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Mechanism of rutin in inhibiting myocardial fibrosis

JING Ruixin', WANG Ruofen', NIU Pilian', ZHANG Guannan', YANG Shengxiang?, BAI Mingsheng'

(1. School of Life Sciences, Ningxia University, Yinchuan 750021, Ningxia, China; 2. College of Chemistry and
Materials Engineering, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] The objective of this study is to explore the mechanism of rutin against myocardial
fibrosis (MF) based on network pharmacology, molecular docking, and cellular experiments. [Method] Based
on drug and disease databases, disease-associated gene targets related to rutin and MF were identified. A
multidimensional “drug-target-disease” interaction network model was constructed using Cytoscape, and the
core targets were subjected to Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis using R software. The interaction between rutin and the core target protein was
simulated through molecular docking technology. The effect of rutin on the proliferation of cardiac fibroblasts
(CFs) was detected by the CCK-8 method. [Result] Network pharmacology analysis revealed that rutin acted
on 91 MF-related targets, among which /L-6, TNF, TP53, and SRC were the core targets, and they were
enriched in signaling pathways such as PI3K-Akt, MAPK, and IL-17. Molecular docking demonstrated that

rutin had a good binding activity with the core target protein. Molecular biology experiments showed that rutin
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could reverse the expression of fibrotic biomarkers in TGF-B1-induced CFs and significantly downregulate the
expression of key proteins associated with the MAPK-JNK/ERK signaling pathway (P<<0.05). [Conclusion]
Rutin may alleviate TGF-B1-induced fibrosis in CFs by inhibiting the activation of the MAPK-JNK/ERK
signaling pathway. [Ch, 7 fig. 2 tab. 31 ref]

Key words: network pharmacology; myocardial fibrosis; rutin MAPK signaling pathway; molecular docking
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FOT (rutin) XARZEFEA, JE T REZEY T, SR TR MK BRECSE 2 LA K G
Citrus reticulata, #3 Chenopodium quinoa. R 3E MR RRMAEYTD, BAPEML. ik . BT
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L1.1 FTHERESGKRR  WEIVN TAYEHEEYEZE (Pub Chem) FRBUS T /0 T-454, il Swiss
Target Prediction (8% . 245 R G0 24 P22 8045 )5 (TCMSP), R R 2538 & 2 B2 57 F- 5 (TCMIP) FilHh
AR BRI (ETCM), &I NZSEER S35 T B i .
1.1.2 S fefede B T X X2 S35 75 ARIE B % (Gene Cards), fEZk A5
(OMIM) ., Zi¥ % dEF (Drug Bank) 1454 “myocardial fibrosis” , K IF 152 A HE 545 8
RO WU AEA PR R o R PR R S5V T B0 WLEF 4E A R B8 A
113 FT-S M4 gfede b kG Z/FM% (PP A E NIk .o s, 7685 EEEE
(STRING) 1, #4% A2 (homo sapiens) & 1 B AEM K, | Cytoscape 3.10.1 #4111 CytoNCA fdi 4
THE M F b= T, 2l 8 A BAER 4 AR A, 15805 T -0 WA AL A% B A
1.1.4 AE KK (GO) Fo kA AR5 A HA T H4ALP (KEGG) & &4 it R AT clusterProfiler
£, WHE P<0.001 Rk 55 F#4T GO Ml KEGG & 4517 .
1.2 o X

