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Abstract: Objective To explore the material basis and mechanism of Wuwei Ganlu on anti-inflammatory based on network
pharmacology combined with spectrum effect relationship and molecular docking. Methods The active ingredients and anti-
inflammatory targets of Wuwei Ganlu were obtained using databases such as TCMSP, Genecards, Pubchem, UniProt, and CNKI,
then core targets and protein interaction networks were screened by STRING database and Cytoscape 3.7 software. Metascape was

used to perform GO and KEGG signal pathway enrichment of core targets. Subsequently, the cellular inflammation model combined
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with high-performance liquid chromatography was used to analyze the anti-inflammatory activity and pharmacological components
of different polar parts of Wuwei Ganlu. Finally, discovery Studio Lib Dock software was applied to connect the main
pharmacological components with the core targets for molecular docking and visual analysis. Results Through network
pharmacological analysis, a total of 125 anti-inflammatory components of Wuwei Ganlu and 251 potential anti-inflammatory targets,
as well as 131 core targets were obtained, including TNF, IL-6, IL-1B. The KEGG pathway enrichment analysis enriched 20 related
pathways, including lipid and atherosclerosis, and rheumatoid arthritis pathways, which all involved NLRP3 core targets. In
addition, the ethyl acetate phase of Wuwei Ganlu can inhibit the expression of NLRP3, IL-1p and TNF with a total flavonoid content
of (305 £ 11.4) mg-g™". LC-MS spectrum analysis and molecular docking experiments showed that the ion strength of flavonoids
such as naphthol, myricetin, isoquercetin, isoquercetin, and astragaloside in the ethyl acetate phase was much higher than that of
single medicinal herbs, and their mother nucleus structure had significant interactions with the seven amino acid active sites of the

NLRP3 receptor protein. Conclusion The main anti-inflammatory substances of Wuwei Ganlu are flavonoids, which can exert anti-

inflammatory effects by inhibiting the activation of NLRP3 inflammasomes.
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Fig.1 Extraction and separation process of Wuwei Ganlu
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Table 2 Information on active ingredients of Wuwei Ganlu

4%  MOL%i% E OB/% DL #{f5/4
DJ3  MOL004368 & 22 Bk H Chyperin) 6.94 0.77 9
DJ17  MOL004020 7 2 (gossypetin) 35.00 0.31 10
DJ19 MOL007979 ] %A1 (avicularin) 2.06 0.70 4
DJ20  MOL000702 Jii & T (guajavarin) 29.65 0.70 4
DJ21  MOL009847 HH K 2 (pedalitin) 34.02 031 8
DJ22  MOL002902 WIEEER 2,15 Cethyl caffeate) 103.85  0.07 4
DJ23  MOL006218 IHERZ B 6 (methy] caffeate) 30.68 0.06 7
DJ25 MOL000910 FAR F -l (germacron) 32.50  0.07 8
DJ26  MOL002215 F R IR (oleanic acid) 8.41 0.77 3
DJ27 MOLO000511 AE R Cursolic acid) 1677 075 55
DJ28 MOL001310 F I HENE IR (epibetulinic acid) 15.66 0.78 7
DJ29 MOLO012441 (18,4aS,8a8)-7-F W A J-1, 4a- — - 1-+ )2 HEL (1S, 4aS, 8a8)-7- 3339 0.10 10
isopropylidene-1,4a-dimethyl-1-decalinol |
DJ31  MOL002063 J5T-J (y-selinene) 2223 0.08 10
DJ32 MOL006710 %= J7 [ 8-(B-D-glucopyranosyloxy)-7-hydroxy-6-methoxy-2H-1-benzopyran- ~ 36.76  0.42 5
2-one]

