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Network pharmacologry and molecular docking analysis based
on mechanism of monk fruit in treatment of diabetic
nephropathy

YU Yang, TIAN Dan, NI Donghe, ZHANG Duo
(Medical Imaging Center, Affiliated Hospital,, Beihua University, Jilin 132011, China)

ABSTRACT Objective: To analyze the improvement effect of monk fruit on diabetic nephropathy (DN) by
network pharmacology, and to elucidate its possible related mechanism. Methods: The Traditional Chinese
Medicine Systems Pharmacology (TCMSP) Database was used to detect the active ingredients and their
targets of monk fruit; the DN target genes were screened out by DisGeNET Database and Genecards
Database; the key targets of monk fruit against DN were obtained by comparing the monk fruit with DN
targets; protein-protein interaction (PPI) network diagram was constructed by STRING Database and

Cytoscape software; Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of
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Genes and Genomes (KEGG) signaling pathway enrichment analysis were performed by Cytoscape
software. Molecular docking technology was used to predict the binding abilities of the core targets and the
main active ingredients of monk fruit. Results: The TCMSP Database combined with the selection criteria
was used to screen out a total of five active ingredients of monk fruit (ZINC03860434, Perlolyrine, beta-
sitosterol, Kaempferol, and Flazin) as well as 85 targets represented by serine/threonine protein kinase 1
(AKT1) , transcription factor RELA, c¢-Jun N-terminal kinase (JUN) , and tumor necrosis factor (TNF).
Among them, Kaempferol contained the most targets. Among the 85 targets, 34 were associated with DN.
The GO functional enrichment analysis mainly included biological process (BP) such as oxidative stress,
regulation of inflammation and apoptosis, and cell signaling transduction. The KEGG enrichment analysis
included advanced glycosylation end product(AGE)-receptor of AGE (AGE-RAGE ) signaling pathway ,
TNF signaling pathway, and C-type lectin receptor signaling pathway. The results molecular docking
technology of the main active ingredients of monk fruit and DN target proteins showed that 5 kinds of
molecular docking engergy were —8.00——5.00 kJ-mol™'. Conclusion: Kaempferol is the most effective

active ingredient in the monk fruit for the treatment of DN, and its mechanism is mainly related to anti-

inflammatory.
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Tab.1 Five active ingredients of monk fruit

Molecule ID Molecule name OB(y/ %) DL
MOL001749 ZINC03860434 43.59 0.35
MOL002140 Perlolyrine 65.95 0.27
MOL000358 Beta-sitosterol 36.91 0.75
MOL000422 Kaempferol 41.88 0.24
MOL009295 Flazin 94.28 0.39
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targets of active ingredients of monk fruit

Network diagram of potential therapeutic
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Fig. 2 Venn diagram of active ingredients of monk fruit

and cross target of DN

A Ry 22 2 PR /) 2 PR B 1 U 1 (serine/threonine
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2 K5 OK 3% B (c-Jun N-terminal kinase, JUN) .
b 958 3R FE I F  (tumor necrosis factor, TNF) il
B 20 i - Pk B DA 4 5 5 S0 A0 B (inhibitor
of kappa-light polypeptide gene enhancer in B-cells
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Fig. 3 PPI network diagram of monk fruit and DN
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Tab.2 PPI network targets and topological parameters

Name Degree  Closeness  Radiality — Stress Cluste‘ri-ng
coefficient

AKT1 10 14.916 67 4.57143 242 0.11111
RELA 9 14.666 67 4.61905 150 0.277 78
JUN 9 14.83333  4.666 67 210 0.250 00
TNF 8 14.000 00  4.52381 206 0.32143
IKBKB 5 12.333 33 4.33333 62 0.400 00
NOS2 5 12.666 67  4.428 57 42 0.600 00
PPARG 4 11.666 67  4.238 10 60 0.500 00
CASPS8 4 11.33333  4.142 86 32 0.500 00
MAPKS 4 11.250 00 4.095 24 42 0.333 33
STATI1 3 11.000 00 4.142 86 24 0.666 67
CASP3 3 10.500 00 3.952 38 18 0.333 33
PIK3CA 3 11.083 33 4.142 86 22 0.333 33
PRKCA 2 9.583 33  3.809 52 0 1.000 00
VCAM1 2 9.250 00  3.666 67 76 0.000 00
GSTP1 2 9.583 33  3.809 52 0 1.000 00
BCL2 2 9.866 67  3.809 52 10 0.000 00
CASP9 2 9.53333 3.714 29 0 1.000 00
INSR 2 9.53333 3.714 29 0 1.000 00
NOS3 2 10.583 33 4.095 24 0 1.000 00
SLC2A4 1 7.750 00  3.28571 0 0

ICAM1 1 6.68333 2.71429 0 0

HMOX1 1 8.916 67  3.714 29 0 0

B4  PPIRISE LA HE2 R 507 B8 R
Fig. 4 Top 5 comprehensive ranking targets in PPI

network
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Top 10 MF of GO functional enrichment analysis
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Fig. 5 Histograms of GO functional enrichment results of key targets of monk fruit in treatment of DN
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Fig. 6 Bubble map of KEGG signaling pathway

enrichment analysis on key targets of monk fruit in

treatment of DN
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MO1.000422 (kaempferol) MOL.000422
(kaempferol) . MOL000422 (Kaempferol) 7#
MOI1.000358 (beta-sitosterol) . & il AutoDock %k
PEEAT A3 F X4, HER 5 52 0K ) 1Y 437 45 4 g R
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Tab. 3 Binding energy and binding sites between molecular

docking of main active ingredients of monk fruit and key targets

Protein Ligand Affinity Binding site
(kJ-mol™")

AKT1 Kaempferol —6.54 LEU-52,GLU-40,
GLN-47,LYS-59

RELA Kaempferol —7.18 ASP-21,GLU-17,
GLU-20,VAL-51,
ASN-50,GLY-54

JUN Kaempferol —5.07  DT-215,DG-308,
DC-310

TNF Kaempferol oo ASN-34,LEU-93,
ARG-32,HIS-15,
VAL-150

IKBKB Beta-sitosterol —6.03  GLN-743,LEU-742,
TRP-741
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Fig. 7 Results of molecular docking between main active ingredients of monk fruit and DN target proteins
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