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ABSTRACT Percutaneous coronary intervention and acute coronary syndrome are 
both closely tied to the frequently occurring complication of coronary microembo-
lization (CME). Resveratrol (RES) has been shown to have a substantial cardiopro-
tective influence in a variety of cardiac diseases, though its function and potential 
mechanistic involvement in CME are still unclear. The forty Sprague–Dawley rats 
were divided into four groups randomly: CME, CME + RES (25 mg/kg), CME + RES (50 
mg/kg), and sham (10 rats per group). The CME model was developed. Echocardiog-
raphy, levels of myocardial injury markers in the serum, and histopathology of the 
myocardium were used to assess the function of the cardiac muscle. For the detec-
tion of the signaling of TLR4/MyD88/NF-κB along with the expression of pyroptosis-
related molecules, ELISA, qRT-PCR, immunofluorescence, and Western blotting were 
used, among other techniques. The findings revealed that myocardial injury and 
pyroptosis occurred in the myocardium following CME, with a decreased function of 
cardiac, increased levels of serum myocardial injury markers, increased area of micro-
infarct, as well as a rise in the expression levels of pyroptosis-related molecules. In 
addition to this, pretreatment with resveratrol reduced the severity of myocardial 
injury after CME by improving cardiac dysfunction, decreasing serum myocardial 
injury markers, decreasing microinfarct area, and decreasing cardiomyocyte pyropto-
sis, primarily by blocking the signaling of TLR4/MyD88/NF-κB and also reducing the 
NLRP3 inflammasome activation. Resveratrol may be able to alleviate CME-induced 
myocardial pyroptosis and cardiac dysfunction by impeding the activation of NLRP3 
inflammasome and the signaling pathway of TLR4/MyD88/NF-κB.

INTRODUCTION
When an atherosclerotic plaque spontaneously ruptures or 

percutaneous coronary intervention (PCI) is performed, coro-
nary microembolization (CME) and myocardial microinfarction 
may occur [1,2]. CME frequently results in cardiac dysfunction, 

including regional myocardial inflammation, myocardial micro-
infarction, cardiomyocyte necrosis and apoptosis, and a decrease 
in coronary flow reserve. Consequently, CME is generally consid-
ered a significant cause leading the way to myocardial injury and 
cardiac dysfunction. CME is closely tied to an increased risk of 
coronary artery diseases [3-5]. As a result, the treatment of CME 
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is still a difficult problem to solve, and the molecular mechanisms 
regulating the pathophysiology of CME have yet to be discovered 
[6,7].

Pyroptosis is a type of inflammatory-mediated cellular death, 
triggered by caspase-1 activation downstream of the cell death 
pathway. It eventually leads to the rupture of cells and the lib-
eration of pro-inflammatory cytokines [8,9]. Cell death due to 
pyroptosis is strictly controlled and associated with a high risk 
of advancing towards many cardiovascular ailments, including 
coronary artery disease [10-12]. As a result, subduing pyroptosis 
of cardiomyocytes could be a promising therapeutic objective for 
CME. Nevertheless, the underlying mechanical controls mediat-
ing cardiomyocyte pyroptosis within the CME context are still 
not completely comprehended.

Toll-like receptors (TLRs) belong to the category of pattern 
recognition receptors and are critical components of the immune 
system's inherent response to pathogens [13]. The inflammatory 
response within the myocardium is regulated by the foremost 
member of the TLR family to be discovered, namely toll-like re-
ceptor 4 (TLR4). Furthermore, the inflammatory signaling path-
way that it mediates, is important in the development of myo-
cardial infarction, myocarditis, and ischemia-reperfusion injury 
[14-16]. The signaling of TLR4/myeloid differentiation factor 88 
(MyD88)/nuclear factor-kappa B (NF-κB) has been demonstrated 
in several studies to regulate the generation of pro-inflammatory 
factors and induce the inflammatory reaction within the tissues 
of the myocardial, precisely the primary source of myocardial 
tissue injury [17,18]. An earlier work demonstrated that local in-
flammation of the myocardial induced by CME is the critical link 
in the chain that leads to injury to the myocardium and progres-
sive cardiac dysfunction [19]. Furthermore, it was discovered that 
following CME, TLR4 expression is increased, which stimulates 
the activation of the adaptive immune responses by activating 
the signaling pathway of the NF-κB, which is controlled through 
the dependent linker protein MYD88 [20]. Because of the trigger-
ing of the TLR4 receptor and NF-κB, some endogenous ligands 
caused the release of inflammatory factors such as tumor necrosis 
factor-α (TNF-α) and interleukin-1β (IL-1β), among others. Fur-
thermore, the release and elevated production of inflammatory 
factors activate NF-κB, which subsequently activates nod-like 
receptor protein 3 (NLRP3) inflammatory bodies. Consequently, 
the early inflammatory signals were continuously amplified, 
leading to a cascade-like inflammation reaction and consequently 
a myocardial injury resulting from this phenomenon. Specific 
inhibitors of the TLR4 signaling pathway were found to signifi-
cantly reduce the injury of CME-induced myocardial while also 
improving the function of the cardiac [21]. As a result, we assume 
that hindering the signaling pathway of TLR4/MyD88/NF-κB 
might improve cardiac activity following CME while also allevi-
ating myocardial inflammation in the heart.

