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Abstract: Objective To explore the network regulation mechanism of blood-activating and hemostatic and detumescent and analgesic
traditional effects of Panax notoginseng. Methods Targets of the 12 components of P. notoginseng absorbed in plasma were predicted
according to the reverse pharmacophore method. Gene ontology (GO) function enrichment and pathway analysis of the targets were
analyzed by Omicsbean online analysis software and String 10 database. Finally, Cytoscape software was used to construct the network
pharmacology map. Results A total of 12 compounds (notoginsenoside Ri, ginsenoside Rgi, ginsenoside Re, ginsenoside Rhi,
ginsenoside Rgy, ginsenoside Rbi, ginsenoside Rd, ginsenoside F2, ginsenoside Rgs, ginsenoside Rki, dencichine and quercetin) affected
65 pathways through 65 related targets, which were associated with anti-thrombosis, fibrinolysis, angiogenesis, vasodilation, blood
coagulation, anti-inflammation and analgesia. The network of “compound-target-pathway-pharmacological action-efficacy” was also
constructed. Conclusion P. nofoginseng interferes with multiple biological processes related to activating blood circulation, hemostasis,
detumescence and analgesia by acting on several key proteins such as F2, F10, PLAT, VEGFA, NOS2, IL6, PTGES, OPRD1, etc.

Key words: Panax notoginseng (Burk.) F. H. Chen; network pharmacology; activating blood circulation; hemostasis; detumescence;
analgesia; notoginsenoside Ri; ginsenoside Rgi; ginsenoside Re; ginsenoside Rhi; ginsenoside Rg>; ginsenoside Rbi; ginsenoside Rd;

ginsenoside F2; ginsenoside Rgs; ginsenoside Rki; dencichine; quercetin

WisHHEA: 2019-12-18
E&UH: HEAREIEEESENIE (81830111); KM HARIEELTIH (19JCQNIC12700)
e i B, &, WLHFAA. Tel: 18835196802 E-mail: wugihaohaonuli@tmu.edu.cn
FBEMEE  TKEKZE  Tel: (022)23006848 E-mail: zhangtj@tjipr.com
Wi, 9, MR, RENEOMIEZEAES R RE RIF RS . E-mail: taylorghb@qq.com



* 3718 ¢

¢ %% Chinese Traditional and Herbal Drugs 35 51 % 25 14 #§ 20207 A

=tROUMBANZEEY =1Lt Panax
notoginseng (Burk.) F. H. Chen [f] T4, tHHrNH
Ll Z2=1%, EREGE R T M,
ZHERKIERFE . = LAMESEEE, K3
W NI, WPaEER, R &H
. BB B R RS, ARG
WUBREEA B 5Y, 25 FANME R e BARZY BEAF 55
KW, =L IMBEARG. LNILE RS FAXME
RV R RS SN AEER I E, BA itk
M & MARHE . FrOERE . PO s, TR
M, EHEER. sy, BsEikh I L Pt
REEZFIER, G RIETT AT I R4 5212
HAT, KT =ta&mAE/ER R SIIE AR Z,
H=H 54, DA R HE DLR 55 A H s i
1R JE M bR B 2SR L . 2 235 s
FH M2 AT R SRR IR 2. B BRI
IRV 2 R R FRE BRI BERIKSF |
STAYIER TA RS A HMAIES B AT R, T
AN 7 25 AR FEALARI B . 12 F I 2 25 B2 702,
RIELIIIRI S5 . DHRCR I “ 29958 107 4%,
AT A5 TR T 24 () 25 2808 4y AR LA . ERL
AFFUERL T = 12 NN, 73 A A
Mo G5, R TERBRMEEAER (PPD 204
PLEAEDE B2 (GO) 3T, i “tbE4)-HE r-
G5 B2 EAE - TR Mgk s = BiE ik
M W IERmm 2. 2@ FEAE AL .

