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WE: [0 ATREHRF 5 FERmERIRA P T (rutin) F8 PULF 44 (MF) s94ERbukl, [ F& ] AT
M5 kR IE RASIR T RS IUEF AL Aa X A sk sk A Bl ¥e &, 35 R Cytoscape M % 45 “hdp-e b - m” EAEM%
BAL KR R BAEsT A Yo S 34T A B AR (GO) e A A B 5 A B4 7 A4+ (KEGG) B35 £ o, it o2t
BHAEME TH5HSRZEGNMEER, KA CCK-8 iFiml & T s WUk &F 4 4m i, (CFs) 343869 % wh, FFid ksl sm
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YER T Ol AN LLFftbta k¥ i, ¥ IL-6. TNF. TP53 % SRC % A4 ¥k, H'E 4% T PI3K-Akt, MAPK & IL-
17 5588, 4 Fa#E0: FPTERCREOIAYHEARFHELER, 2 TEVWFERERET: FTTAE
AL A K B (TGF-B1) i 5 69 s . Mus musculus 5 WUk, 4 4 fm Jo 4 b AR S M wd kik, JF 2 # T A MAPK-
JNK/ERK 1% 5 @ 340 % & & 69 & ik (P<0.05), [£&# ] # T 7@ i 474 MAPK-INK/ERK 12 5@ % 698 &, W%
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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

UTAEE, BEAE T EN CE I A RN S AR 3 Oy sUR AL, O IV A R G AL TR R 42k ETHE
P R TAHLR BN OB E ELE 10 a (7 fEH E R RIEH 0L, AL TA RGN T &
KPR, TERZ O AP 10 A A Rt A b, D LR ZEAL (MF) 1R S S B S Al o e J5E S AR
ISP ET (ECM) S, LR AR 4R 238N, ER OV, BGOSR K DI ae sz .
HATARFEE R . 548 505 S PO 25R 7 7E— R L mTi2 O LA Ak g b R, (FOERIVER B, B
H R . R, SR EARTT O LA — R BTG 0 L

T (rutin) XPREFT, JRTEEZEY, R T AR K L BRECSE R 2 DL R AT A
Citrus reticulata, #34 Chenopodium quinoa. B35 E TR RARMAEWED, BAaHEML. iR, RIT7
WEDRI B RTINS A SRR T BB R B . 7 T IR LA B A A B 25 AR AL RO U R 1
YER . anEEES BFFEIA R . 2 T R DL ] TGF-B1/Smad3 {55 % 235 K Bl Rattus norvegicus B [A]
LR 4EAl s G475 0 B ERI] . AT RERE P AE BK R T (Ang I1) AUFEAT, 8 R B0 DR AT R 72 B
ik, JF Haedm & FE C (PKC) W,  MIME BB G BRI VE T o 2 T HEC B BiiG 7 T
I PE R ARCR, (HHPLO N GEAAODC I FHLHRIBER R, IR e BER 5  T Biia O LA 4 b
WTEVE RN . A58 1 2 25 BR A48 58 T PO WA AR AR AL, I 38 2o 53— X422 A 1 241 i
SRR R SO E SR B A TRIAP SRR, ST A SR 1Y TR T SR AR B B AR
1 #MetEF %
1.1 MEZEFSH
L1l A TAERREGRR WAHVNS 4D SR (Pub Chem) BRI T 7374544, il Swiss

Target Prediction £UH8 72 | 24 R 40 2 B2 508 5 (TCMSP) . Hr = 24538 5 25 B 24 i 53 F- 5 (TCMIP) FilHp
AR BEURE (ETCM), &It NZSIEH S 2] T BRI .

1.12 S eibfe B TR ¥ 5 5 78 AL ERE (Gene Cards), 7E4E A2 i 18 R s AL K0 d g
(OMIM), Zj¥1%dEF (Drug Bank) H1K: % “myocardial fibrosis” , K¢ FUrf5 2| (U # S 5 BT & LER

RO WU AR A K PR LRI SR P T B O WLEF AL R A A
113 F TS gitie s & agrFm% (PP ME  RIHEZOME, 6805 /EBEE
(STRING) H', 4% A& (homo sapiens) 2 FH HAEM 2 & . F ] Cytoscape 3.10.1 # 4 H1 (1Y) CytoNCA #if:
THAE M Fh b= T, 28 BRI AR, 13380 T O WA e i A% O i
1.1.4 ABAKL (GO) Fem AR A B 5 KK A8 A4 H (KEGG) 5 £ o4 ilid R EHMH 1Y clusterProfiler
£, WHE P<0.001 Mifiik AT A RIS R ER L 53R A ARt B E E 0.
1.2 5FXi#E

