FARF=HITFSE S5 FF % Nat Prod Res Dev 2022,34,121-132

ETHRABZM FNERZREAE
iR Tr MR K % B Bt 2 fR RIS AL

%o, TaH ERA
BTG R 2GS, RIA 71204657 RER R 25 2 B EE R, BUER 610075

W EARWIGTAE FH 2% 25 B2 R0 431X 8 Jr v ke v 24 38 1 B2 YR 9 R e JR) LA 2896 28 ( DPN) B4 106 14 i 4 TR R AR
FHAE 25 A5 530 B TS, IR R R A B IRYT DPN (W] BEAE ML . 1 58 N HP 2 2 G 24 3R 24 B4 122 ( TCMISP) fifi 8
H R A BRI PR A B S HE R 3 GeneCards (¥ 2 & OMIM %4k 22 i 16 H DPN A 55 # 5 2L A, 9 Cyto-
scape B L 2590075 UM - 0 FE [R - v 25 TR U2 T o K A8 R0 43 B0k 5 5 i #0b - 4% 3] STRING 404
e MR AU EAE M4 K (PPL) IR R 355 X5 2109 PPT #7420 2L R N IRE . i3 R 35 X G S 1T GO
BT KEGG 3 J & 0T . FR MG M Al 43 B 8 5 FE R P AR degree {EL i BE HE AT 3 AN CA AL 43, HH 1 I 4%
RS R S LA degree (B RIEATHERT , SE8ERT 3 V%00 A5, SR )5 M RCSB 0d6 15 T R AH G 28 I 454, 18 Py-
mol R EBREEH 73T S HCAA, 8 F AutoDock FRAFHEAT 4T X 42 o Fe Ji 380 Ao 0 106 S0 38 W B 512 56 N 90 S 0 % 52 40 3%
UEM S 2 F AR AT I A5 R, o W B 31 AN F2 (B2 TR 53, 312 AN PR 43 AR DGR A, 120 A>3 1 B2 -BR RO
Jo Bl A 2 A2 e [R) A A o P AR A e B e s ) A B 2R, RO L A5 W . PPT I A% 00 B R Ay 2 SR Rl AP-1
(JUN) 22 24505 A2 I 1 (MAPKL) % 5% R F- p65 (RELA) (£ 20 2- 93 2 MR 25 1R 1 (AKTL) (A2 6(1L-6)
255 GO BN W S i F PR 5 53 (AN PR e T R 1 i % M 55 s KEGG 3l [ & 8270 M /R AGE-RAGE {3
3 TR B 1) T A Ik e A R A Ay S S e v )3 %, LR SRy R Y TR R A SR FR IR, \MAPK {5 53
N B ANBER Ay INF (55 8 40 % 245 51 B 7 SC A i 43 Hh i e 3R 5 0k g 300 0 ELA S I &5 & G Pk IR
G E W R SE IR R S (H Y BERSFEAIG TL-6 F TNF-o AU IR, 9GS SE IR IE 3L R A L RES IR > AGEs, ml L2
FIBYT R PRI JR A 20 A8 B 22 4y 28, 2 T BE 23l B 0 E FH R o, LV AR B9 /E ML VT B 5 AGE-RAGE
EREE LN LN A ERERTI S

RARBAR] : S BRI B L A 2R A8 s 4% 25 B 5 P54

HE 4% 2 . R285 SERARIRAD A T EHE 10016880 (2022) 1-0121-12
DOI: 10. 16333/j. 1001-6880.2022. 1. 016

Exploration of the potential mechanism of Mori Cortex on treating diabetic peripheral
neuropathy based on network pharmacology and molecular docking
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Abstract : To investigate the main active components, the potential targets and molecular pathways of Mori Cortex in the treat-
ment of diabetic peripheral neuropathy ( DPN) by using network pharmacology-molecular docking,and to explore the mecha-
nism of Mori Cortex treating on DPN. The main active components and the gene targets of Mori Cortex were screened from the
Chinese Medicine System Pharmacology Database (TCMSP). DPN targets genes were screened by searching the following da-
tabases of GeneCards database and OMIM database. Using the Cytoscape software to construct the Chinese herbs regulatory
network diagram of “Chinese herb-active ingredient- target gene-disease”. The active component targets and disease targets

