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Study on the mechanism of different parts of Morus alba L. in preventing
and treating diabetes based on network pharmacology-molecular docking

LI De-long,HE Tao,CHEN Bing-ting, YILZERA Ai-bai-du-la, MA Xiao-li~

Department of Pharmacy , Xinjiang Medical University ,Urumqi 830011 ,China

Abstract: To explore the mechanism of different parts of M. alba in prevention and treatment of diabetes by network pharma-
cology and molecular docking. The component information of Folium Mori, Fructus Mori and Ramulus Mori in different parts of
Morus alba 1. was obtained from TCMSP,TCMID and other traditional Chinese medicine databases. Diabetes target informa-
tion was obtained by combining OMIM, TTD and other disease databases. The complex network and topology analysis of " ac-
tive ingredients-disease target" in different parts were constructed by using the software of Cytoscape 3.7.2,and the pathway
enrichment was analyzed by WebGestalt tool. Autodock Vina software was used to conduct molecular docking between the
main active components and the target of M. alba. Results there were 11 active components in different parts of M. alba ,which
regulated 32 core targets such as MAPK8 ,AKT1,VEGFA IL6 and PPARG. The targets are mainly related to acute inflamma-
tory response,organic nitrogen compounds reaction, cell proliferation regulation, insulin stimulation response and other biologi-
cal processes. It can play a role in the treatment of diabetes through interleukin-17 signaling pathway, tumor necrosis factor
signaling pathway, PI3K-Akt signaling pathway and MAPK signaling pathway. In this study,we analyzed the active component
groups and action mechanism of different parts of M. alba in the prevention and treatment of diabetes mellitus through network
pharmacology ,and provided a reference basis for the relationship between the different parts of M. alba in the prevention and
treatment of diabetes.
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Fig.2  Network of FoM ingredients-disease target
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Fig. 3 Network of FrM ingredients-disease target
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Fig. 4 Network of RaM ingredients-disease target
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DM {4088 4T KEGG 3 f#% & 4 73 Hr (FDR <
0.05) ,FoM #1547 83 Z%ili i, FrM 45 80 2%, RaM 5
93 %%, J3oliE I FDR {EHE4 T 20 1938 #%, WK 2
~4 PR AT A R AR B = A AR AR i
% 35 HEWE R R e 38 I L S RE 5 A R OQ 3 i A

iy
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FoM M1 5595 45 G 14 38 [ AT 1B 5 25 KT A P s O
KAE ) AGE-RAGE 5538 [ \ AR5 1 41 5 30 ik
SRR RE Ak (IT AURE PR | o 5% 2515 5 38 R 45 s R
i 55 G RE A 5% 3 4% 3 B AT PR 7 4 AR A s o A 1 R
7\ C R 2 IR 5 TN {5538 5 \MAPK
{5538 % . FoxO {5 %53 %\ IL-17 {5 538 % | PI3K-
Akt {55 %5 . FrM b 505000 4 G 9 3 1A 1A
BN F1 5 Sk RERE AL RS AR B8 R I E
() AGE-RAGE {553 [ i e 5 F AP ; g 5
YEREHFH S 3 [ A N U5 240 6 0 I 4 A 19 9 L PI3K-
Akt {5 53l % . TNF {5 53l j% . AMPK {55 53 %
MAPK 5538 4 TL-17 {5538 B% | 15 9 B2 2B R
TAE5 0 M5 . RaM Hp 505000 45 5 1Y) 38 6 A 1B 1
FARPT ARG PE IR P 0 OB PR I & 0
AGE-RAGE 15 518 B% . 11 BUH R B i) {5 5
OIS e 5 RAEAH G A C RIBEE R Z
A5 % TNF 553 % \IL-17 {5553 % | Toll £
ZME T AMPK {553 % PI3K-Akt {5538
o AN N ZG TR I B B AR TR R B B
e R 555 K Y AR RE T [, W] LAE R R S R
e HA BT e R

