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ABSTRACT
Scutellarin has a good myocardial protective effect. However, the underlying mechanism of
scutellarin on cardiomyocyte pyroptosis remains unclear. In this study, we elucidated the
mechanism of scutellarin to protect the injured myocardium. The molecular docking
technique was used to predict the targets of scutellarin in protecting against myocardial injury.
H9c2 cell pyroptosis was induced by lipopolysaccharide (LPS) and adenosine triphosphate
(ATP). Then, the activities of CK and LDH were measured through a colorimetric assay. The
level of cTnl was quantified by ELISA. mRNA expressions of NLRP3, cysteine-dependent
aspartate-specific protease-1 (caspase-1), gasdermin D (GSDMD), interleukin-1p (IL-1p), and
interleukin-18 (IL-18) were analyzed using RT-gPCR. Protein expressions of NLRP3,
caspase-1, and GSDMD were detected by immunofluorescence technique. Protein

expressions of NLRP3 was analyzed using Western blotting. Scutellarin had a good binding
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affinity with NLRP3, caspase-1, and GSDMD. Compared with LSP and ATP-treated cells,
concentrations of 25, 50, and 100 pumol/L scutellarin reduced CK and LDH activities and
the level of cTnl, decreased the expression of the mMRNA expressions of NLRP3, caspase-1,
and GSDMD. In the mechanism study, scutellarin decreased mMRNA expressions of NLRP3,
caspase-1, GSDMD, IL-1p, and IL-18, and reduced the fluorescence expressions of NLRP3,
caspase-1, and GSDMD. Scutellarin reduced the protein expression of NLRP3. Scutellarin
inhibits myocardial cell pyroptosis induced by LPS and ATP, and the mechanism is related to
the NLRP3/caspase-1/GSDMD signaling pathway.
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INTRODUCTION

The nucleotide-binding domain and leucine-rich repeat protein 3 (NLRP3)
inflammasome is a new target in cardiovascular disease (CVD) treatment (1). NLRP3
inflammasome infiltration has been identified to play a central role in the pathological
progression of vascular damage spanning atherosclerosis, aneurysm, ischemic heart disease,
and other nonischemic heart diseases including diabetic cardiomyopathy, chronic heart failure,
and hypertension- or virus-induced cardiac dysfunction (2-5). Therefore, the inhibition of
NLRP3 inflammasome may help in the prevention or treatment of CVD.

The NLRP3 inflammasome, a key participant in the innate immune response, requires
both priming and activation signals for the initiation of inflammation (6). NLRP3
iflammasome is composed of NLRP3, ASC (apoptosis-associated speck-like protein
containing a caspase recruitment domain (CARD)), and caspase-1 (cysteine-dependent
aspartate-specific protease-1), the assembly of which promotes the activation of caspase-1
and the maturation and secretion of inflammatory cytokines (i.e., interleukin-13 (IL-1p),
IL-18 or could cause pyroptosis, an identified pathway of programmed cell death (7).

Scutellarin (4,5,6-trihydroxyflavone7-glucuronide) is a bioactive flavonoid extracted
from Erigeron plants, Scutellaria plants, Opuntia plants, Centaurus plants, and Anaphalis
plants (8, 9). Scutellarin shows various pharmacological properties on antioxidation and
anti-inflammation in the treatment of CVD, including alleviating cardiac fibrosis and
decreasing the infarct size and dysfunction of rats with myocardial ischemia, suppressing
cardiac hypertrophy, protecting against doxorubicin-induced acute cardiotoxicity (10). In a
myocardial ischemia-reperfusion injury rat model, scutellarin significantly improved cardiac
diastolic dysfunction and myocardial structural abnormalities, and inhibited NLRP3

inflammasome activation (11). Therefore, scutellarin has a myocardial protective effect, and
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its mechanism is related to its inhibitory activity of NLRP3. However, it is unclear whether
scutellarin can inhibit cell pyroptosis induced by lipopolysaccharide (LPS) and adenosine
triphosphate (ATP), therefore, the mechanism of myocardial protection of scutellarin can be
clarified. In this study, LPS and ATP-induced pyroptosis model was used to explore further
the relationship between the protective effect of scutellarin on H9c2 rat cardiomyocytes and
the NLRP3/caspase-1/GSDMD signaling pathway.