were uploaded into the STRING database to construct PPI. We used R language for screening core genes in PPI. GO enrich-
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ment and KEGG pathway analysis were performed using R language. The three-dimensional structure and chemical structure
of targets and components were obtained from RCSB database. Pymol software was used to remove water and phosphate from
protein molecules. AutoDock software was used to convert compound and core protein gene pdb format into pdbqt format and
search for active pockets, and finally run AutoDockTools for molecular docking. Enzyme-linked immunosorbent assay
(ELISA) and fluorescence spectra were used to verify the results of network pharmacology enrichment analysis. Finally,31
active ingredients and 312 targets were extracted from Mori Cortex,and the highest target counts were quercetin and kaempfer-
ol. The core gene in PPI were JUN, MAPK1,RELA, AKT1,IL-6 and so on. GO analysis revealed that it was possibly influ-
enced by the transcriptional activity of corresponding genes, cytokine expression and protein secretion. KEGG pathway analysis
also showed enrichment of AGE-RAGE signaling pathway in diabetic complications, Fluid shear stress and atherosclerosis , Ka-
posi sarcoma-associated herpesvirus infection, MAPK signaling pathway , human cytomegalovirus infection,and TNF signaling
pathway. The results of molecular docking showed that the key components have good binding activity with corresponding tar-
gets, for example, quercetin. The expression of IL-6 and TNF-a were decreased by ELISA  and the AGEs were decreased by
fluorescence spectroscopy. Therefore, Mori Cortex has the characteristics of multi-components, multi-targets , multi-channels

and multi-pathways in the treatment of DPN. Its potential mechanism may be related to AGE-RAGE signaling pathway , MAPK
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signaling pathway,and TNF signaling pathway.

Key words: Mori Cortex ;diabetic peripheral neuropathy ;network pharmacology ; molecular docking
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Table 1  Active components of Mori Cortex

TS I3 TR MR eZitE R
MOL ID MOL name 0B(%) DL Target count
— e -
MOLO012686 7-FAEKES 4 - R IL T BERE T-Methoxy-5 4 -dihydroxyflavanonol 51.72 0.26 3
MOL012689 W 55 & Cyclomulberrochromene 36.79 0.87 3
MOL012692 Z [ D Kuwanon D 31.09 0.8 1
MOLO12714 3¢ # A Moracin A 64.39 0.23 1
MOLO012719 3E# 0 Moracin O 62.33 0.44 2
MOL012726 RA% K24 G Mulberrofuran G 92.19 0.24 -
MOL1012735 IR B FE4E C Mulberroside C_qt 71.39 0.46 3
MOL012743 PR -3 4" -di-0-B-D- BT Resveratrol-3 ,4’-di-0-B-D-glucopyranoside 35.08 0.76 -
MOL012749 MARAH B Sanggenone B 115. 44 0.3 -
MOL012753 IfiLARE F Sanggenone F 62.42 0.54 9
MOLO012755 I AREH H Sanggenone H 37.5 0.53 6
MOLO012760 MARET M Sanggenone M 68.29 0.85 2
MOL001474 MLARHH Sanguinarine 37.81 0.86 3
MOL000211 T T Mairin 55.38 0.78 1
MOL000358 75 1 Beta-sitosterol 36.91 0.75 26
MOL003758 SR #E Iristectorigenin (9CI) 71.55 0.34 13
MOL003856 %3¢ % B Moracin B 55.85 0.23 5
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2:5% 1( Continued Tab. 1)

S¥E I FHRR PRI R AR

MOL ID MOL name 0B(%) DL Target count
MOL003857 3% C Moracin C 82.13 0.29 4
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o on
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MOL000554 %ﬁjf‘;j;o(? 60()@;?1‘%1(%]))??:’?1 E 30.25 0.67 -
MOL009653 P Cycloeucalenol 39.73 0.79 -
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Fig. 2 “Mori Cortex-active components-targets of DPN” regulatory network
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Fig. 3 Protein interactions were analyzed by STRING database
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Fig. 5 The GO enrichment analysis bubble diagram (Top 20)
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Fig. 6 KEGG enrichment analysis histogram ( Top 20)
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Fig. 7 Molecular docking pattern diagram
T : A Quercetin 5053 MAPK1 2 HARTLAE ] 5 B: Quercetin 5,0 RELA S HAM A MM HAPEA R AR D AR BBIE RS, Ny
T Stick Al dot F%, A MELIIR AR ARIC T RAWHIZEB S UG WL E . Note; A; Quercetin interacts with the target MAPKI
protein ; B ; Quercetin interacts with the target RELA protein. Different branches of the protein are indicated in different colors, the small molecules using