F2 FoMAJT$EA KEGG B EEN T
Table 2 Enrichment analysis of KEGG pathway in FoM therapy target
i 5 i % Bk B S
1D Pathway Count Gene FDR
hsa04931 Insulin resistance 8 INS.INSR.PTPNI ,AKT1 ,MAPKS8 'TNF .IL6 SLC2A4 1.48 x107
hsa04933  AGE-RAGE signaling pathway in diabetic complications 7 AKT1 \MAPK8 \TNF ,IL1B IL6 ,VEGFA MMP2 1.65x10°
hsa05418 Fluid shear stress and atherosclerosis 7 AKT1 MAPKS \TP53 \TNF IL1B VEGFA MMP2 1.11 x10°
hsa04932 Non-alcoholic fatty liver disease( NAFLD) 7 INS INSR |AKT1 ,MAPK8 \TNF ILI1B IL6 1.28 x10°
hsa04930 Type II diabetes mellitus 5 INS INSR \MAPKS \TNF SLC2A4 1.28 x10°
hsa04923 Regulation of lipolysis in adipocytes 5 INS.INSR . AKTI .PTGS2 .PTGSI 2.14 x10%
hsa04625 C-type lectin receptor signaling pathway 6 AKTI MAPKS TNF IL1B IL6 PTGS2 2.14 x10%
hsa04668 TNF signaling pathway 6 AKT1 ,MAPK8 \TNF IL1B IL6 ,PTGS2 2.61 x107
hsa04010 MAPK signaling pathway 8 INS.INSR.AKTI ,MAPKS8 TP53 TNF.ILIB . VEGFA 4.24 x10?
hsa04068 FoxO signaling pathway 6 INS INSR ,AKT1 \MAPKS \IL6 .SLC2 A4 5.56 x 107
hsa04910 Insulin signaling pathway 6 INS INSR .PTPN1 . AKT1 .MAPKS SLC2A4 6.34 x 10
hsa04657 IL-17 signaling pathway 5 MAPKS8 \TNF IL1B IL6 .PTGS2 1.48 x10*
hsa04066 HIF-1 signaling pathway 5 INS.INSR .AKTI .IT6 . VEGFA 1.98 x10%
hsa04620 Toll-like receptor signaling pathway 5 AKTI MAPKS TNF ILIB IL6 2.14 x10%
hsa04152 AMPK signaling pathway 5 INS INSR ,AKT1 ,PPARG SLC2A4 4.06 x10™*
hsa04920 Adipocytokine signaling pathway 4 AKT1 \MAPKS . TNF SLC2A4 7.42 %107
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P 18 % i HH FIRAR
ID Pathway Count Gene FDR
hsa04151 PI3K-Akt signaling pathway 7 INS (INSR ,AKT1 ,TP53 \IL6 ,VEGFA PIK3CG 8.08 x 107
hsa05200 Pathways in cancer 8AKTI ,MAPKS8 . TP53 .IL6 .PPARG .VEGFA MMP2 PTGS21.12 x 107
hsa05164 Influenza A 5 AKT1 .MAPK8 \TNF .ILIB .IL6 1.50 x10°
hsa05323 Rheumatoid arthritis 4 TNF . IL1B IL6 \VEGFA 1.52x107
#3 FAFFEA KECC BB EES
Table 3~ Enrichment analysis of KEGG pathway in FrM therapy target
i 1 % Kokt HH FERAR
ID Pathway Count Gene FDR
hsa05418 Fluid shear stress and atherosclerosis 7  AKT1.TP53 \VEGFA MMP9 IL1B MMP2 NFKBI1 4.49 x10°
hsa05215 Prostate cancer 6 INS | AKT1 . TP53 MMP9 NFKBI [FGFR1 4.82x10°
hsa04933  AGE-RAGE signaling pathway in diabetic complications 6 AKTI \VEGFA |1L6 . IL1B MMP2 NFKBI1 4.82x107
hsa04066 HIF-1 signaling pathway 6 INS \INSR ,AKT1 ,VEGFA IL6 \NFKB1 4.82x107
hsa04923 Regulation of lipolysis in adipocytes 5 INS .INSR ,AKTI .PTGS2 ,PTGSI 4.82 x10°
hsa04151 PI3K-Akt signaling pathway 9 INS‘IN}ifI{{;éIéT\IN‘Fféf:zggf‘ILﬁ‘ 5.97 x107
hsa04668 TNF signaling pathway 6 AKT1 MMP9 (116 .IL1B \NFKBI PTGS2 5.97 x10°
hsa04152 AMPK signaling pathway 6 INS \INSR ,AKTI1 ,SIRT1 ,PPARG . HNF4A 7.96 x 107
hsa04010 MAPK signaling pathway 8 INS INSR.AKTI TP53 .VEGFA ILIB NFKBI FGFRI 1.15x10*