Resveratrol (RES), a molecule of polyphenolic origin, detected 
in many plants, has many medicinal properties [22]. According 

to recent cardiovascular disease studies, resveratrol has many 
cardiovascular protective effects, for instance, antioxidative stress 
[23], suppression of platelet aggregation [24], modulation of blood 
lipids [25], anti-inflammatory [26], and anti-myocardial ischemia-
reperfusion injury [27]. Nonetheless, there is little known about 
resveratrol's cardioprotective properties and putative molecular 
processes in the treatment of CME-induced myocardial damage. 
Furthermore, resveratrol has been shown to reduce inflammation 
caused by cardiac ischemia-reperfusion injury via the signaling 
pathway of TLR4/NF-κB in a prior study. The preventive benefits 
of resveratrol are linked to an increase in nitrogen monoxide gen-
eration, a reduction in neutrophil infiltration, and a reduction in 
TNF-α production [28]. Resveratrol also protected against isch-
emia-induced mice cardiac injury and hypoxia-induced neonatal 
rat cardiomyocytes (NRCMs) injury in vitro through modulat-
ing Sirt1/p53-mediated cell senescence and decreasing NLRP3-
mediated inflammasome activation, according to another study 
[29]. Consequently, this work aimed to investigate if resveratrol 
administration reduced CME-induced myocardial damage and 
pyroptosis by hindering the signaling cascade of TLR4/MyD88/
NF-κB.

METHODS

Animal preparation

The Clinical and Animal Research Ethics Committee of 
Guangxi Medical University granted permission to use the ani-
mals (application no: 202006015), and all procedures followed 
the National Institutes of Health Guidelines for utilization of 
Laboratory Animals. As a result, the Experimental Animal Cen-
ter of Guangxi Medical University purchased 40 male Sprague–
Dawley (SD) rats, all 8-week-old, healthy and having a weight 
ranging between 250–300 g. All of the rats were later placed in an 
enclosed area with access to rat chow and tap water. Additionally, 
the temperature was kept at 23°C, and the level of humidity was 
maintained at 50%–60%, with a 12-h dark cycle and 12-h light.

Animal groups and CME model establishment

The 40 SD rats were randomly placed within one of four cat-
egories, each with ten individuals: sham, CME, CME + RES (25 
mg/kg), and CME + RES (50 mg/kg). Before generating CME, 
rats in the CME + RES (25 mg/kg) and CME + RES (50 mg/kg) 
groups were given resveratrol (Sigma Chemical Co) at a dosage 
of 25 mg/kg or 50 mg/kg per day by gavage for 7 days. Previous 
studies were used to determine the resveratrol dose and duration 
[30]. Following a protocol published earlier by Mao et al. [31] the 
rats were given 30–40 mg/kg of pentobarbital sodium intraperi-
toneally for anesthetizing them. To enhance aerobic respiration, 
the rats were subjected to incubating and ventilating with a tiny 
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animal ventilator. A thoracotomy was then carried out at the left 
margin of the sternum in the fourth and third intercostal spaces. 
The ascending aorta was then entirely separated and exposed 
before being clamped for about 10 sec implementing a vascular 
clamp. An injection comprising three thousand 42 µm diameter 
polyethylene microspheres (BioSphere Medical Inc.) suspended 
within physiological saline (0.1 ml) was given into the rat cardiac 
apex in the CME, CME + RES (50 mg/kg), and CME + RES (25 
mg/kg) groups simultaneously but fast. After normal breathing 
and heart rate had returned, the suturation of the chest was gently 
performed and the tube of endotracheal was withdrawn. Follow-
ing that, intraperitoneal delivery of 800,000 IU of penicillin was 
made. The rats placed within the sham group were injected with 
physiological saline (0.1 ml) in place of microspheres and under-
went identical surgical and experimental procedures. Finally, 12 
h following the operation, all of the rats in the four groups were 
sacrificed.

