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Molecular biological mechanism of tanshinone Il in treatment of coronary heart
disease based on network pharmacology and bioinformatics
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Abstract: Objective To analyze the molecular biological mechanism of tanshinone Il in the treatment of coronary heart disease
(CHD) based on network pharmacology and bioinformatics methods. Methods The targets of tanshinone IIa were screened by
uploading the chemical structure to PharmMapper database. Related targets of CHD were screened by OMIM, GeneCards, and CTD
databases. The above data were imported into STRING database for PPI network analysis. Protein interaction network was
constructed using Cytoscape. Gene Ontology analysis and enrichment analysis of KEGG signaling pathway were performed by
Cluego. Systemsdock database was used for system molecular docking, and iGEMDOCK software was used for molecular docking
to test the binding of tanshinone Il to the targets of coronary heart disease. Results A total of 173 possible potential targets of
tanshinone Ila, 42 targets related to CHD and 49 signal pathways were identified. Conclusion Tanshinone IIa has the
characteristics of multi-target and multi-pathway in the treatment of CHD, and its mechanism may be through the regulation of
blood pressure, cell metabolism, angiogenesis, endocrine, reactive oxygen metabolism, and other bioprocesses during the
development of CHD.
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Fig.1 Tanshinone Ila protein interaction network
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Table 1 Topological analysis of tanshinone IIs protein

interaction (top 30 targets in degree ranking)

E4E| PR ¥ it RK

£ g hott BREE RH i
TP53 2.339 0.216 0.428 0.210 25
CREBBP 2.331 0.224 0.429 0.234 19
JUN 2.483 0.063 0.403 0.310 19
MYC 2.390 0.140 0.418 0.339 19
EGF 2.517 0.137 0.397 0.268 18
AGT 2.805 0.095 0.356 0.281 18
EDNI1 2.678 0.077 0.373 0.309 17
RELA 2.576 0.059 0.388 0.325 16
BCL2 2.441 0.054 0.410 0.425 16
CASP3 2.568 0.080 0.389 0.372 13
F2 3.169 0.043 0.316 0.394 12
RPS14 3.669 0.029 0.273 0.673 11
RPS16 3.525 0.040 0.284 0.673 11
FOS 2.534 0.030 0.395 0.527 11
EIF4E 2.907 0.185 0.344 0.436 11
MTOR 2.525 0.064 0.396 0.382 11
RAC1 3.051 0.061 0.328 0.145 11
ADRB2 3.085 0.038 0.324 0.356 10
RPS13 3.678 0.012 0.272 0.822 10
MDM2 2.686 0.030 0.372 0.422 10

