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Study on the mechanism of action of Folium Mori-Flos Chrysanthemi on
hypertension based on network pharmacology and molecular docking
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Abstract : This study aims to explore the potential molecular mechanism of Folium Mori-Flos Chrysanthemi( FM-FC) on the
treatment of hypertension by network pharmacology and molecular docking methods. Firstly , the gene chip data was download-
ed from GEO database, differentially expressed genes were screened with R language limma package, the effective components
and corresponding target proteins of FM-FC were screened from Traditional Chinese Medicine System Pharmacology Database
(TCMSP) , the intersection targets of drugs and diseases were extracted with Venn software, the construction of " compound-
target" network and visual analysis were completed by Cytoscape3. 7.2 software,the protein network interaction and topology
analysis of key targets were performed by Bisogenet and CytoNCA plug-ins. Then, David database and R language clusterPro-
filer package were used for GO function enrichment and KEGG pathway analysis of key targets. Finally, the results of active
components and key targets were verified by AutoDock Vina software. The results showed that FM-FC acted on 41 targets of
hypertension, 156 core target information was revealed by topological analysis. A total of 80 enrichment results including 52
biological processes,13 molecular functions and 15 cell composition were obtained through GO analysis. KEGG pathway anal-
ysis found 39 items,involving IL-17 signal pathway , fluid shear stress and atherosclerosis signal pathway, TNF signal pathway,

etc. The molecular docking results showed that quercetin and luteolin were components that docked well with key targets. We
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have revealed preliminarily that FM-FC exerts a hypotensive effect through the synergistic effect of " multi-component-multi-

target-multi-pathway" in this study,which will lay a foundation for further study of its material basis and mechanism of ac-

tion.

Key words: Folium Mori-Flos Chrysanthemi ; hypertension ;network pharmacology ; molecular docking; mechanism of action
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Fig. 1 Volcano map of differentially

expressed genes in hypertension
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Table 1  Up-regulated and down-regulated genes differentially expressed in hypertension
et e ke Pae e g Palue
IGFBP5 4.456 4.06E-10 LOC728437 -5.525 4.58E-11
USP41 3.848 4.34E-10 SPANXNS 4.095 1.33E-15
LOC100507012 3.679 1. 15E-05 MGC12916 -3.968 1.61E-07
FAM75D1 3.591 2.79E-05 LOC100505679 -3.346 1.87E-11
FBXI21 3.508 4.11E-10 LOCI91450 -3.311 5.46E-13
ANGPT2 3.466 1.24E-08 1120 -3.223 4.59E-07
OR10H5 3.431 1.30E-05 ACTG2 -3.197 2.02E-11
SLC5A7 3.427 2.12E-10 GSDMC -3.090 6.02E-09
LOC100134713 3.157 2.20E-12 C200rf106 -3.046 1.52E-11
MGC16703 3.154 1.33E-10 KIF5C -3.044 3.74E-09
TFPI2 3.133 5.02E-14 C200rf107 -3.031 2.96E-11
SH2D2A 3.084 2.38E-11 UCPI1 -3.023 2.31E-07
C170rf105 3.026 2.91E-06 MEPIB -2.961 3.98E-12
FUT3 2.991 1.34E-09 GUCY2F -2.947 3.92E-06
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2:5% 1( Continued Tab. 1)

Uprj;fi %{ e logFC P-value D()Wn:i ft gone logFC P-value
SCARNA22 2.902 2. 59E-05 RAB39B 2.886 4.79E-09
LINC00158 2.893 2.03E07 FAMI53B 2.816 1.03E08
SLCOSAL 2.796 8. 48E-07 ACTRTI 2.806 5.02E-05
LOXLA 2.784 1.49E-14 F2 2.794 8.38E-13
DES 2.695 6.72E-11 DEFB103B 2.784 1.95E-10
pZP 2.637 2. 69E-09 VILI 2.754 1.81E09

2.2 RIM-FHIEFEYER S HTHE Tox B A5 By, B 2 Hh SRt 25 AN B E M

1t TCMSP kg 2R S -2 48 Fr A eor Bt AR 00, 3046 17 D EEEMERr (LR 2) .
i FUIRAE YRR OB A5 ¥y ARRIAE DL, [a] i i 25
x2 RMH-FENBAREERS
Table 2 Active components of FM-FC