hsa05200 Pathways in cancer 10 AKTIN‘I:,IE;? :Xﬁfﬁé ‘i\y/lll\élggz :ilggfh;[]MPZ h 1.15x10*
hsa04932 Non-alcoholic fatty liver disease( NAFLD) 6 INS INSR ,AKT1 ,IL6 ,IL1B \NFKB1 1.94 x10*
hsa04657 IL-17 signaling pathway 5 MMP9 116 IL1B NFKBI ,PTGS2 2.56 x10*
hsa04625 C-type lectin receptor signaling pathway 5 AKTI ,IL6 ,ILIB \NFKB1 ,PTGS2 4.17 x10%*
hsa04931 Insulin resistance 5 INS . INSR ,AKT1 ,IL6 \NFKB1 4.53 x10*
hsa04068 FoxO signaling pathway 5 INS.INSR .AKTI .SIRTI .16 9.85 x10*
hsa04014 Ras signaling pathway 6 INS INSR ,AKTI ,VEGFA NFKBI1 ,FGFR1 1.35x107
hsa04620 Toll-like receptor signaling pathway 4 AKTI IL6 .IL1B NFKB1 3.80 x 107
hsa04370 VEGF signaling pathway 3 AKTI VEGFA .PTGS2 8.59 x 10
hsa05323 Rheumatoid arthritis 3 VEGFA (116 ILIB 2.04 x107
hsa04950 Maturity onset diabetes of the young 2 INS .HNF4A 2.04 x10%
&4 RaM iR m KEGC BEEEST
Table 4  Enrichment analysis of KEGG pathway in RaM therapy target
BT 1 % Kokt HH rEs
ID Pathway Count Gene FDR
hsa04931 Insulin resistance 7 PTPNI1 \INSR MAPKS8 ,AKT1 ,TNF IL6 ,SLC2 A4 4.10 x 107
hsa04625 C-type lectin receptor signaling pathway 6 MAPKS . AKTI . TNF . IL1B IL6 .PTGS2 8.04 x 10
hsa04668 TNF signaling pathway 6 MAPKS8 (AKT1 ,TNF IL1B IL6 ,PTGS2 8.04 x10°
hsa04932 Non-alcoholic fatty liver disease( NAFLD) 6 INSR \MAPKS8 ,AKT1 ,TNF IL1B IL6 3.69 x 107
hsa04657 IL-17 signaling pathway 5 MAPKS . TNF ILIB IL6 .PTGS2 7.59 x10°
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95 18 % Kokt HH FIRAR
D Pathway Count Gene FDR
hsa04933 AGE-RAGE signaling pathway in diabetic complications 5 MAPKS8 ,AKT1 \TNF IL1B . IL6 7.59 x 107
hsa05167 Kaposi sarcoma-associated herpesvirus infection 6 MAPKS8 \TP53 AKTI ,IL6 \PIK3CG ,PTGS2 7.59 x10°
hsa04620 Toll-like receptor signaling pathway 5 MAPKS8 (AKT1 ,TNF IL1B IL6 7.59 x10°
hsa04930 Type II diabetes mellitus 4 INSR \MAPK8 'TNF SLC2A4 7.80 x107
hsa04923 Regulation of lipolysis in adipocytes 4 INSR |AKT1 ,PTGS2 ,PTGS1 1.26 x10*
hsa04068 FoxO signaling pathway 5 INSR \MAPKS8 ,AKTI ,IL6 ,SLC2A4 1.48 x10*
hsa04910 Insulin signaling pathway 5 PTPN1 INSR MAPKS8 AKTI SLC2A4 1.62 x10*
hsa05418 Fluid shear stress and atherosclerosis 5 MAPKS \TP53 ,AKT1 \TNF IL1B 1.62x10*
hsa05161 Hepatitis B 5 MAPKS \TP53 ,AKT1 ,TNF IL6 1.89 x10*
hsa04920 Adipocytokine signaling pathway 4 MAPKS8 ,AKT1 ,TNF SLC2A4 2.13 x10%*
hsa04010 MAPK signaling pathway 6 INSR \MAPKS8 \TP53 L AKT1 \TNF ILIB 3.57 x10%*
hsa05152 Tuberculosis 5 MAPK8 (AKT1 ,TNF IL1B IL6 4.25 x10%*
hsa05200 Pathways in cancer 7  MAPK8 TP53 AKT1 HDACI1 .IL6 .PPARG .PTGS2  7.28 x10*
hsa04152 AMPK signaling pathway 4 INSR \AKT1 ,PPARG ,SLC2A4 1.12x107
hsa04151 PI3K-Akt signaling pathway 5 INSR . TP53 |AKTI1 .IL6 ,PIK3CG 5.05 %107
2.6 SFXE B HAS &, H 90% 8oy 45 G PR 4 T X IR 2

