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H SEM #E47 B FES, FIEN 1 mekg, B 1K, ELE 4 JH; {E CME+SEM+CC 41,
KETE CME BRI 852 9 4 Y SEM VAT, 7E CME A58 HT 30 min, @i 2§ ke 44
T CC (0.25mg/kg, W THHAK) . SHLEIERBG 24 h 73347 DU R S O Jik 8 7 o
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Effect of semaglutide on myocardial injury induced by coronary

microembolization in rats via regulation of the AMPK/NLRP3 signaling pathway

Liu Yangchun !, Yang Huafeng !, Huang Wanzhong 2, Huang Yuan 2, Su Qiang 2
('Cardiothoracic Surgery Intensive Care Unit, The First Affiliated Hospital of Guangxi Medical
University, Nanning 530021; 2Department of Cardiology, Jiangbin Hospital of Guangxi

Autonomous Zhuang Region, Nanning 530021)

Abstract Objective To explore the effect of semaglutide (SEM) on myocardial injury induced by
coronary microembolization (CME) in rats via the adenosine monophosphate-activated protein
kinase (AMPK)/nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3)
signaling pathway. Methods Thirty-two rats were randomly assigned to four groups (#=8): the Sham
group, the CME group, the CME + SEM group, and the CME + SEM + Compound C (CC, a specific
inhibitor of AMPK) group. The CME model was established by injecting microembolic spheres into
the left ventricle, while the Sham group received an equal volume of normal saline via left
ventricular injection. The CME + SEM group received subcutaneous injections of SEM (1 mg/kg,
once weekly) for 4 weeks before CME induction. For the CME + SEM + CC group, rats were treated
with SEM for 4 weeks, followed by an intravenous injection of CC (0.25 mg/kg dissolved in sterile
normal saline) 30 minutes before CME modeling. 24 hours post-modeling, all groups underwent
the following assessments: echocardiography to evaluate cardiac function, HE staining for
myocardial histopathological analysis, Heidenhain staining to quantify the microinfarct area, ELISA
to determine serum cardiac troponin T (cTnT) levels, and Western blot analysis to detect the
expression of proteins related to the AMPK/NLRP3 pathway in cardiac tissues. Results Compared
with the Sham group, the CME group showed significantly deteriorated cardiac function, elevated
serum cTnT levels, and a marked increase in myocardial microinfarct area (P<0.05). Compared
with the CME group, the CME + SEM group exhibited significant improvements in cardiac function,
decreased cTnT levels, and a remarkable reduction in myocardial microinfarct area (P<0.05).
Histopathological analysis revealed a normal myocardial structure in the Sham group without
infarction. In contrast, the CME group showed disorganized myocardial arrangement, accompanied
by nuclear fragmentation and karyolysis. In the CME + SEM group, myocardial degeneration,
edema and inflammatory cell infiltration were obviously alleviated. Compared with Sham group,
the protein ratio-AMPK/AMPK slightly increased in the CME group, while the protein levels of
NLRP3, gasdermin D-N domain (GSDMD-N), apoptosis-associated speck-like protein containing
a CARD (ASC), caspase-1 p20, interleukin(IL)-1p , and IL-18 were markedly upregulated (P<0.05).
Notably, compared to the CME group, the CME + SEM group had a further elevated p-