Stick and dot,and the yellow dashed lines indicate their hydrogen bond , marking the position of the hydrogen bond to the compound in the compound.
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2.8 FAXRBFTAEZEMENELER AWRIER(P<0.05) ; SHERBIAMIL, R HEH
F R BRI G 2 W R R 2 ORI W IR EA DI 225 (P <0.05) , SRYFRIAH L, 22
T3 AITAT S IEH X MAMI, BMRAMBH L FRFE(P<0.05) UISH BA — & MR
U R EI A IR 225 (P <0.05) . WIT/aS .
TEHXT HRZEAH L, A5 50 21 R 58 11 Bz 4 2 I {2
®3 BAXRBTAIEZENENZNER (25,0 = 7)

Table 3~ Changes in fasting blood glucose before and after treatment in each group(; +s,n =7)

4151 FEAKL RITHT HITIE

Group n Before treatment After treatment
TE %5 % HAZH Normal control 7 5.51+0.11 5.57 +0.08
K12 Model group 7 19.78 +1.23* 20.15+1.21°*
Zx 1 Hz4H Mori Cortex group 7 20.19+1.20" 15.47 £0.99 * 2#

TE: S IEH W BRI L, © P <0.05; SEOMAIAHLL, 4 P <0.05; 5IAITRIMHIEL,*P <0.05, T,
Note : Compared with normal control, * P < 0. 05 ; Compared with model group, > P <0. 05 ; Compared with before treatment,* P <0.05. The same below.

2.9 ELISA il X R I0iE [L-6 , TNF-o By7KF H, S H B R BRI 1L-6 \ TNF-a /KPR A (P <
W 4 PR, SIEE S IREEAR L BRI ZE R 0.05) , ZER A SRR L.

1 1L-6 \TNF-a K- Jh i (P < 0. 05) 5 54 B 2 A
F4 BHHXRME 1IL-6TNF-o FELER (2 25,0 = 3)
Table 4 Changes in IL-6 and TNF- of serum in each group(; ts,n =3)

25 HEARL IL-6 TNF-a
Group n (ng/mL) (ng/mL)
TE 3 % #8240 Normal control 3 0.215 +0.011 0.667 £0.0311
Ki#IZH Model group 3 0.365 +0.013 * 1.214 +0.079*
Z& 11 J24H Mori Cortex group 3 0.301 +0.012* % 0.690 +0.060%
2.10 BRI FRMALBHWE ACEs Kk LR LL, 5 11 B 4148 1 b 25 AGEs 1 4> (P <

R 5 Pron, SIEF X RAAH L, B A 0.05), 2 %A g it % & X, Ul B & B RE 2>
AR B AL B P2 AGEs H5Z (P <0.05) ; 5K AGEs %3k,
£5 BAKXRBBME AGEs FIXER (v 5,0 =3)

Table 5 AGEs expression of the rat sciatic nerve in each group(; +s,n =3)

bl FEAAL AGEs
Group n (AU/mg HYP)
TEH %) 18 2H Normal control 3 12.41 £0.59
Fi#IZH Model group 3 42.41 £1.53*
Z M Fz24H Mori Cortex group 3 23.27 +1.20%2
3 WitE&%R B ) I MARHE (CARFN B ) (R ECARY ) A 1k

