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31E GES I TLR4A/NF-kB RIEEIEZE 1A

W OE: BY FEREERNE R ER A NE A OB (acute myocardial ischemia, AMI) FIRSE A2 THLH o
FiE N PubChem S5 FE UM X & B2 AMI FSL[RIEE i1, K JAF AL RIEE A3\ STRING £50418 12 4 2 25 (1 A
HAEFHM %S (protein-protein interaction, PP, FX§ PPI 45 5RIEATHi4 5347 FIF DAVID it FE AT A (5 7 & 34T B R A4k
(gene ontology, GO) ThAEM GTHREL R HEF A H R4 (Kyoto encyclopedia of genes and genomes, KEGG) B & 450
18 F 5 T X R NG T 8 ) S0 7 it 5 SR 5 Toll K52 44 4(Toll-like receptor 4, TLR4A) I 52 AR BEFE 73 ALK T 2Cmyeloid
differentiation 2, MD2) [W45& B8 TRARE . KA TR BN IK A AT P S 45 FLVE 7 AMI /DRSS, WERTF AR, BB,
WEGER (100mg/kg) . F4eHig (7.6mglkg) H K TAK-242 (3mg/kg) 4, EB:L2 7d, KIRGHERBEH LBIVE
Wt SR O IhRE AR e, R IR AR K- (hematoxylin-eosin, HE) A Masson 4e (o0 2.0 LA 2% B 24451405, 6
I 75 AR S 1R TR (creatine kinase-MB, CK-MB) &, {OHLHEE A 1 (cardiac troponin I, ¢Tnl) 7KFF1CILZHZR
FAER T K F; R F Western blotting #ill-Co L4120 TLRA/#ZH T-kB (nuclear factor-kB, NF-kB) HOREH M AH B H IR IA
F5 HOc2 LA BR E AR AE R SR, b — BRSO & EMAT TLRAINF-«B RADE M N . G558 Mgy
AT EIRKT B IRAAE R T TLRA S5 4% 080 p 42 TLR A& NF-xB IBEZIRTT AMI, 73 TXHE4E RE /R H SRS TLRS 3t
24k MD2 BABIFHISER T, S Fa1E RN & ER-MD2 A RIFMRREt. MBS RER, MNEDRER
U AMI /N RO DIRE (P<<0.01. 0.001), V842 CULAZ R SEL MR, 061 IE & A PTR R DL 4tk BRI+ CK-
MB itk & cTnl ZK°F (P<<0.01. 0.001), TFiFELHIALF TLRA, p-NF-«xB/NF-«xB. NOD #32{A#EE [ MIBAHLER 3
(NOD-like receptor thermal protein domain associated protein 3, NLRP3). gasdermin D Z& 5 (gasdermin D, GSDMD) 14
Jlafr%-18 Cinterleukin-1B, IL-1B) & [AFRIALLK IL-6 /K°F (P<<0.05. 0.01. 0.001). 4UAEsCIGst RE/R, G &%
M4 TLR4. p-NF-«B/NF-kB. NLRP3 [ #&iA/KF (P<0.05. 0.01). £ X &E SR EENE AMI/NELIIEE. 0]
DV R S LD LA 4EAk,  HAR FMLHI S 1842 TLRA/INF-xB #AEERAH K.
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Abstract: Objective To investigate the protective effects and underlying molecular mechanisms of p-coumaric acid (p-CA) against
acute myocardial ischemia (AMI) through inhibition of inflammatory signaling. Methods Common targets of p-CA and AMI were
predicted and screened using databases such as PubChem. These common targets were imported into the STRING database to construct
a protein-protein interaction (PPI) network, followed by topological analysis. Gene ontology (GO) function and Kyoto encyclopedia
of genes and genomes (KEGG) pathway enrichment analysis were performed using DAVID database and bioinformatics platform. The
binding affinity and stability between p-CA and myeloid differentiation 2 (MD?2), a co-receptor of Toll-like receptor 4 (TLR4), were
analyzed using molecular docking and molecular dynamics simulations. An AMI mouse model was established by ligating the left
anterior descending coronary artery. The mice were randomly assigned into sham group, model group, p-CA (100 mg/kg) group,
carvedilol (7.6 mg/kg) group and TAK-242 (3 mg/kg) group. After seven consecutive days of treatment, echocardiography was
performed to evaluate cardiac function. Myocardial histopathological damage was observed using hematoxylin-eosin (HE) and Masson
staining. Activity of creatine kinase-MB, level of cardiac troponin I (cTnl) in serum and levels of inflammatory factors in myocardial
tissue were detected. The expressions of proteins related to TLR4/nuclear factor-kB (NF-kB) inflammatory pathway in myocardial
tissue were measured by Western blotting. A hypoxia-inflammatory complex injury model in H9¢2 cardiomyocytes was constructed to
further evaluate the regulatory mechanism of p-CA on TLR4/NF-xB inflammatory signaling pathway. Results Network
pharmacology analysis indicated that p-CA could act on core targets such as TLR4 and regulate TLR and NF-xB pathways to treat
AMI. Molecular docking results demonstrated that p-CA exhibited favorable binding affinity with MD2, a co-receptor of TLR4.
Molecular dynamics simulations further verified that the p-CA-MD2 complex possessed good structural stability. The results of animal
experiments showed that p-CA significantly improved cardiac function in AMI mice (P < 0.01, 0.001), alleviated inflammatory cell
infiltration in myocardial tissue, inhibited collagen deposition and myocardial fibrosis, and reduced activity of CK-MB and level of
c¢Tnlin serum (P <0.01, 0.001). Furthermore, p-CA downregulated TLR4, p-NF-xB/NF-kB, NOD-like receptor thermal protein domain
associated protein 3 (NLRP3), gasdermin D (GSDMD), interleukin-1f (IL-1p) protein expressions and IL-6 level in myocardial tissue
(P <0.05, 0.01, 0.001). The results of cell experiments confirmed that p-CA significantly suppressed the protein expression levels of
TLR4, p-NF-xB/NF-xB and NLRP3 (P < 0.05, 0.01). Conclusion p-CA could improve cardiac function in AMI, inhibit myocardial
inflammatory response and fibrosis, and its mechanism is associated with the regulation of TLR4/NF-kB inflammatory pathway.