ZMHI MOL010788 H KA 353 J6 (leucopelargonidin) 57.97 024 5
ZMH3 MOL010489 i} (resivit) 30.84 027 4
ZMH5 MOL004798 1€ % % (delphinidin) 40.63  0.28 8
ZMHI1 MOL001494 # % (mandenol) 42.00 0.19 3
ZMH12 MOLO001755 24- 7 FEJH £ -4-45-3- (24-ethylcholest-4-en-3-one) 36.08 0.76 2
ZMH13 MOL001771 15 R 2 (poriferast-5-en-3-01) 3691  0.75 2
ZMH14 MOL002881 A Z (diosmetin) 31.14  0.27 10
ZMHI15 MOL004328 Hii J7 & (naringenin) 59.29 021 37
ZMHI17 MOL005043 S {8 B (campest-5-en-3-ol) 37.58 0.71 1
ZMHI18 MOL005190 2 (eriodictyol) 7179  0.24 9
ZMH19 MOL005573 JE4E 2 (genkwanin) 37.13 024 14
ZMH20 MOL005842 055 411 3% &K (pectolinarigenin) 4117 030 12
ZMH21 MOLO007214 F % 445 2 [ (+)-leucocyanidin ] 37.61 027 4
ZMH22 MOLO011319 QA R T T (truflex OBP) 4374 024
DZH1 MOL002235 B 2 L R (EUPATIND 50.80 0.41 16
DZH3 MOL000359 7 8§ % (sitosterol) 3691 0.75 3
DZH5 MOLO004112 Ji75 % & (patuletin) 5311 034 11
DZH6 MOL004609 B4 % 25 Careapillin) 4896 0.41 17
DZH7 MOL005229 7 ¥ & (artemetin) 4955 048 23
DZH9 MOL007274 % 2 15 i (skrofulein) 30.35  0.30 11
DZHI10 MOL007401 2R i K (cirsiliol) 4346 034 10
DZH11 MOL007404 3R] 3% 2R (vitexin_qt) 52.18  0.21 15
DZHI2 MOL007412 4 5L 75 736 % (DMQT) 42.60 037 10

DZHI13 MOL007415 [(28)-2-[[(2$)-2-CRHELRH)-3- R B I )= Bk J-3- K BN AL 1 4k 5k 58.02 0.52 5
{[(28)-2-[[(28)-2-(benzoylamino)-3-phenylpropanoyl Jamino ]-3-
phenylpropyl] acetate}
DZH14 MOL007423 FE3ER-6,8--C-H % B (6, 8-di-c-glucosylapigenin_qt) 59.85  0.21 16
DZH15 MOL007424 & & (artemisinin) 49.88  0.31 15
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%5 MOL%'T &Y OB/% DL 0 di/4
DZH16 MOL007426 2247 # % (deoxyartemisinin) 5447 0.6 1
SBZ1 MOL000360 K /R (FER) 39.56  0.06 16
SBZ2 MOL003177 T # % (syringaldehyde) 67.06 0.05 11
SBZ4 MOL001906 ® & PR H I (methylgallate) 30.91  0.05 5
SBZ5 MOL000513 T4 1R (3,4, 5-trihydroxybenzoic acid) 31.69  0.04 15
SBZ7 MOLO001778 F¥ 1l (sinapaldehyde) 63.16 0.07
SBZ9 MOL005125 4-F LS H R (ANND 29.69 0.03
SBZ10 MOL000365 T % Jig & (syringaresinol) 329  0.72 9
SBZ11 MOL006931 SFEVE A G (isolariciresino) 696 039 23
SBZ12 MOL002650 FAFAMEE (coniferol) 44.88  0.05 18
SBZ15 MOL004362 R ¥ 15 (afzelin) 3.83  0.70 4
SBZ16 MOL005889 B ZE X (rhamnetin) 240 030 24
SBZ19 MOL003044 A J H 2K (chryseriol) 35.85 027 18
SBZ20 MOL000251 274 % (rhamnocitrin) 1290 027 19
SBZ22 MOL000351 F 2= Z& & (rhamnazin) 47.14 034 23
CB3 MOL005958 4-$2FE-3-H FE 3K 2, liF (4-hydroxy-3-methylacetophenone) 38.53  0.03
CB4 MOL007387 2-H A JE X R ) (2-mohydrop) 44.80 0.03 4
CB5 MOL001300 K ZEE(PEL) 44.03  0.02
CB6 MOL001599 o-EE 7 i (a-cubebol) 64.81  0.09 12
CB7 MOL003789 % 5. & (coumaran) 50.90 0.03 4
CB8 MOL001700 it %80 % F1 75 & (deoxypodophyllotoxin) 37.75 083 20
CB9 MOL000532 2 B 28474 J6 (nortrachelogenin) 595  0.43
CB10 MOL005612 3,4- " HI S I A (3, 4-dimethoxyphenol) 7336 0.03
CB11  MOL002558 - (skimmetin) 2737 0.05 10
CB12 MOL000117 DAL HE (cymol) 2720  0.02
CB13  MOL000475 [t 7 b Canethole) 3249 003 15
CB15 MOL000232 (R)-(H)-a-#A 7l EE[ (R)-(+)-o-terpineol ] 4630 0.03 21
CB16 MOL005492 4-FAAR -1, 2- %5 9F 1 (4-methoxy-1,2-benzodioxole) 57.08  0.04 4
CB17 MOL004786 4-FA 7 i (4-terpineol) 40.75  0.03
CB18 MOL003027 9-KAL-(E)-F1 17 ) [ 9-epi-(E)-caryophyllene ] 3028 0.09 14
CB20 MOL000018 (+/-)-5# 0K Jr [ (+/-)-isoborneol ] 86.98  0.05 13
CB21 MOLO011445 o-FIA N (a-cedrene) 50.90 0.10 4
CB22 MOLO011982 B-HAI A (B-cedrene) 56.53 0.1
CB23 MOL000908 B-H1 7 I (B-elemene) 25.63  0.06 25
Al MOL002823 %243 (herbacetin) 36.07 027 14
A2 MOL004576 LI (taxifolin) 57.84 027 12
Bl MOLO000358 B-4+ 5§ i (B-sitosterol) 36.91 0.75 38
Cl  MOL000492 (+)-JLF F [ (+)-catechin] 54.83  0.24 11
DI MOL006769 S 2% (isoquercetrin) 3.86 0.78 2
D2  MOL000701 #it J7 2% (quercitrin) 404 0.74 9
D3 MOL004564 1l 25 1¥ (kaempferid) 7341 027 17
D4  MOL000414 WIHE R 6 ( caffeate) 5497  0.05
El  MOL000197 A 4 (myrcene) 24.96 0.02 2
F1  MOL012445 4-L BR)-3-F2 5 T 2 125 {4-[ (3R)-3-hydroxybutyl Jphenol } 4389 0.04 10
F2  MOL000635 % 2 (vanillin) 52.00 0.03 11
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45 MOL%'% &Y OB/% DL #I&/4

