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ABSTRACT

BACKGROUND  Coronary microembolization (CME) is the major leading cause of perioperative myocardial injury during coronary
revascularization. Semaglutide exerts multiple protective biological activities, but its cardioprotective effects on CME remain unclear. Th-
us, this experiment studied the impact of semaglutide on CME-induced myocardial injury.

METHODS A rat CME model was generated by injecting microspheres into the left ventricle while clamping the ascending aorta. A
HO9c2 cardiomyocyte model was constructed by stimulation of lipopolysaccharide combined with hypoxia. Semaglutide or the high mob-
ility group box 1 (HMGB1) antagonist glycyrrhizin administrations were ahead of CME and cell modeling. Cardiac function, myocardi-
al injury markers, cell viability and morphological alternations were detected. Apoptotic and inflammatory factors, cytosolic HMGB1 and
its translocation, advanced glycosylation end-product specific receptor (RAGE), and nuclear factor kappa B p65 (NF-«B p65) were eval-
uated.

RESULTS Semaglutide pretreatment ameliorated CME-induced cardiac systolic dysfunction and relieved the cardiac injury. Semaglu-
tide attenuated myocardial apoptosis and inflammatory response following CME in vivo and in vitro. Moreover, semaglutide downregu-
lated HMGBI expression and suppressed its nuclear-cytoplasmic translocation. Both glycyrrhizin and semaglutide administration aff-
ected the HMGB1/RAGE/NF-kB p65 pathway after CME.

CONCLUSIONS  Semaglutide pretreatment attenuates CME-induced myocardial injury by suppressing apoptosis and inflammati-

on through the HMGB1/RAGE/NF-B p65 pathway.

oronary artery disease (CAD) is the most pre-

valent heart disease, inducing high mortality

and complication rates worldwide. Coronary
microembolization (CME), caused by the release of debris
and thrombotic substances from erosion or inherent ath-
erosclerotic plaque rupture, usually occurs spontaneously
or iatrogenically by coronary revascularization in patients
with acute coronary syndrome." CME could provoke car-
diac contractile malfunction, ventricular microinfarction,
coronary microvascular dysfunction, and fatal arrhythmia.
The contractile dysfunction occurs immediately in the re-
gional ischemic myocardium caused by microembolized
occlusion. However, the cardiac movement does not rec-
over from the recovery coronary perfusion completely, and
the contractile malfunction is associated with poor clinical
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outcomes."! Despite the wide application of embolic pro-
tection devices, coronary vasodilator, and anti-platelets ad-
ministration, there is still no effective therapy strategy for
CMEM

Apoptosis, the most well-studied and classical form of
programmed cell death, is characterized by the caspases
dependent cascade.” Pro-apoptotic components like B-cell
lymphoma-2-associated X protein (Bax) and anti-apopt-
otic factors like B-cell lymphoma-2 (Bcl-2) are stimulated to
regulate the apoptosis process.! Caspase-3 is one of the
downstream effectors, serving as the executor of apoptos-
is in the cleaved form."”) Numerous studies have demon-
strated that apoptosis involves many cardiac diseases, in-
cluding acute coronary syndrome, myocardial ischemia/
reperfusion injury (MI/RI), and cardiac dysfunction.” Ac-


https://doi.org/10.26599/1671-5411.2026.02.001
https://doi.org/10.26599/1671-5411.2026.02.001
https://doi.org/10.26599/1671-5411.2026.02.001

JOURNAL OF GERIATRIC CARDIOLOGY RESEARCH ARTICLE

cumulating evidence verifies that apoptosis implicates the
pathological process of losing cardiomyocytes after CME.""

In addition to apoptosis, myocardial inflammation is
another prominent mechanism involved in the pathogen-
esis of CME.""! The inflammatory reaction starts with the
formation of atherosclerosis plaque and persists in the pr-
ogression of CAD."” Among lots of inflammatory cyto-
kines, nuclear factor kappa B (NF-«B) and tumor necrosis
factor-alpha (TINF-a) are the pivotal hub factors in myoca-
rdial ischemic pathogenesis."” Considerable research con-
firmed that the elevation of TNF-o.and NF-«B and inflam-
matory cells infiltrate the myocardium surrounding micr-
oinfarct lesions in the setting of CME. Moreover, the degr-
ee of regional myocardium or systemic inflammation is as-
sociated with the severity of CME.” Suppression of apop-
tosis and inflammation could attenuate myocardial injury
and improve heart function following CME.""" Therefore,
interference with apoptosis and inflammatory response
may be potential therapeutic value for CME-induced in-
jury.

Glucagon-like peptide-1 receptor analog (GLP-1RA), ap-
art from its lowering blood sugar and controlling body we-
ight characteristics, it has special cardiac protective effe-
cts." Semaglutide, as a classical novel long-acting GLP-1
RA, numerous studies revealed that semaglutide posses-
ses pleiotropic cardioprotective effects, including anti-ath-
erosclerosis, reduction of apoptosis, inhibition of inflamma-
tion, and suppression of oxidative stress.!"””"" Evidence sh-
owed that semaglutide ameliorates heart failure-related
symptoms and reduces the serum C-reactive protein level
in patients with heart failure with preserved ejection frac-
tion (HFpEF), regardless of whether the patients have dia-
betes mellitus or not.”” Moreover, a recent clinical study
revealed that semaglutide may reduce the in-stent resten-
osis rate and slow the progression of non-target lesions in
CAD patients.”! However, whether semaglutide eases my-
ocardial damage and heart dysfunction following CME is
unknown. Considering that semaglutide possesses vario-
us cardioprotective effects, we explored its potential bene-
ficial effects and mechanisms under the pathological con-
ditions of CME.