A HILINGTF A 036 TR AR O T 0 F-458 . NER 1 45 M5 & (PDB) T #i% 0 8 H (IL-
6. TNF. TP53. SRC. EGFR. ILIB. INS %) 3 4E45#), 7£ AutoDockTools 1.5.6 %K {4 i &b 3 J5
AutoDock Vina B4 FXHZ, Pymol {43847 3 4R Gl Ak
1.3 KIS H B 5L A%
1.3.1 @i /N Mus musculus (U JUSET4EAIMY (CFs) 7 E B AEAR Rem iR i # fa 1 .
132 5 A AT (LS IUCEYRHE AR AR, 4R 98%, 153-18-4), RIGEH| (LM
W ARE RN, 4 98%, S30916), DMEM #5353 (VivaCell A1), 06-1055-57-1), Fa4-10iE (BI).
[ (R FE A A, T1320-100), & AEBUSH & (T EME LAY K EARA R, KGP2100),
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PAGE e bR il &) G . MUk G ol . SRR ol (IS HEREAE YRR IR H], PG113 . PS105S,
PS109S), H ki — 9 £ i (PVDF) i (Millipore 2 ), CCK-8 il 7l . i & 7 8 °h 4% 19 £ R W i |
DAPI % 83 . 10xTBST (with Tween-20, Jb 5t € SCAIB A WA BR 2|, SC119-2, SL101-01,
SL111-01, SWI111-02), TRizol (Invitrogen 23 A], 15596026), HiScriptlll All-in-one RT SuperMix Perfect
for Qper (R BLIAMERE AW BH A A BR A H], R333-0)
133 &M% BIREKH (LR IR A RARD, HEAKBS (SI2m SR HEABRA R, HH-
3A), BE.OHL (Thermo 23 H], 75002401), [E§FR{Y (PerkinElmer A 7], TY2017011463), GE k2% & 6K
¥ (GE />, Amersham ImageQuant 800),
134 wmiaid BRI W, S AR 10% BG4 00E FE 2508 1% 3T
i DMEM, 7 37 °C, RBUMCH 5% 09— S ALBRE: FR 46 Th B 35/ B0 WUSCET ZE4n i
1.3.5 e S ILAF A i 5 B 4528 /NRLO IUBRLEF dE A0 i 2 e A e Al g Y 10 ng-mL ™" 4k A=
KK F (TGF-B1) Zb L 48 h, #ES7.C LT AL AN A

BUERKORZS BAF 89/ BLO USSR 4E40 0, 4% 1x10° 4> -mL™ 24802 6 fLAR, FR0GEE S JEFT 525,
Iy RXFHELH (ck). TGF 4. FAPERTIE (RFEEA], Captopril) ZH. /4T (200 pg-mL ™) 4, 4K E 3 MNE
fLo H A M AR IR 5 TGF AN A 10 ng-mL ™ #4b K5 FHPE4 A 10 ng- mL™" #4k
AR TR R 10 pmol- L™ -RIEEF; 2 TAIMA 10 ng-mL™ FfbAE K T+ it ik B
200 pg-mL " 1Y T SRS 48 h JR AT G 4R s
13.6 e rn e R CCK-8 y: M e i B i Pk, BOG A K 3000 /N BUOD WU EF 4 4m i, 4% 5x10°
A-mL ERE 96 FLMRR, KiFE 12h, A BIH 0. 5. 25, 50, 100, 200, 300, 500 1 800 pg-mL™" /T
AEPR A8 h i, AFLINA 10 puL f9 CCK-8 i, ¥ CCK-8 Fl DMEM [RIFHASINEITA 40U FLA (25 FGHIR)
SR FH BEBRASC I B HCAE 450 nm 4L B9 WOGEE [D@450)], A% E 6 NEAL. KU T AR B 40015
P 2 P =5 2 AL BRI Y D(450)—25 X IR D(450)/[ 45 25 55 Wk 2R 0 19 D(450)—725 1% B
D(450)]. BINTCREZS WM EE S, AHFIAMARVR BEA AR5 5% 12 h, I EXTIRZL . BIRIZ (10 ng» mL™' TGF-B1).
252540 (10 ng *mL™" TGF-B1+25, 50, 100, 200, 300 pg-mL™" /% T°) AbF 48 h J5 4 40 [] 77 2 0 3k H A8
450 nm ZbTR SR [D(450)]
1.3.7  fygsesbteml BBk K n9 /N B0 IUSET 4E 4% 1x10° 4 mL " /0 T 58 S 2835 A (1)
6 fLi . 25 E 5% 48 h, IR ECH 4% MZ R HEEH E 10 min, EFSE08 0.1% A9 Triton
X-100 & 5 /N RO WUSCET 4E NI BEWT 10 min, 5500 5% (2 10075 2 1 (BSA) £ 60 min, 4%
i, a-"FHEMNLEIEE (a-SMA) FILFER F (FN) Juik (R 1:500) W& %, P (RFLEL 1:500) 76
HEE 1 he 47,6-BKBK-2- 28 3L e — Eh iR Eh (DAPI) 44t 10 min, A EAEZEOG BB N WA IR
13.8 S8 ZF PCR (RT-qPCR) il PPl T X T AR 4R AH S B PR KR TR O 52, R Xof
B KB /N B0 WUSCE 4E A Mg % 1<10° > mL " 2 8 T 6 fLir, S 48 )5, FIH
TRizol I MCAE AN A, FRHECANAL A RNA, 4% HREUH] & D60 5K H S % 5 ¢cDNA, RT-qPCR & il R
ChamQ il /J SYBR qPCR Master Mix, LV 4% {4 3% B4R A FE U F5E . id 3¢ CMH, #F—2 407
RNA FJZR O 51T HI L% 1.