Gl MOL000354 5 R 25 & (isorhamnetin) 49.60 031 37
H1  MOL004083 A # 2 (tamarixetin) 32.86  0.31 15
J1 MOL000449 {4 ¥ (stigmasterol) 4383 0.76 31
J2 MOL000006 A JR B 2 (luteolin) 36.16 025 57
K1  MOL000098 Hit J7 2% (quercetin) 4643 028 154
L1  MOL000422 111 Z= 1%y (kaempferol) 4188 024 63
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Fig.2 Network diagram of anti-inflammatory components of Wuwei Ganlu
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Fig.3 Venn diagram (A) and PPI network (B) of potential targets of Wuwei Ganlu and inflammation
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Fig. 4 GO function enrichment analysis
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hsa05417: Lipid and atherosclerosis
hsa05200: pathways in cancer
hsa04933: AGE-RAGE signaling pathway in diabetic complications
hsa05418: Fluid shear stress and atherosclerosis
hsa05215: Prostate cancer
hsa05207: Chemical carcinogenesisteceptor activation
hsa05208: Chemical carcinogenesisreactive oxygen species
hsa04066: HIF-1 signaling pathway
hsa01524: Platinum drug resistance
hsa05146: Amoebiasis
hsa05144: Malaria
hsa05202: Transcripional misregulation in cancer
hsa04630: JAK-STAT signaling pathway
hsa04148: Efferocytosis
hsa05330: Allograft rejection e
hsa04650: Natural killer cell mediated cytotoxicity =
hsa04020: Calcium signaling pathway 1
hsa04211: Longevity regulating pathway [=——7
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Fig.5 KEGG pathway enrichment analysis
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W4 15 25 i , 32 B 0wk H 55 b oK 4 o A
i K o

3.2.2 AN A ZE HUAH Hh s R T 4 B0 e 4 R
UNEE 3 iz, W3 LR B o B 7 Hoz it v T W2 M W4
FoAr W3 B B T 5 40 3008 (305.0+ 11.HOmgg s H
YR WA, FL P 5 8 B R & Ay Bl > AU
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®3 IAKHBEARMEERYEE
Table 3  Yield of different polar extracts of Wuwei Ganlu