Evaluation of rat cardiac function

Cardiac function in the animals involved in experiments is 
frequently at its weakest, 12 h following the modeling of CME, 
according to prior investigations [32]. As a result, heart function 
was measured simultaneously in the current investigation. The 
left ventricular ejection fraction (LVEF), left ventricular frac-
tional shortening (LVFS), left ventricular end-diastolic diameter 
(LVEDd), and left ventricular end-systolic diameter (LVESd) were 
all estimated by employing a 12 MHz transducer on a Hewlett 
Packard Sonos 7500 ultrasound device (Philips Technologies). In 
addition, the average of the above characteristics was estimated 
over three cardiac cycles, and the echocardiographic readings 
were taken separately by an expert.

Tissue collection and sample processing

All rats were given an intraperitoneal anesthetic overdose of 
pentobarbitone sodium (60 mg/kg) following 12 h of CME mod-
eling and heart function measurements. Blood was taken from 
each rat through the abdominal aorta before being sacrificed to 
test serum myocardial damage markers. Following the cardiac 
arrest, the heart tissue was rapidly taken and split into three sec-
tions: apex, middle, and bottom parallel to the atrioventricular 
sulcus. The tips and centre sections were then frozen at –80°C for 
respective utilization in RT-qPCR and Western blot tests. At last, 
the bottom of the cardiac was fixed in paraffin and serially sliced 
into 4 µm slices for hematoxylin-basic fuchsin-picric acid (HBFP) 
and hematoxylin and eosin (H&E) staining.

Estimation of serum myocardial injury markers and 
inflammatory cytokines

Before sacrifice, blood specimens were taken from the abdomi-

nal aorta of rats in individual groups 12 h following the sham op-
eration or CME induction. The levels of serum cardiac troponin 
I (cTnI), IL-1β, and IL-18 were then measured using a commonly 
utilized kit of enzyme-linked immunosorbent assay (ELISA) 
(Bio-Swamp Biological Technology Co., Ltd) in accordance with 
the guideline pre-defined by the manufacturer. In addition, the 
levels of creatine kinase myocardial band isoenzyme (CK-MB) 
and lactate dehydrogenase (LDH) were expressed using an auto-
mated biochemical analyzer (Olympus 5400; Olympus Ltd.).

ATP assay

Using the instructions given by the manufacturer, the level of 
ATP within the tissues of the heart was measured using a com-
mercial ATP detection kit (Solarbio). ATP lysis buffer (1 ml) was 
used to mince and homogenize 0.1 g tissues from the center of the 
heart. The samples were then centrifugated for 10 min at 8,000× 
g at 4°C, followed by the collection of the supernatants for further 
analysis. Then, in a 96-well plate, 20 µl supernatant from each rat 
was added along with the ATP working solution, and the level of 
ATP was estimated by employing a microplate reader. The OD 
value was then determined at 340 nm. Finally, total ATP levels 
were expressed in nanomoles per milligram of protein.

Electron microscopic analysis of heart tissues

Twelve hours following the operation, the rats were sacrificed. 
The specimens of myocardial tissue were sliced into 1 mm3 sec-
tions and preserved overnight at 4°C with 3% glutaraldehyde. 
Phosphate-buffered saline (PBS) (pH = 7.4) was subsequently 
employed to rinse the pieces thrice before being post-fixed for 
two hours in 1% osmium tetroxide. The specimens were then 
rinsed multiple times with PBS before being dehydrated using a 
series of graded ethanol (50%–100%). Samples were then fixed 
in resin, followed by slicing into ultrathin sections (50 nm). Later 
they were stained using lead citrate and uranyl acetate inspected 
and imaged by implementing an electron microscope of Hitachi 
H-7650 (Hitachi).

Measurement of myocardial microinfarct size

HBFP staining was employed for the detection of myocardial 
microinfarct areas in this investigation. Normal myocardiocytes 
had their cytoplasm colored yellow and their nuclei labeled blue, 
whereas ischemia myocardium and erythrocytes had their cy-
toplasm and nuclei stained red. Five non-overlapping fields were 
haphazardly picked from each region to compute the infarction 
area by utilizing a pathological image analyzer of DMR-Q550 
(Leica). The proportion of infarction area over the entire observed 
area was used to calculate the percentage of infarction size.
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Immunofluorescence (IF) staining

Rats were sacrificed after 12 hours of CME modeling. IF stain-
ing was performed on sections with a thickness of 4 µm. The 
manufacturer's instructions for IF staining were followed. The 
slices were rinsed three times in PBS (pH 7.4) and blocked at 
the temperature of the room for half an hour in 3% bovine se-
rum albumin. After blocking, segments were treated by taking 
advantage of primary antibodies during the night hours at 4°C. 
Segments were rinsed by applying PBS five times after incubat-
ing with primary antibodies and later treated using fluorescent 
secondary antibodies at room temperature for 50 min. This was 
followed by counterstaining of the nuclei for 7 min with 4′,6-di-
amidino-2-phenylindole. A fluorescent microscope was used to 
capture the photographs (Olympus Ltd.).

