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Pharmacodynamic material basis and mechanism of Fufang Yuxingcao
Mixture for the treatment of heat-clearing and detoxification based on
network pharmacology
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3. Zhejiang CONBA Chinese Medicine Co., LTD., Lishui 323400, China; 4. Tianjin Medical University, Tianjin 300070,
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Abstract: We explored the pharmacodynamic material basis and network regulatory mechanism of Fufang
Yuxingcao Mixture (FYM) for the treatment of fever and inflammation. Targets of the 25 compounds in FYM were
predicted according to the reverse pharmacophore method and TCMSP, UniProt database. Gene ontology (GO)
function enrichment and pathway analysis of the targets was analyzed by Omicsbean software and the Kyoto Gene
and Genome Encyclopedia (KEGG) database. A "compound-target-pathway-pharmacological action-effect”" network
was established with Cytoscape 3.6.1 software. The lipopolysaccharide (LPS)-induced RAW264.7 cell inflammation
model was used to verify the anti-inflammatory effects of FYM and its 10 important components. The network
pharmacology experiment showed that 25 compounds affected 97 pathways through 211 targets, of which 15 key
targets [including RAC-alpha serine/threonine-protein kinase (AKT1), insulin (INS), vascular endothelial growth
factor A (VEGFA), interleukin-6 (IL-6), cellular tumor antigen p53 (TP53), tumor necrosis factor (TNF), transcrip-
tion factor AP-1 (JUN), caspase-3 (CASP3), matrix metalloproteinase-9 (MMP?9), interleukin-8 (IL-8), prostaglandin
G/H synthase 2 (PTGS2), proto-oncogene c-Fos (FOS), tyrosine-protein kinase SRC (SRC), c-Jun N-terminal kinase
1 (MAPKS), estrogen receptor 1 (ESR1)] and 46 pathways (including NF-kappa B signaling pathway, Toll-like
receptor signaling pathway, MAPK signaling pathway, IL-17 signaling pathway, arachidonic acid metabolism,
cAMP signaling pathway, T cell receptor signaling pathway, calcium signaling pathway, inflammatory mediator
regulation of TRP channels, chemokine signaling pathway, Thl and Th2 cell differentiation, natural killer cell
mediated cytotoxicity, efc.) were related to anti-inflammatory, antipyretic, immune regulation, and analgesia. In vitro
cell experiments showed that FYM and the 10 components (including isoquercitrin, luteoloside, baicalein, wogonin,
wogonoside, phillyrin, forsythoside A, chlorogenic acid, isochlorogenic acid A, and sweroside) could significantly
reduce the expression of nitric oxide (NO), TNF-a and IL-6 in cell supernatants, indicating that the above 10
components may be the key pharmacodynamic material basis of FYM.

Key words: Fufang Yuxingcao Mixture; network pharmacology; pharmacodynamic material basis; mechanism;
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//'www. omicshare. com); ChemBioOffice2010; Cyto-
scape3.6.1 F 1.

RAW264.7 /)N BRI LG4 I 28 0 T it A R
HoZE K HA JLPS (3€[E Sigma /A #]); MTS (3£ [E Promega
AT, HA % -6 (interleukin-6, IL-6) i J8 PR 3 K] T-a
(tumor necrosis factor-a, TNF-a) 171 & (5 78 B A4
MR A IR A A, —SH A (nitric oxide, NO) 7 &
(R = RAEMHEARG IR A F]); Feff i bnik i Ok
AL RO R A D), AR EA RN AL R4k 5
BR A VB S AR UE dh (R 2 R AE D RHECA BR A
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Table 1 Information of 25 key compounds. 1: Houttuynia cordata
Thunb.; 2: Scutellaria baicalensis Georgi; 3: Isatis indigotica
Fort.; 4: Forsythia suspensa (Thunb.) Vahl; 5: Lonicera japonica
Thunb.