4155 Fik/lg  RIEEA/(mgg D) 15%F/%
w1 — 35.10+0.60 —
w2 0.1 37.31+4.38 0.023
W3 72 305.00+11.40 1.700
W4 23.6 68.70+3.60 5.600
skl 165.1 7.10+0.20 39.300
323 AFEFERUHP R R VI 8 LPS i 2

IR 4 i 8 i A2 R 25 5 SN 5% OK 58 & PCR VL (qRT-
PCROY K, 5 LLH, W1 HI W3 B8 5 2 411
NLRP3 mRNA [F] ik . [F B, %5 B F IL-18 F

TNF-a [f] mRNA 35 A BT BEAK, 11 W2 W4 1 58
JER T RIEGEMARAREZRE 6. 4G
3 AN [E] 4 53 S W B 4y AT, AT DARA E Tk H BR WL
Bt RAE I E 2R WY b, B E AR T
W3, JET o, X W3 #E4T LC-MS 7347, #R1 1Lk
HEEDLR Y PR

3.2.4 UPLC-Q-TOF-MS & 4> fi##fr K H UPLC-Q-
Exactive MS 43 A0 Tk H g W1, W3 Fl5L IR 24 44
WS ~WO HBEAT 70 M, 41 7 B AL &) %
JE FE TG B TR B LA S TR AL 2 o0 A A
The Human Metabolome Database (HMDB) .
Lipidmaps (v2.3) 1 METLIN #4f e PA A% [ @ P2 ( |
U RE W1 A= 8w B BEAT E M, FEULEC HY 13 000
Z AL G . I 5 A O B kAT X L, 4%
class 7 2 2% 73 % Tk H #& o 13 000 2 M ik & W) it
TR BT RRZIUIEALEMBERZH9
s, HoAh 25 I M others. EHE 7 %F 6 000 2 Fi ik &
YIEAT TR IS, IR 4 PR . 45 A 2 M S 2
B W LA 4 BT M “Flavonoids” 43 8 N, #E4T 1
Y3 HT . XF W3 AT WS~WO 1)) 3 K% A Tk H 22
HEAT 73 i, LA“Flavonoids” 73 28 9 T E50 M H bw , 1
AL S EE G 7 R

325 NMRHEILRIEEM B N T
B USRI, o 2 Stk St — B ik o i e bR v
WK : (1) Score & 4T 43, 15 73 60 73 (— 2 il ] + — 4%
T B+ R R T 53, 23 2 =36, score 73 {H
s A W MR AT B, HOHE AT S L (2D
Fragmentation Score — 2% 4T 47, ## 73 100 43 , 73 {H K
T 0, BIUE B g0 EIE B, 2 Bobk sl i . ook
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Fig. 6 Effects of different extractions of Wuwei Ganlu on NLRP3, TNF-a. and IL-1f mRNA expression (x+s, n=4)
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Table 4 Wuwei Ganlu class compound statistics

PaEs ik & /%
K ILEARAT A 534 3.44
R R HATHEY) 943 6.07
NI iy 1 2 1896 12.20
WA 241 1.55
HHEMNEY 1037 6.67
PAES 554 3.56
S I 0 e 1008 6.49
S ] e A S ] AT A=) 249 1.60
KorK 5 844 37.60
FHofth 3235 20.82

5—W9 and quantity of flavonoids

TS LAY AT DURAE DTS PR AP AL S TR
SRR (1 5 I TS 4 o= T s AR AT I 5 1 Ay st —
SE FRIHT T B e R R B A . URR B A LR 1Y
A B3 A RS RN AU A E R AR R  7EAE D)
PRI BRI 2 SR A TR P

IR B 7K SR VD A RE $2 9 &5 )L 7% 2= A 1R
SRR LA DU R AR AN A E D B AL
R T I B0 SR B B AR O, A HU MR AN
U BTG 7 R, TR H EE 25 i R AR
B R B — R T RAKRTT K 259, 2 SR IR PR
W50 B, FOvk B 85 20 VR 9T RA 1B BRIk
90% LA U2 38T 8 42w 5 LR B AR 2R
KR R F B B 39 0 CD8 4 il Al K &2 % 9% R 4t
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Table 5 Wuwei Ganlu flavonoids screened under class classification