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from cardiac tissue by employing the 
TRIzol reagent (Invitrogen) as directed by the manufacturer, and 
the concentration was determined by making use of the Nano-
Drop (Thermo Fisher Scientific Inc.). After that, the PrimeScript 
RT reagent Kit with a gDNA Eraser (Perfect Real Time) was used 
to reverse transcribe mRNA into complementary DNA. Addi-
tionally, qRT-PCR was conducted on the ABI PRISM 7500 system 
(Applied Biosystems) using the TB Green Premix Ex Taq II (Tli 
RNaseH Plus) (TaKaRa). The 2–∆∆Ct method was subsequently 
employed for calculating the relative expression levels of the tar-
get genes. The endogenous control employed was glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). Table 1 lists all primer 
sequences (TaKaRa).

Western blot analysis

A lysis buffer was utilized to extract total protein from the car-
diac sample, and the concentration was determined by making 
use of an assessment kit of bicinchoninic acid (PC0020; Solarbio). 
The separation of proteins of equivalent quality was fulfilled 
utilizing 10%–15% sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis after the concentration was determined, and then 

electrophoretically transferred onto polyvinylidene difluoride 
membranes (Millipore). Following the blocking with 5% fat-free 
milk for 1 h at room temperature, primary antibodies were used 
to incubate the membranes overnight at 4°C. Primary antibod-
ies as follows: TLR4 (sc-293072, 1:1,000; Santa Cruz Biotechnol-
ogy), p-NF-κB p65 (#3033, 1:1,000; Cell Signaling Technology), 
MyD88 (ab219413, 1:1,000; Abcam), Caspase-1 P20 (sc-398715, 
1:1,000; Santa Cruz Biotechnology), ASC (ab180799, 1:1,000; 
Abcam), NLRP3 (ab214185, 1:1,000; Abcam), GSDMD (#39754, 
1:1,000; Cell Signaling Technology), mature-IL-18 (ab191860, 
1:1,000; Abcam), mature-IL-1β (ab200478, 1:1,000; Abcam), 
GAPDH (ab9485, 1:10,000; Abcam). After incubating overnight, 
the membranes were rinsed 5 times at room temperature by uti-
lizing a 1×TBST buffer solution before being treated for 2 h with 
horseradish peroxidase-labeled secondary antibodies. Ultimately, 
employing an advanced detection system of chemiluminescence 
(Pierce), the protein bands belonging to rats in individual groups 
were detected and the expression levels were assessed by employ-
ing the ImageJ computer program (National Institutes of Health).

Statistical analysis

The outcomes were explained as mean ± standard deviation 
(SD) implementing the SPSS version 23.0 program (IBM Co.) for 
statistical analysis. Furthermore, the Student's t-test was applied 
for statistical investigation of the two considered groups, while the 
One-way Analysis of Variance (ANOVA) was employed for com-
parisons of multiple-group, succeeded by the analysis of Student-
Newman-Keuls post-hoc. Statistical significance was described as 
a p-value < 0.05.

RESULTS

Resveratrol improved cardiac function following CME

Fig. 1 shows the echocardiographic achievements of each group 
of rats. Compared to the sham group, the cardiac of CME group 
contractility was compromised, as evidenced by larger LVEDd 
and LVESd but lower LVFS and LVEF (p < 0.05). However, ther-
apy with resveratrol significantly reduced cardiac dysfunction in 
a dose-dependent fashion, as demonstrated by low LVESd and 
LVEDd values but better LVFS and LVEF compared to the CME 
group (p < 0.05).

Resveratrol diminished the serum levels of myocardial 
injury markers

The blood concentrations of cTnI, CK-MB, and LDH were used 
to determine myocardial damage following CME induction (Fig. 
2). The rats in the CME group had substantially greater concen-
trations of serums, namely cTnI, CK-MB, and LDH than those 

Table 1. Sequences of the used primers

Gene Primer sequence

NLRP3 Forward: 5′-CTCGCATTGGTTCTGAGCTC-3′
Reverse: 5′-AGTAAGGCCGGAATTCACCA-3′

TLR4 Forward: 5′-TATCGGTGGTCAGTGTGCTT-3′
Reverse: 5′-CTCGTTTCTCACCCAGTCCT-3′

GAPDH Forward: 5′-TGTGAACGGATTTGGCCGTA-3′
Reverse: 5′-GATGGTGATGGGTTTCCCGT-3′

NLRP3, nod-like receptor protein 3; TLR4, toll-like receptor 4; 
GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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within the sham category, according to the findings. Pretreat-
ment with resveratrol, on the other hand, significantly reduced 
myocardial injury following CME in a dose-dependent manner, 
as seen by lower concentrations of serum including cTnI, CK-MB, 
and LDH compared to the CME group (p < 0.05).