EXPERIMENTAL

Drugs and reagents

Scutellarin (B21478, purity>98 %) was purchased from Shanghai Yuanye Biotechnology
Co., Ltd., China. LPS (L8880) was purchased from Beijing Solarbio Science & Technology
Co., Ltd., Beijing, China. ATP (A832633) was purchased from Shanghai Macklin
Biochemical Co., Ltd., China. Trizol (G3013), SYBR (G3326-15), and Alexa Fluor®
488-conjugated Goat Anti-Rabbit 1gG were purchased from Wuhan Servicevbio
Biotechnology Co., Ltd., China. Reagent for determination of cardiac troponin | (cTnl,
MM-0426R1) concentration was bought from Meimian, China. The reagents for
determination of lactate dehydrogenase (LDH, A020-2-2) and creatine kinase (CK, A032-1-1)
activities were purchased from Nanjing Jiancheng Bioengineering Insitute, Nanjing, China.
Anti-glyceraldehyde-3-phosphatedehydrogenase (GAPDH) (A19056) was purchased from
ABclonal. Anti-NLRP3 (AB263899) and anti-GSDMD (anti-gasdermin D) (ab219800) were
purchased from Abcam. H9c2 cells were purchased from Wuhan Pricella Biotechnology Co.,
Ltd., China. Dulbecco's Modified Eagle Medium (DMEM, BL304A), fetal bovine serum
(FBS, BL201A), penicillin streptomycin solution (P/S, BL505A), and pancreatic enzyme
(BL501A) were purchased from Biosharp, Shanghai, China. Primers for mRNA expressions
of NLRP3, caspase-1, GSDMD, IL-1B, and IL-18 were purchased from Sangon Biotech,
China.

Molecular docking

The chemical structure of scutellarin was downloaded from the PubChem database
(https://pubchem.ncbi.nim.nih.gov/), subjected to energy optimization and hydrogenation
using Chem3D software  (https://softwaretopic.informer.com/chem3d-free-software/).
“NLRP3 (6npy) (12)”, “caspase-1 (1rwx) (13)” and “GSDMD (5wqt) (14)” were downloaded
from the RCSB protein database (https://www.rcsb.org/). Molecular docking was performed
using the CB-DOCK?2 platform (https://cadd.labshare.cn/cb-dock2/php/index.php) (15).

In vitro study

Cell culture and grouping. — Rat cardiomyocyte H9c? is a subclonal cell line derived from the

3


https://www.rcsb.org/

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

cardiac tissue of BD1X rats during the embryonic stage. H9c2 cells were cultured in a 5 %
CO; incubator at 37 °C with Dulbecco's Modified Eagle Medium (DMEM) supplemented
with 10 % fetal bovine serum (FBS) and 1 % penicillin-streptomycin solution. When the
H9c2 cell density reached 85-90 %, the cells were digested with pancreatic enzyme, and the
cells (2 x 10°%) were inoculated in 6-well or 96-well plates for follow-up experiments. While
examining the cell pharmacodynamics, H9c2 cells were divided into the control group
(complete medium culture), model group (treated with 10 pg mL™ LPS for 12 h and with 8
mM ATP for the next 2 h), 25 umol L scutellarin group (25 group), 50 umol L* scutellarin
group (50 group), and 100 umol L* scutellarin group (100 group). Each of these three
scutellarin groups was first pre-treated with scutellarin (25, 50 or 100 umol L?) for 12 h,
afterwards cells were incubated with 10 ug mL* LPS for 12 h and subsequently with 8 mmol
Lt ATP for the next 2 h (16, 17). During the cellular mechanistic studies, H9c2 cells were
divided into the control group (complete medium culture), model group (treated with 10 ug
mL-! LPS for 12 h and with 8 mmol Lt ATP for the next 2 h), and scutellarin group (after
pre-treatment with 25 pmol L scutellarin for 12 h, cells were further incubated with 10 ug
mL-t LPS for 12 h and subsequently with 8 mmol L=t ATP for the next 2 h).

Detection of LDH, CK, and cTnl. — H9c2 cells were crushed by ultrasound, cell culture
medium was collected, and cell supernatant was obtained by centrifugation. LDH and CK
activities were assesed according to the kit instructions using a microplate reader (Peiou
Analytical Instrument Co., LTD). The level of cTnl in the supernatant from H9c2 cells was
assessed following the instructions provided by the enzyme-linked immunosorbent assay

(ELISA) kit using a microplate reader.