Key words: p-coumaric acid; myocardial ischemia; network pharmacology; molecular docking; molecular dynamics simulation;
TLR4; NF-xB
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AT, HOMEF ) TLRA ZE U504, O Lk I
R EECIRAS 25 T B0 MO B ) e MR ARIOR BT 45
155 #8 2% 43 1 # =0 ( damage-associated molecular
patterns, DAMPs), IR 05214 TLR4 5 3)
FHN RS 5 PRI N, 3805 NF-kB. NOD F32 R4
THSMIEACEH 3 (NOD-like receptor thermal
protein domain associated protein 3, NLRP3) .
gasdermin ZJ% D & [ (gasdermin D, GSDMD) }%
fiE R K F A4 &-1B Cinterleukin-1B, IL-1p) %5
THEH, HIRUERTHREREREL, 51K
SR ZH 1) JERE S WIS 160, JEE I 0 el = 2 A 0o L
BRI AP B REAR, JF BRI R R TS . (R,
1 TLRA/NF-xB JAE (S 5 I B A2 1677 L LR LAY
HEER, HAWRRENE SR @ NF-
KB ¢ AR ROE B R IK K AR HT R RS,
AT T £ TLRA/NF-«B RIEBEIR TN H IR
BIT AMIL B TAE LS . BERE G T 2
(myeloid differentiation 2, MD2) {E N3 [, 7
Z 53| TLR4 5WAAREGh, 240 TLR4 8%
WO SO (1) F LR 00T, g3 — M R] Sy
KA L TR AR - B RO B R 7520 T
Bl 3 AU AT B — 2B PR AL O AR 5 B R A S U
BAFAENE, JHRBLEE RSB R AR S B R,
KBTS H 73 7 RHEEOR 0 TLRA 324k MD2
S5XEERNEE GRS, 7T EANERIE
gharResE s, JRE A E N AMI AR H9e2
ONAN SR ARIE B S IR, TAEARFI B A 7K
SR TN 7 E R A5 TLRA/NF-«B R IER 25T AMI
HIE AR .
1w
11 =A4RAE