1 BRESHRH

A S 3 BN B SR O A R RARE
& : Swiss Target Prediction Jl 5% #% Chttp:/new.
swisstargetprediction.ch/) 1 24 R G 2 H 435 5
9 M ¢ & ( TCMSP ) ( http://Isp.nwu.edu.cn/
tcmspsearch.php )+ CTD ##z /% (http://ctdbase.org/)+
UNIPROT #i#i /% (http://www.uniprot.org/)« i #B
REREERNHAEFR2H (KEGG) i % A FE
(http://www.genome.jp/kegg/)+ STRING 10 %¥&fF
( http://string-db.org/ ) « DAVID %4 % ( https://
david.ncifcrf.gov/home.jsp); Omicsbean 7E £k 73 #T5#K
4 (http://www.omicsbean.cn/). Omicshare Tools 7E
2 il B C https://www.omicshare.com )
ChemBioOffice2010. Cytoscape 3.6.1 #f
2 Ak
2.1 B#rtE1REER

AR ZH AT 1% H UPLC-Q-TOE/MS % & H1 =
LI 54 MY, FEt— 4R 25 IR I I
MATIREU, ik R AT 00 5 AL 25 1oy S A
W, FLE B SR 14 ANRIBURE B ZGY A 5 AN
Yy, EATA RIS R B AE MG R 2 . TELLSREG &,
AR b, [RIRPAHOCSCERIZ A . B, ZRG IR
THEFERANS ZHEEHR, FASTEETER, &
FERR R S IR EF LR R BAE N 12 MEEH
AW FTIXF %, iE ] ChemBio Office 2010 {44 il
12 MEERI iR, EMEAREENE 1.

F1 R2MAYER

Table 1 Information

of 12 compounds

G ST HEY) HELLAHR R
1 JRANS=RERE —tEHEFR notoginsenoside R; Ca7Hg0018
2 ANZEBH Rg ginsenoside Rg1 Ca2H72014
3 NSRBI Re ginsenoside Re CasHg2018
4 ANZEH Rh ginsenoside Rh; C35Hs009
5 NS B H Re ginsenoside Rg> Ca2H72013
6 RS R ANZEH Rbi ginsenoside Rbi Cs4H92023
7 ANZHBH Rd ginsenoside Rd CagHs2018
8 NS B H Fa ginsenoside F2 Ca2H72013
9 AZ B Res ginsenoside Rg3 C42H72013

10 ANSBH Rk ginsenoside Rk Ca2H70012
11 JEEAALERIE =t% dencichine CsHsN20s
12 EES i quercetin C15H1007
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Table 2 Information of 65 related protein targets
A 55 L Uniprot ID
Angiotensin-converting enzyme ACE P12821
Acetylcholinesterase ACHE P22303
Adenosine A1 receptor ADORAL1 P30542
Beta-2 adrenergic receptor ADRB2 P07550
Arachidonate 5-lipoxygenase ALOXS P09917
Sodium/potassium-transporting ATPase alpha-1 chain ATP1Al P05023
Apoptosis regulator Bcl-X BCL2L1 Q07817
Caspase-1 CASP1 P29466
C-C chemokine receptor type 1 CCRI1 P32246
Cyclin-dependent kinase 1 CDK1 P06493
Cyclooxygenase-2 COX2 P35354
Endothelin-converting enzyme 1 ECE1 P42892
Epidermal growth factor receptor erbB1 EGFR P00533
Thrombin and coagulation factor X F10 P00742
Thrombin F2 P00734
Coagulation factor VII F7 P08709
Acidic fibroblast growth factor FGF1 P05230
Basic fibroblast growth factor FGF2 P09038
Gamma-aminobutyric acid receptor subunit alpha-1 GABRAL1 P14867
Growth factor receptor-bound protein 2 GRB2 P62993
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gk2
B A AR Uniprot ID

Metabotropic glutamate receptor 2 GRM2 Q14416
Heat shock protein HSP 90-alpha HSP90AAL P07900
Heat shock protein HSP 90 HSP90AB1 P08238
Heat shock protein beta-1 HSPB1 P04792
Interferon gamma IFNG P01579
Insulin-like growth factor I receptor IGF1R P08069
Interleukin-10 IL10 P22301