Immunofluorescence staining for detection of proteins. — H9c2 cells were fixed with 4 %
paraformaldehyde for 20 min, permeabilized with 0.5 % Triton X-100 for 20 min, and
blocked at room temperature using 10 % goat serum for 1 h. Following blocking, the goat
serum was discarded, and the cells were incubated overnight at 4°C with antibodies against
NLRP3 (1:200, in PBS), caspase-1 (1:200, in PBS), and GSDMD (1:200, in PBS),
respectively. On the second day, the primary antibody was removed, and the samples were
incubated with Alexa Fluor® 488-conjugated Goat Anti-Rabbit 1gG (1:200, in PBS) at room
temperature for 1 h. Subsequently, DAPI (4',6-diamidino-2-phenylindole) was applied for 5
min at room temperature before observation under an inverted fluorescence microscope
(Olympus BX81, Japan). Immunofluorescence quantification was conducted using ImageJ

software (https://imagej.net/ij/index.html).

RT- gPCR for detection of mRNA expression. — Total RNA was extracted using a Trizol
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reagent. Subsequently, the RNA concentration was measured with an Eppendorf
BioPhotometer Plus, and its purity was assessed by evaluating absorbance at 260 nm and 280
nm. The RNA was then reverse transcribed into cDNA utilizing a Mastercycler® nexus
gradient (Germany). The cDNA was subsequently subjected to real-time fluorescence
quantification utilizing a LightCycler® 96 PCR instrument (Roche, Switzerland). The
amplification procedure consisted of pre-denaturation at 95 °C for 5 min, denaturation at
95 °C for 15 s, annealing at 60 °C for 60 s, and PCR at 40 cycles. The melting curve analysis
was conducted within the temperature range of 60 to 95 °C. The results were analyzed using
B-actin as a control, employing the 2241 method to evaluate the mRNA levels of NLRP3,
caspase-1, GSDMD, IL-1p, and IL-18. The primers utilized in this study are detailed in Table
l.

Table 1. Sequence of primers

Primers Sequence (5' —3")
Forward 5'-GAGCTGGACCTCAGTGACAATGC-3’
NLRPS Reverse 5-AGAACCAATGCGAGATCCTGACAAC-3’
Forward 5'-GCACAAGACTTCTGACAGTACCTTCC-3'
Caspase-L Reverse 5-GCTTGGGCACTTCAATGTGTTCATC-3’
Forward 5'-CAGCAGGCAGCATCCTTGAGTG-3’
GSbMb Reverse 5'-CCTCCAGAGCCTTAGTAGCCAGTAG-3’
Forward 5’-AATCTCACAGCAGCATCTCGACAAG -3’
-1 Reverse 5’-TCCACGGGCAAGACATAGGTAGC -3°
Forward 5’-CGACCGAACAGCCAACGAATCC -3’
18 Reverse 5’-GTCACAGCCAGTCCTCTTACTTCAC -3’
) Forward 5'-CCCATCTATGAGGGTTACGC-3'
-actin Reverse 5'-TTTAATGTCACGCACGATTTC-3’

Western blot for detection of protein expression

H9c2 cells were harvested and lysed using RIPA lysis buffer. The resulting homogenate
was centrifuged at 13684 x g for 10 min at 4 °C. Total protein was separated using 12 %
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene fluoride (PVDF) membrane. The membrane was blocked with 5 % free-fat
milk for 1 h at room temperature, and then incubated with NLRP3 (1:1000) and GAPDH
(1:5000) at 4 °C overnight. After washing the membranes three times with tris buffered saline
with Tris-buffered saline with Tween (TBST), they were incubated with secondary antibodies
(Goat Anti-Rabbit 1gG, 1:10000) for 2 h. Electrochemiluminescence (ECL) was employed to
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assess the density of protein bands, and imaging was conducted using the Tanon5200 system

(Tanon, China) to capture photographs of the protein bands.

