; 96.08; 42.034; 55054  0.0149
53 Glyceryl linolenate S JRRR H iR CyH304 639 3532686 3532684 0.555 375.248; 376.254; 249.112; 185.134; 215.145 0.0127
54 Methylisoeugenol ST A H CyH40, 537 179.1067 179.1064 181  133.101; 179.106; 161.097; 180.092; 165.07 0.0123
55 Phenylpropanolamine AR CoH;3NO 317 1521070 152.1068 1.64  152.115; 153.127; 81.07; 43.018; 135.116  0.0119
56 Methylvanillin P CoHyg0; 280 167.0703 167.0700 190  167.071; 43.018; 149.06; 121.065; 125.06 0.0114
57 Batatasin IV IITESE Y CisHigO; 370 2451172 2451168 1.83  245.115; 227.106; 212.082; 199.111; 181.1 0.0113
58 Cuminyl alcohol A-FRFEEFRE  CH,O 452 1511117 151.1112 339  133.15 105.07; 91.055; 134.104; 131.086  0.0110
59 Lactarorufin A FKER A CisH»O4 248 267.1591 267.1580 395  249.145; 121.101; 231.137; 203.142; 119.085 0.010 8
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Fig. 2 Venn diagram of targets of “Wenyujin Rhizoma

Concisum-Angelicae Sinensis Radix” essential oil in preventing
knee osteoarthritis
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Tab. 2 Active ingredients and corresponding potential targets of “Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix”

essential oil in preventing knee osteoarthritis

has VST R 5 33 44 WEIEAT R 53 T 34 Xof IO L B
1 Curzerenone FEAR PTGS2. PTGS1, CTSK
2 Isocurcumenol L i SIGMARI1, FADSI
3 Ar-tumerone 07 2 CTSK. TGFBR1, DRD4, PIK3CA. SLCI8A3
4 Ligustilide A TR PTGS2. TGFBRI. PTGS1, CTSK. F2
5 Tlicic acid AT KRR PTGS2. VDR
6 Reynosin AR TR PTGS2. MMP3, MMP1, MMP9, CYP2C9, DRD4
7 3-Butylidenephthalide TR R PTGS2. TGFBRI1, PTGS1. CTSK. F2
8 Asteriscunolide A SRR A PTGS2. CTSK. SIGMARI, DRD4
9 Curcumanolide A FARIBNEE A PTGS2. PTGS1. ESRI, CTSK. F2
10 Cuelure TR AT ER R PTGS2. TGFBR1, TGFBR2, PDGFRB
11 Zedoarol e~ PTGS2. PIK3CA
12 Glyceryl linolenate SRR TR H 7 i PTGS2. TGFBRI1, PIK3CA, FGFR2, DRD4
13 Methylisoeugenol 5T gk PTGS2. PTGS1. ESRI1. PIK3CA
14 Batatasin IV INZER 1V PTGS2. MMP1, MMP9, MMP2, ESR1, ALPL, PIK3CA .
PDGFRB. FADSI
15 Lactarorufin A AWEER A PTGS2. TRPV4, PTGSI
16 Lucidenic acid M HFRER M TNF., MMP3, MMP1, ESR1. PIK3CA. SIGMARI
17 4-Hydroxycinnamic Acid 4-FR IR R MMP1. MMP9, MMP2, ESR1
18 Ethyl 4-methoxycinnamate Xof F A B A RER 2 TR MMP1. MMP9. TGFBR1. MMP2. VDR, TNFRSFIA . PTGSI .
ESR1. CTSK. PDGFRB, ASAHI, CIR
19 2-Hydroxycinnamaldehyde 2-FR I A A MMP9, MMP2, ALPL
20 Camphor T figi CTSK. VDR
21 Decyl acetate LRZE TR VDR, SCN9A, HPGD, PDGFRB, ASAHI
22 Curdione FEA il PTGS1, CTSK. SIGMARI, F2
23 Thymol EEE) PTGSI
24 Spathulenol FRL IR i 97 T PTGS1
25 Isocyperol S EE PTGS1. ESRI
26 a-Cyperone -7 [T PTGS1. CTSK. SIGMARI1, DRD4
27 (-)-3-Thujene (=)-3- Mk iz ESRI
28 m-Cresol (i) FH 173 ESR1
29 2,4(15)-Copadiene 2,4(15)-3% W ESR1
30 Valerophenone 1- 283 - 1- 15 R ESRI. PIK3CA. HPGD
31 3,7-dimethylindan-5-carboxylic acid 3,7-HIEEI-S-REE ESRI
32 Biphenyl AR ESRI
33 Chavicol A-JFTI AR ALPL. DRD4
34 3-n-Butylphathlide IE T 3R BE CTSK
35 3-Phenylpropyl acetate SR AT iR CTSK. PDGFRB
36 Germacrone T Ly CTSK
37 Epishyobunone FOKE R CTSK
38 Methylvanillin Bl CTSK
39 1-Phenyl-1-propanone 1-2R - 1-P9 HPGD
40 Carvone 75 7 SIGMARI1, DRD4
41 Curcumenol BN SIGMARI, FADSI
42 Zederone TE A I A PTGS1. FADS1
43 Curzerene AN DRD4
44 S-Cyclocostunolide AR MR SIGMARI
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Fig. 3 Visual network diagram of “component-target-disease” of “Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix”

