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Introduction

Myocardial ischemia-reperfusion is commonly obser-
ved in the clinic, which might cause oxidative stress and 
tissue damage in the heart (1, 2). Various hypoxia/reoxy-
genation (H/R) models have been established to mimic 
myocardial ischemia-reperfusion, among which rat car-
diomyoblast cell line H9C2 was widely adopted by resear-
chers to investigate H/R-induced injuries (3-5). Several 
studies focused on the mechanisms that regulated cell 
death of H/R treated H9C2 cells, including sonic hedge-
hog signaling and Akt/mTOR pathway (6, 7). 

Pyroptosis is a gasdermin D-mediated programmed 
necrotic cell death initiated by NACHT, LRR, and PYD 
domains-containing protein 3 (NLRP3) inflammasome 
(8, 9). The formation of NLRP3 inflammasome could be 
triggered by diverse stress conditions such as pathogen 
invasion and oxidative stress, resulting in the activation 
of caspase-1 which is capable of cleaving gasdermin D 
to promote pore formation on the cell membrane (8-10). 
The role of pyroptosis in cardiovascular diseases has been 
intensively studied in the past decade to find endogenous 
modulators and develop new therapies for the disease (11, 
12). Oxidative stress-induced NLRP3-caspase-1 axis acti-
vation might lead to cell pyroptosis thus causing myocar-

dial infarction (13, 14). 
Ghrelin, identified as the endogenous ligand for the 

growth hormone secretagogue receptor, was initially isola-
ted from the stomach of rats in 1999 (15). Ghrelin has been 
documented to exert its effects in various systems inclu-
ding the cardiovascular, gastrointestinal, and immune sys-
tems. In cardiovascular diseases, ghrelin inhibited ische-
mia-induced cardiac remodeling and arrhythmias (16, 17). 
Former researches have indicated that ghrelin can inhibit 
cardiac cell apoptosis in the context of cardiac remodeling 
following the induction of myocardial infarction through 
experimental means in rats. This inhibition is achieved 
through the activation of the Raf-MEK1/2-ERK1/2 pa-
thway (18). Additionally, ghrelin has been associated with 
the NLRP3 inflammasome pathway and pyroptosis, which 
inhibited the NLRP3 inflammasome pathway to alleviate 
neuroinflammation and disease progression (19). Moreo-
ver, Wang et al found that ghrelin could protect the heart 
against ischemia reperfusion-induced injury through inhi-
biting oxidative stress and inflammation, which might be 
associated with the NLRP3 pathway (20). However, the 
pyroptosis-connected mechanisms of ghrelin remained 
largely unclear in ischemia-reperfusion-induced myocar-
dial infarction.

Here, the study compared the differences in ghrelin 
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To study the influence of ghrelin on hypoxia/reoxygenation (H/R) induced H9C2 cell pyroptosis by regula-
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viated as H/R), Ghrelin overexpression group (Ghrelin), ghrelin overexpression and NLRP3 overexpression 
group (Ghrelin + NLRP3), NLRP3 overexpression group (NLRP3), NLRP3 negative control group (NLRP3-
NC). The experiments mentioned above were performed in each group. In comparison to control, H/R cells 
expressed significantly lower levels of ghrelin, but higher levels of NLRP3. Further, a noteworthy reduction 
in cell viability was evident within the H/R group, with much more cells in the G0/G1 phase and less in the S 
phase, and with elevated cell death rate and protein levels of NLRP3 and caspase-1 (P<0.05). Overexpression 
of ghrelin was capable of increasing cell viability, reducing G0/G1 cell number while increasing S phase cells. 
Ghrelin overexpression could suppress cell apoptosis and both NLRP3 and caspase-1 expressions. NLRP3 
overexpression could diminish the beneficial impacts of ghrelin on H/R-treated H9C2 cells. Ghrelin exhibited 
the capability to suppress H/R-induced H9C2 cell pyroptosis through inhibition of NLRP3.
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expression between hypoxia and hypoxia/reoxygenation 
in H9C2 cells and further demonstrated that ghrelin pos-
sessed the capability to suppress H/R-induced H9C2 cell 
pyroptosis via NLRP3-caspase-1 axis. This finding sug-
gested a potential protective effect of ghrelin in myocar-
dia, which might provide a new option to treat ischemia-
reperfusion-induced myocardial infarction.