As one chromatin DNA-binding non-histone protein,
high mobility group box 1 (HMGB1) protein is highly con-
servative and exists universally. The diverse functions of
HMGB1 depend on subcellular position. Under patholo-
gical conditions, HMGB1 transfers from nuclear to cytop-
lasm, even extracellular space, acting as a critical damage-
associated molecular pattern molecule.” Previous studies
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reported that HMGBI leads to myocardial apoptosis and
inflammation caused by CME, and suppression of HM-
GBI could relieve the myocardial injury.”! Advanced glyc-
osylation end-product specific receptor (RAGE), a specific
receptor for HMGB], is activated in combination with HM-
GB1 and subsequently evokes NF-kB activation that regul-
ates cytokine and apoptosis genes transcription.” How-
ever, the involvement of HMGB1/RAGE/NF-B p65 pat-
hway in the CME pathological process and the effects of se-
maglutide on them need to be proved.

Thus, the aim of the present investigation was to expl-
ore whether semaglutide pretreatment attenuates myo-
cardial apoptotic and inflammatory responses caused by
CME and elaborate on the underlying possible mechani-
sm. As indicated by our findings, semaglutide administr-
ation effectively ameliorated CME-induced cardiac injury
by inhibiting apoptotic and inflammatory response thou-
gh the HMGB1/RAGE/NF-«B p65 pathway.

MATERIALS AND METHODS

Animals

Male Sprague-Dawley (SD) rats (aging six-week old, we-
ighing 200-250 g), were supplied from Guangxi Medical
University Laboratory Animal Center. The animal experi-
ments in this work were approved by the Animal Care and
Welfare Committee of Guangxi Medical University (No.20-
2206300). They followed the instructions of the National
Institutes of Health’s Guide for Care and Use of Laborato-
ry Animals.

Rat CME Model and Animal Grouping

A rat CME model was constructed as published previo-
usly.” In brief, SD rats received mechanical ventilation un-
der anesthesia by intraperitoneal injection of sodium phe-
nobarbital (40 mg/kg). Thoracotomy was carried out to exp-
ose the heart, the pericardium and aortic root were then se-
parated carefully. The total volume of 100 uL normal sali-
ne, containing almost 8000 polystyrene microspheres (dia-
meter: 42 um, Polysciences, Auckland, USA), was injected
into the left ventricle through the assess of cardiac apex. Co-
ncurrently, the ascending aorta was clamped for about 12 s.
Subsequently, chest closure was performed with suture fo-
llowed by anesthesia resuscitation and extubation.

Four groups (nn= 6 for each group) of SD rats were equal-
ly and randomly allocated: the Sham group, the CME gro-
up, the CME + glycyrrhizin (CME + Gly) group, and the CME
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+ semaglutide (CME + Sem) group. The CME group was est-
ablished in the manner previously mentioned. For Sham gr-
oup, the microspheres were substituted for the equivalent vo-
lume of normal saline. The CME + Sem group was pretrea-
ted with subcutaneous injection of semaglutide (Novo No-
rdisk, Copenhagen, Denmark) 1 mg/kg once per week for
four consecutive weeks before CME induction. For the CME
+ Gly group, rats received glycyrrhizin (MedChem Expre-
ss, New Jersey, USA) 10 mg/ kg via intraperitoneal injec-
tion for seven serial days.”! The dose of semaglutide and
glycyrrhizin used in this study were referenced from relev-
ant rat cardiac model studies and combined with equival-
ent conversion of body surface area between rats and huma-
ns""”*ISubcutaneous injections with the same amount and
frequency of normal saline were administrated in the CME

group.
Echocardiography

Our earlier studies exhibited that the systolic heart fun-
ction reached its worst level at 12 h, accompanied by the pe-
ak of inflammatory reaction and apoptosis of cardiomyoc-
yte following CME. Hence, echocardiography was asse-
ssed 12 h after the induction of CME. A skillful sonogra-
pher, blinded to this experiment, performed the transtho-
racic echocardiography using an ultrasound system (My-
LabSix, Esaote, Geona, Italy). Both the left ventricular dia-
meters containing left ventricular end-diastolic diameter,
left ventricular end-systolic diameter, and the cardiac sys-
tolic function parameters containing left ventricular ejecti-
on fraction, and left ventricular fractional shortening in ea-
ch group, were assessed from left parasternal long-axis se-
ction via M-mode after induction of anesthesia.

Sample Collection and Handling

After evaluation of echocardiography, SD rats received
excessive anesthesia by overdose intraperitoneal injection
of sodium phenobarbital (70 mg/kg) immediately. Seru-
ms were isolated by centrifuging blood samples from the
abdominal aorta and then preserved at —80 °C. Rat ventri-
cles were removed and rinsed with ice-cold phosphate-buf-
fered saline after cardiac arrest. The left ventricles were di-
vided averagely into apex, middle, and basal parts along
the long axis. The apex and middle parts of the hearts we-
re preserved in liquid nitrogen for additional examination.
The basal part tissues perpendicular to the heart along the
axis were soaked in 4% paraformaldehyde (Biosharp, He-
fei, China), embedded with paraffin, and cut into serially 4
um-thick sections.
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Hematoxylin Eosin (HE) Staining and Hematoxylin-
basic Fuchsin-picric Acid (HBFP) Staining

After dewaxing and hydration, the heart section slices
were stained using HE dye (Servicebio, Wuhan, China). For
microinfarct area assessment, the sections slices were sta-
ined with the HBFP dye solutions kit (Servicebio, Wuhan,
China). The myocardium HE and HBFP staining images
were taken from a microscope system (Axio Imager2, Zeiss,
Oberkochen, Germany).