AMPK/AMPK ratio, while the protein levels of NLRP3, GSDMD-N, ASC, caspase-1 p20, IL-1p
and IL-18 were markedly decreased (P<0.05). Conclusion SEM significantly ameliorates CME-
induced myocardial injury, and its mechanism of action may be closely associated with promoting
AMPK phosphorylation, inhibiting NLRP3 inflammasome-mediated inflammatory responses, and
suppressing pyroptosis.
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AMPK/NLRP3 signaling pathway
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SEOIREN K R ZE (coronary microembolization, CME) £ H1 5 ik ik RERE AL BES (5 K Bl 25l
R Jik ML 32 B AR TR R e T T AN, AT RBOO AL L DI REIGR . DR M E
AREME. HAET, CME [ 2 Bia i A s B E NIRK SN, Kk, #—2
[ B CME S EUL0 WU K705 HL o B2 i o IX — MERR I G BE  FR TR —Fh P It IR R
KATREANE-1 (caspase-1) N FHIRAENEREFIEAMMIL TR, PARAEIMABOE . 40
LA R R T REBONAZ O ALY, 7E 2 Ff 0 I (1 R A2 K e Rt S AR . BEA B
TR, R & RN A 2455 F 3 (nucleotide-binding oligomerization domain-
like receptor protein 3, NLRP3) /SHLOLHIHMEET- 25 7 CME SC0 G . Bk, #wH
LI AE T T PSR S A B O BT R CME B 20T B . Al 2% & ik (semaglutide, SEM)
He FL AR L IRl SO ORAP RS9, T i R A RV AL 2R B9 ¥ (adenosine monophosphate-
activated protein kinase, AMPK) /T 15 5l % Jg 2 O L2 AEB 510 A B 7Rl IR ST
AMPK 3# HHHE BE IS I8 CME & I LA L AT, JR1, SEM £ CME H i/ T A&
. AWEI B EM S SEM TALEEXT CME BTS00 L 1 I BT i6 208, FRER g0 Lt
AMPK/NLRP3 55 #1520 o

1 MR 5T

1.1 EEME

HAEN 45 um FIER (555 16905, 3£ Polysciences A#]); SEM (f&'%5: 524874,
£+ Novo Nordisk A7 ); £ ZEWEHE (Compound C, CC) (f5: HY-13418, ¥ [H
MedChemExpress A ) ); HE 4371 &1 « Heidenhain £ 75 A RS YL ik A & (T8 5 G1120+
G4480, b ZEERFAWRATD; LUWIESE A T (cardiac troponin T, ¢TnT) i{F) & (&
T: SRA20901, B B SAEMBHEARARD: p-AMPK. AMPK. 8 TAHRBE fUREEE
(apoptosis-associated speck-like protein containinga CARD, ASC). H4HMu 2 Cinterleukin,
IL)-1B-IL-18 LA K& N2 GAPDH (185 : ab23875. ab187408. ab155970. ab254360- ab191860-
ab9485, Fi[E Abcam A ); NLRP3. caspase-1 p20 #ifk ($25: bs-10021R. bs-10743R,



b BRI AR AT W& D-N ki (gasdermin D-N domain, GSDMD-N) (f%5:
36425, £[H Cell Signaling Technology /A ); i (i HRPIgG, 5 : sc-2357, 3£[H Santa
Cruz Biotechnology A ) ).
1.2 S

AHFTIE A SPF 2% 8 % i g Fe % SD KER 40 H, M5 & 250~300 g, ) FHEEF}
KL OIRAE (B ATIE S : SCXK A 2020-0003) . ABhY)sin s vh
KISV PR B 2 AZAbHE (LS 2024090260, 23 MM FR SD KR, KH
BENLA 7RI BENL 2 N TR (Sham) 1. CME 41, CME+SEM 4 5, CME+SEM+CC (AMPK
D Mo S HIERE TS 75K SD KR 8 R SAGERAZRERINT: BF
ARYKER 9 X, 1735 8 X, fAiEF N 88.9%; CME 4l. CME+SEM 41. CME+SEM+CC 41
KEBIE 31 H, 1795 24 1, 1AEEN 77.4%. KR FEEH0R N pREGS EAK H .