W = AFB0L PPL N4 b BE(EHEA 1T 3 19 5 M5

H 4 MAPKS (AKT1 . VEGFA . IL6 .PPARG 43 51| 5
metformin 3 NHEAT B3 (A) FBE(ESERTY 8 25
G (B) AT FRHERAE, 45 R LK 5. AE5H
fit <0, RIAEC RS> T BER Z R E A fiE A & 2
AL A A R <-5.0 keal/mol, R HLE A R AP, 455
R/ NS S PE M, F2 R 70% 14 B S5 40 R E
x5

55 AR AR AR 2 O R AL 8 e rp ok v
5 AKT1 454 83 0-10. 9 kcal/mol , 37 3 PG 5 ( cu-
laricine ) 55 AKT1 36 Moy S R By £ ASP292 2B
B - FAHEAEH] 5 TRP8O JE i w-m HEAR
FHAEAREAE AR . 25 5R3RT, 31X 12 Ao 30
HA AR

ZHMIESUEYEROEBRS FIHELER

Table 5 Results of molecular docking between differentially active compounds and target proteins

B3| 24 R SEANS Affinity (keal/mol)
Term Name MAPKS AKTI1 VEGFA 1.6 PPARG
X It 24 Reference — X/W].m 3.7 5.2 3.6 3.2 3.9
Metformin
A F K Morin 7.7 9.1 5.2 5.2 8.1
ZKE N E Scopoletin .6 7.7 4.2 4.9 6.4
1 -5 48 B L 25 2% DNJ .0 5.2 3.8 3.9 4.5
B Wil Kz 2% Quercetin 8.0 9.9 5.4 4.5 8.3
1L Z5 ) Kaempferol 8.2 9.9 5.5 4.8 8.2
3L T 1 Methyleugenol 5.5 4 3.7 4.1 5.5
T % Eugenol 5.7 .9 3.9 4.2 5.7
NSk Al 6.9 8.7 5.2 4.5 -7.8
trans-Resveratrol
k2 Myricetin 8.0 9.7 5.5 4.3 8.1
R FEHE Cularicine -8.9 -10.9 5.8 6.2 7.9
%1125 Dihydrokaempferol 8.0 -10.1 5.9 5.3 8.0
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