CME histopathology

In the sham group, H&E staining revealed consistently aligned 
cardiac fibers with obvious staining and entire morphology (Fig. 

3). The cytoplasm of the CME group was extensively stained by 
eosin after embolizing microspheres, and degeneration, loosen-
ing, odoema, hypertrophy, and also inflammatory cell infiltration 
were evident. Myocardial degeneration and odoema were reduced 
in the CME + RES (25 mg/kg) group, with fewer histomorpho-
logical anomalies and more consistent alignment. Furthermore, 
in the CME + RES (50 mg/kg) group, there was no myocardial 
degeneration or necrosis. The microinfarct lesions were more 
or less wedge-shaped, dispersed locally, and nontransmural, as 
revealed by HBFP staining (Fig. 3). They were predominantly 

Fig. 1. Cardiac function-based indices of rats were measured by echocardiography. (A) Representative M-mode images of each group. (B–E) LVEF, 
LVFS, LVEDd, and LVESd in each group (n = 8 per group). Low-dose: CME + low-dose RES (25 mg/kg), High-dose: CME + high-dose RES (50 mg/kg). 
Data were presented as the mean ± SD. LVEF, left ventricular ejection fraction; LVFS, left ventricular fractional shortening; LVEDd, left ventricular end-
diastolic diameter; LVESd, left ventricular end-systolic diameter; CME, coronary microembolization; RES, resveratrol. *p < 0.05, compared with Sham 
group; #p < 0.05, compared with CME group; +p < 0.05, compared with Low-dose group.

A

B C D E

A B C

Fig. 2. Resveratrol reduced the serum levels of myocardial injury markers. (A) cTnI levels in serum. (B) CK-MB levels in serum. (C) LDH levels in se-
rum (n = 8 per group). Low-dose: CME + low-dose RES (25 mg/kg), High-dose: CME + high-dose RES (50 mg/kg). Data were presented as the mean ± 
SD. cTnI, cardiac troponin I; CK-MB, creatine kinase myocardial band isoenzyme; LDH, lactate dehydrogenase; CME, coronary microembolization; RES, 
resveratrol. *p < 0.05, compared with Sham group; #p < 0.05, compared with CME group; +p < 0.05, compared with Low-dose group.
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found in the left ventricle and subendocardium. The infarct scale 
of the group of resveratrol administration was considerably tinier 
compared to the CME group (p < 0.05), suggesting that following 
CME induction in rats, the pre-exposure with resveratrol may 
have decreased the myocardial microinfarct zone. According to 
the findings, resveratrol pretreatment decreased the area of mi-
croinfarction after CME.

Pretreatment with resveratrol attenuated CME-
induced mitochondrial injury

Because mitochondrial metabolism is a major source of ATP, 
we looked at ATP levels to see if they reflected mitochondrial 
function. After CME, ATP concentrations were shown to be 
significantly lower, which may be reversed by pretreatment with 

Fig. 3. Histopathological examination of myocardial tissues through H&E and HBFP staining. (A) Representative H&E-stained myocardial sec-
tions from each group (×200 magnification; bar = 100 µm). The arrows indicate the microspheres. (B) Representative images of HBFP staining (×200 
magnification; bar = 100 µm). The arrows indicate the microinfarct area. (C) The percentage of micro-infarct area in each group (n = 8 per group). Low-
dose: CME + low-dose RES (25 mg/kg), High-dose: CME + high-dose RES (50 mg/kg). Data were presented as the mean ± SD. CME, coronary microem-
bolization; RES, resveratrol. *p < 0.05, compared with Sham group; #p < 0.05, compared with CME group; +p < 0.05, compared with Low-dose group.

A

B

C
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resveratrol (p < 0.05). Furthermore, transmission electron mi-
croscopy analysis of cardiac tissues revealed that the CME group's 
myocardial mitochondria had significantly vacuolated degen-
eration and ballooning. However, pretreatment with resveratrol 
significantly reduced the ultrastructural alterations seen in the 
CME group, while maintaining mitochondrial integrity (Fig. 4). 
This finding suggested that pretreatment with resveratrol can 
help restore mitochondrial function and mitigate mitochondrial 
damage.