Wi R Jo Bl e 2 A A b BT P X R e ((A BRI (AR R4 ) ) 1k (CE5PEig) (&
2, ARAEAERAR UYL JSURE REBE PRE A FRL R 2 2T JPASHRE) ) o 25 BRAF ST IIESE 58 1 B BE I 0 A 2 9 1
JB T B SOE W O A0S LS IIB E VR B AR A S RERRAR AR L AT
KCSBIPIHE  BKARBA X6, ThEGRABCRFRIYE  REIRIRIEERL ™ AT SR AT, 30 B 40 i A 5
VRZM I THRAR B, BRIV I S Z 2 TR e/ BEE M BRIRE X R 10 PC12 41 S Ak 45
B A AR R (MR AR ) (KRR Rz e T L S i R 51 SR B
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FEUESE T 5 e B2 ) R A% 15 Irow R O B Ale -
2 cGMP cAMP 1 7 i, $2 5 20 40l Na ™ -K ™ -
ATP FEGE , BOEE P 2A% S 30 R 3 B L7 41
WA TR 1, A 2 K (R e A K
71335, BRI 2 20 2 AGE (1 & &, flihE IR
o Jo L ot 22 A 0 7 3] — o AR B e R A . AT
B H BT BFIE B2 X F R A RO E T T L
PRI W s ) L o 220 A8 R 28 s\ 2 i AR
FeVERE I 1A 1A PR 25 2 B3R D 13X — B

ABIFTE i 1 0 4 245 27 7 vk D rh 24 3% 1 vh
e 31 ANIE PR3, 312 AT 1 B 43 A DG HE A5 5 )
H GeneCards % 4f5 % Fi1 OMIM %445 32 4y $% 31 4 661
AW PR S Ll 28 72 A Gk PR 5 o v 24 38 1 R A
PRI G ] BBl 22 728 AH DG A MR A2 4, 15 31 5%
F1 B2 - PR Jo) L el 2 9 7 1 [ B i 120 A,
F 1B BT T 1 23 A DG HE 655 3 11 - DR ) e
P2 A i L [R)BE A O 2 15 31 56 B IR TR IR
o Ji) A 220 A8 A ROy 23 A4S JF Rt 1 e gy
ARSI -HE SN -B ” rh 2G PR 2 K KR
S W bR JE] Bl p 285 722 1) 3 W] 3 6 s AL STRING
Bl b #E AT 20 B 5 3 PPL 25 (5], 2 3 PPT A% 0>
FEPEE S R~ AP-1 (JUN) | 22 24 J535% A 28 11 B0 1
(MAPKI) B%3%[H ¥ p65 (RELA) |22 R /3 & PR
P 1 (AKTL) (FI/ 3R 6 (1L-6) 4%, A WFFEIESE
SN 28 22 G0 0 Ao 8 I 5 4T L 5 T 4 i, B % et
TG SR - AP-1 (JUN) i i Jil il pf 28 1 -5 4
Ak, B DR L Ao 226 9 A A e o R
MAPKI il i 10 il et £ 2% 490 1o 80046 1 2 1A 98 11 33
T35 AIE S W DI I L o 2856 75 1 & & ST s RELA |
IL-6 5 JCE 4] 15 2 WA OG5 AKTL 5% 1 B % B
2 B R R 2 TR B S R T AR

GO &AL M4 RS W v 28 2% 11 BB Y7 B IR
Jeil L i 2893 722 B T e 22 1 0 DNA 25 5 5 Sl
Wi, RNA B4 1T 45 544 ( DNA-binding transcrip-
tion activator activity, RNA polymerase II-specific) , H
WIE AR ML N 1321 45 4 ( cytokine receptor binding) |
ZARBCARTE P (receptor ligand activity ) 4 g [ 115
£ (cytokine activity) 12 RFEHE FE IS5 5 (ubig-
uitin-like protein ligase binding) . & [ Z &R/ 7 &
1% 184 i 775 E ( protein serine/threonine kinase activity )
S5 W SRR e s AR AL T L S A )
b e, RUPP AR LA 2 5 2R Y il
RAET WA YT E R i B #2290 22 19 VE T . KEGG