Transmission Electron Microscopy Observation

The myocardium, taken freshly from left ventricles, we-
re cut into sections about 1.0 mm? pieces, then fixed in 2.5%
glutaric dialdehyde solution (Servicebio, Wuhan, China)
at4 °C overnight and fixed in 1% osmic acid solution at ro-
om temperature for 4 h followed. Then dehydrated in gr-
adient ethanol and acetone. After penetration, embedding
and aggregation, the tissue was sliced into sections 60 nm
thick, stained with 2% uranyl acetate, and then followed
2.6% lead citrate solution. The pictures were captured usi-
ng an electron microscope (JEM-1400, JEOL, Tokyo, Jap-

Cell Culture and Modeling

The rat H9¢2 cardiomyocytes (purchased from Zhong
Qiao Xin Zhou Biotechnology, Co., Ltd, Shanghai, China)
were seeded in the cellular culture plates, and were incu-
bated with Dulbecco’s Modified Eagle Medium (Wisent
Inc., Nanjing, China) containing 10% fetal bovine serum
(Wisent Inc., Nanjing, China) and penicillin (100 U/mL)
and streptomycin (100 pg/mL). The H9c2 cells were cul-
tivated in the incubator at 37 °C in an atmosphere conta-
ining 5% CO,. Our previous studies applied the H9¢2 sub-
jected to lipopolysaccharide (LPS) and hypoxia to imitate
the ischemic and injury micro-environment of CME in vi-
tro. Briefly, the control group H9c2 cells were cultured und-
er normal conditions with the same amount of solvent. The
LPS + hypoxia model group cells suffered from LPS (10 pg/
mL, Solarbio, Beijing, China) in combination with hypoxia
for 12 h. Prior to modeling, the semaglutide group cells we-
re pre-treated with semaglutide (5 mmol/L, MedChem-
Express, New Jersey, USA), and the glycyrrhizin group cel-
Is were pre-treated with glycyrrhizin'™ (10 umol/L, Med-
ChemExpress, New Jersey, USA) for 2 h.

Cell Viability and Lactate Dehydrogenase (LDH) Ac-
ivity Measurement

Cell viability was measured by a cell counting kit (CCK)-
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8 solution (Solarbio, Beijing, China). Approximately 103 ce-
IIs per well were seeded in 96-well plates and cultured. Af-
ter treatment of intervention agents and addition of CCK-
8 solution, cells were measured at an absorbance of 450 nm
using a microplate reader. H9c2 cells LDH activity was me-
asured using a commercial LDH detection kit (Jianchen Bio-
engineering, Nanjing, China) following the manufacturer’
s directions.

Terminal Deoxynucleotidyl Transferase-mediated dU-
TP Nick-end Labeling (TUNEL) Detection

Following dewaxing and hydration, myocardial secti-
ons were treated with 4% sodium citrate solution (Solarbio,
Beijing, China) in a microwave oven for 8 min for retrieval.
Then, myocardial slices and H9c2 cell culture coverslips
were incubated with TUNEL reaction buffer (Roche, Basel,
Switzerland) for 1 h at 37 °C in the absence of light. Then,
the nuclei were stained with DAPI staining (Solarbio, Bei-
jing, China) solution after rinsing with phosphate-buffer-
ed saline, and the slices were examined using the fluorescen-
ce microscope (Axio Imager2, Zeiss, Oberkochen, Germany).

Enzyme-linked Immunosorbent Assay

The serum concentrations of cardiac troponin T (cInT),
creatine kinase MB isoenzyme (CK-MB), TNF-o. and interl-
eukin-1beta (IL-1f) were determined using commercial en-
zyme-linked immunosorbent assay kits (Bioswamp, Wu-
han, China) in accordance with the manufacturer’s instr-
uctions. The LDH activity was evaluated by an LDH assay
kit (Jianchen Bioengineering Institute, Nanjing, China).

Immunohistochemistry (IHC) and Immunofluoresc-
ence (IF)

After antigen retrieval, the myocardial sections and cell-
attached slides were received permeated with 0.3% Triton X-
100, and subsequently incubated with 5% bovine serum alb-
umin (Beyotime Biotechnology, Shanghai, China). Then IHC
was performed utilizing an IHC kit (Maxim Biotechnologi-
es, Fuzhou, China) and the slices of myocardium were incu-
bated with TNF-a (dilution 1:200, Proteintech, Wuhan, Chi-
na) and IL-1p (dilution 1:500, Abcam, UK) primary antibo-
dies, following visualized by diaminobenzidine reaction
(Maxim Biotechnologies, Fuzhou, China). The IHC slices we-
re examined by the microscope system (BX53, Olympus, To-
kyo, Japan). For the IF detection, the sections were incubat-
ed with HMGBI (dilution 1:500, Abcam, UK), phospho-
rylated-NF-kB p65 (dilution 1:800, Cell Signaling Techno-
logy, USA) primary antibody overnight at 4 °C. Then, secti-
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Table1 List of QPCR primer sequences.