Resveratrol protects cardiomyocytes from 
CME-induced pyroptosis and inhibits NLRP3 
inflammasome activation

The effects of resveratrol on the expression of pyroptosis-
associated molecules were studied to see how it affected myo-
cardial pyroptosis following CME. The expression of IL-18 and 
IL-1β were substantially increased (p < 0.05) in the CME group, 
according to ELISA data (Fig. 5A, B). The CME group possessed 
a greater degree of mRNA expression of NLRP3 (p < 0.05) (Fig. 
5C). Protein levels of pyroptosis-associated molecules also rose 
considerably (p < 0.05) (Fig. 5D). In addition, immunofluores-
cence results revealed that the expression of pyroptosis-associated 
molecules was increased in CME (Fig. 6). Notably, pretreatment 
with resveratrol greatly reduced these effects, indicating that res-
veratrol inhibits CME-induced pyroptotic cell death.

Resveratrol inhibits pyroptosis via the pathway of 
TLR4/MyD88/NF-κκB

The levels of MyD88, p-NF-κB and TLR4 were measured to 
see if there was a link between resveratrol's suppression of car-
diomyocyte pyroptosis induced through CME and the pathway 
of TLR4/MyD88/NF-κB. The protein levels of MyD88, p-NF-
κB, and TLR4 were substantially higher within the CME group 
(p < 0.05) (Fig. 7A). TLR4 mRNA expression was observed to be 
higher (p < 0.05) in the CME group (Fig. 7B). TLR4 expression 
was also increased in CME, according to immunofluorescence 
data (Fig. 7F). Pretreatment with resveratrol dramatically reduced 
the expression levels of these compounds. These findings indicate 
that resveratrol pretreatment reduces CME-induced cardiomyo-
cyte pyroptosis, possibly through modulating the signaling path-
way of TLR4/MyD88/NF-κB.

DISCUSSION
Several new findings were made as a result of this investiga-

tion. To begin, we discovered that pyroptosis of cardiomyocyte 
is a critical pathophysiological episode in CME, leading to a sig-
nificant loss of nonrenewable cardiomyocytes and subsequently 
cardiac failure. Secondly, resveratrol pretreatment might consid-
erably enhance adenine nucleotide levels, shrink microinfarcts, 
and alleviate cardiac insufficiency. Resveratrol inhibited NLRP3 

A

B

Fig. 4. Resveratrol pretreatment attenuated CME-induced mitochondrial injury. (A) Myocardial mitochondrial morphology observed by trans-
mission electron microscopy (magnification ×60,000, scale bar = 500 nm). The black arrows indicate the typical vacuolated degeneration and en-
larged mitochondria. (B) ATP concentrations of each group (n = 8 per group). Low-dose: CME + low-dose RES (25 mg/kg), High-dose: CME + high-dose 
RES (50 mg/kg). Data were presented as the mean ± SD. CME, coronary microembolization; RES, resveratrol. *p < 0.05, compared with Sham group; #p 
< 0.05, compared with CME group; +p < 0.05, compared with Low-dose group.
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activation by blocking the signaling of TLR4/MyD88/NF-κB, 
which may be the mechanism. Furthermore, it inhibits pyroptotic 
cell death through decreasing the release of pro-inflammatory 
cytokines. Finally, our study provided the first evidence that 
resveratrol could prevent NLRP3 inflammasome-mediated car-
diomyocyte pyroptosis during CME, potentially by preventing 
TLR4/MyD88/NF-κB signaling to reduce myocardial damage 
and CME-related cardiac dysfunction. As a result, pretreatment 

with resveratrol may be helpful in the management of myocardial 
injury caused by CME.

CME, quite distinctive from epicardial proximal vascular 
blockage, frequently occurs in unbalanced plaque rupture in 
ACS and after treatment with PCI. The area of the myocardium 
harmed by perfusion is not closely associated with left ventricular 
functional decline induced by CME [33]. This cannot be fully 
explained by inadequate local myocardial perfusion or minor 

Fig. 5. Resveratrol attenuated CME-in-
duced pyroptosis of cardiomyocytes. 
(A, B) Serum levels of IL-1β and IL-18 in 
rats of each group (n = 8 per group). (C) 
mRNA levels of NLRP3 in each group (n 
= 8 per group). (D) Representative West-
ern blot bands of NLRP3, ASC, caspase-1 
p20, GSDMD-FL, GSDMD-N, IL-1β, and 
IL-18. (E–J) The relative expression levels 
of these proteins in each group. GAPDH 
was used for protein expression nor-
malization (n = 3 per group). Low-dose: 
CME + low-dose RES (25 mg/kg), High-
dose: CME + high-dose RES (50 mg/kg). 
Data were presented as the mean ± SD. 
IL, interleukin; NLRP3, nod-like recep-
tor protein 3; GAPDH, glyceraldehyde-
3-phosphate dehydrogenase; CME, coro-
nary microembolization; RES, resveratrol. 
*p < 0.05, compared with Sham group; 
#p < 0.05, compared with CME group; +p 
< 0.05, compared with Low-dose group.
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infarcts. Other factors, besides lower blood flow, essentially con-
tribute to myocardial injury after CME. The available evidence 
suggests that myocardial inflammatory response has an indis-
pensable part in myocardial injury induced by CME. A number 
of animal investigations have revealed many inflammatory cell 
infiltrates near the CME-induced myocardial microinfarct, along 
with releasing inflammatory cytokines including TNF-α and 
IL-1β. This causes myocardial inflammation in the region that 
is necessary for gradual cardiac failure and progressive myocar-
dial damage following CME [19]. Su et al. [20] discovered that 
cardiomyocyte pyroptosis, a kind of inflammatory programmed 
cell death mediated by the NLRP3 inflammasome, contributes 
to CME-induced cardiac injury. According to reports, NLRP3 