1.3 EEIE

1.3.1 3ord

ERAFIE) SD KR, ZHMEAEZRML CME BRI 1 SCiRE Y, #fe AFEA RN 8
H. CME AL 0 ANRRFERR: Sham AVESS A # 7K CME+SEM 417E CME i
4 J&, FHH SEM #E4T 2 RIS, FIE A 1 mglkg, &R 1k, #E4E 4 AU, £ CME+SEM+CC
M, KEAE CME EBIHTR:52 A 4 A SEM ¥697, 7£ CME M HIRT 30 min, il 2 # ik
ST CC (0.25 mglkg, T TEHK) M,
1.3.2  #37 CME %Y

SD K BRE I f i B R R I E L 224 (40 mg/kg) RIFR S B2 WIMGA <. B 5 3EAT I
REZFONE, OO & EIKAR . i OR 5 HH 100 uL 4B EK (HEZ) 3000
MNER ORI FTNFE0E, FRRATEEZNIKLA 10s. GG, 2547 R R 75 f
WD, FREEEAEILRE, Sham 4N O E S5 EAEFIERK
1.3.3  KELIIRE AR

K ERA MBS A FHBA (A5 Esaote MyLab Class C) #E4T kK S R O3 B
W, CAPPAL O R AR .l M BB A ROR, M55 e 5 Kl D) T A 2H K BRI A
DEHBESH, GFAZS 5% (left ventricular ejection fraction, LVEF) A1/ %= 56 #4650
# (left ventricular fractional shortening, LVFS) . i & 7ERRIEE 5 )5 HHT .
1.3.4 QLU ZEGE

A O B EIVEAG S8 S, BT SD K B I g i v S o B 3R R I IR HE 249 (100 mg/kg)
BEAT 2 RAEAL B . IS , IR EBICRAE MRS, B 0o B RIS, FEAE-80 °CoRA1F T IRAF
FRONHEHEE, B0, AN PBS #H7mdt. EBROEEMIE, IREEEPATT
Je SR U 0 B N RN R B . AR BB D WL S AR 77 T, L& R 4:



Western blot £l 2 F o /CoIEBZH LN B T O E K F 77 17, 28 4% 2 R E /5, #ATA
WAL, FFELLYIE 4 pm FERIY) F .
1.3.5 HE 5 Heidenhain 44f4

S B ARKACAL B S, DY) R A HE Gy @RldE AT et AEVEA O AR X IS, (56
Heidenhain %4011 G0 V) 2847 Gt OISR HE B4 5 Heidenhain 4% (4 &R 218 1
WIEUIR RS (Axio Imager 2, E[H Zeiss A H]) FHATRE.
1.3.6 LA 05 A= b B A

f8 ] Multiskan FC Bk S ko il 23 #7143 (36 [ Thermo Scientific 24 ®)) , #2I8AHS ELISA
AU BT B, RIS T B cTnT K.
1.3.7 Western blot #2ill] AMPK. p-AMPK. NLRP3. GSDMD-N. ASC. caspase-1p20. IL-
1B+ 1L-18 & HZRIA KK

R HONHALLRER, SEEWREENE FEATY — e BV . K8 AR
In#Z SDS-PAGE i ELIR_EREAT LK/ B, WS REAT SR BN . 8 H o B PR P AR
FU N EH] 5 min, FRREEVERRE AR E i, TACCTITEER. kA,
=P (it HRP-19G) fEZ=IR FHEE Lhe RS RIGEXT VAT, FHRIH B3
K153t 245 (FluorChem M, 32[H Protein Simple 2 ) #:47 UG ALFE, Bfij5, @it Imagel
BN 72 H A BT AR RIS K
14 Giiteasbs

PEEILL X +5 Fo8, SR GraphPad Prism 9.0 B HEAT SLIBUR 454007 . 411
PP LR A LSD-t A, 20 4 ) 22 S s ok B PR 32 07 22 o i idh AT Ab 3, P<0.05 NZERA

Git2EE Lo
2 4

2.1 SEM X CME B8O NLER 47 89 820

k1 Fi7R, 5 Sham ZHAHEL, CME £ (1O IR W 4 D e 2 35 240, I LVEF Hl LVFS
B PR (P<0.05) o [FIRT, CERFFREY) cTnT BES S (P<0.05) . 5 CME dHAfLL,
SEM TRALHE fE A ZUZE AR CME 51 SO E YR 46 Th BERR S IR O AR 5, BB LVEF
HILVFS 3 )m (P<0.05) , IfiliF ¢TnT /K-FH] & T P& (P<0.05) . 481, k&1 H AMPK
75 CC 1F, SEM FRAL L XF o ILH) CRA 1 B 2 2 i %% (P<0.05) &