Gene Primer sequence 5" —3’
HMGB1 5-CCAGTTGTCCAAGCCATTTGCTTTT-3’
5-GCGCGGAAAATTACAAGAACGCT-3
TNF-a 5-ACTGAACTTCGGGGTGATCG-3
5-TGGTGGTTTGCTACGACGTG-3’
IL-18 5-GGGATGATGACGACCTGCTA-3
5-TGTCGTTGCTTGTCTCTCCT-3'
p-actin 5-TGTCACCAACTGGGACGATA-3

5-GGGGTGTTGAAGGTCTCAAA-3’

HMGB1: high mobility group box 1; IL-1f: interleukin-1beta; qPCR:
quantitative real-time polymerase chain reaction; TNF-o: tumor ne-
crosis factor-alpha.

ons were labeled with Cy3-conjugated secondary antibo-
dy (dilution 1:100, Proteintech, Wuhan, China) for 1 h. Ce-
llular nuclei were stained with a DAPI staining solution (So-
larbio, Beijing, China). All the IF slides were observed und-
er a fluorescence microscope (Axio Imager2, Zeiss, Oberk-
ochen, Germany).

Quantitative Real-time Polymerase Chain Reaction (qP-
CR)

Total RNAs were extracted by RNAiso Plus (Takara, Dali-
an, China), measured by Nanodrop 2000 (ThermoFisher Sc-
ientific, USA), and reverse transcripted into cDNA with RT
Reagent Kit with gDNA Eraser (Takara, Dalian, China). The
qPCR was performed using SYBR Green Premix (Takara, Da-
lian, China) on Applied Biosystem 7500 (ThermoFisher, Sc-
ientific, USA). B-actin served as the internal reference. The pr-
imers were ordered and synthesized from Tsingke Biote-
ch (Nanning Synthetic Department, China). All primer se-
quences are listed in Table 1.

Immunoblotting

Total proteins were extracted from left ventricles and
HO¢2 cells using radioimmunoprecipitation assay lysate,
including protease and phosphatase inhibitors (Solarbio,
Beijing, China), and the cytoplasmic proteins in fresh my-
ocardium were isolated using nuclear and cytoplasmic pr-
otein extraction kits (Beyotime, Shanghai, China). Using bi-
cinchoninic acid assay (Solarbio, Beijing, China), the conce-
ntrations of protein samples were quantified and denatu-
red. The proteins underwent separation using sodium do-
decyl sulfate-polyacrylamide gel electrophoresis and were
transferred onto polyvinylidene fluoride (PVDF) membra-
nes (Millipore, USA). Then, the PVDF membranes (Millip-
ore, USA) were blocked with 5% bovine serum albumin (Be-
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yotime Biotechnology, Shanghai, China) for 1 h. The di-
luted primary antibodies, including HMGBI (dilution 1:
2000, Abcam, UK), TNE-a (dilution 1:2000, Proteintech,
China), IL-1 (dilution 1:1000, Abcam, UK), Caspase-3/
Cleaved Caspase-3 (dilution 1:1000, Wanlei, China), Bax
(dilution 1:2000, Abcam, UK), Bcl-2 (dilution 1:1000, Abc-
am, UK), RAGE (dilution 1:1000, Abcam, UK), phospho-
rylated-NF-B p65 (dilution 1:1000, Cell Signaling Tech-
nology, USA), NF-«B p65 (dilution 1:1000, Cell Signali-
ng Technology, USA), and B-actin (dilution 1:8000, Prot-
eintech, China), were used to incubated with the PVDF me-
mbrane (Millipore, USA) overnight at 4 °C. Followed by ho-
rseradish peroxidase-conjugated secondary antibody (di-
lution 1:10000, Santa Cruz Biotechnology, USA) incubati-
on for 1 h at room temperature the following day. Then,
blots were examined with the chemiluminescence meth-
od using the automatic image analysis system (FluorChem
M, Protein Simple, USA), and the relative expression lev-
els of proteins were determined by Image J software (NIH,
MD, USA).

Statistical Analysis

Results were displayed as mean = SD. The data were as-
sessed employing one-way analysis of variance, and stati-
stical differences among groups were compared using a
pos-hocanalysis. A probability value < 0.05 indicated a si-
gnificant difference. GraphPad Prism 9.0 statistical softw-
are (GraphPad Software Inc., San Diego, CA, USA) was ad-
opted for data analysis in this study.

RESULTS

Semaglutide Ameliorated CME-induced Cardiac In-
sufficiency

Echocardiography was used to detect the effects of se-
maglutide or glycyrrhizin on heart systolic function of CME
rats. The echocardiography was conducted at 12 h after
the surgical procedure. The cardiac systolic function in the
CME group was impaired, manifested as lower left ven-
tricular ejection fraction and left ventricular fractional sh-
ortening but larger left ventricular end-diastolic diameter
and left ventricular end-systolic diameter when compared
to the Sham group (Figure 1A & 1B). Remarkably, both gly-
cyrrhizin pretreatment and semaglutide pretreatment mi-
tigated the heart systolic dysfunction caused by CME (Fig-
ure 1A & 1B). Moreover, the enhancement of cardiac func-
tion in the CME + Sem group was surpassed that of the CME
+ Gly group (Figure 1A & 1B).
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Semaglutide Alleviated Myocardial Injury Caused by
CME