%1 RT-qPCR 3|15

Table 1 Primer sequences for RT-qPCR

R 5| ¥IFH(5'—3") FEH SIHIF5(5'—3")

F: GCAAATTCAACGGCACAGTCAAG F: CCATGCGGAAGCCAAGATGTG
GAPDH MMP-2

R: TCGCTCCTGGAAGATGGTGATG R: GGTTTCAGGGTCCAGGTCAGG

F: AGGCGAACAAGGTGACAGAGG F: CTGCTGGAAGGCGAGGAGAG
Collal Vim

R: GGAGAACCAGGAGAACCAGGAG R: TCAACCGTCTTAATCAGGAGTGTTC
po F: AATAAAGACGACATAGACGGCATCC tora F: ATGACCCAGATTATGTTTGAGACCT

- cta
R: AGTTGTGGTGGTGGCTGGAG R: TCCAGAGTCCAGCACAATACCAG




4 RN/ NI NI e 14 20254 X A 20 H

1.3.9  Western blot #4 R XF B0 A K W)/ BRUC WU ZF 4E 4R 4% 1x10° A4~ mL ™ #6580 T 6 fLiR o414
ZiRigR 48 h)E, A& EARBGAR SR RESE N, @i M RTE (BCA) &£ &5 100 C K
WEAM:, 1T SDS-PAG LUk, SRJ5FHAH F R W L (PVDF) B, B &k Tris 28 whdh s
W (TBST) FCA T 0800 5% BIBg 405, fE=EEM 1 hE, —P04 CIF iSRG H 1XTBST Uik,
XERE BT e s bt/ R, RFLEE 1:10000) /£ W FEE 1 h, IxTBST M5 FH 3 5 A Ak 2% & 65
(ECL) TAL# & CASAUh 5% . Image J X 85 [ 454 K (B E AT 72 14007 o
1.4 ZHitEDH

FASLIG AT 3 IRE R, S A9 S25 45 B4 ] GraphPad Prism 9.0 X FBEAT4E 100 My o Bda &t 51 LA
SEREAREZE RN o B LU BCR BRI R Oy 25081, WK R 0.05,

2 X

2.1 MEHEZELHH
211 M “Hpyeb-hh-kmies” Mgk IWAVVNFAYTEEBER FEREUS T 245 (B 1A).
T2 R G5 2 PR B0 %2 . Swiss Target Prediction 204 72 . W R 2538 & 2y B2 0F 50 - 5 fb 25 | Bk 45
B e rh AR R T 127 MEREE S . TEARERBHRE . FEA N KR TEREEBIRE . 29EdE E
K& “myocardial fibrosis” , 45 F] 4 344 O LR EAL B 5 . & 1B Fis . SIS A 91 1,
A Cytoscape 4, HEE “2490 5 AL W57 M4 (K 10).
212 ME3e s ke ZAFM% (PPI) 1R H B EAREEE R b 18 B E R 25 &1 (BAT), 3k 90 N5 5
1 818 45il1. H CytoNCA #fiff, XJEE{H (degree). 41 H .00 (betweenness centrality) DA K 5% B w0 M
(closeness centrality) HEATI15., FFXT X LR S HEFTHEY , HEA BT 10 A7 0958 25 oA S HEHE 5 (8] 2A). 4
ot HE S HAEM 25 & (F] 2B). BT UL IL6 S5 0 RE A 2 T Bliif O WLEF 4 A i) 32 BE/E R A5
2.1.3 ¥.% GO 5 KEGG ' £ LU P<0.05 ATk 4F, X o1 AN ILFEHES#E4T GO Al KEGG & %
O30T, DR e A s i VE DI Be Sk Ae . s F U068 (MF) 91 4%, FZW M 1 222/ 2R
PG A A (BP) 1178 4%, F2EW0 MR 675 MAPK Sk B 455 4MIZH L (CC) 38 2%, F#
W RIS 1307 45 B (B 3A). KEGG 4 i & A 2415 31 167 14 H , #EH P<<0.05 i 20 453F17
FIRE A E 2 E (K 3B, C)o M THLONEFYEfL 29 & PI3K-AKT Fll MAPK {5 5@ i, DL
iE B BTRN Bl KR FE AT AL DA R b 2R AT RO SR B . P AL O A TNF. TP53 5 MAPK {55
B IR OE, A T RTBEVE T MAPK {5 Sl 8 210 7 O LA g4k i91E o A THIFSE
MAPK 3 #% = T %0 AR ik R PRS2, 2508 T 25 MAPK 5 5l B 2 T8GR N, dE
INK., ERK. J&glis i i (Ao i sE 56 ok ik ie
22 FXEE