&4 D &2 OB DL L]
Mol ID Molecule name Herb
MOLO001771 Poriferast-5-en-3beta-ol 36.91  0.75 FM . FC
MOLO000098 Wit B2 % Quercetin 46.43  0.28 FM . FC
MOL000358 B4 5§18 Beta-sitosterol 36.91  0.75 FM . FC
MOLO000422 11458 Kaempferol 41.88  0.24 FM . FC
MO1002218 FREZEE Scopolin 56.45  0.39 FM
MOL002773 B3 NZ Beta-carotene 37.18  0.58 FM
MOL003847 13 2% E Inophyllum E 38.81  0.85 FM
MOL003851 S Isoramanone 39.97  0.51 FM
MOL003856 3% B Moracin B 55.85  0.23 FM
MOL003857 %% C Moracin C 82.13  0.29 FM
MOL003858 %% D Moracin D 60.93  0.38 FM
MOL003859 3¢ % E Moracin E 56.08  0.38 FM
MOLO003860 3% F Moracin F 53.81  0.23 FM
MOL003861 ¥ % G Moracin G 75.78  0.42 FM
MOL003862 7% H Moracin H 74.35  0.51 FM
MOL003879 S TR B P2 M B 4-Prenylresveratrol 40.54  0.21 FM
MOL000433 FA 68.96  0.71 FM
MOL000729 AL LA TR Oxysanguinarine 46.97  0.87 FM
MOLO000449 5§ Stigmasterol 43.83  0.76 FM
MOL001439 AELEPWIAIR Arachidonic acid 45.57  0.20 FM
MOL003759 B i B 2 Iristectorigenin A 63.36  0.34 FM
MOL006630 [ffAE AR 4 5 & Norartocarpetin 54.93 0.24 FM
MOL007179 TP JRIR Z Mg Linolenic acid ethyl ester 46.10  0.20 M
MOLO07879 U R B A R BT K Tetramethoxyluteolin 43.68  0.37 FM
MOL013083 B4 (8CI) Skimmin (8CI) 38.35  0.32 FM
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2:5% 2 ( Continued Tab. 2)

L& 1D AL/ OB DL 2

Mol ID Molecule name Herb
MOL011802 (24R) %E *<<<@* (24R) -Saringosterol 39.36 0.79 FC

S \ )| N —_ . . ATHE
MOL001689 LA Acacetin 34.97  0.24 FC
MOL003044 MW Chryseriol 35.85  0.27 FC
MOL000354 5 ﬁ{;% Isorhamnetin 49.6  0.31 FC
_ ) %

MOLO000006 KE% ? Luteolin 36.16  0.25 FC
MOL001733 ¥R 22 % Eupatorin 30.23  0.37 FC
MOLO001755 24-Z FEJH §5§ 4 -7 -3 24-Ethylcholest-4-en-3-one 36.08  0.76 FC
MO1002881 Fnt A2 Diosmetin 31.14  0.27 FC
MOL004328 Hil1 iz 2% Naringenin 59.29  0.21 FC
MOL005229 #E Artemetin 49.55  0.48 FC
MOILO011319 Hei# OBP Truflex OBP 43.74  0.24 FC

2.3 “(Aaw-BRT K& R R AR ST

4>, i1 Cytoscape 3. 7. 2 BR{FA SR -4G 465 55 1M

K¢ DrugBank Kt 2275 21 0 A S0, R EL A
IFLERER PR, B A1 B Z 0 LT P 1 T
241 A, B I s 2 5 A R A G A i USSR
PR L PURE L 41 A4S, 3 R R -5 26T 1 il 29

FE“ A -0 AT B T AL R 25 1 (LA 2) , FE 289
PR M B R IR B B-I R AR AT |
SE MR AR, RSN JUN MMPY |
PTGS2 EGFR ,CCND1 \MMP1 SPP1 %,