Bl SEMXSCMEFTELALBRSMm (X£s, n=8)
Fig. 1 The effects of SEM on myocardial injury induced by CME (X £ S, n=8)
A: Echocardiographic images in each group; B: LVEF measurement in each group; C: LVFS
measurement in each group; D: Serum cTnT level in each group; a: Sham group; b: CME group; c:
CME+SEM group; d: CME+SEM+CC group; “P < 0.05 vs Sham group; *P < 0.05 vs CME group;

&P < 0.05 vs CME + SEM group.

2.2 SEM Xf CME B 800N B0 5 B 52 0l

Wk 2A FioR, 18 HE Gt 55 BG4, Sham 41O LA 4ESE /i . 528 HHEsI
J7, ARMELBNHLGUKM R R PEA IR . CME 2 A] WAS ZERER, ORI, A 4EHES 5
P, ABEMEA R IEIIRIE . #id Heidenhain Yt i — W82 HoR, CME 4O LA ZFAE
Z RIS (K 2B) o CME+SEM ZH7E HE Yetirh iBoR, O UL/K il K HE 1 B Fa F2 P ik
B, RVEAIIZIEFEEEPR; Heidenhain 4t R A SEAL S 5 CME 4R350 . 28
ifil, /£ CME+SEM+CC 21, SEM TiiAk B0 Co L5 4% 1) O 4 FH HH B 40 1 4% (1] 2B, 2C)
(P<0.05) .



B2 SEM % CME FrE0HUREBRGHIRM (X £s,n=8)
Fig.2 The effects of SEM on myocardial pathological injury induced by CME (X £ S, n=8)
A: Representative HE staining images in each group, <200, The arrows indicate the embolic
microspheres; B: Representative Heidenhain staining images in each group >200; C: Quantitative
analysis of microinfarct areas in each group; a: Sham group; b: CME group; ¢: CME+SEM group;
d: CME+SEM+CC group; “P < 0.05 vs Sham group; P < 0.05 vs CME group; %P < 0.05 vs CME +

SEM group.

2.3 SEM X} CME FrECL A AT A9 10

Wik 3 fizn, 55 Sham ZLAH E, CME 41K SO WIZHZUH p-AMPK /K FB& 45 775, NLRP3.
GSDMD-N. ASC. caspase-1 p20. IL-1p 1 IL-18 HIE AR LK FEEFE (P<0.05); 5
CME #HAf Lk, CME+SEM 4 p-AMPK /KF-#f— 7%, NLRP3. GSDMD-N. ASC. caspase-
1 p20. IL-1B A1 IL-18 Fik/AKFRE FFE (P<0.05); #R1, HECA I AMPK #i#17) CC
Ji» SEM Xt b B (I R IE R B 0 18 5, B p-AMPK 7KF-BH &2 R %, NLRP3. GSDMD-
N. ASC. caspase-1p20. IL-1B Al IL-18 Fik/KFFHxkTHE (P<0.05).



B3 SEM Xt CME FrB8rOI4fEAT-RIfEM (X £s,n=8)
Fig. 3 The effects of SEM on cardiomyocyte pyroptosis induced by CME (X £ S, n=8)
A: Representative blots of AMPK/NLRP3 signaling related proteins; B: The ratio of p-AMPK
to AMPK; C: The ratio of NLRP3 to GAPDH; D: The ratio of GSDMD-N to GAPDH; E: The ratio
of ASC to GAPDH; F: The ratio of caspase-1 p20 to GAPDH; G: The ratio of IL-1B to GAPDH; H:
The ratio of IL-18 to GAPDH; a: Sham group; b: CME group; ¢ CME+SEM group; d:
CME+SEM+CC group; "P<<0.05 vs Sham group; *P<<0.05 vs CME group; ¥P<<0.05 vs CME +