Interleukin-1 beta IL1B P01584
Interleukin-2 IL2 P60568
Interleukin-4 L4 PO5112

Interleukin-6 IL6 P05231

Interleukin-8 IL8 P10145

Vascular endothelial growth factor receptor 2 KDR P35968
Mitogen-activated protein kinase 1 MAPK1 P28482
p53-binding protein Mdm-2 MDM2 Q00987
Matrix metalloproteinase-9 MMP9 P14780
Myeloperoxidase MPO P05164
Serine/threonine-protein kinase mTOR MTOR P42345
Nuclear receptor coactivator 2 NCOA2 Q15596
Nitric oxide synthase, inducible NOS2 P35228
Nitric-oxide synthase, endothelial NOS3 P29474
Delta opioid receptor OPRD1 P41143

c¢GMP-specific 3',5'-cyclic phosphodiesterase PDESA 076074
PI3-kinase p110-alpha subunit PIK3CA P42336
Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit, gamma isoform PIK3CG P48736
Tissue-type plasminogen activator PLAT P00750
Urokinase-type plasminogen activator PLAU P00749
Plasminogen PLG P00747
Peroxisome proliferator-activated receptor alpha PPARA Q07869
Peroxisome proliferator-activated receptor gamma PPARG P37231

Platelet activating factor receptor PTAFR P25105
Prostaglandin E synthase PTGES 014684
Prostaglandin F2-alpha receptor PTGFR P43088
Nuclear receptor ROR-gamma RORC P51449
Plasminogen activator inhibitor 1 SERPINE1 PO5121

NAD-dependent deacetylase sirtuin 2 SIRT2 Q8IXJ6
Sodium/glucose cotransporter 1 SLC5A1 P13866
Superoxide dismutase [Cu-Zn] SOD1 P00441

Signal transducer and activator of transcription 3 STAT3 P40763
Neurokinin 2 receptor TACR2 P21452
Thromboxane A2 receptor TBXA2R P21731

Thrombomodulin THBD P07204
Vascular cell adhesion protein 1 VCAMI1 P19320
Vascular endothelial growth factor A VEGFA P15692
Thromboxane-A synthase TBXASI1 P24557
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Circle nodes represent protein targets, circle size and color depth represent closeness interaction between targets and proteins
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Fig. 1 PPI network of related protein targets
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Fig. 2 PPI network of related protein target Clusters
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Table 3 Cluster data of related protein targets

Cluster Nodes Edges Node IDs
1 26 266 SERPINEIL, PLAT, EGFR, PLAU, VEGFA, KDR, PLG, STAT3, PPARG, IL6, IL10, IL4, IL1B, CXCLS,
CASP1,NOS3, BCL2L1, MMP9, MTOR, MAPK 1, FGF2, IL2, NOS2, VCAMI, IFNG, ACE
2 8 11 HSP90AAI1, GRB2, HSPB1, THBD, F2, ALOXS, MPO, SODI
3 3 3 MDM2, IGFIR, PIK3CA
4 3 3 TACR2, TBXA2R, PTGFR
32 EYMERESH ITOIREIERE 0T (GO M), A& 40 2H 57

FIF OmicsBean 73 #T#FX FHCHE )T & 1 33E (cellular component, CC). 43T DJHE (molecular
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Fig. 3 GO enrichment analysis of related protein targets
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Fig. 4 Top 20 channels of KEGG enrichment analysis of related protein targets