Statistical analysis

The data were presented as mean * standard deviation (SD), and SPSS 26.0 was used for
statistical analysis. One-way ANOVA was used to determine the difference. p < 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

Molecular docking results

Previous evidence suggests that NLRP3 inflammasome plays an important role in the
pathogenesis of CVDs, including myocardial infarction, myocardial ischemia-reperfusion
injury, heart failure, atrial fibrillation, and hypertension (4). The NLRP3 inflammasome is a
macromolecular polyprotein complex that can be activated by endogenous risk signals and
exogenous factors (18). After activation of NLRP3, ASC and pro-caspase-1 can be recruited,
and then caspase-1 can be activated to promote the maturation and secretion of IL-1p and
IL-18 (19). In addition, caspase-1 also cleaves GSDMD to form N-terminal products, which
then form pores in the plasma membrane to mediate pyroptosis (20). Recently studies showed
that plasma caspase-1 and IL-1p levels were significantly elevated at autopsy in patients with
acute myocardial infarction (AMI) (21). ASC expression was increased in infiltrating cells,
especially macrophages and neutrophils, in the heart tissue of patients with AMI (22). A lack
of NLRP3 inflammasome can reduce inflammation and promote cardiac protection (23).
These results suggested that the NLRP3 inflammasome is closely involved in the
pathogenesis of cardiovascular diseases (myocardial infarction, heart failure, etc.). Therefore,
the development of drugs that inhibit the NLRP3 signaling pathway is particularly important
to mitigate the progression of CVDs. In this study, molecular docking was used to detect the
binding affinity of scutellarin with NLRP3, caspase-1, and GSDMD. The binding energy
scores of scutellarin with NLRP3, caspase-1 and GSDMD were -9.9, -8.4 and —6.5 kcal
mol* respectively, all lower than -5 kcal mol™, and were considered to indicate that the
binding results were relatively stable (Table I, Fig. 1), which may exert inhibition of the
NLRP3/caspase-1/GSDMD signaling pathway. Then, the in vitro experiments were used to

verify the docking results.

Table 11. Docking results of scutellarin with NLRP3, caspase-1, and GSDMD

Target Vina Cavit Center Size Amino acid residue
Score y X, Y, 2) Xy, 2)
(kcal/mol  score

)
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NLRP3 -9.9 2121 98,95,104 35,35,35 Val351, Leu632,

7 Met635,GIn636, Glu637,

Glu638, Asp639, Phe640,

Val641, GIn642, Arg643,

Alab44, Met645, Tyr647,

Glu693, Lys694, Glu695,

Gly696, Arg697, His698,

Leu699, Asp700, Met701,

Val702, Leu718, Asn720,

Asp745
Caspase-1 -8.4 623 41,65,7 24,24,24 Trp340, Arg341, His342,
Pro343,

Thr344, Met345, Gly346,

Ser347, Val348, Phe349,

11350, Gly351, Arg352,

Glu355, Ser276, Phe377,

Glu378, GIn379, Pro380,

Asp381, Gly382, Arg383,

Ala384, GIn385
GSDMD -6.5 963 30,-82,41 24,24,24  Ala53, Glu56, Ala57, Leu58,
Glu59, Glu68, Pro69, Leu70,
Asp71, Leu78, Ala82, Gly86,
Leu88, Val89, Pro90, Ala93,
11e94, Val97

1 A o Y, P “s »
“, ! 2 4% PR . G86
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Fig. 1. The docking pictures of scutellarin with NLRP3, caspase-1, and GSDMD: a) 3D
diagram of scutellarin-NLRP3; b) 3D diagram of scutellarin-caspase-1; ¢) 3D diagram of
scutellarin-GSDMD; d) amino acid residue of scutellarin-NLRP3; e) amino acid residue of

scutellarin-caspase-1; f) amino acid residue of scutellarin-GSDMD.