stimulates pro-caspase-1 during the pathogenesis of CME by 
establishing an inflammatory complex with ASC, resulting in 
the death of cardiomyocytes. Following their cleavage by active 
caspase-1 to generate GSDMD-N, GSDMD, a pore-forming pro-
tein, undergoes activation, is transferred to the membrane of the 
cell, and subsequently brings about pyroptosis via triggering the 
release of mature interleukins form the membrane pores. The 
expression of pyroptosis-associated proteins (ASC, NLRP3, GS-
DMD, and Caspase-1 p20) and pro-inflammatory cytokines (IL-
1β and IL-18) within the myocardium was considerably increased 
following CME in the current study and these findings are con-
sistent with earlier research.

TLR4 was the foremost TLR-associated protein to be recog-

Fig. 6. Immunofluorescence staining of NLRP3 and caspase-1 p20 in cardiac tissues. (A) Representative NLRP3 immunofluorescence staining im-
ages of each group. (B) Representative caspase-1 p20 immunofluorescence staining images of each group (magnification ×400, scale bar = 100 µm). 
Low-dose: CME + low-dose RES (25 mg/kg), High-dose: CME + high-dose RES (50 mg/kg). NLRP3, nod-like receptor protein 3; CME, coronary microem-
bolization; RES, resveratrol.
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nized, and it is found in the heart at the greatest levels. When 
the body is exposed to external stimuli, it first triggers the TLR4 
expression and inherent immune response, then stimulates the 
obtained immunological response and activates NF-κB via the 
linker protein of MyD88 and the pathway of signal transduc-

tion. A number of endogenous ligands activate NF-κB via TLR4 
receptors activation. As a result, pro-inflammatory factors, for 
instance, IL-1β and TNF-α, will be released. NF-κB is further 
activated by IL-1β and TNF-α, resulting in triggering the NLRP3 
inflammatory bodies, the first amplification of the inflammatory 
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B

C D E

F

Fig. 7. Resveratrol inhibited pyroptosis via the pathway of TLR4/MyD88/NF-κB. (A) Representative Western blot bands of TLR4, MyD88, p-NF-κB 
p65. (B) The mRNA levels of TLR4 in each group (n = 8 per group). (C–E) Relative protein expression levels in each group. GAPDH was used for protein 
expression normalization (n = 3 per group). (F) Representative TLR4 immunofluorescence staining in each group (magnification ×400, scale bar = 100 
µm). Low-dose: CME + low-dose RES (25 mg/kg), High-dose: CME + high-dose RES (50 mg/kg). Data were presented as the mean ± SD. TLR4, toll-like 
receptor 4; MyD88, myeloid differentiation factor 88; NF-κB, nuclear factor-kappa B; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; CME, coro-
nary microembolization; RES, resveratrol. *p < 0.05, compared with Sham group; #p < 0.05, compared with CME group; +p < 0.05, compared with Low-
dose group.
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trigger, and the initiation of an inflammatory chain reaction [34]. 
In earlier work, we discovered that the participation of CME in 
the inflammatory responses of the myocardium strongly trig-
gered the signaling pathway of TLR4/MyD88/NF-κB, resulting in 
a loss of cardiac activity in rats and, as a result, myocardial dam-
age. When the TLR4-specific inhibitor TAK-242 was employed, 
TLR4/MyD88/NF-κB was also significantly suppressed. Further-
more, NLRP3 inflammatory body activation was reduced, as was 
the expression of inflammatory elements including TNF-α, IL-
18, and IL-1β, all of which have the potential of improving cardiac 
functions by lowering myocardial damage induced by CME [20]. 
Therefore, it is vital to research the role of the pathway of TLR4/
Myd88/NF-κB in NLRP3 Inflammasome-mediated pyroptotic 
cell death in order to create medications that can efficiently mini-
mize cardiomyocyte loss and improve the prognosis of CME pa-
tients.