No.  Structure type Compound Formula Source
1 Flavone Hyperoside C,H,,0,, 1,3
2 Rutin C,,H;,04¢ 14,5
3 Isoquercitrin C, H,,0,, 1,3,5
4 Cynaroside C, H,,0,, 5
5 Baicalein CsH,,0; 2
6 Baicalin C, H,0, 2
7 Wogonin C,H,,0;4 2
8 Wogonoside CH,,0, 2
9 Oroxylin A C,H},0;4 2

10 Chrysin C,sH,,0, 2
11 Alkaloid Laurolitsine CH,,\NO, 1
12 Isaidigodione CH;N,O, 3
13 Lignans Lariciresinol C,H;,0,, 3
14 Phillyrin C,,H;,0,, 4
15 Phillygenin C, H,,0 4
16 Phenylethanoid  Forsythoside A C,oH;05 4
glycoside
17 Verbascoside C,0H;O 5 4
18  Organic acid Chlorogenic acid  C,H,,0, L5
19 Caffeic acid C,H,0, 1,45
20 Quinic acid C,H,,0¢ 1,45
21 Isochlorogenic C,H,,0,, 5
acid A

22 Anthranilic acid  C,H,NO, 3
23 Iridoid Loganic acid CH,,0, 5
24 Sweroside C,¢H,,0, 5

25  Nucleoside Adenosine C,H;N.O, 12345
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H -9 (matrix metalloproteinase-9, MMP9). [ /> % -8
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Table 2 Information of 15 key targets

Common  Uniprot

Target name D Degree
Serine/threonine-protein kinase AKTI1 P31749 99
Insulin INS P01308 97
Vascular endothelial growth factor A VEGFA  P15692 86
Interleukin-6 IL-6 P05231 86
Cellular tumor antigen p53 TP53 P04637 84
Tumor necrosis factor TNF P01375 79
Transcription factor AP-1 JUN P05412 72
Caspase-3 CASP3 P42574 71
Matrix metalloproteinase-9 MMP9 P14780 69
Interleukin-8 IL-8 P10145 68
Prostaglandin G/H synthase 2 PTGS2 P35354 67
Proto-oncogene c-Fos FOS P0O1100 66
Tyrosine-protein kinase SRC SRC P12931 66
Mitogen-activated protein kinase 8 MAPKS8  P45983 65
Estrogen receptor 1 ESR1 P03372 61

2 GOTNEESR

A HI OmicsBean 73 # 14 X A < 48 £ 8 5 HEAT
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F| F§ STRING 10 % #f 72 15 21 false discovery rate <
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Figure 1 Protein-protein interaction (PPI) network of related protein targets. Circle nodes represent protein targets, circle size and color

depth represent closeness interaction between targets and proteins
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Figure 2 Gene onto logy (GO) enrichment analysis of related protein targets
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signaling pathway).B 241 il 52145 5 1@ #% (B cell receptor
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(natural killer cell mediated cytotoxicity)~ 7T J5 Ab 5 Fl 2
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Table 3 Information of 46 related pathways