Materials and Methods

Cell culture and grouping
We purchased the H9C2 cells from BeNa Culture Col-

lection (BNCC295075), Beijing, and cultured them in 
DMEM (Hyclone, South Logan, UT, USA) + 10% fetal 
bovine serum + 1% penicillin/streptomycin medium in 
37oC incubator containing 5% CO2. 

The H9C2 cells were categorized into three distinct 
groups based on varied treatment protocols: control group 
(Control): cells were not treated at all; hypoxia group (H): 
cells were treated with 5 h oxygen deprivation; H/R group 
(H/R): cells were treated with 5 h oxygen deprivation fol-
lowed with 1 h reoxygenation. The H/R cell model was 
established as mentioned previously: 5 h oxygen depriva-
tion (1% O2, 94% N2, 5% CO2) and 1 h reoxygenation (5% 
CO2) (21). 

Cell transfection
Cells were digested with 0.25% trypsin and subcultu-

red in 6-well plates. Cell transfections were conducted at 
cell confluency 30-50%. Ghrelin sequence and NLRP3 
sequence were constructed into pcDNA3.1, respectively. 
The target plasmids were transfected using the Lipofecta-
mine 2000 kit. The target plasmids were purchased from 
Genechem (Shanghai Genechem Co., Ltd, Shanghai, 
China). Cells were transfected for 72 h to continue the 
study. 

Cell groups
We divided the H9C2 cells into several groups: (1) 

control group (Control): cells were cultured as normal; (2) 
H/R group (H/R): cells were not transfected, but treated 
with 5 h oxygen deprivation followed with 1 h reoxyge-
nation; (3) Ghrelin overexpression negative control group 
(NC): cells underwent transfection with 4 μg pcDNA-
empty plasmid for 72 h before H/R, (4) Ghrelin overex-
pression group (Ghrelin): cells underwent transfection 
with 4 μg pcDNA-ghrelin plasmid (5’-TGCTCTAGAA-
TGCCCTCCCCAGGGACCGTCT-3’) for 72 h before 
H/R (22). 

To further investigate the role of NLRP3 in the process, 
cells were grouped as below: (1) control group (Control), 
(2) H/R group (H/R), (3) Ghrelin overexpression group 
(Ghrelin), (4) Ghrelin overexpression with NLRP3 ove-
rexpression group (Ghrelin+NLRP3): cells were transfec-
ted with pcDNA-ghrelin plasmids and pc-NLRP3 plas-
mids for 72 h before H/R (23), (5) NLRP3 overexpression 
group (NLRP3): cells were transfected with 4 μg pcDNA-
NLRP3 plasmids for 72 h before H/R, (6) NLRP3 negative 
control group (NLRP3-NC), cells were transfected with 4 
μg pcDNA-empty plasmid for 72 h before H/R.

RT-PCR
Cells of each group were collected and the total RNA 

of each group was extracted with TRIzol kit (15596-018, 

Life Technology, Gaithersburg, MD, USA) according to 
the instructor after establishing the H/R cell model. The 
concentration of RNA extracted was determined and then 
RNA was subjected to reverse transcription using a reverse 
transcription kit (Qiagen, Duesseldorf, Germany). Master-
cycler nexus (Light Cycler96, Roche, Basel, Switzerland) 
was adopted for qRT-PCR to obtain the cycle number of 
each sample at the threshold. The qRT-PCR program was 
set as: The initial denaturation was carried out at 94°C for 
3 minutes; denaturation was conducted at 94oC for 30 s, 
primer annealing at 60oC for 30 s, elongation at 72oC for 
20 s, cycled for 40 times. RNA quantification was achieved 
by the 2-ΔΔCT method. Primer sequences were listed below: 
Ghrelin, Forward: 5′-GGTGTCTTCAGCGACTATC-
TGC-3′; Reverse: 5′-TCCTCCTCTGCCTCTTCTGC-3′; 
NLRP3, Forward: 5′-TCTGTTCATTGGCTGCGGA-3′, 
Reverse: 5′-GCCTTTTTCGAACTTGCCGT-3′; β-actin, 
Forward: 5′-GTCACCAACTGGGACGATA-3′, Reverse: 
5′-GGGGTGTTGAAGGTCTCAAA-3′.