essential oil in preventing knee osteoarthritis
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Fig. 4 Key targets protein-protein interaction of active
ingredients in essential oil in preventing knee osteoarthritis

PDGFRB

L

7

0.459
0.448
0.448
0.448
0.422

FLi e

0.057
0.040
0.042
0.052
0.023

Aot

Surpy,
Zuipuid giootoigy
Sup nwm Nwwwws& Waosg 5

IAop Somd Surtionk SI8us uo S X0 oy o
YR ozewwmw&smm%\wﬂwwm Wo01q (AN aserorte
FirIo® 35e15nns SPIX1adopgd O] 4img a3l SUEIbHIopIX0

a1, Patopryo - PUS-Uipyy 21500 LIULIOjSgy U

~101do,
OUBIquzy, 29 1T od ;-
9[o1soA U Euy %

XLjeq MN o d” PIS Ieuiop, 112 20198 111025 Uiy,
o

op, Papunoq_,

wwwmﬁw %wwg &o&n QUeIquIoyy TM120e15,

@EMNwN Etserd
MMMWMMM U[9oeyxy
0I5, pyrd® MWdliodyy

PUelquisy fooeo

90 atodu, [e185)
ur

[e150y;

Torsya ) THOw U0joyy
PIOj Aty ZoJonu o,sowmw [eIUR15 oy oo
1BLIpq 1o 01 9SuGds® UOEfFey A2
i
! =)
OP W3)s( 1; -M oI o>.€mmm Uonengy,
OSUodsg, 1 ooU0dsoy 1S

1o

V- SWUhsorg o BInos
:o%%%mcum:o%ewﬁ:ﬂ wo oy %fo%% JO Uoyeng,,
Suige - 11990 cocm?w%,w HeIngor 3ADIsog
L . ! 1 2AnIS0q

y Letoopgy, W Ienyr,
SE@%&& WNMMM: 0] ummomﬂwﬁ

wr
$83001 & duy o\mEEmE f1ooexy,

J170

3SUOdsq; RLAT0) Uogp
SIS} c&om% ! mEEwcczoo
mao:owsm:w :
889001 4
Uoneryy,

77 KOA Wi/, HXF Hb;

15
13
13
13
L
154
104

b

BEfH
5]

>

Key targets of “Wenyujin Rhizoma Concisum-

Angelicae Sinensis Radix” essential oil in preventing knee

osteoarthritis
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Fig. 5 GO enrichment analysis of potential targets of “Wenyujin Rhizoma Concisum-Angelicae Sinensis Radix” essential oil in
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Fig. 6 KEGG enrichment analysis of pathways of potential
targets of essential oil in “Wenyujin Rhizoma Concisum-
Angelicae Sinensis Radix” in preventing knee osteoarthritis
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Tab. 4 Binding energy of the molecular docking between
key compounds and core targets kJ-mol™!

FEMF CTSK DRD4 ESR1 PTGSl PTGS2
AR OEE -16.62 498 1737 -1628 -10.72
IIZHEIV 1231  -7.16 -13.94 749 837
AR N 2432 -15.53 2352 -19.80 -21.01
HEWM 2524 2183 -25.03 -21.64 —13.02
BN -16.41 -14.61 -14.80 -17.50 —13.02
FHARBR A A 2327 -16.07 -20.85 -16.74 -16.37
TR -23.32 -21.10 -20.68 -17.79 -16.28
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Fig. 7 Molecular docking pattern of active components to
core targets
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