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Mechanisms of eleutheroside for treatment of diabetes mellitus
type 2 based on network pharmacology
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Engineering Research Center of High-throughput Drug Screening Technology, Hubei University, Wuhan 430062, China)

Abstract: Seven main components in eleutheroside were used as research objects, and the mechanism of
action of total eleutheroside for treatment of diabetes mellitus type 2 was investigated by network pharmacology.
The SwissTargetPrediction, GeneCard, and String platforms were used to predict the 35 potential targets of these
7 components that are related to diabetes mellitus type 2. Then we used cytoscape 3.6.1 to build a "component-
target” network map and used the Networkanalyzer tool for topology analysis. Gene ontology (GO) enrichment
analysis and KEGG pathway enrichment analysis were performed on the DAVID6.8 platform, and the "component-
target-path” network map was constructed based on the enrichment results. Those components mainly used in
diabetes mellitus type 2 were screened as core components, and the core components were docked with key disease
target proteins to verify the potential mechanism of the total eleutheroside. After screening, 8 important pathways
associated with diabetes mellitus type 2 were identified. This study showed that eleutheroside A, eleutheroside D,
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eleutheroside E and sesamin played key roles in insulin resistance, apoptosis and inflammation pathways. The total
eleutheroside may ameliorate type 2 diabetes mainly through regulating signal transducer and activator of transcrip-
tion factors (STATSs), non-receptor protein tyrosine phosphatase (PTPN) 1, PTPN2, c-Jun N-terminal kinase (JNK),
and p38 mitogen activate protein kinase. These components worked together through multiple signaling pathway.
Based on our data, eleutheroside is proposed as a novel therapeutic strategy for treatment of type 2 diabetes.
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Table 1  The information of potential target proteins

Gene

Symbol D Gene name
DRD3 1814 Dopamine receptor D3
DRD2 1813 Dopamine receptor D2
DRD4 1815 Dopamine receptor D4

BCL2L1 598 BCL2like 1
ADORAL1 134  Adenosine Al receptor

DCT 1638 Dopachrome tautomerase

TYR 7299 Tyrosinase

STAT4 6 775 Signal transducer and activator of transcription 4
BCL2 596 BCL2, apoptosis regulator

CNR1 1268 Cannabinoid receptor 1

MAPT 4137 Microtubule associated protein tau

AR 367 Androgen receptor

PTPN2 5771 Protein tyrosine phosphatase, non-receptor type 2
MAPK11 5600 Mitogen-activated protein kinase 11

MAPK10 5602 Mitogen-activated protein kinase 10

FUCA2 2519 Fucosidase, alpha-L-2, plasma

STAT1 6 772 Signal transducer and activator of transcription 1
FUCA1 2517 Fucosidase, alpha-L-1, tissue
STAT3 6 774 Signal transducer and activator of transcription 3

STAT2 6 773 Signal transducer and activator of transcription 2
ALOX15 246 Arachidonate 15-lipoxygenase

HIF1A 3091 Hypoxia inducible factor 1 alpha subunit
CA9 768 Carbonic anhydrase 9

ALOX15B 247 Arachidonate 15-lipoxygenase, type B
MAPK14 1432 Mitogen-activated protein kinase 14
AKR1B10 57 016 Aldo-keto reductase family 1 member B10
CHRM1 1128 Cholinergic receptor muscarinic 1
AKR1B1 231 Aldo-keto reductase family 1 member B
MAPK?9 5601 Mitogen-activated protein Kinase 9
MAPKS 5599 Mitogen-activated protein kinase 8

ALOX5 240 Arachidonate 5-lipoxygenase
PTPN1 5770 Protein tyrosine phosphatase, non-receptor type 1
CAl 759 Carbonic anhydrase 1

PTAFR 5724 Platelet activating factor receptor
HTR2A 3356 5-Hydroxytryptamine receptor 2A
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Table 2 Network characteristics of key component-target network nodes

No. Compound CAS Closeness Betweenness Degree
El Eleutheroside A 474-58-8 0.186 471 04 0.450 549 45 13
E2 Eleutheroside B 118-34-3 0.025 209 9 0.294 964 03 4
E3 Eleutheroside B1 16845-16-2 0.099 564 75 0.344 537 82 5
E4 Eleutheroside C 15486-24-5 0.139 129 06 0.383 177 57 6
E5 Eleutheroside D 79484-75-6 0.089 527 33 0.427 083 33 7
E6 Eleutheroside E 39432-56-9 0.089 527 33 0.427 083 33 7
E7 Sesamin 607-80-7 0.175 687 82 0.422 680 41 10
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Figure 1  Gene ontology enrichment analysis result
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Table 3 The information and scores of molecular docking of
main active ingredients of total eleutheroside. Comp: Component;
PC: Positive control

Score  Score
Target PDBID Comp PC (Comp)  (PC)
STAT3 1BG1 Eleutheroside A Niclosamide 5.047  1.541
PTPN1 2H4K Eleutheroside D PTP1B-IN-1 7.106 5.952
JNK1  3PZE Sesamin Tanzisertib 6.689  7.249
JNK2  3NPC Sesamin Tanzisertib 6.964 7.64
JNK3  2B1P  Sesamin Tanzisertib 6.154  7.065
p38a 5LAR  Sesamin SB202190 6.603 2.473
p38p 3GP0  Sesamin SB202190 6.884 1.789
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Figure 2 KEGG pathway enrichment analysis result
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Figure 4 Molecular docking diagram. A: Eleutheroside A docked in STAT3; B: Eleutheroside D docked in PTPNZ1; C: Sesamin docked in
JNK1; D: Sesamin docked in JNK2; E: Sesamin docked in JINK3; F: Sesamin docked in p38a; G: Sesamin docked in p384
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Figure 5 Potential anti-type 2 diabetes pathway. SOCS3: Suppressor of cytokine signaling 3; IRS: Insulin receptor substrate; PI3K: Phos-
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