* 3094 - ¢ %% Chinese Traditional and Herbal Drugs 25 50 4% 25 133 201947 A

ETMEHEFISIE S RBBAM SRR E I ER 2

BedR 12, e E 2, KBRS, AMAARZ 3 F 2, B, x4 SER 2 H T2,
4 YT, FhRMU

1 VLA R 2 R E 2550, 1L ME 330004

2. FEANRMFREDERERESYO, EEPERAGHFH, b 100039

3. REERFAF 50 %0E, =~/ K# 671000

7 E: B8 B W2 I A B R A B R R PR I RS, S5 AR R T R EC A e N L 2 AR
Iy -2 BB TE T T, 5k BT TCMSP 24 R GeA M2 W s R SR 0 1 R itk 6 R 2 /0 3 B fb 2
B4y, FHER) LC-MS BoARS BT s BT 2007, i3 TCMSP 482 M1 Pharmmapper B0 TRINFRECE B2 32 B 004 L TAR, 3F
JEI DIP #E R, I A A A BAE IS B L 2R 5 S RE RSO R ORI, R R 25 -REAR- Bl 4%, I P8 RFAE /3
HrACHT BRI 2 BUR IR RS, MR RBURIN EZ RN . &R RIEMNE S, L6 4 MRS SR
T BRI A DA DG, R EE AR 20 AN, FERNMINER-2 (COX-2) MiFSH—ANEAE (INOS) HEMOM
BIWERD, VEFIMLEIRTRES 5 IR SER T (TNF) {5588, NOD FEZ/fk (NLR) {5588k, & W AEKRE T (VEGF)
GEIERES RIEOREUMXNESREA L. 12 [N B RPN REUREREI T RA 28y ZHE. ZREIE
FHFE R, A FUORIRN BB S B R ORI 4 B0 A P LRGSR 2R, IF Bdb— D Ui 7 R R 250 e B R
KB S BRI PUACHEUR; WISZERYE (ERSE A, MORER

FESES: R2855 XRAFRERD: A NERE: 0253 -2670(2019)13 - 3094 - 13

DOI: 10.7501/j.issn.0253-2670.2019.13.015

Anti-inflammatory and analgesic activity analysis of Qizhi Weitong Granules
based on network pharmacology

YANG Xiao-juan'-2, HU Huang Wan-yin?, ZHANG Hai-zhu?, HAO Jun-jie?, LIU Jing?, LIU Xiao-yi?,

WANG Xuan?, WU Guo-song?, XIAO Xiao-he?, NIU Ming?, LUO Guang-ming'

1. School of Pharmacy, Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

2. Department of China Military Institute of Chinese Materia, the Fifth Medical Centre, Chinese PLA (People’s Liberation Army)
General Hospital, Beijing 100039, China

3. Department of Pharmacy and Chemistry, Dali University, Dali 671000, China

Abstract: Objective The target of anti-inflammatory and analgesic active components of Qizhi Weitong Granules was predicted by
network pharmacology method, and the effect of multi-component-multi-target-multi-pathways on TCM-complexation theory was
analyzed. Methods The main chemical constituents of six Chinese medicines in Qizhi Weitong Granules were collected based on
the TCMSP Chinese Medicine System Biological Analysis Database and analyzed by LC-MS. The main target of each component
was predicted by TCMSP search and Pharmmapper software. The relationship between drug, target and inflammatory pain target was
established by DIP database and protein interaction information. In order to elucidate the main mechanism of anti-inflammatory and
analgesic effects of Qizhi Weitong Granules, the network of “drug-target-disease” was constructed and the target of
anti-inflammatory and analgesic effects of Qizhi Weitong Granules were analyzed by network characteristics. Results Through

the network analysis, a total of 44 inflammatory targets were closely related to Qizhi Weitong Granules, of which 20 were
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directly targeted, mainly for the action of proteases such as COX-2 and iNOS. The mechanism may be related to the regulation of

TNF signaling pathway, NOD-like receptor signaling pathways, VEGF signaling pathways and other signaling pathways closely

related to inflammation. Conclusion The anti-inflammatory and analgesic effects of Qizhi Weitong Granules reflect the

multi-component, multi-target and multi-pathway characteristics of traditional Chinese medicine. This study provides a scientific

basis for further understanding the anti-inflammatory and analgesic mechanism of Qizhi Weitong Granules and explains the

scientificity of the traditional Chinese medicine compatibility theory.