*4 SEKEEBRER
Table 4 Information of 65 related pathways

ID % 5 i B A4 PR HAprER S H — WRERSHE FDR
hsa04151  PI3K-Akt signaling pathway 19 348 3.65X1071¢
hsa01521  EGFR tyrosine kinase inhibitor resistance 12 78 7.16 X10715
hsa04066  HIF-1 signaling pathway 12 98 5.87X10714
hsa05418  Fluid shear stress and atherosclerosis 12 133 1.29X 10712
hsa04933 AGE-RAGE signaling pathway in diabetic complications 11 98 1.51X10712
hsa04659  Th17 cell differentiation 11 102 1.79X 1072
hsa04630  Jak-STAT signaling pathway 11 160 1.42X10710
hsa04657  IL-17 signaling pathway 9 92 6.29X10710
hsa04610 Complement and coagulation cascades 8 78 4.34X107°
hsa04068 FoxO signaling pathway 9 130 7.47X107°
hsa04915 Estrogen signaling pathway 9 133 8.56X107°
hsa04072 Phospholipase D signaling pathway 9 145 1.45X1078
hsa04080 Neuroactive ligand-receptor interaction 11 272 1.45X1078
hsa04014  Ras signaling pathway 10 228 3.54X1078
hsa04926 Relaxin signaling pathway 8 130 9.51X1078
hsa04010 MAPK signaling pathway 10 293 2.63X1077
hsa04660 T cell receptor signaling pathway 7 99 2.81X1077
hsa04218 Cellular senescence 8 156 3.08X 107
hsa04370  VEGEF signaling pathway 6 59 3.39X1077
hsa04022 cGMP-PKG signaling pathway 8 160 3.53X1077
hsa04621 NOD-like receptor signaling pathway 8 166 4.52X107
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ID %i'5 i A4 PR HtrZp%H — WREREH FDR
hsa04020 Calcium signaling pathway 8 179 7.34X1077
hsa04371 Apelin signaling pathway 7 133 1.47X10°¢
hsa04015 Rapl signaling pathway 8 203 1.62X10°6
hsa04668 TNF signaling pathway 6 108 6.74X107°
hsa04919 Thyroid hormone signaling pathway 6 115 9.37X10°¢
hsa04664 Fc epsilon RI signaling pathway 5 67 1.24X 1073
hsa04510 Focal adhesion 7 197 1.41X1073
hsa04012 ErbB signaling pathway 5 83 2.90X1073
hsa04064 NF-kappa B signaling pathway 5 93 4.56X1073
hsa04672 Intestinal immune network for IgA production 4 44 4.78X1073
hsa04620 Toll-like receptor signaling pathway 5 102 6.62X1073
hsa04062 Chemokine signaling pathway 6 181 8.26 X107
hsa04071 Sphingolipid signaling pathway 5 116 1.10X107
hsa04024 cAMP signaling pathway 6 195 1.20X107*
hsa04611 Platelet activation 5 123 1.40X 1074
hsa04917 Prolactin signaling pathway 4 69 2.00X 107
hsa04150 mTOR signaling pathway 5 148 3.00X107
hsa04540 Gap junction 4 87 470X 1074
hsa04658 Th1 and Th2 cell differentiation 4 88 4.80X10*
hsa04973 Carbohydrate digestion and absorption 3 42 8.50X107
hsa04725 Cholinergic synapse 4 111 1.10X1073
hsa04152 AMPK signaling pathway 4 120 1.40X 1073
hsa04261 Adrenergic signaling in cardiomyocytes 4 139 2.20X1073
hsa04623 Cytosolic DNA-sensing pathway 3 62 2.20X1073
hsa04924 Renin secretion 3 63 2.30X1073
hsa04612 Antigen processing and presentation 3 66 2.60X1073
hsa04921 Oxytocin signaling pathway 4 149 2.70X1073
hsa04115 p53 signaling pathway 3 68 2.80X1073
hsa04920 Adipocytokine signaling pathway 3 69 2.90X1073
hsa04520 Adherens junction 3 71 3.10X1073
hsa04662 B cell receptor signaling pathway 3 71 3.10X1073
hsa00220 Arginine biosynthesis 2 20 3.80X1073
hsa04912 GnRH signaling pathway 3 88 5.30X 1073
hsa04714 Thermogenesis 4 228 0.0107
hsa04722 Neurotrophin signaling pathway 3 116 0.010 7
hsa00330 Arginine and proline metabolism 2 48 0.0173
hsa04913 Ovarian steroidogenesis 2 49 0.017 8
hsa04730 Long-term depression 2 60 0.0255
hsa00590 Arachidonic acid metabolism 2 61 0.026 1
hsa03320 PPAR signaling pathway 2 72 0.034 0
hsa00562 Inositol phosphate metabolism 2 73 0.034 6
hsa04350 TGF-beta signaling pathway 2 83 0.042 1
hsa04666 Fc gamma R-mediated phagocytosis 2 89 0.047 1
hsa04750 Inflammatory mediator regulation of TRP channels 2 92 0.049 3
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