50 J\ SPF ZiifEME ICR /NG, 8 FkS, i
(30+2) g, W EALHH ARADHEARFRA A, 3)
WA HRAIES 110324211102348127 . ZhAE 7T hrif:
i, W (23+£2) C, HXHEE (60£5) %,
12 h GHEABIEERS, PRERRSR, B HJoK,
ENPERRSR 3 d JEREAT RN . B sEin A b P s
R ERS/MAE (HHES BUCM-4-
2022031003-1043),

HOc2 20 ) [ b 5 B A 2 e 4
1.2 @55

XTI (H5 Y30A11C112277, s/ H=
98%) M H LHFIEM AR R A7) R4S

IR L

(EZ5iE H20000100, #t5 0K0254D26) JHH 5%
AR ZGE R AT ; TLR4 $Hl5H TAK-242 (k5
66229, JFEDEN 98.92%) W H % E MCE A+,
WIER BN 5] T.0% (creatine kinase-MB, CK-MB) iR
& (S L211017286) DU E A T (cardiac
troponin I, ¢TnD) RXFf& (5 202107) 14 H HX
ERAEMTREARAA; IL6 KAl (M5
20211120). MYEERBEIRF o (tumor necrosis factor-
o, TNF-o) R7& (5 202111200 W E RN = 5w
FERH M AR AR FFARER-FL (hematoxylin-
eosin, HE) Jeft &% (k5 CR2207111). Masson
etk (LS CR2210113) T8 [ BRI FE4E /R A4
BHECHERAR; R4FmiE ('S 2059461RP) T H
2 [H Corning 22 7] ; DMEM 1577 % (HIL5 8121655).
0.25%JRE (L5 2188970) ¥ 3£E Invitrogen 2
Ay MTT ({it'5 20220301 W H b5 & H i AE R}
FAHRAF; TLR4 Puik (it5 GR3275547-5) NF-
kB Hifk (L5 1006853-120). p-NF-kB $Hifk (L5
6100007483). NLRP3 #iff ({it5 GR3347154-6).
GSDMD #ifk (L5 GR3281507-5) IL-1B Hifk (it
5 GR1134-51) M HJEE Abcam A& HiHEE-3-%
PR Hii S ( glyceraldehyde-3-phosphatedehydrogenase,
GAPDH) Fifk (b5 FO71108) W H _EHEHiESA4)
BEHRAT; FEHR 1g6 LRBEIK (S
130963) W H AL F/REAEMFEAREGRAF; fEZ
BE (lipopolysaccharides, LPS, fit*5 20220320)
H3E[E Sigma A F .
1.3 {45

VentStar R45 BU/NFNIIFIRAL GRYINFR RS 2
F]); ULP-302-SL BLFARAT GLFURERER/RAFD;
Vevo 2100 BU/NEIE R 2B R4 (JNEEK Visual
Sonics AH]); 5242R BAVRES Lol (45 [E Eppendorf
AT]); BPN-240CRH B! CO, ¥57746 (_Lilg—{EF}#
IESHBR AT ); SpectraMax i3x MEFHRX (SE[H
Molecular Devices A ); LEICA DMIL LED {3 & 4
Vs (FEH Leica A w]); ECLIPSE TE2000-S %Y
18] 8 ¢ 6 A% H A Nikon A 7)) ; Mini-PROTEAN
Tetra HL3KIX (SE[E Bio-Rad A F]); O1600MF %Y,
BRG JNEBEMREARAFD.
2 FHE
2.1 MEHBF SR