Western blot
Cellular samples were gathered from every group and 

subjected to lysis using radioimmunoprecipitation assay 
(RIPA) lysis buffer (M052447, Mreda, Beijing, China) to 
extract the total protein. The concentration of extracted 
protein samples was determined using the Bradford Pro-
tein Assay Kit (G3522, GBCBIO, Guangzhou, China). 40 
μg protein of each sample was segregated using 10% so-
dium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and subsequently, the proteins were trans-
ferred onto a polyvinylidene fluoride (PVDF) membrane. 
Afterward, the membrane was obstructed using phosphate 
buffered saline-tween (PBST) solution supplemented 
with 5% skim milk at room temperature for a duration of 
2 hours. Then rabbit anti-rat Ghrelin (1:1000, orb11180, 
Biorbyt, Cambridge, UK), NLRP3 (1:1000, ET1610-
93, HUABIO, Woburn, MA, USA), Caspase-1 (1:1000, 
ET1608-69, HUABIO, Woburn, MA, USA), and β-actin 
(1:1000, ET1702, HUABIO, Woburn, MA, USA) were 
added respectively and incubated at 4oC overnight. The 
membrane underwent three rounds of washing with TBST 
for 10 minutes each, followed by incubation with HRP-
labeled goat anti-rabbit IgG (1:1000, A120-101P, Bethyl, 
Taibei, Taiwan, China) at room temperature for 2 h. Then 
the membrane was washed with TBST for 3 times, 5 min 
each time. A freshly prepared solution of enhanced che-
miluminescence (A:B = 1:1) was applied to the side of 
the membrane containing the proteins. Subsequently, the 
membrane was exposed within a dark room. The duration 
of exposure was adapted in accordance with the luminous 
intensity to enable the development and fixation of the 
films. The results were analyzed with the Image J software 
processing system. 

MTT
Cell samples from each group were seeded into a 96-

well plate, 2×103 cells per well, and cultured for 24 h. 
Then 10 μl (5 mg/mL) MTT (21795, Cayman) was added 
into each well and cultured the cells for another 4 h. The 
media of each well was carefully aspirated, and 150 μl di-
methyl sulfoxide (DMSO) was introduced. The plate was 
vortexed for 10 min. The absorption (A) of each well at 
490 nm wave length was determined to calculate the cell 
survival rate of each group. Cell viability (%) =(Aexperiment-
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Results

The expression pattern of ghrelin in each group
As shown in Figure 1A, cells in the H and H/R group 

expressed significantly fewer ghrelin mRNA than control 
(P<0.05). The mRNA levels of ghrelin were found to be 
even lower in the cells of the H/R groups as compared to 
those in the H group (P<0.01). As shown in Figure 1B, 
western blot results revealed that when compared with 
control, the protein level of ghrelin exhibited a noteworthy 
reduction (P<0.05), which was further decreased in H/R 
group (P<0.01). The protein level of NLRP3 showed a 
contrary trend compared with the ghrelin expression. In 
contrast to the control group, there was a distinct elevation 
in the expression of NLRP3 observed in both the H and 
H/R groups (P<0.01).

The role of ghrelin in the cell viability, cell cycle, and 
cell apoptosis of H/R treated H9C2 cells

As revealed by RT-PCR and western blot results dis-
played in Figure 2A and Figure 2B, respectively, in com-
parison to the H/R group, cells in ghrelin group expressed 
significantly higher amounts of ghrelin in both transcrip-
tional and translational levels (P<0.01). As the results of 
the MTT assay (Figure 2C) and flow cytometry (Figure 
3A, 3B) , in comparison to the control, cells in the H/R 
group had lower cell viability, a larger proportion of cells in 
the G0/G1 phase, and higher apoptosis rate (P<0.01). Cells 
overexpressing ghrelin exhibited significantly higher cell 
viability, increased S phase, and less apoptosis (P<0.05).

The influence of ghrelin on both NLRP3 and caspase-1 
expressions in H/R H9C2 cells

As shown in Figure 4A, positive signals of both NLRP3 
and caspase-1 are located in the cytosol. The protein quan-
tities of NLRP3 and caspase-1 were markedly elevated 
in cells subjected to H/R treatment, in comparison to the 
control (P<0.01), while overexpression of ghrelin was 
capable of reducing NLRP3 and caspase-1 expression 
induced by H/R (P<0.01). Besides the results of immuno-
fluorescence (Figure 4A), the protein expression patterns 
of NLRP3 and caspase-1 were also validated by western 

Ablank)/(Acontrol-Ablank) × 100. 

