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Antidiabetic mechanism of blueberry based on network pharmacology
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Abstract ; The aim of this study is to explore the material basis and mechanism of blueberry in the treatment of diabetes melli-
tus. Target genes of 11 active ingredients in blueberry were retrieved by using Batman-TCM research platform and compared
with target genes of anti-diabetic drugs in GeneCards database. Target genes of anti-diabetic active ingredients in blueberry
were screened out. GO enrichment and KEGG pathway analysis of target genes were carried out by String database, and pro-
tein interaction ( PPI). Ingredient-target-pathway map was constructed by Cytoscape software. The results showed that seven
components of blueberry have anti-diabetic effects,involving 48 targets such as INS and MAPK were found. KEGG and GO a-
nalysis showed that the main active components of blueberry could treat diabetes by controlling lipid metabolism, interfering
with inflammation and interfering with insulin resistance. The antidiabetic effect of blueberry reflected the features of tradition-
al Chinese medicine in multi-components , multi-targets and multi-pathways. Molecular docking results showed that six compo-
nents were related to diabetes. Two important targets,INS and ADIPOQ, were well integrated. This paper validates the ration-
ality of exploring the effective substance basis of natural products in network pharmacology based on reverse virtual screening,
and points out the direction for further elucidating the pharmacological mechanism of blueberry in the treatment of diabetes
mellitus and the development of blueberry.
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Table 1 Eleven active ingredients of Blueberry
No. 1% Compound InChl #&3 InChl format
Mi IR InChl = 1S/C15H1007. C1H/¢16-7-3-9(17)8-5-12(20)15(22-13(8)4-7)6-1-10(18)14(21)11(19)2-6;/hl-
Delphinidin SH, (H5-,16,17,18,19,20 21) ; 1H
» B InChi = 1S/C15H1006. CIH/c16-8<4-11(18)9-6-13 (20) 15 (21-14(9)5-8)7-1-2-10(17) 12(19)3-7;/h1-6H,
Cyanidin (H4-,16,17,18,19,20) ;1H
M3 ISELES InChI =1S/C16H1206. CIH/c1-21-154-8(2-3-11(15) 18)16-13(20)7-10-12(19)59(17)6-14(10)22-16;/
Peonidin h2-7H,1H3, (H3-,17,18,19,20) ; 1H
- R 2 InChI = 1S/C16H1207. CIH/c1-22-14-3-7(2-11 (19) 15 (14)21) 16-12 (20 ) 6-9-10 ( 18) 4-8 (17)5-13 (9) 23-
Petunidin 16;/h2-6H,1H3, (H4-,17,18,19,20 21) ;1H
M5 MPEER InChl =1S/C17H1407. C1H/c1-22-14-3-8 (4-15(23-2) 16 (14)21)17-12(20)7-10-11 (19)59(18)6-13(10)
Malvidin 24-17;/h3-7TH,12H3, (H3-,18,19,20,21) ;1H
M6 DAGRIEA InChI = 1S/C18H3002/¢1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18 (19 ) 20/h34,6-7,9-10H,2,5,8,11-
Alpha-linolenic acid 17H2,1H3,(H,19,20)/b4-3-,7-6-,10-9-
7 BRI InChl = 1S/C16H1809/¢17-9-3-1-8 (5-10(9) 18)24-13(20)25-12-7-16( 24,15 (22)23 ) 6-11 (19) 14 (12)21/
Chlorogenic acid h1-5,11-12,14,17-19,21 ,24H,6-7TH2,(H,22,23)/b4-2 + /t11-,12-,14-,16 + /ml1/sl
M8 LEHE R InChl =1S/C16H1603/¢1-18-159-13(10-16 (11-15)19-2)4-3-12-5-7-14 (17 ) 8-6-12/h3-11 ,17H,1-2H3/b4-3
Pterostilbene +
EE 2 _
M9 InChl =1S/C14H1203/¢15-12-5-3-10(4-6-12)1-2-11-7-13(16)9-14(17)8-11/h1-9,15-17H/b2-1 +
Resveratrol
S e
M10 Piceatannol InChl =1S/C14H1204/¢15-11-5-10(6-12(16)8-11)2-19-34-13(17)14(18)7-9/h1-8,15-18H/h2-1 +
. InChI =1S/C21H20012/¢22-6-13-15(27)17(29) 18 (30) 21 (32-13)33-20-16 (28 ) 14-11 (26 )4-8 (23) 5-12
i1 il 2o n c (27)17(29)18(30)21(32-13) (28)14-11(26)4-8(23)