M PubChem ( https://pubchem.ncbi.nlm.nih.
gov/) Edi e R AN B SRR 701458 SMILES
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SHATRERE, IHRHES T4, AR
E 47 SMILES 5425 % Swiss Target Prediction
Chttps://www.swisstargetprediction.ch/) *F & 17 #E
R £ GeneCards Chttps://www.genecards.org/)-
OMIM ( https://www.omim.org/ ) Fl DisGeNET
(https://www.disgenet.org/home ) F(#& & 7, PL“acute
myocardial ischemia” A 88 1a] 347 < 95 HE A5 R UL
. FIH Venny 2.1.0 (https://bioinfogp.cnb.csic.es/
tools/venny/index.html) 7E 4 A & T H IR & 1R
TEAEAE AT AMI PR HE 55246, {1/ STRING
(https://cn.string-db.org/) EUHE e A4 B 1 i -2 il
M HAEA (protein-protein interaction, PPI) /%% K],
e X 26 i B 0T A, SR Cytoscape 3.9.1 8
Xf PPL &5 RBEAT AN 20 Mo K AC AR R 2]
DAVID Chttps://david-d.nciferf.gov ) £ 22220 T 5L
Rl A&A4A (gene ontology, GO) Flt#BIEA 53 K4
H#}4 15 (Kyoto encyclopedia of genes and genomes,
KEGG) # % EE 4, mAFHMERETG
(https://www.bioinformatics.com.cn/) AT AL
2.2 SFXHEEEIE

M PDB ##i % (https://www.rcsb.org/) 1T %
13 MD2 HEH s AL (PDB ID: 2E56), FIH
Discovery Studio 2019 Xf HiFEAT FiAbEE, F:BR/K 5>
THEAZHR. RAETE BRI, Wk
A, JEHTNENEASHE. EEKFRA
PubChem #4f £ ¥ /N7 AL B W0 A SRR I 70
gh 45 N3 Discovery Studio 2019 H, FExt H 4T
RACER, 152 TXHER/N T &Y.

IR W N T RP S A X VAR EA VA SE LW
B =GR GONEE, I 7 H A ARRAE
4%, BJEi2H CDOCKER A8 HuKE 5 J5 i i X
¥, i EY TR IWZ (root-mean-square deviation,
RMSD), 5 RMSD<:0.2nm i}, FH R 124
A FR R R AL IR T AR 5 B EE B TR I 45 5K
Ao WAIZH CDOCKER #EHU A F H R 5 MD2
EABAT T4, PA-CDOCKER_ENERGY fEN
PP AR AE AL OB ARG 1, FRE— 2B i i SR
55 2 AR R S BRI R L 1A (A AR o
2.3 FFEHFERY

A3 5% 42 i 1 i 49 45 & AE FH S A0 B %) 5 &
M-MD2 &M AR R, KM GROMACS
2022.2 HAFIFRE Gy T30 D1 AR . E R A
Amberldsb 11342450, /Ny TECANIRH GAFF

WH 124 ¥ E AR SRR RIS B AR SO
G, WESSYKR, JFETIETTHAE TP
O, WEEARETFS& TR EERN 1.0
nm. VAL TIP3P /KARAL, RIS IN Nat
AU CIEAR A RLAT o SR FH s T FRv2eon) 14 2 e st
THAME. BEJE, FEEIR-TES (NVT) MHEIR-1H
(NPT) RERHHHEAT 11, ~FH5I (A4 200 ps, fE58
BB S, WER DY 2 fs. B iR
it I JE AN oA, JFMST A Berendsen & 5E
¥ R GRS 4EFRFE 300 Ko FEA R A LINCS 5%
BEATAAR, R ELAE UG R T P9 A% Ewald
(PME) 77kt 5 . S8 I, 6 AR i B 4001
4 2 3E4T 100 ns (73 T30 /1524640, & 10 ps &
17 1 K.

