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Abstract: Objective This study was designed to explore the mechanism of Lianmei granules on the treatment of
cardiovascular diseases (CVD) through network pharmacology and molecular docking. Methods The chemical
compositions of Lianmei granules(LMG) were obtained from TCMSP, SymMap, ETCM and TCM@taiwan databases.
Then the targets of the ingredients were predicted through DrugBank, TargetNet, and PubChem databases.

Subsequently, the targets of cardiovascular disease were collected via the Human Gene Database (GeneCards) ,
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Therapeutic Target Database (TTD) and the Gene Disease Association Database (DisGeNET). Finally, core targets of
LMG were screened and then core target—related cardiovascular diseases were collected through the Comparative
Toxicogenomics Database (CTD). Cytoscape 3.8.0 software was used to construct a network of herbs—components,
herbs— components— core targets— diseases respectively, key compounds of LMG and its related key targets were
screened after the topological structure analysis of the network. DAVID 6.8 online tool was applied to conduct Gene
Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis on the key
targets. Ultimately, interactions between key compounds and key targets were analyzed by molecular docking
methods. Results 9 important active compounds of LMG and 10 key targets were screened, the top 2 active
compounds (according to degree value) were vanillic acid and quercetin, and the top 2 key targets (according to
degree value) were MIF and TLRY. The target—disease network showed that LMG had potential therapeutic effects on
hypertension, heart failure and myocardial infarction. GO analysis demonstrated that the core targets of LMG were
related to multiple biological processes such as anti—oxidation, anti—inflammatory, and immune regulation. KEGG
enrichment analysis suggested that the mechanism of LMG on cardiovascular diseases was related to energy
metabolism pathway, including cAMP signaling pathway, calcium signaling pathway and PPAR signaling pathway.
Molecular docking also demonstrated that vanillic acid and quercetin could interact with MIF and TLR9 respectively
through hydrogen bonding. Conclusion Lianmei granules and its key components (vanillic acid and quercetin), may
play a pharmacological effect in hypertension, heart failure and myocardial infarction diseases by targeting MIF and
TLRO. Its mechanism involves energy metabolism pathway, such as cAMP signaling pathway, calcium signaling
pathway and PPAR signaling pathway, the above results required further verification through experimental and
clinical research.
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Figure 1 Drug—Component network of Lianmei granules
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Figure 2 The core targets network of Lianmei granules in the treatment of CVD
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Table 2 The core targets of Lianmei granules in the treatment of CVD (ranking top 20 in degree value)

K5 LA FEAFFK UniprotlD || -5 F4 s FHEFR UniprotlD
1 Estrogen receptor ESR1 P03372 || 11 Tyrosine—protein phosphatase non-receptor type 1 PTPN1 P18031
2 Calmodulin-1 CALM1 PODP23 || 12 NAD-dependent protein deacetylase sirtuin—1 SIRT1 (96EB6
3 Heat shock protein HSP 90-alpha HSP90AAT P0O7900 | 13  Integrin alpha-L ITGAL  P20701
4 Nitric oxide synthase, inducible NOS2 P35228 || 14  Nicastrin NCSTN Q92542
5 Nitric oxide synthase, endothelial NOS3 P29474 || 15  Sodium channel protein type 5 subunit alpha SCNSA Q14524
6 Transcription factor p65 RELA Q04206 || 16 ~ ATP-dependent translocase ABCBI1 ABCB1  P08183
7 Platelet-derived growth factor receptor beta PDGFRB P09619 || 17  Broad substrate specificity ATP-binding cassette transporter ABCG2 ABCG2 ~ Q9UNQO
8  Estrogen receptor beta ESR2 Q92731 || 18  Aldo—ketoreductase family 1 member B1 AKRIB1 PI5121
9 Progesterone receptor PGR P06401 [| 19  3-hydroxy-3-methylglutaryl-coenzyme A reductase HMGCR  P04035
10 Amyloid-beta precursor protein APP P05067 || 20  Albumin ALB P02768
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Table 3 Information of CVD affected by core targets of Lianmei granules(top 20)
PR - PTI,
F5 BRASA P (Dri{raee) (Betwe}eln%ij;ll(_‘lerﬁ:trality) b PRI (Di{ge) (Betwe}eln%fij; Iaef?:trality)
1 Hypertension 19 0.241 021 241 11 Cardiomegaly 6 0.035 723 086
2 Heart Failure 14 0.129 575 974 12 Cardiomyopathies 6 0.023 408 304
3 Myocardial Infarction 10 0.098 879 871 13 Myocardial Ischemia 5 0.023 483 222
4 Myocardial Reperfusion Injury 10 0.086 318 081 14 Thrombosis 5 0.021 385 705
5 Atherosclerosis 8 0.054 790 201 15  Subarachnoid Hemorrhage 4 0.032 029 441
6  Brain Ischemia 8 0.033 602 907 16  Hypertension, Pulmonary 4 0.009 866 401
7 Coronary Artery Disease 7 0.143 757 065 17 Arrhythmias, Cardiac 4 0.008 569 932
8  Atrial Fibrillation 7 0.030 222 735 18  Cerebral Hemorrhage 4 0.004 971 503
9  Reperfusion Injury 7 0.028 614 884 19 Ventricular Dysfunction, Left 4 0.003 406 339
10 Stroke 6 0.082 194 426 20 Diabetic Angiopathies 3 0.002 969 096
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Figure 3 Drug—component—target—disease network for the treatment of CVD with Lianmei granules
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Table 4 Key components, targets and diseases for the treatment of CVD with Lianmei granules(ranking top 10 in degree value)
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Figure 8 GO function enrichment analysis of core targets for the treatment of CVD with Lianmei granules

hsa04024:cAMP signaling pathway -
hsa04080:Neuroactive ligand—receptor interaction -
hsa04020:Calcium signaling pathway
hsa04931:Insulin resistance
hsa04151:PI3K—-Akt signaling pathway -
hsa04014:Ras signaling pathway -
hsa04915:Estrogen signaling pathway -
hsa04015:Rap1 signaling pathway
hsa04668:TNF signaling pathway 4
hsa04660:T cell receptor signaling pathway -
hsa04370:VEGF signaling pathway
hsa04066:HIF-1 signaling pathway 1
hsa04022:cGMP-PKG signaling pathway -
hsa03320:PPAR signaling pathway 1
hsa04662:B cell receptor signaling pathway -
hsa04620:Toll-like receptor signaling pathway
hsa054 16:Viral myocarditis -
hsa04210:Apoptosis -

hsa00590:Arachidonic acid metabolism -
hsa04614:Renin—angiotensin system{ =

count

® 50
® 5
@ 00

—logio(P {f)
5

4

3

5.0 7.5 10.0 125

B9 EMHREEE.O I E R (CVD) Kz W& S KEGG B EESAE

Figure 9 Bubble diagram of KEGG pathway enrichment analysis of core targets for the treatment of CVD with Lianmei granule
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