Term ID Term description Observed gene count False discovery rate
hsa04657 IL-17 signaling pathway 21 1.16E-19
hsa04659 Th17 cell differentiation 16 6.57E-13
hsa04080 Neuroactive ligand-receptor interaction 22 1.89E-12
hsa04010 MAPK signaling pathway 22 5.02E-12
hsa04151 PI3K-AKT signaling pathway 23 1.36E-11
hsa04919 Thyroid hormone signaling pathway 15 2.00E-11
hsa04668 TNF signaling pathway 14 1.03E-10
hsa04115 p53 signaling pathway 12 1.18E-10
hsa04210 Apoptosis 15 1.23E-10
hsa04066 HIF-1 signaling pathway 13 3.83E-10
hsa04915 Estrogen signaling pathway 14 9.94E-10
hsa04024 cAMP signaling pathway 16 1.39E-09
hsa04071 Sphingolipid signaling pathway 13 2.04E-09
hsa04722 Neurotrophin signaling pathway 13 2.04E-09
hsa04660 T cell receptor signaling pathway 12 3.99E-09
hsa04068 FoxO signaling pathway 13 6.38E-09
hsa04510 Focal adhesion 15 9.74E-09
hsa04664 Fc epsilon RI signaling pathway 10 1.45E-08
hsa04750 Inflammatory mediator regulation of TRP channels 11 1.89E-08
hsa04620 Toll-like receptor signaling pathway 11 4.65E-08
hsa04370 VEGEF signaling pathway 9 6.56E-08
hsa04621 NOD-like receptor signaling pathway 13 6.99E-08
hsa04658 Th1 and Th2 cell differentiation 10 1.25E-07
hsa04022 c¢GMP-PKG signaling pathway 12 3.52E-07
hsa04012 ErbB signaling pathway 9 7.94E-07
hsa04020 Calcium signaling pathway 12 1.03E-06
hsa04912 GnRH signaling pathway 9 1.22E-06
hsa04015 Rap1 signaling pathway 12 3.40E-06
hsa04310 Wht signaling pathway 10 6.52E-06
hsa04924 Renin secretion 7 1.31E-05
hsa04064 NF-kappa B signaling pathway 8 1.52E-05
hsa04672 Intestinal immune network for IgA production 6 2.02E-05
hsa04662 B cell receptor signaling pathway 7 2.43E-05
hsa04060 Cytokine-cytokine receptor interaction 12 3.37E-05
hsa04630 Jak-STAT signaling pathway 9 8.01E-05
hsa00590 Arachidonic acid metabolism 6 9.31E-05
hsa04622 RIG-I-like receptor signaling pathway 6 0.000 18
hsa04014 Ras signaling pathway 10 0.000 2
hsa04670 Leukocyte transendothelial migration 7 0.000 29
hsa04611 Platelet activation 7 0.000 49
hsa04062 Chemokine signaling pathway 8 0.000 86
hsa04650 Natural killer cell mediated cytotoxicity 6 0.002 6
hsa04540 Gap junction 5 0.003 1
hsa04150 mTOR signaling pathway 6 0.005 8
hsa04612 Antigen processing and presentation 4 0.007 1
hsa04530 Tight junction 6 0.009 7

(neuroactive ligand-receptor interaction) £5; 5 fif #kH ¢
A5 I PAREIR R 5 5 B A6 AR DR R AR 45
4 “UEY-ES-BER-AIEER-T Mg E
FR I %F N 9% &, £ Cytoscape 3.6.1 # {4 o #4 2“1k
BV AL S -2 R P -Dh R B M 25 ok R A,
3(EBIENTRERRNMOAED, ZERTER RS, £
FIWR N, 4O =MILRRAEER, O/ LR
RRINE) . 12 F A% 1Y) Network Analyzer #8473 #T &
L, 22 287 A AL (AR 25 ML A 211 442

A6 A B 4 S 25 ELAE AT L AN Th AR AN 884 5514 .
W 28 30 b G5 K o B S, 2SI FEAE N 6.048, H
R T BB AL B AL S A 124N, 53 A R IR 5
R HER.TEARAFEER A RKEEE IR AR
B GERLT VSRER R RS AR
BEH A; $EAUH 94, 70508 AKTL . 22 28 5 3 4k B
fi-9 (mitogen-activated protein kinase 9, MAPK9). %% %
“F p65 (transcription factor p65, RELA). 25 [1 ¥4 i C
a (protein kinase C alpha, PRKCA).MAPKS. & [ # B
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Figure 3 The compound-target-pathway-pharmacological effect-
function network of Fufang Yuxingcao Mixture (FYM)

C B (protein kinase C beta, PRKCB). 22 % Jii 7% £ & [
¥ 14 (mitogen-activated protein kinase 14, MAPK 14).
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Figure 4 Effects of FYM on the release of NO (A), TNF-a (B), and IL-6 (C) in the Raw264.7 cell supernatant. n = 3, x + 5. **P < 0.001 vs

control; P < 0.05, P <0.01, ™ P <0.001 vs model
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Figure 5 Effects of compounds on the release of NO (A), TNF-a (B) and IL-6 (C) in the Raw264.7 cell supernatant. n = 3, x + 5. *P <

0.001 vs control; "P < 0.05, "P < 0.01, ™ P < 0.001 vs model
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Figure 6 Mechanism of inflammatory response in macrophages
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