WA LN A 0% VRS R AR IO T 404548 . INER 1 B 45 #8580 4 (PDB) T 2% 0B M (IL-
6. TNF., TP53. SRC. EGFR. ILIB. INS% )i 34E45#), 7£ AutoDockTools 1.5.6 4% 14 i 4b 3 J5
AutoDock Vina BT X421, Pymol 3447 3 4E 2 AT MAk .
1.3 ZHRASCIH RIS X%
1.3.1  @ie /N Mus musculus U JUSLEF4EAHE (CFs) H 78 B EAR K22 1V/HE AR 1B
132 s 5XA AT (B SCEY R AR A F], SR 98%, 153-18-4), RIGEH] (LM A
I ARBBRAT, 4 98%, S30916), DMEM 1535 4L (VivaCell 241, 06-1055-57-1), Fa4- 103 (BI).
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PAGE Sl e il &0 & . Ik B ik . FEIESE ol (AR A MR A IR A F], PG113, PS105S,
PS109S), i — % & M (PVDF) B (Millipore 24 ), CCK-8 il . Jit fi 43 B K 4% 1) 2 5 Wk |
DAPI Je a3 . 10xTBST (¥ Tween-20, dtHFECAIF AR A RAR, SC119-2, SL101-01, SLI111-
01. SWI111-02), TRizol (Invitrogen 2~ F], 15596026), HiScriptlll All-in-one RT SuperMix Perfect for Qper
(FA BCTEMERE A IR IR A A PR A ], R333-0).
133 &M% @BIRRKF (L R A RAR), HEEAKBR (ST G A RA R, HH-
3A), B.OAML (Thermo /AT, 75002401), FEFRIL (PerkinElmer 22 F], TY2017011463), GE fk2% & SEH:
¥ (GE > 7], Amersham ImageQuant 800),
134 mpidc RBAREE W, A RBINECH 10% BG4 05 AR 5050k 1% BXET
=B DMEM, 7 37 °C, KRR 5% 0 A Abbr 35 3746 15 37/ BRUC WUBLEF 4k 4 .
135 ST et 2 5 B 4528 /RO WURET 4R A 27 2 bR 7 1Y 10 ng- mL ™" %4k AE
KA F (TGE-B1) AbFH 48 h, #E7.OWLEF L 40 iRl

B KOS B89/ BLO WU EF 4E 400, 4% 1x10° 4> -mL ™ 24802 6 fLA, RR0GREE S JEFT 525,
Iy NI (ck). TGF 4. BHPERTIE (RFEEA], Captopril) ZH. T (200 pg-mL ™) 4, AH4HIKE 3 4NE
Lo HApXTREA A SE R 3, TGF 4MA 10 ng-mL ™ #4bE K H 5 FHME4 A 10 ng-mL™" #14k
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A-emL ™ FERTE 96 FLMR P, K5F% 12h, %I 0. 5. 25, 50, 100, 200, 300. 500 F1 800 pg-mL ™" 25T
AP 48 h )5, BHLINA 10 uL A9 CCK-8 X7, # CCK-8 Fil DMEM [N 3A 4 L b (23 FIXTIR) .
SR AR A L AR 450 nm Ab A OE BE [D(450)], FHHE 6 ML, RAHITF AR E 4085
PR AR RS M= 25 25 A BRAH MY D(450)—78 X RE I D(450))/[ 45 245 B i R 0 1 D(450)—=5 X B
D(450)]. BNTCEZ MR IE G, MRIANMM BERIMEE 9 12 h, BEEXTIEZL . A4 (10 ng- mL™" TGF-B1).
252540 (10 ng -mL™" TGF-B1+25, 50, 100, 200, 300 pug-mL ™" 7 1) AbH 48 h J5 +¢ 40 [5] J7 2 3k H AE
450 nm LIRS EE [D(450)]
1.3.7 S scdeteml R BRI RN RO USSR 4E il e 1310° A~ mL ™ 800 T35 A LR EI 1Y 6
fLtlrh, Srd g 2h)a 3SR 48 h, FHFTER M ECH 4% 192 R I E 10 min, RTS8 0.1% [ Triton X-
100 B M/ RO WUREF 4 20 MO BHT 10 min, BTt 53408 5% 4 3G F1EE T (BSA) 14 60 min, #A8J5,
oI IUILEIE H (0-SMA) FIZFE 1 (FN) Stk (R 1:500) BEF 8, 40 (AR 1:500) 7R
PEREEE 1 ho 47,6-BK-2- 8|k IR AR ER (DAPI) Y4t 10 min, G 7EDEE B ATEE T WA I 1A
13.8 2B ZF PCR (RT-qPCR) Al Al T X5 T0 WLEF i AL AH DG R A E DL RS2 I, K XoF
Bk KA /N B WUSCET 4R 40 a2 1x10° A~ mL 7 258 T 6 fLMlh, AR 48 h)m, FlH
TRizol IAFNSCAE A0 AL, $&HUAH LG RNA, 2 R 50) G 0d W 4 L 7% 5% ¢DNA,  RT-qPCR AR
ChamQ il F§ SYBR qPCR Master Mix, & I 5% {4 4% B4 A ESFE M BWFsE . % C i, #E—2 0T
RNA MRIXEN . 51075103 1,