Flow cytometry
To analyze the cell cycle, cells were cultured for a du-

ration of 24 hours subsequent to the treatment, and then 
collected, washed with ice-cold germ-free PBS twice, and 
pelleted down by centrifugation at 1000 rpm for 6 min. 
Then -20oC pre-cooled 70% ethanol was added and the 
cells were fixed at 4oC for 12 h. Cells were centrifuged at 
1500 rpm for 5min, washed with 1×PBS, and resuspended 
in 400 μl propidum iodide (PI)/RNase staining buffer (BD 
Pharmingen, San Diego, CA, USA). Cells were applied 
to flow cytometer after being stained at 4oC in dark for 
30 min. For detection of cell apoptosis, cells were cultu-
red for 24 h after treatment, collected, and washed with 
ice-cold germ-free PBS twice. A total amount of 1×106 
cells of each sample were pelleted down and resuspended 
with 250 μl 1× binding buffer. Then 5 μl FITC labelled 
Annexin-V was added into 195 μl cell suspension, mixed 
gently, and let stand for 3 min. Then 10 μl 20 μlg/ml PI 
was added and mixed with each sample, and then incuba-
ted at room temperature in a dark environment for a span 
of 10 minutes. Finally, 400 μl 1× binding buffer was added 
and mixed gently with the suspension, and the suspension 
was applied to flow cytometer (Gallios, Beckman Counl-
ter. Inc, Brea, CA, USA). 

Immunofluorescence
Coverslips were placed in 6-well plate in advance of 

transfection. After the H/R model has been established, 
cell-crewed coverslips were washed with PBS for 3 times, 
5min each. The cells were fixed using a solution of 4% 
paraformaldehyde, followed by three subsequent washes 
with PBS. Extra PBS was blotted with blotting paper. The 
slides were blocked with goat serum at room temperature 
for 30 min. Then rabbit anti rat NLRP3 (1:200, ET-1610-
93, HUABIO, Woburn, MA, USA), Caspase-1 (1:200, 
orb318090, Biorbyt, Cambridge, UK), p-AMPK (1:800, 
orb167533, Biorbyt, Cambridge, UK), AMPK (1:800, 
orb14583, Biorbyt, Cambridge, UK), p-MTOR (1:1000, 
orb501321, Biorbyt, Cambridge, UK), mTOR (1:1000, 
orb333935, Biorbyt, Cambridge, UK), β-actin (1:500, 
orb181785, Biorbyt, Cambridge, UK) polyclonal antibo-
dies were added respectively, and incubated at 4oC over-
night and at room temperature for another 60 min. The 
slides underwent four rounds of washing with PBS, after 
which they were were exposed to incubation with FITC-
labeled goat anti-rabbit IgG (1:500, SGml102, Mlbio) 
in the dark for 1h. Then the slides were underwent three 
washes with PBS, 5min each, and counterstained with 
DAPI. Slides were sealed after adding antifade mounting 
medium, and then observed under fluorescent microscope 
(BK6000, Chongqing, China). 

Statistical analysis
Statistic Package for Social Science (SPSS) 17.0 statis-

tical analysis software (SPSS Inc., Chicago, IL, USA) was 
adopted for data processing. All experiments were repea-
ted 3 times. The outcomes were shown in graphical format 
of X̅±SD. One-way analysis of variance (ANOVA) was 
employed to analyze data among multi groups. Dunnett 
test was used for subsequent analysis, statistical signifi-
cance was indicated with P<0.05.

Figure 1. The transcription and translation levels of ghrelin in each 
group. (A) mRNA expression of ghrelin determined by RT-PCR; 
(B) Protein level of ghrelin and NLRP3 determined by Western blot. 
Compared with control group, *P<0.05, **P<0.01; compared with the 
H group, @P<0.05. The figure was created by the GraphPad Prism 
(version 6.01, GraphPad Software, LLC.) and Adobe Photoshop CS 
(version 5, Adobe, USA) software.
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blot (Figure 4B), and the results were similar to the immu-
nofluorescence experiments.

Effects of ghrelin and NLRP3 on cell viability, cell cycle, 
and apoptotic processes within H/R-treated H9C2 cells

Cells subjected to H/R treatment displayed notably ele-
vated NLRP3 expression in comparison to control cells, 
as evidenced by both RT-PCR and Western blot analyses 

(Figure 5A, B, P<0.05). And the increase of NLRP3 
could be diminished by overexpressing ghrelin (P<0.05). 
In comparison to the ghrelin group, cells in the ghrelin 
+NLRP3 group had remarkably lower levels of NLRP3 
mRNA (P<0.05). As shown in 5C, Figure 6A and Figure 
6B, ghrelin group cells had higher cell viability, decreased 
G0/G1 phase cell number, increased S phase cell number, 
and significantly reduced apoptosis (P<0.05) in compari-
son to the NLRP3 group. In contrast to the ghrelin group, 

Figure 2. Effects of ghrelin on the cell viability of H/R treated H9C2 
cells. A. mRNA expression of ghrelin determined by RT-PCR; B. 
Protein level of ghrelin determined by western blot; C. Cell viabi-
lity detected by MTT assay. Compared with control group, *P<0.05, 
**P<0.01; compared with H/R group, #P<0.05, ##P<0.01; Compared 
with NC group, &P<0.05, &&P<0.01. The figure was created by the 
GraphPad Prism (version 6.01, GraphPad Software, LLC.) and Adobe 
Photoshop CS (version 5, Adobe, USA) software.