10 S T S BT W7 R 24 2R BRI PR J) R A 22
3 7L Jf T S e R ) A DR T R v ) e
WAL 28R 7= W) S H A2 IR {5 5 38 % ( AGE-RAGE
signaling pathway in diabetic complications ) . Jiii {2 5§
Y1 771 K01 3 Jok 585 A 18 4L (fluid shear stress and athero-
sclerosis ) , H YT % i P4 DY 968 AH OC 98092 o 7 e e
( Kaposi sarcoma-associated herpesvirus infection ) |
MAPK {Z*53# % ( MAPK signaling pathway) . A F.ZH
M9 25 %Y (human cytomegalovirus infection ) F1fipeg
IRBEIN 515 5 i i (TNF signaling pathway ) &5 Bl
PRI I S i HH A UM A 2R 7 ) B L2 IR
5 A A RO OC R R R U, AGE By BRI
RAGE [ nl #5458 11 T A R, t i LA 5|
A PRI H A O S S, SR RS ) P 22
AR, BFSE R I AGEs RYFR R AT LY
7% p38 MAPK, S8z e W4 i 45
1y E IR Sl > AGE (B AR R, I f% STZ
5 HE DRI R Bl 28 RAE S, R AT PR ok 22 0
ASPEEUEE . MAPK 5 5 30 B i p38 MAPK.,
LAME 598 75 i 1/2 (ERKL/2) [ c-Jun Z 4L (N) -
A um i 1/2/3 (JUK1/2/3) il ERKS U 2k i #5 4H
Jio MAPK {5538 -5 90E A DLk P T 46
WG, Ren' ™ 24558 19 BF 53 % B MAPK {553 %
H AR S5 RNAs (IncRNAs ) 3 o 3 58 BE0e 52
PR BB ZE PP R R AE I 1 3R B b
PRI 2899 78 9 A A= o PRk, T LA 3 T 95 MAPK
o DR PO RO A LA 22 8 . 7R KEGG 7y
Breh , MAPK 551 %2 o R 5L N 8 22 1 15 53 %
FATAT LAHEDN MAPK 38 #% 7] 582 25 & 1 IR YT
W B J] B 2805 728 1 G BE B 2 — o IR SR AL A
{5 T (TNF signaling pathway ) fBA ARk
IR F 248 TNF-o, H2— MR EZ W RIE K 7,
T LRI I E 00 L B AR O 2 it JIE DR 20
UL T R P A 200 L 7™ A, X6 Ao 28 0 TR R 22 5 I 24 e
FEEEREVEVE T, S 30M 28 40 M 1 450 0 RN b 28 21 2 I
TS 5 L0 R0 A P B 0 R R A L S 9 TL-18
116, i1 EE P B2 40 0 A S E B IO, % AL P B2 40 3
JAR ™ o RS K SR R AR DR 3 6] 2655
AR R FE N TNF-o JKF- T, 1 8 20 2 e s A i
F IR AL HE A TNF-o ZRTUIRRE& 5 A
(thTNFR: Fe) # il TNF-a B3k )5, M4 e 56
JE LT BB M SR A5 A Z TR IR A B s , B
B A LRI TR T, ] TNF-o 7685 R &
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FE R 2 8 1) e R ML A B VE L AT
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RELA (45 G RE 00 T HiAth 2 A B 25 %08 43, ¥/
T-8.0 kJ/mol, &7 & 11 B2 R A% 0 il A3 5 DG R
A BB A A UL E AT T BE IR YT R IR
39 JE L M 2 2 (A VR R T P A o U3 P S o P 2% 24
B O3 TP AN 5 R IR TR PR S Rl
25995 725 ) TS A T P A R D B o LA — o R
SRR RIS S o I S e I B S 30 OO
YRR BN AR rh TL-6 \TNF-a , AGEs 7K V-3
Fhen, 55 1 R BERSR#AR IL-6 \TNF-a 7K, I /b AGEs
Pk, A H GBS M | IL-6 ' TNF-o \AGEs [ 3k it
TTORAF OB PR3 Sl L 22 e 32 1005

25 FRTIR, AR WF ST N R0 2% 24 B2 F 437X 4 1
FAEE TR T 5 1 R B T6ob PR Jo] P61 bt 2295 28 2 ik
it R A SR LA S A RO S T MAPK
JUN .RELA %5 fp L R $0 5, AT 52 AGE-RAGE
{5538 I TR BY ) 1 A Sh KR FERE AL < D VY PR
AHICITIE s BB MAPK 5538 fif A 41 e 2
TR R SR FE R 15 5 4 A 2 o B R ARV
NSZES T3 TR S E 1 3 53 X 4% 2 B2 (R 45 51, IR S
S B IRTTME PR R LA 2 A B 2 1y 2
ROZIBE IR S TP B2 U IR R BT IR B IR
W DRI J) 1615 2 H (AL B0 Hs S 4, o B BRI 15 7K
S5 Q0T vk g i, i PRIV R SR AL B S A
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