Key words: Qizhi Weitong Granules; anti-inflammatory and analgesic activity; network pharmacology; target; compatibility theory
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Table 1 Attribution and qualitative analysis of chemical constituents in Qizhi Weitong Granules
HaEY X TR w/min MR HEY MR w/min - AR
(+)-catechin 290.079 0 4.790 bs beta-sitosterol 414.386 2 11.653 xf
paeoniflorgenone 318.110 3 5.503 bs sugeonyl acetate 276.172 5 16.461 xf
paeoniflorin 480.163 2 5.503 bs (S)-scoulerine 327.147 1 5.768 yhs
lactiflorin 462.152 6 6.862 bs clarkeanidine 327.147 1 5.768 yhs
benzoyl paeoniflorin 584.189 4 9.283 bs izoteolin 327.147 1 5.768 yhs
beta-sitosterol 414.386 2 11.653 bs demethylcorydalmatine 327.147 1 5.768 yhs
petunidin 317.066 1 5.437 ch capaurine 371.173 3 6.216 yhs
(+)-anomalin 426.1679 5.602 ch isocorypalmine 341.162 7 6.365 yhs
sainfuran 286.084 1 8.371 ch corydalmine 341.162 7 6.365 yhs
troxerutin 346.250 8 9.084 ch corydine 341.162 7 6.365 yhs
cubebin 356.126 0 9.730 ch N-methyllaurotetanine 341.162 7 6.365 yhs
longikaurin A 348.193 7 11.968 ch norglaucing 341.162 7 6.365 yhs
octalupine 264.183 8 12.698 ch fumarine 353.126 3 6.813 yhs
areapillin 360.084 5 17.008 ch cavidine 353.162 7 6.846 yhs
linoleyl acetate 308.2715 17.953 ch tetrahydrocorysamine 337.1314 7.111 yhs
saikosaponin ¢_qt 472.3553 18.251 ch cryptopin 369.157 6 7.111 yhs
baicalin 446.084 9 19.047 ch hyndarin 355.178 4 7.128 yhs
glycyrol 366.110 3 0.977 gc marmin 332.162 4 10.145 zq
isoglycyrol 366.110 3 0.977 gc sitosterol 414.3862 11.653  xf. bs. ge. yhs
licoricone 382.141 6 2.187 gc (2R)-7-hydroxy-2-(4-hydroxy- 256.073 6 6.315 gc
glycyrin 382.141 6 2.187 gc phenyl)chroman-4-one
luteolin 286.047 7 8.586 xf xambioona 388.167 5 3.779 gc
isodalbergin 268.073 6 10.725 xf licopyranocoumarin 384.1209 3.895 gc
gancaonin H 420.1573 5.370 gc (25)-7-hydroxy-2-(4-hydroxy 324.136 2 6.995 gc
kanzonol F 420.193 7 5.370 gc phenyl)-8-(3-methylbut-2-
euchrenone 406.178 0 6.315 gc enyl) chroman-4-one
quercetin 330.074 0 6.531 gc 7,2' 4'-trihydroxy-5-methoxy- 300.063 4 7.161 gc
odoratin 266.1518 6.796 gc 3-arylcoumarin
vestitol 272.104 9 6.813 gc licoagroisoflavone 336.099 8 8.039 gc
jaranol 314.079 0 6.813 gc kanzonols W 336.099 8 8.039 gc
liquiritin 418.126 4 6.813 gc licochalcone B 286.084 1 8.371 gc
glycyroside 562.168 6 6.813 gc calycosin 284.068 5 8.620 gc
phaseolinisoflavan 324.136 2 6.995 gc inermine 284.068 5 8.620 gc
glabridin 324.136 2 6.995 gc medicarpin 270.089 2 9.498 gc
glyasperin C 356.162 4 7.111 gc sigmoidin-B 356.126 0 9.730 gc
glyasperin B 370.141 6 7.128 gc 6-prenylated eriodictyol 356.126 0 9.730 gc
glepidotin B 340.131 1 7.492 gc 8-prenylated eriodictyol 356.126 0 9.730 gc
licocoumarone 340.1311 7.492 gc glypallichalcone 284.104 9 10.078 gc
dehydroglyasperins C 340.1311 7.492 gc licochalcone G 354.146 7 10.095 gc
gancaonin A 3521311 7.890 gc 1-methoxyphaseollidin 354.146 7 10.095 gc
gancaonin G 3521311 7.890 gc 3'-methoxyglabridin 354.146 7 10.095 gc
glabrone 336.099 8 8.039 gc formononetin 268.073 6 10.725 gc
hesperetin 302.079 0 7.128 zq shinpterocarpin 322.120 5 11.703 gc
kaempferol 286.047 7 8.586 xf\ bs. ch. gc| glabrene 322.120 5 11.703 gc
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8-(6-hydroxy-2-benzofuranyl)-2,2- 308.104 9 7.509 gc dehydrocorydalmine 338.1392 13.145 yhs