Figure 3. Effects of ghrelin on the cell cycle, and cell apoptosis A. 
Cell cycle detected by flow cytometry; B. Apoptosis detected by flow 
cytometry. Compared with control group, *P<0.05, **P<0.01; com-
pared with H/R group, #P<0.05, ##P<0.01; Compared with NC group, 
&P<0.05, &&P<0.01. The figure was created by the GraphPad Prism 
(version 6.01, GraphPad Software, LLC.) and Adobe Photoshop CS 
(version 5, Adobe, USA) software.

Figure 4. The influence of ghrelin on the expression of NLRP3 and 
caspase-1 in H/R H9C2 cells. A. The expression pattern of NLRP3 
and caspase-1 was revealed by immunofluorescence at magnification 
of x400; B. The protein level of NLRP3 and caspase-1 was determi-
ned by western blot. Compared with control group, **P<0.01; com-
pared with H/R group, #P<0.05, ##P<0.01; Compared with NC group, 
&P<0.05, &&P<0.01. The figure was created by the GraphPad Prism 
(version 6.01, GraphPad Software, LLC.) and Adobe Photoshop CS 
(version 5, Adobe, USA) software.

Figure 5. Effects of ghrelin together with NLRP3 on the cell viability 
of H/R treated H9C2 cells. A. NLRP3 mRNA expression determined 
by RT-PCR; B. Protein level of ghrelin in cells determined by wes-
tern blot; C. Cell viability detected by MTT; Compared with control 
group, *P<0.05, **P<0.01; compared with H/R group, #P<0.05, 
##P<0.01; compared with Ghrelin group, %P<0.05, %%P<0.01; compa-
red with NLRP3 group, ^P<0.05, ^^P<0.01. The figure was created by 
the GraphPad Prism (version 6.01, GraphPad Software, LLC.) and 
Adobe Photoshop CS (version 5, Adobe, USA) software.
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cells in the ghrelin +NLRP3 group exhibited lower via-
bility, higher G0/G1 phase versus S phase cell ratio, and 
larger proportion of apoptosis (P<0.05).

The influence of ghrelin together with NLRP3 on both 
NLRP3 and Caspase-1 expressions in H/R treated 
H9C2 cells

As depicted in Figure 7A, the expression patterns of 
NLRP3 and caspase-1 were analyzed by immunofluores-
cence. Compared with the H/R group, protein levels of 
NLRP3 and caspase-1 in ghrelin group cells exhibited a 
notable decrease (P<0.01). In addition, the NLRP3 and 
caspase-1 expression was increased in comparison to the 
H/R group (P<0.01). However, the protein quantities of 
NLRP3 and caspase-1 within the Ghrelin +NLRP3 group 
were markedly elevated in comparison to the ghrelin-only 
group (P<0.01). Similar findings were acquired through 

Western blot, as illustrated in Figure 7B.

The influence of ghrelin together with NLRP3 on the 
AMPK/mTOR Expression within H/R treated H9C2 
cells

Western blot analysis was utilized to measure the ex-
pression levels of p-AMPK/AMPK and p-mTOR/mTOR 
within each respective group (Figure 8). Following H/R 
treatment, a notable increase in the phosphorylation of 
AMPK and mTOR was observed. However, this elevation 
in phosphorylation was mitigated by the overexpression 
of ghrelin (P<0.01). We also found that overexpression 
of NLRP3 notably increased the expression of p-AMPK/
AMPK, p-mTOR/mTOR compared to the H/R group 
(P<0.01), and overexpression of NLRP3 concealed the 
roles of ghrelin.