MOIii08759 MOL003044

MOW608847 MOL002881
MOUG03855 MOE602773
Mo83859 MOl0062218
MOI003862 MOy 71
s k™
MOLO004328 i N N GRSl B MOL001689
HOK a0 Nl afiel calins iRl
MOL005100 Ay SO Al Gl m MOIG01439
MOL005229 Q‘WM ‘ 10110007
m M 29
—— mﬂumm AR 2 % S_—
Mo 79 ‘\ ! MOE0D#22
- ‘ [/ Moliiiosss
MOLO11816 \ [/
\\|/ moLoooss4
MOl018083 N i | o

MOL000006

B2 RM-FESESME“ULEY-BR"HATRLMNEE

Fig. 2 Visualized network diagram of " compoun:

d-target" between FM-FC and hypertension
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RO B GRS F , AP 619 A5 M1 20 405 A FRIDHYFR -4 4L 5 = i R B0 FE R 2 (LA 3) o
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Fig. 3 Interaction construction and topological analysis of protein networks

&3 I 156 MO LER (DC > 185)
Table 3 Topological analysis of 156 core target information (DC >185)

LA Gene DC CC BC FEH Gene DC CC BC
EGFR 933 0.636 1559 CCDC8 237 0.566 599
NTRK1 693 0.660 2 387 CULI 236 0.581 866
APP 401 0.572 704 TRAF6 228 0.566 648
CUL3 380 0.614 1329 SRC 224 0.555 313
TP53 375 0.620 1 635 SIRT7 221 0.557 344
UBC 358 0. 609 1229 CDC5L 217 0.556 416
MCM2 346 0.609 1 348 HSPA8 216 0.582 796
HSP90AA1 331 0.602 1183 BRCAL1 216 0.571 683
FN1 321 0.597 971 VCAM1 215 0.573 666
ESR1 320 0.595 1 054 HSPAS 214 0.581 945
XPO1 313 0.561 490 OBSLI 212 0.563 457
GRB2 299 0.577 561 HDACI1 210 0.557 393
CDK2 284 0.589 938 PARK2 209 0.567 705
JUN 273 0.548 256 UBE2I 204 0.553 347
PRKCA 271 0.540 176 SNW1 203 0.555 337
MYC 270 0.567 848 MDM2 200 0.562 516
vCP 264 0.576 735 CREBBP 197 0.558 358
HSP90ABI 263 0.583 753 EWSRI 196 0.553 311
YWHAZ 261 0.589 978 HUWEI 195 0.570 664
EP300 259 0.580 713 YWHAQ 193 0.562 505
CUL7 258 0.581 708 AKT1 193 0.553 388
NPM1 250 0.582 1 088 CTNNBI1 189 0.557 394
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2:5% 3 ( Continued Tab. 3)

FEH Gene DC CcC BC FE[H Gene DC CcC BC
FBXO06 246 0.561 459 HDACS 188 0.565 714
COPS5 241 0.578 786 EEF1A1 187 0.566 588
ITGA4 238 0.582 896 AR 187 0.552 324
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Fig. 4 GO Enrichment analysis of active components from FM-FC in treating hypertension
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ROERRFESUTAREENRZ —, PEFER DRI ZFHLH (RAAS S AL RAE 1 225
B2 HLE IR B30I BB, I TR RNA) RIS O T &
N2 ot Z TREVE I, SRR A O HOR R 2 2 M ER R B R SEE A (O
F4 KEGGBEBEESH(F120 £)
Table 4 Enrichment analysis of KEGG pathway (top 20)