&£ 1 RT-qPCR 3|¥1F7l

Table 1 Primer sequences for RT-qPCR

HH 51HF5(5'—3") HEH S1Y1FF(5'—3")

F: GCAAATTCAACGGCACAGTCAAG F: CCATGCGGAAGCCAAGATGTG
GAPDH MMP-2

R: TCGCTCCTGGAAGATGGTGATG R: GGTTTCAGGGTCCAGGTCAGG

F: AGGCGAACAAGGTGACAGAGG F: CTGCTGGAAGGCGAGGAGAG
Collal Vim

R: GGAGAACCAGGAGAACCAGGAG R: TCAACCGTCTTAATCAGGAGTGTTC
MMP-9 F: AATAAAGACGACATAGACGGCATCC Aot F: ATGACCCAGATTATGTTTGAGACCT

- cta
R: AGTTGTGGTGGTGGCTGGAG R: TCCAGAGTCCAGCACAATACCAG
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(ECL) T2 G A b B3 . ] Image T X8R 1 45 IR BE (004 T E B0 07 -
14 SitESH
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Figure 1 Target screening of the effects of rutin and myocardial fibrosis
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Figure 2 Target protein interaction and core target screening
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Figure 3 Enrichment analysis and gene pathway network analysis
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Figure 4 Molecular docking mode of rutin to the top 10 core target proteins
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Table 2 Energy of rutin to the core protein in the molecular docking

S 2R # 5 PDB-ID LS A g/ (keal- mol ™) B0 S 2R 1 5 PDB-ID N 45 A fiE/ (keal - mol ™)
IL-6 1ALU -8.0 TNF 1A8M -15
TP53 1AIE -71.7 INS 6H3M -15
SRC 1043 —6.6 IL1B 6Y8M —6.6
EGFR 1M17 -9.9 CASP3 3130 -8.3
ESRI 1XPC -7.2 MMP9 4XCT 9.4

XoF /IS R LT A4 40 1 240 R M s i 2% T B i Mk B R F 300 g mL ™ B, XA AR A — e R
EEEMER . HILESEEH 5~300 pg- mL™ F TR E T 2 T X TR 440 10/ U0 WUBCET 4 240 i 1%
PERRZM o A AL AE K T (10 ng- mL™) F3%/ N B WUSET 4E40 I 48 he 4nl&l 5 B iam . S5X R4
e, A 85 /N OO URET 4 20 G P B 25 5 m (P<<0.01), e B/IN B LB ET 4 4 i 154 5 444
B, 25~300 pgemL " 2 T AR E A AR R PR /0 B C IUBCET 28 240 B 6 P P R Bl . 2% T o vk
24 200 pg-mL™" B, 10 nge mL™ % Ak A= 4 P80 19 /0N B LB 2T 448 40 A 376 1 I 2 R A1 (P<<0.01).
P, fEfagescsarf, RAM S T RN 200 ug-mL ™,

1.5r 20~

0 0
X5 25 50 100 200 300 500 800 X TGF 25 50 100 200 300

5T M(ug-mL™) P (pg-mL™)

AL ANJEN TR BE T TN RO LR A 2R R 3 TR o 7 BheoR 0 IR ZH LU AL 28 B 35 (P<<0.01). B. 7 T X %EAK,

AR DR IR /S RO WU 2T 4R N A G B B 7 560 . - REb R R S TGRAL L % 7 .35 (P<<0.05), P REc®R /RS TGFALLL AL

ZER WAL EP<0.01). HUEAFIME EhruEZ: BEAEE SRR 1O 5 S50 (n=3) .

B S FTAT RS IUms &F 2 2a i 6 7E %5 vl
Figure 5 Effect of rutin on the vitality of CFs

232 FTNHEAAKEFHFFODRCSIRL fmie b it x B -Fe94E A  Eid RT-gPCR
R k. Gt Ak KN E, NGO IUREF gL Collal . MMP-9 il MMP-2 [¥) mRNA &
IREEI, WRFEE A AT A B E BY /N B0 USRS 4E 40 i mRNA IR % (B 6A). [AIFE, HfeAd:
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