PR3 F X R AR =T 5208 E A A AR (8 4). MR85 FXHEENE, 456 A e,

A OH B C

OH
- \ .
P LT
‘ INSR  ALOX12 POR | PYGL _ADORA3
i 1m oA i v - S S S
PRKCZ ~ AVPR2 \ PTK2 . PDESA
) SEEE
CASP3 * KDE
o a - P SN
o 34 91 4253 TERT 4 ——
ALDH2 / PLG ) AD E RB 112
=== - g SN\ N NS
H 'OH DED4 . PIK3RI 7 MCLI1 7cyp19A1 X TNNI3 \ MMP3 : FLT3 § RELA | PRKCB
I Vo o o T A AN R S e S Y S

o. o SH TNNC1 }/ CYPIBI1 ; CAT ) ITGB2 ) SRC \ IL6 PRKCA * GLOI \ TNNT2
vadiz it e o e 1 i e S e
ALOX5 4 F2 AKRIBI , MMP9 SoDl \ GSTP1 MMP2 " RPS6KA3Y MAPT
e e e e e e S e R e S e e (T e o S e N2
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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

SR " 5 PDB-ID X454 i/ (keal - mol ™) SR " 5 PDB-ID FHELE A fig/(keal - mol )
IL6 1ALU -8.0 TNF 1AM -15
P53 1AIE -71.7 INS 6H3M -15
SRC 1043 -6.6 IL1B 6Y8M —6.6
EGFR 1M17 -9.9 CASP3 3J30 -83
ESR1 1XPC ) MMP9 4XCT -9.4

Xof /N B LB ET 24 0 0 1) A0 BTG PR RS2 e o 25 T B R R BE DR T 300 pge mL ™t I, X A A — e R
MR FMEH . IR ZaE ] 5~300 pg- mL™" HEETCFE MR 2 T X T A 410 a9/ SO WUBCET 2 4 i 75
PERIZIE . AT AR A AT (10 nge mL™) B30/ BRLO WUSCET ZE 40 i 48 he 4A1&1 5 B iz . 5% IR H
FO, FRACAE DR TR /DN SO WURGET 24 240 3% P S 25 04 00 (P<<0.01), RIS Bl Lo UL ET- 24 200 ff 1 B 43
i, 25~300 pg-mL " T A FRE e A A K PR R N B O USCET AR A0 TS TR RR A . 24 T B d ik
J¥ 4 200 pg-mL™ B, 10 ng-mL™" B4k A A D7 RIS /0N RO JUSCET 2 200 6 35 4 2 25 PR AIC (P<<0.01).
Plt, FEfR2Lscserh, SR T Bra ik B4 200 pg-mL ',

A B
L5 20

£t

0 XHEE 5 25 50 100 200 300 500 800 0 YR HAbAE 25 50 100 200 300

KHF
P (pg-mL™) 7T /(ug - mL™)

AR R R T 0T N D WU S e AN TR R o T BEe R 5 0 IR AL B 2 S b 4 35 (P<<0.01). B. 1 T X544k

AR AR T A /N RO WU ET 4R A0 M B R DD 54 . F BRI RN S TGFAH R E 7 3 (P<0.05), F-REeR/RETGFH L

ZE R (P<0.01)o Kt FH5ME £ bt 2 AN EEE 5SROI ST 1 8 52 S50 (n=3) -

B 5 FTAT A SoS WUm 4 4 4m 68 B RS R
Figure 5 Effect of rutin on the vitality of CFs
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Figure 6  Effect of rutin on TGF- 1 stimulation of CFs
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THRICE RIS, FBEH TR (B 6B). BLAh, RILERIFET TR T s A K 7 R /N R
O WUSEF 4EAN I Acta2 A1 Vim mRNA BT+ 55 (K] 6C), WK T Vim &AL (K 6D). sty
ERIEENIBEE R . K RICERAS T A S, o-SMA FIZEEHRE (K] 6E) K 1 #Eik/KF (K 6F)
PR kAR, [T, Wl FN B2 GIREE (B 6G) i Fik it (Kl 6H) T FE.

233 BT MAPK-ERK/INK 13 5l 8 % 4 & & £ A K- F oy Frm A0SR & GO #il KEGG &4
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