Discussion

According to previous studies (24, 25), the H/R model 
was successfully established in H9C2 cells to investigate 
whether ghrelin is involved in H/R-induced pyroptosis. 
Ghrelin, a ligand for the growth hormone secretagogue 

Figure 6. Effects of ghrelin together with NLRP3 on the cell cycle, 
and apoptosis of H/R treated H9C2 cells. A. Cell cycle detected by 
flow cytometry; B. Apoptosis investigated by flow cytometry. Com-
pared with control group, *P<0.05, **P<0.01; compared with H/R 
group, #P<0.05, ##P<0.01; compared with Ghrelin group, %P<0.05, 
%%P<0.01; compared with NLRP3 group, ^P<0.05, ^^P<0.01. The 
figure was created by the GraphPad Prism (version 6.01, GraphPad 
Software, LLC.) and Adobe Photoshop CS (version 5, Adobe, USA) 
software.

Figure 7. The influence of ghrelin together with NLRP3 on the ex-
pression of NLRP3 and caspase-1 in H/R treated H9C2 cells. A. Ex-
pression of NLRP3 and caspase-1 revealed by immunofluorescence 
at magnification of x400; B. Protein level of caspase-1 determined 
by western blot. Compared with control group, **P<0.01; compared 
with H/R group, ##P<0.01; compared with Ghrelin group, %%P<0.01; 
compared with NLRP3 group, ̂ P<0.05, ̂ ^P<0.01. The figure was crea-
ted by the GraphPad Prism (version 6.01, GraphPad Software, LLC.) 
and Adobe Photoshop CS (version 5, Adobe, USA) software.
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receptor, is produced within the submucosal layer of the 
stomach and subsequently released into the bloodstream. 
Ghrelin has been proven to be involved in cardiovascular 
diseases, including chronic heart failure, and myocardial 
infarction (15). In animal models, ghrelin administration 
promoted remodeling post-myocardial infarction, reduced 
the occurrence of fatal arrhythmias and prevented cardiac 
cell apoptosis (16-18). The related mechanisms included 
Raf-MEK1/2-ERK1/2 pathway (18), JAK2/STAT3 pa-
thway (26) and Nrf2-NADPH-ROS pathway (27), etc. No-
netheless, the precise mechanisms through which ghrelin 
exerts its influences on the cardiovascular system remain 
incompletely understood.

Pyroptosis has been participated in the apoptosis of car-
diomyocytes (28-30). Pyroptosis is a form of inflammato-
ry-mediated cell death, which holds significant relevance 
in various pathological processes. In cells, the formation 
of NLRP3 inflammation could lead to pyroptosis. The 
NLRP3 inflammation, belonging to the inflammasome 
family, induces the NOD-like receptor NLRP3, the adap-
tor ASC and the effector enzyme caspase-1 (11). Activated 
caspase-1 triggers downstream expression of proinflam-
matory cytokines from pyroptotic dead cells. The rela-
tionship between ghrelin and NLRP3 inflammasome has 
been already revealed in multiple diseases, including renal 
fibrosis (31), brain injury (32), acute lung injury (33), and 
myocardial ischemia/reperfusion injury (20). According 
to previous reports, we obtained that ghrelin could inhibit 
the NLRP3 pathway to alleviate multiple disease-induced 
injury.

In our study, the relationship between ghrelin and 
NLRP3 in H/R-induced H9C2 cells was investigated. It 

was found that overexpression of ghrelin was capable of 
reducing the levels of NLRP3 and caspase-1, increasing 
the cell viability and reducing the cells apoptosis. Further-
more, the protective effects of ghrelin were covered by 
overexpressing NLRP3. These results indicated a negative 
correlation between ghrelin and NLRP3 in H/R-induced 
H9C2 cells. However, the above results were only confir-
med in vitro, more in vivo experiments are needed to carry 
out.

In existing reports, ghrelin conferred protection to 
H9C2 cells against H/R induced cell death via PI3K/AKT 
and AMPK pathway (34, 35). NLRP3 activation could 
induce numerous inflammatory pathways, including NF-
κB, AMPK/mTOR, PI3K/Akt (28-30). In our study, we 
also found that ghrelin suppressed the phosphorylation of 
AMPK and mTOR in H/R-treated H9C2 cells, which was 
consistent with previous studies. Furthermore, we found 
that overexpression of NLRP3 masked the effects of ghre-
lin on the AMPK/mTOR pathway, suggesting that ghrelin 
inhibited the AMPK/mTOR pathway through suppressing 
the NLRP3 activation. 

In conclusion, ghrelin could exert protective effects 
on H/R-treated H9C2 cells by suppressing pyroptosis via 
NLRP3. This finding might be helpful to find new target 
and develop new therapies of ischemia-reperfusion-in-
duced myocardial infarction. 
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