After CME induction, the histopathological myocardial
damage was evaluated by HE staining and HBFP staini-
ng. In the CME group, the myocardium around the micro-
spheres was swollen, and the infiltrations of erythrocytes
and leukocytes in the arterial lumen were noted under HE
staining observation. Conversely, pretreatments with glycy-
rrhizin or semaglutide decreased the severity of swelling
and infiltration of blood cells (Figure 2A). The scattered mi-
croinfarctions indicated by positive staining of HBFP were
observed after CME (Figure 2B). Moreover, the transmiss-
ion electron microscopy scan results showed that the vent-
ricular muscle fibers were disorganized and moderately da-
maged following CME, some mitochondria exhibited sw-
ollen and damaged cristae (Figure 2C). The serum concen-
trations of cTnT, CK-MB, and serum LDH activity were el-
evated in the CME group compared with the Sham group,
and pretreatments either with glycyrrhizin or with semag-
lutide reduced the myocardial injury biomarkers (Figure 2E
-2G). All these results suggested notable cardiac morpho-
logical changes and myocardial damages following CME.
Significantly, compared to the CME group, the degree of my-
ocardial edema, accumulation of inflammatory cells, mic-
roinfarct area, and cardiac biomarkers levels were reduc-
ed in the CME + Gly group and the CME + Sem group. Furt-
hermore, the CME + Sem group presented lower expres-
sion of cardiac biomarkers, fewer microinfarctions, swoll-
en myocardium, inflammatory cells and ultrastructural im-
paired changes. The H9c2 cell model established by LPS
plus hypoxia was used to simulate an ischemic and bioch-
emical microenvironment similar to that of CME in vivo.
The CCK-8 assay indicates that the cell viability of HIc2 ce-
lIs was decreased in the LPS + Hypo group, while enhanc-
ed by semaglutide pretreatment within a specific range (Fi-
gure 2I). The concentration of glycyrrhizin on H9c2 cells was
referred to related research. The detection of CK-MB and
LDH activity showed that semaglutide alleviates the H9c2
cell injury (Figure 2J & 2K). Glycyrrhizin, possessing card-
ioprotective effects, could reduce the H9c2 cell injury in th-
is model (Figure 2] & 2K). These findings provided evide-
nce that semaglutide could protect against CME-induced
myocardial injury.

Semaglutide Attenuated Myocardial Apoptosis in Ra-
ts After CME

The apoptotic myocytes were assessed with a TUNEL as-
say. Our previous study showed that these reactions rea-
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Figure1l Semaglutide improved CME-induced heart dysfunction. (A) Typical echocardiograms within all groups; and (B) left ventricular
ejection fraction, left ventricular fractional shortening, left ventricular end-diastolic diameter, and left ventricular end-systolic diameter among
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ched peak at 12 h after CME."" The results pointed out th-
at the apoptotic cell rate was greater in the CME group co-
mpared to the Sham group (Figure 3A & 3B). In the cellular
model, the apoptotic cell rate of the LPS + Hypo group was
significantly increased compared with the Control group
(Figure 4A & 4B). In contrast, the apoptotic cardiomyocyte
rates in the CME + Gly group and the CME + Sem group de-
creased compared to that of the CME group. In compearis-
on to the CME + Gly group, the apoptotic cell rate in the CME
+ Sem group was reduced (Figure 3A & 3B). The similar ph-
enomenon was observed in the H9c2 cell model (Figure 4A
& 4B).

The relative expressions of apoptosis-related factors in
the myocardium and H9c2 cells, such as cleaved Caspase-
3, Bax, and Bcl-2, were detected with immunoblot. The re-
sults were consistent with TUNEL detection (Figure 3C).
When compared with the Control group, the cleaved Caspa-
se-3 and Bax expressions were increased in the LPS + Hy-
po group, whereas the Bcl-2 expression was decreased. By
contrast, pretreatment with glycyrrhizin or semaglutide pa-
rtially reduced the upregulated cleaved Caspase-3 and Bax,
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while enhancing the reduced Bcl-2 expression (Figure 4C).
These findings indicated that semaglutide possessed anti-
apoptotic effects in cardiomyocyte.

Semaglutide Relieved Myocardial Inflammatory Re-
sponse in Rats After CME

The inflammatory factor levels within all groups, such as
TNF-a and IL-1p, reflecting the myocardial inflammation,
were measured by qPCR, immunoblot, and IHC detecti-
on. The myocardial TNF-a and IL-1 mRNA and protein ex-
pressions were significantly raised in the CME group com-
pared with the Sham group (Figure 5A & 5C & 5D). The inf-
lammatory reaction was further assessed in an H9¢2 cell
model study. In comparison to the Control group, the expr-
essions of TNF-a and IL-1p in the LPS + Hypo group cells
were increased (Figure 6A-6E).

Glycyrrhizin or semaglutide pretreatment reduced the
expression levels of TNF-a and IL-1f compared with the
CME group (Figure 5A & 5C & 5D). Moreover, the serum co-
ncentrations of TNF-o and IL-1p were consistent with that in
the myocardium (Figure 5B). The expression levels of TNF
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Figure 2 Semaglutide alleviated myocardial injury caused by CME and lessened the H9¢c2 cardiomyocyte injury. (A) Representative HE
staining images within all groups. (Magnification 200 X; Scale bar = 100 pm). The black arrows refer to the embolic microspheres; (B) HBEP st-
aining of myocardium within all groups. (Magnification 200 x; Scale bar = 100 um). The black arrows refer to the microinfarct regions; (C) trans-
mission electron microscopy scan images within all groups (Scale bar = 200 nm); (D) quantification of microinfarct region within all groups; (E-G)
serum levels of cTnT, CK-MB, and LDH. n =5 per group; (H & I) the changes in cell viability of H9c2 cells under semaglutide interventions; and
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ysaccharide.
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Figure 3 Semaglutide attenuated myocardial apoptosis in the CME. (A) The TUNEL detection within all groups. (Magnification 200 x; Sca-
le bar =100 pm); (B) the myocardial apoptosis rate within all groups; and (C) relative expressions of Bax, Bcl-2, and cleaved Caspase-3 in the my-
ocardium. Bax: B-cell lymphoma-2-associated X protein; Bcl-2: B-cell ymphoma-2; CME: coronary microembolization; TUNEL: terminal deoxy-

nucleotidyl transferase-mediated dUTP nick-end labeling.

