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Evaluation and verification of effect of isorhamnetin against ischemic nerve
injury based on network of disease and active compound targets

ZHANG Wen, ZHANG Sen, LIU Shan, SONG Junke, DU Guanhua”
( Beijing Key Laboratory of Drug Target Identification and Drug Screening , Institute of Materia Medica, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract ; On the basis of network pharmacology and molecular docking, the therapeutic effect of isorhamnetin on
ischemic nerve injury was explored. ChEMBL, SwissTargetPrediction, DrugBank, STITCH, and BindingDB
databases were used to search for isorhamnetin pharmacological targets, and DisGeNET, GenCLiP, and CTD
databases were used to search for disease targets of ischemic nerve injury. The intersection of these targets was taken
to obtain the treatment targets of isorhamnetin ogainst ischemic nerve injury,and phenotype analysis was conducted.
The intersection target was introduced into STRING to construct a protein interaction network. Network analyser was
used for topological analysis. MODE was used to construct functional modules, and the functional modules were
analyzed based on ClueGo. Then, the DAVID database was used for GO and KEGG enrichment analyses. Discovery
Studio was used to evaluate the binding activity of isorhamnetin to the core target, and finally the OGD/R damaged
PC12 cell model was established. The cell viability was detected by MTT and LDH methods, and the expression of
AKT1, IL6, and MMP2 was detected by Western blot. Results show that isorhamnetin regulated cell apoptosis,
transcription, protein phosphorylation, inflammation, and other biological processes through 50 ischemic nerve
injury-related targets, and interfered with PI3K-AKT signaling pathway, HIF-1 signaling pathway, estrogen
signaling pathway, tumor necrosis factor signaling pathway, FoxO signaling pathway, and other pathways, which
played a role in resisting ischemic nerve injury. Preliminary explanation of the effect of isorhamnetin in the
treatment of ischemic nerve injury involves multiple targets and multiple pathways, laying a theoretical foundation
for further exploration of its pharmacological activity.
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Table 1 Databases and websites

Kt 4 B Pk

PubChem
ChEMBL Database

https : //pubchem.ncbi.nlm.nih. gov
https://www.ebi.ac.uk/chembl

SwissTargetPrediction http : // www.swisstargetprediction.ch

DrugBank https ;// go.drugbank.com
STITCH http : //stitch.embl.de
BindingDB http : //www.bindingdb.org/bind/index.jsp
Uniprot http : //www.uniprot.org
DisGeNET https : //www.disgenet.org
GenCLiP http : // ci.smu.edu.cn/GenCLiP2/ analysis. php
CTD http ://ctdbase.org
VarElect https ; //varelect.genecards.org
STRING https ; //string—db.org
DAVID https ; //david.nciferf. gov
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Fig. 1 Process overview of predicting new indications of

compounds with a network pharmacology approach
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Fig. 2 PPI network of potential targets of isorhamnetin

for ischemic nerve injury treatment
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Fig. 3 Key functional modules in targets of isorhamnetin against ischemic nerve injury
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Table 2 Designations and topological parameters of hub genes

ERAT EAHT i EET O B
MAPK3 mitogenactivated protein kinase kinase kinase 3 35 0.830 188 70 281.708 560
1A interleukin 4 20 0.647 058 84 16.728 743
112 interleukin 2 19 0.637 681 20 15.648 768
MMP2 matrix metallopeptidase 2 19 0.637 681 20 26.074 991
AKT1 protein kinase B « 35 0.830 188 70 216.504 940
SRC SRC proto-oncogene, non-receptor 30 0.758 620 70 156.625 100
IL6 interleukin 6 32 0.785 714 27 220.914 950
MMP9 matrix metallopeptidase 9 22 0.666 666 70 42.350 204
CASP8 recombinant caspase 8 22 0.666 666 70 51.102 180
IL1B interleukin 13 21 0.656 716 40 29.914 068
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Likelihood KT 65% L5 (L3 4) .
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Table 3 GO and KEGG enrichment results of functional modules

T P
VEGF signaling pathway

Fec epsilon RI signaling pathway
Estrogen signaling pathway
Prolactin signaling pathway
Relaxin signaling pathway
Fluid shear stress and atherosclerosis
HIF-1 signaling pathway
Toll-like receptor signaling pathway
MCODE A Cytosolic DNA-sensing pathway
C—type lectin receptor signaling pathway
IL-17 signaling pathway
Th1 and Th2 cell differentiation
Th17 cell differentiation
T cell receptor signaling pathway
TNF signaling pathway
Intestinal immune network for IgA production

AGE-RAGE signaling pathway

MCODE B ovarian ff)lllcl.e development
p53 signaling pathway

MCODE C response to amyloid-beta

cellular response to amyloid-beta

F4 REBERBTROEHERGER-FREEXESH
Table 4 Gene-phenotype correlation analysis of targets of

isorhamnetin for ischemic nerve injury treatment

M S SERIE0 ] RETE % PRS
PPARD Pe.roxisnme Proliferator 9327 Direct
Activated Receptor Delta
SRC Proto-O 3
SRC roTe- Tneosene, 92.03 Direct
Non-Receptor Tyrosine Kinase
AKT Serine/
AKT1 77 Direc
Threonine Kinase 1 %0 ect
CCND1 Cyeclin D1 88.30 Direct
A 1 Orph
Rora AR Related Orphan 86.61 Direct
Receptor A
Mitogen-Activated
MAPK3 rogen e 84.66 Direct
Protein Kinase 3
CDKS Cychn~ Dependent 83.41 Direct
Kinase 5
lycoge has
GSK3B Glycogen Synthase 83.18 Direct
Kinase 3 Beta
BAX BCL2 Associated X, 82.96 Direct
Apoptosis Regulator
IL1B Interleukin 1 Beta 81.84 Direct
RELA Proto-Oncogene
RELA ’ 80.67 Direct
NF-KB Subunit e
B-Raf Proto- ,
BRAF Raf Prolo-Oncogene, 79.60 Direct
Serine/Threonine Kinase
SYK Spleen Associated 78.86 Direct
Tyrosine Kinase
BACE1 Beta-Secretase 1 78.70 Direct
TNKS2 Tankyrase 2 78.17 Direct
Amyloid Bete
PNPO myloid Beta 77.65 Indirect
Precursor Protein
TERT Telomerase. Reverse 76.64 Direct
Transcriptase
INSR Insulin Receptor 75.63 Direct
112 Interleukin 2 75.55 Direct
ABLL ABL Proto—()ncogenc 1 s 74.05 Direct
Non-Receptor Tyrosine Kinase
KIT Proto-Onc >
KIT o orneosene, 72.60 Direct
Receptor Tyrosine Kinase
MMP2  Matrix Metallopeptidase 2 71.78 Direct
EPHB4 EPH Receptor B4 69.29 Direct
Cyclin Dependent
CDK2 yen Tependen 68.72 Direct
Kinase 2
CASP8 Caspase 8 68.58 Direct
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Fig. 5 GO analysis and KEGG pathway analysis of isorhamnetin target for ischemic nerve injury treatment
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