CHRM2 3.161 0.019 0.316 0.422 10

RPS3 3.678 0.012 0.272 0.822 10
RPS5 3.678 0.012 0.272 0.822 10
CHRM1 3.051 0.007 0.328 0.600 10
RPS2 3.678 0.012 0.272 0.822 10
CYP1Al  2.881 0.137 0.347 0.289 10
CDKNI1A 2.737 0.004 0.365 0.639 9
EDNRA 3.059 0.007 0.327 0.667 9
CYP3A4  3.737 0.053 0.268 0.194 9
ADRAID 3.398 0.005 0.294 0.750 8
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Table 2 Topological analysis of targets of tanshinone 11 on CHD
HH iR i Ly e . HH Fik e b e .
SR B TPt BERREE RN SR R thatt BERRE RN
JUN 1.000 0.036 1.000 0.612 41 CYP3A4 1.366 0.008 0.732 0.754 26
TP53 1.000 0.036 1.000 0.612 41 CREBBP 1.390 0.003  0.719 0.867 25
MYC 1.024 0.032 0.976 0.624 40 NRI1I2 1.415 0.005 0.707 0.783 24
FOS 1.049 0.026 0.953 0.650 39 GCK 1.439 0.007 0.695 0.755 23
F2 1.073 0.024 0.932 0.661 38 ADAM17 1.463 0.001  0.683 0.913 22
CASP3 1.098 0.019 0911 0.685 37 ITGB3 1.488 0.002 0.672 0.900 21
EGF 1.098 0.018 0.911 0.689 37 MDM?2 1.488 0.001 0.672 0.929 21
BCL2 1.122 0.018 0.891 0.692 36 ITGA2B 1.512 0.001  0.661 0.932 20
EDNI1 1.122 0.019 0.891 0.690 36 EDNRA 1.512 0.002 0.661 0.868 20
MTOR 1.122 0.022 0.891 0.668 36 EEF1A1 1.512 0.003 0.661 0.837 20
GSR 1.195 0.017 0.837 0.686 33 ADRB2 1.537 0.003  0.651 0.830 19
MMP9 1.220 0.009 0.820 0.772 32 ECE1 1.561 0.001 0.641 0.928 18
ICAM1 1.220 0.010 0.820 0.754 32 CYP1A2 1.585 0.002 0.631 0.868 17
SOD2 1.244 0.013 0.804 0.725 31 RACI1 1.585 0.001  0.631 0.868 17
AGT 1.317 0.009 0.759 0.751 28 PLA2G2A 1.585 0.001 0.631 0.941 17
P4HB 1.317 0.011 0.759 0.722 28 DPP4 1.585 0.002 0.631 0.882 17
CYP1Al 1.341 0.005 0.745 0.818 27 HSDI11BI 1.610 0.002  0.621 0.783 16
RELA 1.366 0.004 0.732 0.837 26 CES2 1.659 0.000 0.603 0.934 14
NFKBIA 1.366 0.003 0.732 0.874 26 SDHA 1.683 0.002 0.594 0.833 13
CDKNI1A  1.366 0.003 0.732 0.865 26 AHCY 1.756 0.000  0.569 0.889 10
VCAMI1 1.366 0.004 0.732 0.843 26 SCNS5A 1.756 0.001 0.569 0.844 10
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Table 3 GO analysis of targets of tanshinone 11 on CHD

GO 7o > GO #7748 —lgP
G0:0042493 response to drug (BP) 9.954 677
GO0:0032496 response to lipopolysaccharide (BP) 8.294 992
GO:0001666 response to hypoxia (BP) 8.132 533
G0:0035994 response to muscle stretch (BP) 7.263 603
GO0:0071456 cellular response to hypoxia (BP) 6.943 095
G0:0043200 response to amino acid (BP) 6.037 631
G0:0043066 negative regulation of apoptotic process (BP) 5.928 118
GO0:0070062 extracellular exosome (CC) 4.258 434
GO:0009897 external side of plasma membrane (CC) 3.955 746
G0:0005925 focal adhesion (CC) 3.650 503
G0:0032587 ruffle membrane (CC) 3.082 290
G0:0009986 cell surface (CC) 2.903 459
GO0:0042470 melanosome (CC) 2.820 567
GO:0005783 endoplasmic reticulum (CC) 2.644 518
GO:0016604 nuclear body (CC) 2.602 969
GO:0005615 extracellular space (CC) 2.586 893
G0:0005789 endoplasmic reticulum membrane (CC) 2.546 242
GO:0005829 cytosol (CC) 2.387 707
GO0:0016020 membrance (CC) 2.108 671
GO:0019899 enzyme binding (MF) 8.294 030
G0:0042802 identical protein binding (MF) 5.944 319
GO0:0008134 transcription factor binding (MF) 5311521
GO0:0031625 ubiquitin protein ligase binding (MF) 4.204 238
G0:0002020 protease binding (MF) 3.986 635
GO0:0016491 oxidoreductase activity (MF) 3.929 404
GO:0005515 protein pinding (MF) 3.819 011
GO:0019825 oxygen binding (MF) 3.698 540
GO0:0016712 oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen, 3.227 433

reduced flavin or flavoprotein as one donor, and incorporation of one atom of oxygen (MF)

reactive oxygen species metabolic —— &
process 27.69%

response to oxygen levels 17.69% ———

£

w

cell adhesion mediated by integrin 0.38%
polysaccharide biosynthetic process 1.15%

elease of cytochrome ¢ from mitochondria 1.15%

esponse to ionizing radiation 1.92%

esponse to UV 3.08%

.\ regulation of macrophage derived foam cell differentiation 3.46%
" 'positive regulation of epidermal growth factor receptor signaling
', pathway 3.85%