-o.and IL-1 in the CME + Sem group were lower than tho-
se in the CME + Gly group (Figure 5A-5D). Glycyrrhizin or
semaglutide pretreatments also led to marked downregu-
lations of TNF-o.and IL-1p in HIc2 cells (Figure 6A-6E). Co-
llectively, these data reveal that semaglutide reduces infl-
ammation caused by CME.

Semaglutide Reduced HMGBL Expression and Its Nu-
clear-cytoplasmic Translocation

HMGB1 is crucial in the processes of apoptosis and infl-
ammation, with its cellular location is tightly associated wi-
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th biological functions. Cytosolic HMGB1 in the myocard-
ium and extracellular HMGB1 expression levels were de-
termined with immunoblot and enzyme-linked immunos-
orbent assay, respectively. Both cytosolic and extracellular
levels of HMGBI raised in the CME group (Figure 7A & 7B).
Consistently, the upregulated HMGB1 expressions were
suppressed in the CME + Gly group and the CME + Sem g-
oup. Between the CME + Gly group and the CME + Sem gro-
up, the inhibitory effects on HMGBI expression and nucl-
eocytoplasmic translocation were more significant in the
CME + Gly group (Figure 7A & 7B). Compared to the Sham
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Figure 4 Semaglutide attenuated H9c2 cells apoptosis caused by LPS and hypoxia. (A) Representative image TUNEL staining of apopto-
tic H9¢2 cells. (Magnification 200 %; Scale bar = 50 um); (B) the apoptosis rate in H9¢2 cells; and (C) relative expressions of Bax, Bcl-2, and clea-
ved Caspase-3 in H9c2 cells. Bax: B-cell lymphoma-2-associated X protein; Bcl-2: B-cell lymphoma-2; LPS: lipopolysaccharide; TUNEL: termin-

al deoxynucleotidyl transferase-mediated dUTP nick-end labeling.

group, the upregulated HMGBI mRNA at the transcrip-
tional level was also detected in myocardium of the CME
group. Interventions with glycyrrhizin or semaglutide rep-
ressed the HMGBI upregulation (Figure 7C).

IF was used to confirm the positional change of HMGB1
in the myocardium following CME. In the Sham group, HM-
GB1 was primarily located in the nuclei of cardiomyocyt-

http:/ /www.jgc301.com; jgc@jgc301.com

es (Figure 7D). In contrast, HMGB1 accumulated in the cy-
toplasm of cardiomyocytes and was delivered into the ex-
tracellular space after CME induction. However, glycyr-
rhizin pretreatment profoundly reduced the HMGBI tra-
nslocation from nuclear to cytoplasm. The inhibitory effe-
ct on HMGB1 nucleocytoplasmic translocation was also ob-
served in semaglutide administration (Figure 7D). The ch-
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Figure5 Semaglutide relieved myocardial inflammation in the CME. (A) TNF-« mRNA and IL-1f mRNA in the myocardium within all gr-
oups; (B) serum concentrations of TNF-a and IL-1p in the myocardium; (C) relative expressions of TNF-a and IL-1B in the myocardium; and
(D) representative immunohistochemistry images of TNF-o and IL-1B within all groups. CME: coronary microembolization; IL-1p: interle-

ukin-1beta; TNF-a: tumor necrosis factor-alpha.

anges in expression and translocation of HMGB1 were co-
nfirmed in the H9c2 cell model subjected to LPS plus hypo-
xia stimulation. Compared to the controls, the cytosolic and
extracellular HMGBI increased in the LPS + Hypo group ce-
lIs (Figure 7E-7G). Inhibiting HMGB1 by glycyrrhizin or se-
maglutide reversed the HMGBI nuclear-cytoplasmic tran-
slocation and depressed the upregulated extracellular HM-
GBI contents (Figure 7E-7G). Overall, these findings sugge-
st that the effects of semaglutide on CME are related to HM-
BGI1 expression.
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Semaglutide Restrained Apoptosis and Inflamma-
tion Through the HMGB1/RAGE/NF-kB Pathway

It is well known that HMGBI binds to its receptors, su-
ch as RAGE, and then activates NF-«B p65 to increase the
produce and release of inflammatory cytokines. In other
word, pro-inflammatory effect of HMGB1 depends on the
activation of downstream inflammatory signaling pathw-
ay. To further address the mechanism that semaglutide im-
proved CME, the levels of RAGE, NF-«B p65, and phosph-
ate-NF-«B p65 were detected using western blot as describ-
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Figure 6 Semaglutide relieved H9c2 cells inflammation caused by LPS and hypoxia. (A & B) Representative immunofluorescence imag-
es of TNF-a and IL-1f in H9¢2 cells; (C) relative expressions of TNF-a and IL-1f in H9¢2 cells; and (D & E) cell supernatant levels of TNF-a
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Figure7 Semaglutide inhibited HMGBI expression and nuclear-cytoplasmic translocation after CME in vivo and in vitro. (A) Relative ex-
pression of cytoplasmic HMGB1 in the myocardium; (B) serum HMGB1 levels within all groups; (C) HMGBI mRNA in the myocardium; (D)
HMGB1 immunofluorescence images in the myocardium (Magnification 200 x; Scale bar =100 um); (E) representative HMGB1 immunoflu-
orescence images in H9¢2 cells (Magnification 200 x; Scale bar = 50 um); (F) relative expression of cytoplasmic HMGB1 in H9¢2 cells; and (G) the
level of HMGB1 in cell supernatant. CME: coronary microembolization; HMGB1: high mobility group box 1; LPS: lipopolysaccharide.