Many plants, including peanuts, grapes, and Polygonum cus-
pidatum, contain resveratrol, which possesses anti-aging, anti-
oxidation, anti-inflammatory, and anti-apoptosis characteristics, 
among others. On account of its extensive pharmacological at-
tributes, diversified processes, and high levels of safety, it has the 
potential to be used in both cardiovascular and cerebrovascular 
illnesses [35]. Although there is no evidence of a link between res-
veratrol and cell pyroptosis, multiple investigations have shown 
that it has a protective influence on cardiovascular function. 
Resveratrol inhibits TLR4/NF-κB signaling, which reduces the 
inflammatory response generated by ischemia/reperfusion (I/R) 
damage, according to a prior study. Resveratrol inhibits neutro-
phil infiltration and TNF-α generation, reducing the inflamma-
tory response generated by I/R damage [28]. In a prior investiga-
tion, resveratrol was found to protect against ischemia-induced 
cardiac injury in mice and hypoxia-induced NRCM damage in 
vitro via Sirt1/p53 regulation suppressing NLRP3-controlled 
inflammasome activation and NLRP3-mediated cell senescence 
[29]. We hypothesize that resveratrol inhibits CME-induced 
pyroptotic cell death since the core of pyroptosis is essentially 
inflammatory death. Furthermore, the participation of the path-
way of TLR4/Myd88/NF-κB in NLRP3 Inflammasome-mediated 
pyroptosis cell death could be a possible mechanism.

After CME modeling, rats developed myocardial damage and 
left ventricular systolic dysfunction, as evidenced by increased 
cTnI, CK-MB, and LDH, as well as reduced LVEF and LVFS 
values along with elevated LVESd and LVEDd. The outcome sug-
gests that the CME paradigm was successful in its implementa-
tion. Following that, we noticed that the expression of pyroptosis-
related molecules was up-regulated in CME. We also looked at 
the expression of NLRP3, a critical protein involved in pyroptosis, 
and found that it was highly up-regulated in CME. This suggests 
that pyroptosis takes place in the course of CME pathogenesis. In 
the second study, we looked at how resveratrol pretreatment af-
fected pyroptosis and heart function in CME rats. RES-pretreated 
rats manifested a lower degree of myocardial injury, relatively 

small infarct scale, enhanced function of cardiac, and diminished 
pyroptosis than the CME group, as evidenced by reduced levels of 
cTnI, CK-MB, and LDH, enhanced adenine nucleotides, elevated 
LVFS and LVEF, and diminished LVESd and LVEDd, and also 
downregulated expression of pyroptosis-related molecules. This 
shows that resveratrol reduces pyroptosis in myocardial cells and 
enhances cardiac function in CME animals. Finally, we looked 
at the chance of involvement TLR4/MyD88/NF-κB signaling 
pathway in resveratrol's protection against myocardial pyroptosis 
injury. We further discovered that resveratrol suppressed TLR4 
expression, resulting in a decrease in the expression of TLR4's 
downstream target proteins. As a result, we conclude that resve-
ratrol attenuates myocardial pyroptosis in CME-induced myo-
cardial damage possibly by attenuating TLR4/MyD88/NF-κB 
signaling.

There are some drawbacks to this study. We started by insert-
ing actual microembolic spheres into the coronary microvessels 
of rats to create a CME model. However, because this form of 
plastic microspheres lacks biological features, for instance, vascu-
lar, thrombotic, or inflammatory activity, the pathophysiological 
alterations in the CME model generated by this plastic material 
differ from the ones resulting from atherosclerotic plaque in 
the clinic. Secondly, the impact of resveratrol on CME-induced 
cardiomyocyte pyroptosis and its regulatory influence on the sig-
naling pathway of TLR4/MyD88/NF-κB was investigated in the 
current research. However, using TLR4 inhibitors or agonists to 
investigate better the particular regulation mechanism of resve-
ratrol on the pathway of TLR4/MyD88/NF-κB in CME is critical. 
Third, the molecular processes regulating cardiomyocyte pyrop-
tosis are extremely complicated, and it is impossible to rule out 
the possibility that other atypical pyroptosis signaling pathways 
are implicated in CME-induced cardiac damage, which requires 
more investigation.

In conclusion, resveratrol reduces cardiomyocyte pyroptosis 
and improves the function of cardiac in CME rats, as revealed 
by the outcome of this study. The signaling pathway of TLR4/
MyD88/NF-κB is involved in the underlying strategy, which 
could be linked to the activation of the NLRP3 Inflammasome. 
This could be one of the key mechanisms for using resveratrol as 
a preventive measure before PCI or as a therapy for ischemic heart 
disease to enhance prognosis. Overall, resveratrol is a promising 
treatment for ischemic heart disease that merits additional inves-
tigation.
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