Effect of scutellarin on the activities of CK and LDH, and level of cTnl in LPS and
ATP-induced pyroptosis model cells

LDH is a widely recognized marker utilized for evaluating cellular activity and as an
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indicator of cardiomyocyte injury. CK is an important indicator of myocardial infarction. cTnl
is a biomarker of myocardial injury and a preferred blood test indicator for patients with AMI.
Therefore, these indicators can be regarded as important indicators of myocardial injury.
Compared with the control group, the CK and LDH activities, and the level of cTnl in the
model group were significantly increased (P<0.01). Compared with the model group, 25, 50,
100 umol/L scutellarin reduced CK and LDH activities, as well as the level of cTnl (P<0.05,
P<0.01) (Fig 2). These results indicated that scutellarin could significantly reduce myocardial

injury indexes.
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Fig. 2. Effect of scutellarin on CK and LDH activities, and the level of cTnl in LPS and
ATP-induced pyroptosis model cells: a) CK; b) cTnl, ¢) LDH. 25 group: 25 pmol L™*
scutellarin group, 50 group: 50 pumol L' scutellarin group, 100 group: 100 pmol L7
scutellarin group. Data are presented as mean + SD (n = 6). Compared with control group, “p

< 0.01; compared with model group, #p < 0.05, #p < 0.01.

Effect of different doses of scutellarin on the mRNA expressions of NLRP3, caspase-1, and
GSDMD in LPS and ATP-induced pyroptosis model cells

At present, LPS combined with ATP is a common method for pyroptosis models in vitro
(24). As a component of the outer wall of bacteria, LPS can activate immune cells through the
signal transduction system, release a variety of inflammatory mediators, and induce
inflammation (25). ATP is an energy storage substance and an important endogenous
signaling molecule for inflammation (26). LPS and ATP can activate the classical pyroptosis
pathway mediated by NLRP3 inflammasome (17). In this study, LPS and ATP increased
the mRNA expressions of NLRP3, caspase-1, and GSDMD in the model group as compared
to the control group (p < 0.01). Compared with the model group, 25, 50, and 100 pmol L™
scutellarin decreased the expression of these mRNA expressions (p < 0.05, p < 0.01) (Fig. 3).
Thus, the prevention of cardiomyocyte injury by scutellarin might be related to the inhibition
of the NLRP3/caspase-1/GSDMD signaling pathway.
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Fig. 3. Effect of different doses of scutellarin on the mMRNA expression of NLRP3, caspase-1,
and GSDMD in LPS and ATP-induced pyroptosis model cells: a) NLRP3 mRNA; b)
caspase-1 mMRNA; ¢) GSDMD mRNA. 25 group: 25 pmol L™ scutellarin group, 50 group: 50
umol L scutellarin group, 100 group: 100 pmol L scutellarin group. Data are presented as
mean + SD (n = 3). Compared with control group, “p < 0.01, Compared with model group, “p
< 0.05, #p < 0.01.

Effect of scutellarin on the key mRNA expression of the NLRP3/caspase-1/GSDMD signaling
pathway in LPS and ATP-induced pyroptosis model cells

Scutellarin slowed the heart rate, regulated myocardial contractility, reduced cardiac
preload and afterload, and increased myocardial oxygen supply, which has been widely used
in the clinical treatment of cardiovascular diseases (27). Scutellarin mediates
ischemia/reperfusion-induced cardiomyocyte apoptosis and cardiac dysfunction by regulating
the activation of the Bcl-2/Bax/Caspase-3 signaling pathway via the cGAS-STING signaling
pathway (28). Scutellarin could improve oxidative stress, inflammation, and reduce apoptosis
by modulating NRF2/KEAP/ARE, TLR4/MYD88/NF-kB, and apoptosis pathways to treat
and prevent myocardial injury complicated by type 2 diabetes mellitus (29). Scutellarin can
also inhibit NLRP3 overexpression, which is mainly reflected in decreasing p-p65/p65 ratio,
IkBa degradation, and levels of NLRP3, caspase-1, ASC, GSDMD-N, IL-1p, and IL-18,
which ameliorated pulmonary fibrosis through inhibiting NF-xB/NLRP3-mediated
epithelial-mesenchymal transition and inflammation (30). Scutellarin attenuated oleic
acid-induced vascular smooth muscle foam cell formation via the suppression of NLRP3
inflammasome activation (31). Scutellarin inhibited the activation of the NF-xB and MAPK
signaling pathways, as well as the activity of the NLRP3 inflammasome caused by TNF-a.
This could potentially aid in the treatment of intervertebral disc degeneration (32). Scutellarin
effectively improved LPS-induced inflammation-related depressive-like behaviors via the
regulation of the ROS/NLRP3 signaling pathway and microglia activation (33). Scutellarin
has a good myocardial protective effect, and it can also inhibit NLRP3 inflammasome

activation, which provides a theoretical basis for this study. In this paper, compared with the
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273 control group, MRNA expressions of NLRP3, caspase-1, GSDMD, IL-1B, and IL-18 in the
274  model group were increased (p < 0.01). Compared with the model group, scutellarin reversed