2.4 THYPSEES

241 AMI PNRBERES MR ip 0.7%KE L
ZHN (70 mg/kg) RS, AMAL[EE, 22 G Bk
BHADTREREE, HHERMPFRIEEIE S, b
JR 2 FE R HS 3~4 RATAIT 2 5 CoE, A 7/0 272k
GEAETE /DR 2% 2 mm AL ZEFL IR Bl ik A2 AR
o KMHEAERM 5/0 #ZksE G4 HE M TR . ARG
AR RN, B EPRIKERIRE . BT
ARBNFLMAL L, HRRIERBAAH.
242 H5%Y 50 JEENE ICR /ANRBENLS A
BFARA, BMA, XFERE (100 mgkegD 41,
RYEE (7.6 mgkg, IMRSERGIE) HN TAK-
242 (3 mg/kg®) A, HFARH A, BMH 12 A,
HAREH 10 Ao RYEHIE AR 2, TAK-242
9 TLR4 8 g (i o 3 12 h 5] 75 SR A
RYEHE ig 2574, TAK-242 4 ip 4324, HTFAR4U
A ig ZEFRER /K (10 mL/kg), 1 U/d, 844
% 7d.

2.4.3 GEFLENEIN  RKIRG 2 24h )5, RN
TR B, ARBEAT SR RRIE o AN EMAZ ] 72 FE Ao
W& b, BAEERK T MRS, 105 30s I8
AR, TR 4k S MRS OBl ], 8 Vevo 2100
1.6.0 BAFBEAT I & . A3 /N SRR HE 3 AS03)h A 3k
AT &, FRELET 5k A A /e 25 N 42 (left ventricular end-
diastolic dimension, LVEDD). Y4 RKIHE = HN1Z
(left ventricular end-systole dimension, LVESD) &
b, S5 RECPIME, 155 53 #1 Cejection fraction,
EF) F%G#h45% % (fractional shortening, FS), Hi
PAPEAfT IS i AT 7K D RE
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2.4.4  [7E UG L ibs EVFa et il /N R
IR JE AT HE S KU, =iREE 2h, 4 C. 3000
r/min 2.0 10 min, Y BIEFHE T-80 CUKFHE IR
7o Fl ELISA 20 &0 Ui B A CK-MB LA
cTnl 7K.

245 OETEEMEE OO IETREON E RGO,
BT A NAMS KPR EE AR, EIKE
Mg AR DI L, IR OIERS, e
R, THEOERR L, B RS R 2 1 H A,
PEAG 5495 /0o JIE () O LA o2 i S JEE T S

2.4.6 JAERTFARARAI  HBUNRCOIHEZ, A
TR ARFIEFIL RIPA 240, FHTFRAIRES
B 2 TCH B A, EMaas)iK. 4 C.
12 000 t/min Z.0» 15 min, HY_FiE. #%08& ELISA ik
7 e Uk B A o LZH 24 TNF-a0 AT 1L-6 7K
247 HEREEAW KN ROEHSA T S
4N 2 mm AHFARTIF#EYT], BB B, &
T 4%Z MR e, A, Uk, #6T HE
Yett Fll Masson Jett, T E5EE N2 EARL
2.4.8 Western blotting il 0> JIZH47 TLR4/NF-xB
WA EARE  BUNRGO I SEL 2 X 4H 2R,
TN & A EENHIFI RIPA 2400, FFRER
TR BTG A S, BRI 4 C.
12 000 r/min 0> 15 min, B3, BCA ykiEATHER
HE R, HAFEME SDS-PAGE BB HIK 5, IF
3| PVDF B L, FEEET S%BIRTH T, =i
REIREA 1 h, IIAN—1, 4 CHELR. A
Pi, ERWEE 1h FECER, JEFIH Image J K 1F
A3 EH 2T K AR

2.5 4HRESCLE

2.5.1 4ifukiFE H9c2 4HAHS 10%)h 4 i Al
1% 55 2 /8E 55 20 PTH) DMEM 15333, T 37 C.
5% CO, H57- 78 85 7%, FRA iR A K Rl A FE N 90%
LA