Quercetin-3-O-glycoside

(14)31-19(20)7-129(24)10(25)3-7/h1-5,13,15,17-18 2127 ,29-30H, 6H2/t13-,15-, 17 + ,18-,21 +/
ml/sl
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Table 2 Potential hypoglycemic genes in blueberry

No. Gene symbol No. Gene symbol No. Gene symbol No. Gene symbol No. Gene symbol
1 ABCAI 11 CACNALA 21 GATA3 31 NRIH2 41 RET
2 ABHDS5 12 CNR1 22 HSD11Bl1 32 NR3Cl1 42 SCD
3 ADIPOQ 13 DRDS 23 IGF1 33 PDE4D 43 SHH
4 ADRB2 14 ESRI 24 ILIB 34 PNPLA2 44 SIRTI
5 ADRB3 15 FADSI 25 INS 35 PPARA 45 SNCA
6 AGTRI 16 FASLG 26 ITGAV 36 PPARD 46 TGFBI
7 APOA2 17 FGF2 27 ITGB3 37 PPARG 47 TNF
8 AR 18 FGF4 28 NAMPT 38 PPARGCIB 48 VDR
9 AREG 19 GABRAS 29 NODAL 39 PRKCB
10 AVP 20 GABRB3 30 NOTCHI 40 PTGS2




Vol. 31 B GRS LT ML 2 B A R YR U R LR Y 123

22 EEHRFEFURSEELEAEENGESE
B4 T

it 11T String B PR X W5 45 M 1 M B %5 g /)
ST B HAR BAE B s, RTX GO it KEGG
HEAT AT, O 38 BUCHE 45 56 A0 A= 4 ok 7R R i, T
Originlab 7E &, AR EIE WLE 2, il i3 KEGG i 1%
BB, WA DURE RS Y 48 BB AU 4R TR 127 2kl
% 12 (1 KEGG 3@ i 5 T HEAERT N 30 5%
AHOGIE % , el K g Joa 4 35 Al 36 2 A g 5% 3R kT

Insulin resistance ,PPAR signaling pathway ,AMPK sig-
naling pathway , AGE-RAGE signaling pathway in dia-
betic complications . Regulation of lipolysis in adipo-
cytes, ¥ J JAE 5 S 2 A K B AT MAPK signaling
pathway  PI3K-Akt signaling pathway, Rapl signaling

pathway Foxo signaling pathway ,Type 1 diabetes melli-
tus \ Type 1I diabetes mellitus J2& PR A [ 7 754 44 4 IR
o VR B, DAL 3 3% W DR 1) A o AL O 2R
B

Target number

KEGG Pathways

Molecular Function (GO)

Target number

Biological Process (GO)

Target number

Cellular Component(GO)

Bl EEFEERSMENE KEGC EER GO E4£E
Fig. 1 Enriched KEGG pathways and gene ontology terms for Biological Process ,Molecular Function and Cellular

Component of potential antidiabetic targets from main active ingredients of Blueberry
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Fig. 3  Component-Target-Path Network Diagram
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Table 3 Targets with high degree of network in the interaction of proteins and their correlation with inflammation

No. Gene symbol Degree Relevance score with inflammation
1 INS 13 892.07
2 ADIPOQ 11 220.38
3 TNF 11 177.4
4 ESR1 7 49.72
5 IGF1 6 467.5
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Fig. 4 The binding react to ligand and delphinidin with 5SLXA
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Table 4 Molecular docking results

Binding affinity

Binding affinity

Target e ( Keal/Mol) fareet N (Kecal/Mol)

INS(5UQA) JRHE A -2.8 ADIPOQ(5LXA) JR LA =715
LM3 -4.6 LM3 -9
LM4 -4.9 LM4 -8.6
LM5 -4.5 LM5 -8.7
LM6 -4.7 LM6 -7.4
LM8 -4.4 LM8 -9.1
LM9 -4.3 LM9 -8.7
LM10 -4.7 LM10 -8.5
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