dimethyl-5-chromenol beta-sitosterol 414386 2 11.653 zq
7-methoxy-2-methyl isoflavone 266.094 3 9.084 gc nobiletin 402.1315 11.852 zq
3,22-dihydroxy-11-oxo-delta(12)- 512313 8 11.521 gc naringenin 272.068 5 6.813 ges zq

oleanene-27-alpha-methoxycar mairi 456.360 3 10.791 bs. gc

bonyl-29-oic acid isocorybulbine 355.178 4 7.128 yhs
3'-hydroxy-4'-O-methylglabridin 354.146 7 10.095 gc leonticine 327.183 4 7.194 yhs
18a-hydroxyglycyrrhetic acid 486.334 5 13.809 gc stylopine 323.1158 7.260 yhs
gancaonin B 368.126 0 12.234 gc coptisine 320.092 3 7.293 yhs
glyasperins M 368.126 0 12.234 gc pseudocoptisine 320.092 3 7.293 yhs
(—)-medicocarpin 432.1420 12.433 gc (R)-canadine 339.147 1 7.492 yhs
isotrifoliol 298.047 7 13.096 gc corydaline 369.194 0 7.575 yhs
glyzaglabrin 298.047 7 13.096 gc dihydrosanguinarine 333.100 1 7.741 yhs
glyasperin F 354.1103 13.096 gc dehydrocavidine 351.147 1 7.890 yhs
licoisoflavone 354.1103 13.096 gc palmatine 352.154 9 7.957 yhs
licoisoflavanone 354.110 3 13.096 gc dehydrocorybulbine 352.1549 7.957 yhs
isolicoflavonol 354.1103 13.096 gc 13-methylpalmatrubine 352.1549 7.957 yhs
licochalcone A 338.1518 13.179 gc berberine 336.123 6 8.023 yhs
licoagrocarpin 338.1518 13.179 gc corynoloxine 365.126 3 8.222 yhs
semilicoisoflavone B 352.094 7 14.455 gc dehydrocorydaline 366.170 5 8.222 yhs
licoisoflavone B 352.094 7 14.455 gc bicuculline 367.105 6 8.222 yhs
7-acetoxy-2-methylisoflavone 294.089 2 6.995 gc licorice glycoside E 693.205 8 14.919 gc
tetrahydroprotopapaverine 329.162 7 5.437 yhs glycyrrhiza flavonol A 370.105 3 19.163 gc
phaseol 336.099 8 8.039 gc gadelaidic acid 310.2872 19.329 gc
icos-5-enoic acid 310.2872 19.329 gc isorhamnetin 316.058 3 7.774  xf. ch. gc
khellol glucoside 408.105 6 4.624 xf quercetin 302.042 7 8.686  xf\ ch. ge. yhs
resivit 306.074 0 4.989 xf 1,4-epoxy-16-hydroxyheneicos- 316.240 2 5.437 xf
rosenonolactone 316.203 8 5.437 xf 1,3,12,14,18-pentaene
hyndarin 355.178 4 7.128 xf (—)-alpha-N-methylcanadine 354.170 5 6.879 yhs
chryseriol 300.063 4 7.161 xf (28)-2-{4-hydroxy-3-(3-methylbut- 390.183 1 14.737 gc
khell 260.068 5 7.774 xf 2-enyl)phenyl]-8,8-dimethyl-2,3-
saulatine 397.152°5 8.868 yhs dihydropyrano[2,3-flchromen<4-one
pontevedrine 381.1212 9.216 yhs 13-methyldehydrocorydalmine 352.154 9 7.957 yhs
dihydrochelerythrine 349.1314 16.328 yhs 8-isopentenyl-kaempferol 354.1103 13.096 xf
sanguinarine 332.092 3 16.776 yhs

bs-FHA]  ch-%6H] ge-HE xfFM  yhs-ZEHER  zq-15%
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Fig.2 Compound-target-disease interactive network for treating inflammatory pain with Qizhi Weitong Granules
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Table 2 Directly related topological parameters of Qizhi Weitong Granules in treatment of inflammatory pain