2,52 MTT ENGEMERE /1 H9e2 4HffILL 5X103
ANALEFT 96 LA, SEFRBISLIGETREEE, 3
XA, F PBSEVE 2 I MAE ARG E
WP (10. 20- 40 60 80 pg/mL) X # & L f) DMEM
Rr R LR 9% 24 he W E X AN & W 5
Ak, 3 EIEW, BALII 100 uL PBS FECH)
MTT % (0.5 mg/mL) #4E0%HE 4 h, 75 MTT
W, LI 150 L —H R, THRK FiRG
5min ARV MRES dh, B XAE 570 nm K

TNMEMROCIE (4D fH, TR & SR H9c2 4
(R JC B PR IR Y
2,53 AU SOGE S A 00 A0 MR B (1) R S Xt
T DR RERTRE R EXT IR SRR
JREIRE XA S R4, HOc2 ZHILL 5 X 103 ANFLEE
BT 96 LR, BEFRBISLIGTRHE, FEEAE
Frdk, F PBSJEVE 2 IR, WTHRRLLIIA DMEM #5377
B, AN 1 pg/mLLPS ) DMEM 5 553%,
XA GRA S HIINANE 1 pg/mL LPS 548 [F) i Bk
JE (10+ 20. 40. 60 pg/mL) Xf & Z L) DMEM £%
FidE, BTERENEN, IMARELE, THRFHRMES
A 8 h, MTT iEIE TS /7, TR x) & 2R
RAEDRAIRE .
254 X EEEXN A RAER S H9c2 AfIIE
MM Hc2 40 LA 2 X 105 AN/FLEEFI T 6 FLIR
W, BEFRBISLIR I TR R, A AR, A PBS
EYE 2 W, XA DMEM, MAZEIANE 1
ug/mL LPS f¥] DMEM, XI#& GRRAMAR 1 ug/mL
LPS 53 & TR (40 ug/mL) ) DMEM, TAK-242
AN E 1 ug/mL LPS 5 TAK-242 (1 ug/mL) K]
DMEM, B THE/NEN, IMARAE, THFRMA
A 8 h, WA NI RARIEES .
2.5.5 Western blotting &l TLR4/NF-«xB 1 i H %
HARIE % “2.547 BUREFATE S, 7%
FEW, BALIIA 1 mL T4 PBS ZZHRIEYE 1
K, B2 PBS, JO 80 uL T4 1 RIPA 241,
TEVK_E24% 30 min, ZEMRET FH ARk 78 40 16 4 S HX 4H
M. ZERICES] 1.5 mL B0 d, 4 C. 12000
r/min 5.0 15min, W LG, %8 “2.4.8” TR 7
TERSIN TLR4/NF-xB 3 B A e 8 A Rk
2.6 GitFEoHh

¥ ¥ziz |l Graphpad Prism 8.3.0 B4-3E4T748 1+
ARSI, G X s EKow, AR SR H
AR R TTZE T o
3 &4
3.1 MBHBZNMER

M Swiss Target Prediction V- 5 $RHUG 7 & FRTE
FEHE 5 100 4, M GeneCards. OMIM Al DisGeNET
KO B SRAF AR IR 55 3 902 4, HUZEE 153
XA ERRIGYT AMI T ERE Rtk 68 A (KB 1-A).
PPI W45 i1 64 /N5 AT 398 630408 (B 1-B), H
W R ARRIE R, T SRR AR 2 MR
B A E M EAER R, FEERRS T S AR
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Fig. 4 Comparison of echocardiographic parameters of mice in each group ( X+ s, n=6)
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Fig.5 Activity of serum cardiac enzymes and level of injury markers of mice in each group (X+s,n=5)
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Fig. 8 Levels of inflammatory factors in myocardial tissue of mice in each group (X £s,n=5)
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Fig. 9 Masson staining of myocardial tissue of mice in each group (x 400)
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