_ response to nicotine 5.38%

LY
cellular response to meal ion 6.15%

o
N
positive regulation of epithelial cell migration 8.46%

______response to muscle stretch 8.85%
__positive regulation of smooth muscle cell proliferation 10.38%

4 GO FIhEEERGHRE

Fig. 4 Pie diagram of GO analysis function annotation
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Fig. 5 Bubble map of KEGG analysis of targets of tanshinone 11 on CHD (Top 20)

=4 FSE . X CHD (SRS S FRiiEss

Table 4 Target molecular docking results of tanshinone 11x on CHD

RN PDBHS  RGNERS A rxiEEs | HaAX PDBYYS  RGENERS TSN
DPP4 4AS5S 6.936 —87.271 CYP1Al 6DWM 6.461 —145.305
VCAMI1 4NSX 6.874 —62.209 AHCY 5W49 6.455 —106.592
HSDI11Bl1 2ILT 6.862 —97.980 MMP9 1GKC 6.406 —106.592
CYP3A4 4K9T 6.855 —108.605 CASP3 3GJQ 6.368 -91.310
BCL2 2VM6 6.837 —82.576 TP53 3DCY 6.244 —63.277
MTOR 4JSV 6.827 —77.151 SCNSA 40VN 6.186 —73.865
MDM2 4JRG 6.811 —71.356 SOD2 3BFR 6.169 —75.140
GCK 403Y 6.785 —94.181 AGT 1XV5 6.148 —76.760
ITGB3 6BXB 6.783 —55.197 F2 SIMA 6.082 —69.363
CREBBP 4A9K 6.762 —76.738 CYPIA2 3WI2 6.024 —85.271
ECE1 3DWB 6.758 —75.631 SDHA INEK 5.876 —68.154
ITGA2B 3FCS 6.740 nan RAC1 2P2L 5.856 —96.697
EDNRA 6BK6 6.706 —55.190 ADRB2 3D4S 5.248 -91.759
CES2 3K9B 6.648 —69.923 P4HB 3BJ5 5.056 —75.209
MYC SYUN 6.619 —87.238 PLA2G2A 3U8B 4.616 —94.029
GSR 3DJG 6.597 —107.097 CDKNIA 3TS8 3.627 —84.289
ICAM1 SE6D 6.588 —74.700 NR1I2 INRL nan —73.425
ADAM17 2DDF 6.570 —85.608 JUN 1JNM nan —65.199
EEF1A1 1JE 6.521 —76.649 EDNI1 1T7H nan —77.497
EGF 5SKYS 6.518 —68.793 NFKBIA 2061 nan —84.367
RELA 3QXY 6.473 —105.009 FOS 6G4S nan nan

nan-JovELE &
nan-unable to combine

2 —EMEEEMNE, KT 5.0 KPS TS VCAMI. ECEl. CYP3A4. GCK. MDM2 % 35

R R G0, KT 7.0 MRS MESR RGNS HMELH KT 5.0, HERH 2

SRZIEE AR TR, TR R BN S Ua B . S5 50000 CHD 1F R s A BT 25 &3k

5 MMP9. DPP4. SOD2. ITGB3. RAC1.NFKBIA.  2.4.2 iGEMDOCK 7; 7*E455% % CHD 1 42



° 1138 -

¢ 3% Chinese Traditional and Herbal Drugs % 50 % 25 53§ 201943 A

MBS S5 S0 U #1750 78, BT+
ITGA2B. FOS [¥) PDB 5t 30 IR EC Ak, R bIEik
HATIRN T« B S S2 AR S5 G W GAe 8 I B &
K, RAEMERTTREMEA, Hhg SRR
& CYPIAL, WK 6.

6 CYP1A1 5SR-Sl 53 F XHZE
Fig.6 Molecular docking diagram of CYP1A1 and tanshinone I1a
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