D i % Pathway LA Gene
hsa04657 IL-17 signaling pathway PTGS2/CASP8/JUN/MMP1/MMP3/MMP9/CXCL2
hsa05418 Fluid shear stress and atherosclerosis NCF1/JUN/HMOX1/MMP9/PLAT/THBD/NQO1
hsa05215 Prostate cancer MMP3/EGFR/CCND1/PLAU/MMP9/PLAT
hsa04921 Oxytocin signaling pathway PTGS2/JUN/EGFR/CCND1/ELK1/PRKCA/PLA2G4A
hsa04668 TNF signaling pathway PTGS2/CASP8/JUN/MMP3/MMP9/CXCL2
hsa05219 Bladder cancer MMP1/EGFR/CCND1/MMP9
hsa04912 GnRH signaling pathway JUN/EGFR/ELK1/PRKCA/PLA2G4 A
hsa05206 MicroRNAs in cancer PTGS2/HMOX1/CYP1B1/EGFR/CCND1/PLAU/MMP9/PRKCA
hsa05225 Hepatocellular carcinoma HMOX1/EGFR/CCND1/ELK1/PRKCA/NQO1
hsa04510 Focal adhesion JUN/EGFR/CCND1/ELK1/PRKCA/SPP1
hsa04926 Relaxin signaling pathway JUN/MMP1/EGFR/MMP9/PRKCA
hsa04115 p53 signaling pathway CASP8/CCND1/CHEK2/IGFBP3
hsa05205 Proteoglycans in cancer EGFR/CCND1/PLAU/MMP9/ELK1/PRKCA
hsa05140 Leishmaniasis PTGS2/NCF1/JUN/ELK1
hsa05204 Chemical carcinogenesis PTGS2/CYP3A4/CYP1B1/ADHIC
hsa05163 Human cytomegalovirus infection PTGS2/CASP8/EGFR/CCND1/ELK1/PRKCA
hsa04012 ErbB signaling pathway JUN/EGFR/ELK1/PRKCA
hsa05160 Hepatitis C CASP8/EGFR/CCND1/CLDN4/PPARA
hsa05323 Rheumatoid arthritis JUN/MMP1/MMP3/CXCIL2
hsa05161 Hepatitis B CASP8/JUN/MMP9/ELK1/PRKCA
MicroRNAs in cancer .
1L=17 signaling pathway [ ]
Fluid shear stress and atherosclerosis { .
Oxytocin signaling pathway .
Prostate cancer . it
TNF signaling pathway .
Hepatocellular carcinoma [ ] oo
Focal adhesion (] i
Proteoglycans in cancer [ ] b
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Hepatitis C ° : :
Hepatitis B [ ] . F
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Fig. 5 Bubble diagram of KEGG pathway enrichment analysis ( top 20)
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Fig. 6 KEGG pathway-key gene relationship network

7 RM-FHBUERSSMEENZELER=HE (L EEE<I.8 keal/mol)
Fig. 7 Two-dimensional and three-dimensional maps of docking between active components
of FM-FC and target protein ( binding energy <9.8 kcal/mol)
A ~E 350 SR MARBE 5 PTGS2 ARBFEFR 5 MMPY 43 D 5 PTGS2 ¥ H 55 PTGS2 B-# % bR 5 PTGS2 1y 4 F X &,
Note; A-E are molecular docking diagrams of sanguinarine oxide and PTGS2,luteolin and MMP9 , moracin D and PTGS2 ,moracin H and PTGS2 ,and
B-carotene and PTGS2 , respectively.
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Table 5 Binding energy of active components of FM-FC to targets
e L o e s L BR
Target Active ingredient e Target Active ingredient Binding energy
(keal/mol ) (keal/mol )

PTGS2 EALIMAR K Oxysanguinarine -11.9 MMP1 fiit i 2 Quercetin 9.4
MMP9 AREEEZE Luteolin -10.5 PTGS2 LW E Acacetin 9.4
PTGS2 %2 D Moracin D -10.4 PTGS2 1125/ Kaempferol 9.4
PTGS2 %3¢ % H Moracin H -10.3 PTGS2 %3E# E Moracin E 9.4
PTGS2 B-iA% N Beta-carotene 9.8 PTGS2 A A A 35 2 Norartocarpetin 9.4
MMP9 it 2 Quercetin 9.7 PTGS2 Wit 3 Quercetin 9.4
PTGS2 133 R % E Inophyllum E 9.7 CCNDI1 Wit % Quercetin 9.3
PTGS2 # 1y Chryseriol 9.6 PTGS2 Hit iz % Diosmetin 9.3
PTGS2 SR 222 Tsorhamnetin 9.6 PTGS2 KJRHZE Luteolin 9.3
PTGS2 {222 Eupatorin 9.5 PTGS2 DU 48 3 AR B2 Tetramethoxyluteolin -~ 9.3
PTGS2 R FH 2 Iristectorigenin A 9.5 MMPI AJRELZE Luteolin 9.1
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