ed in methods. Compared with the Sham group, the RAGE
and phosphate-NF-kB p65 expressions were both upregul-
ated in the CME group. Pretreatments with semaglutide or
glycyrrhizin reduced the RAGE and phosphate-NF-«B p65
expression levels following CME (Figure 8A). IF detection co-
nfirmed the increased myocardial nuclear translocation of
phosphate-NF-«kB p65 in the CME group but reduced in the
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CME +Gly group and the CME + Sem group (Figure 8B). Th-
ese findings were similar to immunoblots results. Simulta-
neously, both the immunoblot and IF detections of H9c2 ce-
1l model in vitro were consistent with the findings of CME
model in vivo (Figure 8C & 8D). Thus, the results indicate th-
at semaglutide reduces RAGE expression and affects NF-
KB p65 pathway in CME settings.
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Figure 8 Semaglutide protected against CME-induced apoptosis and inflammation through the RAGE/NF-«B p65 pathway. (A) Relative
expressions of phosphate-NF-«B p65 and RAGE in the myocardium; (B) phosphate-NF-kB p65 immunofluorescence images within all groups
(Magnification 200 %; Scale bar = 100 um); (C) representative phosphate-NF-kB p65 immunofluorescence images in H9¢2 cells (Magnificati-
on 200 x; Scale bar = 50 um); and (D) relative expressions of phosphate-NF-kB p65 and RAGE in H9¢2 cells. CME: coronary microembolization;
LPS: lipopolysaccharide; NF-«xB p65: nuclear factor kappa B p65; RAGE: advanced glycosylation end-product specific receptor.

DISCUSSION

In the current study, we established a rat CME model, and
the results showed activations of apoptosis and inflamma-
tory response, upregulation and translocation of HMGB,
which cause myocardial injury and contractile dysfuncti-
on by activating RAGE/NF-kB p65 pathway. Semaglutide
pretreatment remarkably reduced the cardiac injury and
improved the impaired heart function after CME. This st-
udy also examined the inhibitory effects of semaglutide on

| http:/ /www.jgc301.com; jgc@jgc301.com

apoptosis and inflammation mediated by suppressing the
expression of HMGBI and its nucleocytoplasmic translo-
cation.

Interventional manipulation is widely applied in CAD
therapy. However, the periprocedural myocardial injury,
which was attributed to CME partially, remains an ordin-
ary problem after coronary revascularization. The highly
complex pathogenesis and underlying mechanism of CME
are not fully understood. The inflammation occurs the en-
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tire process from atherosclerosis to plaque rupture. And in-
flammatory response is triggered and amplified due to ph-
ysical occlusion of microcirculatory vessels, contributes to
contractile dysfunction, and aggravates cardiomyocyte da-
mage in the surrounding myocardium around the micro-
infarct.”) Recent research has revealed that disturbed hom-
eostasis occurs after CME, and then the numerous forms of
programmed cell death play a pivotal role during the CME
progression.”*! Apoptosis, the most investigated form of
programmed cell death with elevated pro-apoptotic fact-
ors such as Bax and Bad and decreased anti-apoptotic fac-
tors like Bcl-2, exacerbates the loss of survival cardiomyo-
cytes and cardiac dysfunction after CME. Our previous st-
udies have revealed that both apoptosis and inflammati-
on were activated and engaged in the myocardial injury in
rat CME model, as interference targets could relieve the da-
mages.”” Similarly, the inflammatory cells infiltration in
the adjacent zone of microinfarct factors and elevated expr-
ession of pro-apoptotic factor Bax and executor cleaved Ca-
spase-3, inflammatory genes (like TNF-o. and IL~1), and do-
wn-regulated anti-apoptotic Bcl-2 in myocardium were ob-
served in the CME group. The present study results were co-
nsistent with earlier studies on the CME model, strengthe-
ning the involvement of apoptosis and inflammation in the
development of the CME.

Metabolic disorders such as diabetes mellitus and obe-
sity are major risk factors of CAD and affect the patients’
outcomes, and the GLP-1RAs are effective agents for contr-
olling metabolic disturbances.””! Semaglutide, one novel
GLP-1RAs, has attracted our attention owing to its potenti-
al protective action on multiple organs beyond its original
hypoglycemic property. The STEP-HFpEF clinical trial sh-
owed that administering semaglutide could improve phy-
sical limitation, ease heart failure symptoms, and reduce sy-
stemic inflammation in patients with HFpEF." Experime-
ntal studies suggested that GLP-1RAs alleviate inflamma-
tory response and oxidative stress in the cardiomyocyte un-
der several stimulated conditions in vivoand in vitro.!""*!
Zhu, et al” have reported that semaglutide could protect
against M1/ RI by suppressing myocardial apoptosis. Net-
work pharmacology analysis revealed that GLP-1RA exe-
rts cardiac benefit by interfering with different targets and
pathways related to atherosclerosis, myocardial remodel-
ing, thrombosis, etc.”) However, relatively little is underst-
ood about the effects and potential mechanisms through
which semaglutide impacts on cardiac injury after CME.
Our results showed that semaglutide pretreatment attenua-
ted the myocardial pathological damages, reduced the myo-
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cardial infarct size, microinfarct area, relieved mitochondr-
ia morphological damages and myocardial injury, and im-
proved cardiac dysfunction. In addition, the downregula-
ted apoptosis was reflected by fewer positive TUNEL de-
tection cells and the downregulation of cleaved Caspase-
3 and Bax, accompanied by upregulation of Bcl-2. Besides,
mitigatory inflammatory response manifested by fewer in-
flammatory cell infiltration and reduced inflammatory cy-
tokines. All these changes indicate that semaglutide exerted
cardioprotective effects on myocardial injury through the su-
ppression of apoptosis and inflammatory response in rat
CME model.