Uniprot ID E4=EZ S directed degree betweenness closeness
P35354 COX-2 1 132 0.007 156 50 0.322 175 66
P35228 iNOS 1 124 0.064 387 90 0.313 456 72
P37231 PPARG 1 119 0.023 007 60 0.317 942 43
P07477 PRSS1 1 116 0.015 361 69 0.297 536 63
P00734 F2 1 107 0.017 507 53 0.290 346 67
Q16539 MAPK 14 1 104 0.018 342 87 0.293 614 74
P23219 COX-1 1 95 0.009 337 66 0.291 434 63
P04637 TP53 1 63 0.140 760 69 0.303 472 64
P06400 RB1 1 41 0.064 383 49 0.274 270 03
P35968 VEGFR-2 1 33 0.010 346 81 0.247 466 79
P06213 INSR 1 18 0.029 443 22 0.301 840 15
P04150 KDR 1 18 0.016 411 87 0.248 249 38
P15692 VEGFA 1 14 0.015 096 52 0.266 230 62
P00533 EGFR 1 11 0.046 552 25 0.282 95572
P05412 JUN 1 9 0.017 761 46 0.296 386 19
P05067 APP 1 7 0.024 547 55 0.258 831 84
P01375 TNF 1 7 0.040 754 09 0.270 889 82
P05231 IL6 1 7 0.009 725 60 0.261 231 28
P13500 CCL2 1 6 0.073 657 07 0.263 442 31
P16581 SELE 1 6 0.012 739 80 0.263 107 44
QI9Y6KO IKBKG 0 24 0.025 85773 0.245 416 31
QI9Y4K3 TRAF6 0 22 0.028 297 95 0.234 228 47
P35222 CTNNB1 0 22 0.032 653 01 0.235 786 31
P19838 NFKBI 0 21 0.012 886 87 0.216 808 05
Q04206 RELA 0 19 0.013 986 09 0.218 142 12
P25963 NFKBIA 0 18 0.017 827 52 0.239 694 66
015111 CHUK 0 17 0.015 775 27 0.237 416 29
014920 IKBKB 0 16 0.013 655 51 0.261 045 13
P31749 AKTI1 0 15 0.017 158 07 0.275 025 03
Q99558 MAP3K14 0 13 0.012 757 65 0.233 342 44
Q16665 HIF1A 0 12 0.012 725 53 0.220 460 13
P09874 PARP1 0 11 0.020 830 55 0.243 626 69
P25445 FAS 0 11 0.071 557 13 0.277 571 66
P19438 TNFRSF1A 0 10 0.007 757 38 0.232 053 14
P24385 CCND1 0 10 0.019757 18 0.285 825 75
Q99759 MAP3K3 0 9 0.015 595 29 0.224 876 77
015350 CCL2 0 9 0.003 872 72 0.224 057 08
P41182 BCL6 0 8 0.012 787 17 0.235 634 65
Q86WV6 TMEM173 0 8 0.004 972 70 0.233 187 81
Q13936 CACNAIC 0 7 0.012 704 04 0.221 307 87
Q5S007 LRRK2 0 6 0.003 893 21 0.230 833 86
P17947 SPI1 0 6 0.007 349 21 0.218 31545
Q13546 RIPK1 0 6 0.022 294 11 0.238 498 26
P46531 NOTCHI1 0 5 0.010 021 73 0.232 937 69
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Fig. 3 Relationship between drugs in Qizhi Weitong Granules

and their direct anti-inflammatory and analgesic targets
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Table 3 Bioprocess enrichment analysis results