SEM group.
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AT I3 T KB CME #7Y, 25 5B IR, CME 81615 5 NLRP3 28 5E /MK I H0E
B 5 R OUET, it SEM TiAb#EE, n] PLAH] NLRP3 28 5E/MARIIELL, I TsEs O ULEE
T2, O WA 250 K R IO IR 4 ThigE . HLEIBTF AR, SEM MR A & iE it i



7 AMPK/NLRP3 1553 2% SE L .

CME RIHLHIE A, B RN TSkl RERE AL S PR, RAER N 2 52 F8 . T
TGFRBEZE L WG FRIBOK 2, 51 R IR T RERERS , i 25 A 58 Fa 1200 LA 4503 BEAR: AT 5014
W, K CME #7 f1 TLR4/MyD88/NF-kB il 1 7] 3% NLRP3 4 5E/IMA, 5 51 9 i 2k
SRS , 1) T8 B TR AE R EF . ABFFE R, CME 40 LR AESH
My B, NLRP3 ST MO A 2 IL-1B. IL-18 SR RN FRIL B % Lif, X 5B
EERAHARE, PRGSO W4T LA T27E CME SU0 LR Hh 4738 DG A

BEPR BRSPS 28 BL 2 e O i fE R 3R, T R B TS . 4Rk, SEM
BB PR 1E FH 1) 22 28 B ORI 0710 45 52 DGR RSL, IR PRARIAIESE, SEM T et Lo BE R IR I
WEIRERA G RAEVS, WFFEUC IR, SEM REA AT Lo LA R 98 0 B AN EUAL R
MR DML A A S . SRT, SEM X CME J& Lo UL fRI4 I B FLs ZE AL A1) o AS B o
AMPK 717 R B AR R FECSEIE R, & 2P A\ S () 58 2 181, R 7 19I5%
B, AMPK FJ3E I 22 FLAT 2 NLRP3 S5 /MR 0T, IngERFEohi iR A RS RO A BT
X 7 35 B A% L 25 . 30 AMPK 3 {233E NLRP3 JE/MA I 1L, S BUHE s S A4 i B2
25 10 _E1H AMPK IBSER ALK 5] 45 R3] NLRP3 J8RE /M BB 04 280 [ N 2%
fRANA AR TR, Rk, B IEIE AMPK KA NLRP3 A5 1 900 SR M AR T, BCAB
i CME [ H L5 .

AL R LR, SEM TALHE GRS A RO OUR BRI i/ MU SETIAR . Z2 RO
ARG, FRESCEOIIRE. AL, AFFIEMESR], CME KR OHLASH p-AMPK 1)
RiILEIBEET &, X—IRG S OIS R 74510 2 — Bt Sk BT o
TE RIS B2 TR AMPK AR SIS, JLBRIR L0 R 1A 15 ARk 75 vl By —Fif Ay
PEMEACREAR S HLAIC2, fH] SEM FiALFL/S, AMPK MBI /KT B E T, HEmA
il NLRP3 #JiE/MARITEA, WA TR A, AR ENE CME 5IRIOAERY . 24N
AN AMPK {lifi|7#] CC J&, p-AMPK HJZRIA/KF-2 2 FEIK, SEM HITRIF RUSAA PH I . 1%
SR —PUESE, AMPK/NLRP3 {5585 7E SEM Ji% CME B8 U545 s i 17 2
it

AWFFMRIRYE: B, RFFANERSNMTIT, LR SEM X CME &L
S, AR ORYE A RS BB A IR . ARRFTH AR R, SRR EICE 5 B AR &%
WETENLE] . K, ATHFTESN YRR T SEM X CME A8 R 55 1 5 K T e
i, HARTEAN M T RIFIRNBE T, AHSCHLHIA Rrdt— PR &R .
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