D e RH K s w0
[1] /min WA

1 465.10 4.72 4z F (isoquercitrin) C,Hy0, 5891 97.79
2 61116  4.62 7T (rutin) CyH; 0, 57.44 93.44
3 449.11  4.98 # 1 F (astragalin) C,H,0,, 56.90 89.00
4 59319 529 WFF 2 4'-[3- L BEAE A 3 -(1—>2) -4 & b ] Qiquiritigenind'-[ 3- C;Hy,0,,  56.63 86.53

acetylapiosyl-(1—>2)-glucoside ])
5 30506 4.60 AR R (taxifolin) CisH,0, 5631 87.10
6 375.11 8.78 HAEH I 2 Ccasticin) CuH, Oy  56.10 86.66
7 463.12  5.10 A 24 3-3-O-1 %1 BT (peonidin 3-O-glucoside) CpH,0, 55.12 85.67
8 287.05 527 L1 2 1%} (kaempferol) CsH,0s 55.00 80.64
9 319.04 4.70 Wit 2 (myricetin) CsH,Oy  55.00 81.70
10 449.11  4.60 5+ 21 ¥4 (isoorientin) C,H,0,, 54.80 79.63
11 399.14 6.12 A FEH B &K 7- R S (4'-methylliquiritigenin 7-rhamnoside) C,H,, 0y 54.63 80.56
12 389.12  9.78 % K (artemetin) CyoHyOs  54.44 78.81
13 257.08 5.88 Q&-HHH T (28)-liquiritigenin ] CsH,0, 5431 77.27
14 479.12  4.90 SR A4 A AT RETT (petunidin 3-glucoside) C,H,,0,,  54.09 79.24
15 291.09 3.54 % )L 7% & (epicatechin) C,H,,0, 53.58 74.45
16 437.11  4.60 SRS -3 R AP B (taxifolin 3-arabinoside) CyH,0, 5334 71.82
17 435.09 4.92 Mt iz 2 3-BT B AA B (quercetin 3-arabinoside) CyH, (O, 53.00 69.71
18 609.18  4.68 AT (diosmin) CxH;,0,5 52,75 71.71
19 591.17  4.10 MR 7 2 ACKE 3L 2 FLBE F (phloretinxylosylgalactoside) CyH,,0,  50.64 62.94
20 47512 3.06 JLZR & -7-O-B- Mk IR 7 45 B (catechin7-O-B-D-glucopyranoside) C,H,,0,, 50.57 62.80
21 611.16 4.06 NS F i (panasenoside) C,H,,0,6 50.53 63.84
22 35512 5.06 3,3 A4, 5, 7- = L T 52 (3, 3'-dihydroxy-4', 5, 7- CHyu0, 5043 60.57
trimethoxyflavan)
23 41423 1058  (8)-(E)-2-(3,6- - FHIE2-Pilide)-3'4", 7- =R B[ ($)-(F)-2-(3,  C,Hy, 05  50.34 62.73
6-dimethyl-2-heptenyl)-3',4', 7-trihydroxyflavanone ]