GO w4 o P FDR
EY)ERE positive regulation of transcription from RNA polymerase I promoter 13 2.92X1073 2.67X107*
positive regulation of ERK 1 and ERK2 cascade 8 2.59X1073 1.10X1073
positive regulation of nitric oxide biosynthetic process 7 1.40X 1077 3.60X1075
angiogenesis 5 3.95X10°%  5.06X10™*
positive regulation of protein phosphorylation 6 2.44X1077 4.69X107*
positive regulation of smooth muscle cell proliferation 5 4.44X1077 4.43X1074
cellular response to lipopolysaccharide 5 6.97X10°° 7.64X107*
positive regulation of DNA replication 4 1.37X107* 1.32X1073
positive regulation of transcription, DNA-templated 7 1.46X107* 1.33X1073
regulation of cellshape 5 1.63X1073 1.25X1073
inflammatory response 6 5.11X107 3.57X1073
positive regulation of endothelial cell proliferation 4 6.14X107 3.93X1073
cellular response to drug 4 6.14X1073 3.93X1073
ras protein signal transduction 4 6.41X107°  3.78X1073
vascular endothelial growth factor receptor signaling pathway 4 6.97X107 3.82X1073
positive regulation of protein kinase b signaling 4 1.10X 107 5.65X1073
positive regulation of cell proliferation 6 1.36 X107 6.50X1073
monocyte differentiation 3 1.63X10*  7.36X107
positive regulation of gene expression 5 1.87X107* 7.94X1073
response to oxidative stress 4 2.46X10*  9.89X1073
S FIhAE  enzyme binding 8 1.23X10°  1.73X103
identical protein binding 6 1.03X1073 3.57X107°
protein phosphatase binding 5 3.60X 1073 1.76X1073
receptor signaling protein tyrosine kinase activity 2 437X107* 3.90X1073
MZHEK  membrane raft 5 4.27X107 9.42X1073
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Table 4 Pathway enrichment analysis of main targets of anti-inflammatory and analgesic effects of Qizhi Weitong Granules

KEGG_Pathway i P FDR
TNF signaling pathway 11 2.61X1077 4.57X1073
pathways in cancer 9 3.33X107° 1.65X1073
Chagas disease (Americantrypanosomiasis) 6 6.90X107° 3.01X1077
HIF-1 signaling pathway 7 1.25X1073 1.06X1073
proteoglycans in cancer 6 1.61X1073 1.24X1073
influenza A 6 8.34X 1073 1.56X1073
hepatitis B 5 5.64X107* 527X1073
VEGF signaling pathway 6 5.74X107* 4.99X1073
pancreatic cancer 4 6.91X107* 5.65X1073
bladder cancer 4 1.76 X107 1.20X 1073
malaria 4 3.00X107* 2.46X1073
cytokine-cytokin receptor interaction 6 3.10X10* 2.28X1073
NOD-like receptor signaling pathway 5 423X10# 5.16X1073
leishmaniasis 6 3.53X1073 1.34X1073
pertussis 5 4.39X107 01.15X1073
rheumatoid arthritis 5 8.23X107° 1.79X1073

x5 SEBERAMNMXARERNERREE

Table 5 Protein types of anti-inflammatory and analgesic targets of Qizhi Weitong Granules

Uniprot ID HEHPEA Uniprot ID HEEA

P35354 oxidoreductase Q9Y4K3  signaling molecule

P35228 null P19838 transcription factor. nucleic acid binding

P00734 protease. hydrolase Q04206 transcription factor. nucleic acid binding

P07477 protease. hydrolase P25963 enzyme modulator. hydrolase

Q16539 transferase. kinase 015111 transferase. kinase

P23219 oxidoreductase 014920 transferase. kinase

P04637 transcription factor Q99558 null

P06400 transcription factor. nucleic acid binding Q16665 transcription factor. nucleic acid binding

P35968 null P09874 ligase. nucleic acid binding

P00533 null P25445 receptor

P05412 transcription factor. nucleic acid binding P19438 receptor

P06213 null P24385 enzyme modulator

P15692 signaling molecule Q99759 null

P05067 signaling molecule 015350 transcription factor

P01375 signaling molecule P41182 transcription factor. nucleic acid binding

P05231 signaling molecule Q86WV6  null

P13500 signaling molecule Q13936 transporter

P16581 null Q13546 transferase. kinase

QI9Y6K9  null Q5S007 transferase. kinase

P35222 cell adhesion molecule. storage protein. cytoskeletal P17947 transcription factor. signaling molecule.
protein. signaling molecule nucleic acid binding

P37231 transcription factor. receptor. nucleic acid binding P04150 transcription factor receptor nucleic acid binding

P31749 transfer/carrier protein. transferase. calcium-binding | P46531 defense/immunity protein. signaling molecule.
protein. kinase receptor
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Fig. 4 Dose-effect curve of Qizhi Weitong Granules and monomeric compounds inhibiting COX-2 activity
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