HMGB], a ubiquitous nuclear protein, is essential for ma-
intaining the balance between cellular survival and death.
It has been demonstrated that HMGBI transfers from nu-
clear to cytoplasm or shifts into extracellular spaces, and it
serves as a pro-inflammatory alarmin under stimulated co-
nditions.” However, the extracellular level of HMGBI1 and
its subcellular location change after CME remains unkno-
wn. The current study found that both cytosolic and serum
HMGBI expression levels were increased, and more HM-
GB1 transferred from nuclear to the cytoplasm in the myoc-
ardium following CME. This change implies HMGB1 mig-
rates from nuclear to cytoplasm and extracellular space un-
der pathological conditions by CME. At the same time, pr-
etreatment with semaglutide suppressed the upregulati-
on of cytosolic and serum HMGB1 expression and nucleoc-
ytoplasmic translocation of HMGBI.

It is widely recognized that extranuclear HMGB1 plays
a detrimental role in diverse pathological processes, incl-
uding MI/RI and acute myocardial infarction."”"" Chen, et
al""have revealed that myocardial HMGB1 contributes to
myocardial injury by inducing apoptosis and enhancing
endoplasmic reticulum stress in this rat CME model. An-
other rat CME experiment has uncovered that inhibiting
HMGBI1 with glycyrrhizin alleviates myocardial apopto-
sis and inflammation caused by CME.”! With a combina-
tion of principal pattern recognition receptors like toll-like
receptor 4 and RAGE, HMGBI activates subsequent pat-
hways and triggers inflammatory response and program-
med cell deaths.” A recent study revealed that the HMG-
B1/RAGE axis exacerbates apoptosis induced by MI/RI
in a diabetic mouse model.""! In this study, the RAGE ex-
pression and the expression elevation of cytosolic HMGB1
and nucleocytoplasmic translocation of HMGB1 after CME
induction were upregulated. Similar to the ligand HMG-
B1, the expression of RAGE was repressed by semagluti-
de or glycyrrhizin pretreatment in CME. NF-«B is the cru-
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cial mediator in the RAGE-associated pathways; its activ-
ation and upregulation cause the release of pro-inflammat-
ory cytokines and coordinate varied programmed cell de-
ath processes."” Inhibiting NF-xB pathway could impede
the inflammation in atherosclerosis mice.! It has been va-
lidated that suppressing the RAGE/NF-«B axis mediated
apoptosis and inflammation attenuate ischemia myocar-
dial injury induced by isoproterenol."? Our previous stud-
ies confirmed that activated and upregulated NF-«B signa-
ling pathways engage in the pathogenesis of CME."! This
study found an elevation in the phosphorylation level and
the entry of nuclei of phosphorylated-NF-«B p65 in the my-
ocytes after CME. These changes were restored by pretr-
eatment with semaglutide, and the alternations of expres-
sion and translocation of phosphorylated-NF-kB p65 indi-
cated semaglutide could restrain NF-«B p65 phosphory-
lation and nuclear entry in myocardium induced by CME.
Accordingly, we speculated that semaglutide might inh-
ibit the HMGB1/RAGE/NF«B p65 pathway, thus mitig-
ating the CME-induced damages. Glycyrrhizin decreas-
ed RAGE and phosphorylated-NF-«B p65 expressions and
translocation, as well as HMGB1 and its nucleocytoplas-
mic translocation following CME induction. Additionally,
the pretreatment with semaglutide altered the expressio-
ns of the HMGB1/RAGE/NF-«B pathway, similar to the ef-
fects of HMGBI antagonist glycyrrhizin. Therefore, sema-
glutide may suppress the apoptotic and inflammatory re-

CME-induced myocardial
apoptosis and inflammation

sponse by inhibiting the HMGBI translocation and expr-
ession and its downstream RAGE/NF-«B p65 pathway, th-
us ameliorating myocardial injury and cardiac dysfunct-
ion.

LIMITATIONS

Though the current study extended the pleiotropic card-
ioprotective effects of semaglutide, some limitations sho-
uld be considered. On the one hand, this study used a rod-
ent CME model instead of large mammals like pigs and sh-
eep that share more similarities in cardiac anatomic and
physiological features with humans. On the other hand, th-
is study explored the application of semaglutide on cardi-
ac injury after CME in vivo. Still, the detailed molecular me-
chanisms modulating HMGB1 by semaglutide require fu-
rther investigation.

CONCLUSIONS

In conclusion, this study provides new evidence that se-
maglutide protects against myocardial injury following CME
by inhibiting apoptosis and inflammatory response via su-
ppressing cytoplasmic HMGB1 expression and nucleocy-
toplasmic translocation (Figure 9). These results suggest th-
at semaglutide exerts protective effects on myocardial inju-
ry. This study represents a potential strategy for preventi-
ng and treating perioperative myocardial injury.
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Figure 9 An overview of the mechanism by which semaglutide mitigates myocardial apoptosis and inflammation via inhibition of HM-
GBI translocation and RAGE/NF-xB p65 pathway (Created in BioRender, https;/BioRender.com/g91p100). Bax: B-cell lymphoma-2-associa-
ted X protein; Bcl-2: B-cell lymphoma-2; CME: coronary microembolization; HMGB1: high mobility group box 1; IL-1p: interleukin-1beta; NF-
kB p65: nuclear factor kappa B p65; RAGE: advanced glycosylation end-product specific receptor; TNF-o: tumor necrosis factor-alpha.
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