24 305.10 3.76 4-H R JLFE 2 (4-methyl-epicatechin) CH,:Os 49.70 53.39
25 45330  9.40 ok 2% B F (hecogenin) C,H,0, 49.14 57.53
26 401.17 5.29 9-9I% Jé ¥4 (9-fluoroprednisolone) C, H,FO; 4880 55.59
27 303.05 4.72 1€ 3 2 (delphinidin) CsH,0, 48.50 48.14
28 287.05 6.79 167 & (cyanidin) CsH,,0s 47.14 40.76
29 317.14  4.90 S-RAE-3, 40, 7- = AR L B )5E (5'-hydroxy-3',4', 7-trimethoxyflavan) CsH,O5  46.64 38.83
30 357.17  7.65 WHElR (myricanone) C, H,,05  46.13 48.62
31 48513  3.76 Hili i ( diospyrin) C,Hy,0,; 4550 43.29
32 305.10 4.24 4L (-3 LA K [4'-0-methyl-(-)-epicatechin ] CH, Oy 4524 35.04
33 378.12 3.4 b =2 3 BE R (agamanone) CH,0s 45.07 34.70
34 408.16 5.19 JRA£ 7 & B7(procyanidin dimer B7) CyoH,, 05 43.62 31.10
35 453.14  3.54 8- C- L 1 51 265 5 3% 52 9 ' _E IR 3R (8-C-glucopyranosylepicatechin) C,H,,0,, 4237 21.40
36 302.10  3.66 122K JE i 4l (farnisin) C,H,O05 41.89 39.94
37 377.08 3.12 4745 2 (limocitrol) CH,;0, 40.50 13.30
38 271.06  6.66 1 R 2275 2 (norizalpinin) CisH, 05 4043 8.49
39 41517  6.71 5 ¥ BEEi C (heteroflavanone C) C,H,O,  39.54 15.60
40 59520 297 4 F (poncirin) CyxH3,0,,  39.43 15.01
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F5 (8)
B s
ID  mlz {fj/ii B ark W ZE:&(
41 399.14 4.88 2-FRH-3',4,5,7, 8- L FAA 2 3 5t (2'-hydroxy-3',4', 5", 7, 8- CyH,,0;, 3927 3.10
pentamethoxyflavan)
42 44313 523 2, 4,6-=FH A A UREE-2-H &k (2', 4, 6'-trihydroxydihydrochalcone-  C,H,,0, 39.18 5.34
2'-glucoside)
43 287.05 4.94 5,7,3,4", 5 - FL RISl (5,7,3',4', 5-pentahydroxyflavanone ) CH,0, 39.00 1.87
44 380.17 991 2', 8- KE-3,4', 5", 7- DY AR B B e (2, 8-dihydroxy-3',4', 5", 7- C,H,,0, 39.00 5.55
tetramethoxyflavan)
45 463.12  4.64  4-O-HFEELILAE 7-O-GFEIERL (4'-O-methylepicatechin 7-O-glucuronide) ~ C,,H,,0,, 38.82 2.86
46  412.03  2.60 3-Ti R 5 R 2% % (isorhamnetin 3-sulfate) CiH,00,0S, 37.94 3.41
47 451.18 2.10 A FRRFE B 7 (dihydrocycloartomunin) CyH,O,  36.53 0.10
6 AHHE.RWRAMEZBZEHEPEMELSYE FREEHEITILE
Table 6 Relative ratio of ionic strength of flavonoids in Wuwei Ganlu, single herbs and ethyl acetate
e B im e
Wi W7 W5 W8 W6 W9 W3
QO-HEH T 1 0 0 0 0 1 207
th 2215 1 0 0 0 0 0 143
HER 1 0 0 6 0 0 105
RACH I &R 1 0 0 1 0 0 96
1 Bz 2R 3-Rel R A b 1 0 3 0 0 0 91
SR A R A R 1 0 2 0 0 1 89
Wit % 1 0 2 0 0 0 86
M REHER 1 0 0 0 0 0 82
A 1 0 1 0 0 0 71
5,7,3",4", 5" F 5 FE B It 1 0 4 0 0 0 58
2',8-§ 33,4, 50, 7-PU B AR T A 1 0 0 0 1 0 56
TEARR 1 0 9 0 0 0 55
AJUIE 3-O-7 w Wi 1 0 0 0 2 0 52
S 1 0 7 0 0 0 49
2RI 1 0 14 0 0 0 45
($)-(E)-2'-(3,6- _FH-2-Bifi £)-3", 4", 7- =55 HE B e il 1 0 0 15 0 0 26
TH#R 1 0 0 0 0 0 25
eV AN AL 1 0 1 0 0 0 8
AW 3BT RARBE 1 0 2 0 0 0 7
ZEME R 1 0 2 0 0 0 6
T 1 0 2 0 0 1 5
4-0-F IR LR R 7-O- i G FERETR 1 0 2 0 0 0 3
193 g i 1 0 0 0 0 0 2
4'-FR LR 3R 7- WA pE 1 0 0 0 0 0 2
S C 1 0 0 4 0 0 2
5-FRAE-3, 4, 7-= WAL T 1 1 0 0 0 0 2
3,3- 5S4, 5, 7-= A 1 0 0 0 0 0 1
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Fig. 8 Interaction of flavonoid monomer and NLRP3 receptor protein combined diagram and combined action analysis in

Wuwei Ganlu
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