275  these mRNA expressions (p < 0.01) (Fig. 4).
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277  Fig. 4. Effect of scutellarin on the key mRNA expression of the NLRP3/caspase-1/GSDMD
278  signaling pathway in LPS and ATP-induced pyroptosis model cells: a) NLRP3; b) caspase-1;
279  c¢) GSDMD; d) IL-1B; e) 1L-18. Data are presented as mean + SD (n = 3). Compared with
280  control group, “p < 0.01; compared with model group, *p < 0.01.

281

282  Effect of scutellarin on the fluorescence expression of NLRP3 in LPS and ATP-induced
283  pyroptosis model cells

284 Compared with the control group, the fluorescence expression of NLRP3 in the model
285  group was significantly increased (p < 0.01). Compared with the model group, scutellarin

286  reversed the fluorescence expression of NLRP3 (p < 0.01) (Fig. 5).
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A Control Model Scutellarin
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0.2
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Fig. 5. Effect of scutellarin on the fluorescence expression of NLRP3 in LPS and
ATP-induced pyroptosis model cells: a) representative image of NLRP3 fluorescence
intensity (20 pm); b) quantitative analysis of NLRP3 fluorescence intensity. Data are
presented as mean = SD (n = 3). Compared with control group, “p < 0.01; compared with

model group, #p < 0.01.

Effect of scutellarin on the fluorescence expression of caspase-1 in LPS and ATP-induced
pyroptosis model cells

Compared with the control group, the fluorescence expression of caspase-1 in the model
group was significantly increased (p < 0.01). Compared with the model group, scutellarin

reversed the fluorescence expression of caspase-1 (p < 0.01) (Fig. 6).

A Control Model Scutellarin

Fig. 6. Effect of scutellarin on the fluorescence expression of caspase-1 in LPS and

2025
‘Z

£ 020
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© 0.00

ATP-induced pyroptosis model cells: a) representative image of caspase-1 fluorescence

intensity (20 pm); b) quantitative analysis of caspase-1 fluorescence intensity. Data are
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304  presented as mean + SD (n = 3). Compared with control group, “p < 0.01; compared with
305  model group, #p < 0.01.

306

307  Effect of scutellarin on the fluorescence expression of GSDMD in H9c2 cells

308 Compared with the control group, the fluorescence expression of GSDMD in the model
309  group was significantly increased (p < 0.01). Compared with the model group, scutellarin
310  reversed the fluorescence expression of GSDMD (p < 0.01) (Fig. 7).
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311
312 Fig. 7. Effect of scutellarin on the fluorescence expression of GSDMD in LPS and

313  ATP-induced pyroptosis model cells: a) representative image of caspase-1 fluorescence
314  intensity (20 um); b) quantitative analysis of GSDMD fluorescence intensity. Data are
315  presented as mean + SD (n = 3). Compared with control group, “p < 0.01; compared with
316  model group, #p < 0.01.
317
318  Effect of scutellarin on the protein expression of NLRP3 in LPS and ATP-induced pyroptosis
319  model cells
320 Protein expression of NLRP3 was significantly increased in the model group as
321 compared to the control group (p < 0.05). Compared with the model group, scutellarin
322 reversed the expression of NLRP3 (p < 0.05) (Fig. 8).
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323
324  Fig. 8. Effect of scutellarin on the protein expression of NLRP3 in LPS and ATP-induced
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pyroptosis model cells: a) protein bands of NLRP3 (118 kDa) and GAPDH (36 kDa); b)
NLRP3 protein expression. Data are presented as mean + SD (n = 3). Compared with control

group, “p < 0.05, Compared with model group, #p < 0.05.

CONCLUSIONS
Scutellarin can ameliorate myocardial cell damage by down-regulating the
NLRP3/caspase-1/GSDMD pathway, reducing the release of IL-1p and IL-18, and improving
the inflammatory damage of myocardial cells. In future experiments, we will investigate the
inhibition effect of scutellarin using NLRP3 gene overexpression, and fully explain the
mechanism of its myocardial protection.

Supporting material is available from the corresponding author upon request.
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