
OR I G I N A L R E S E A R C H

AdipoRon Alleviates Free Fatty Acid-Induced

Myocardial Cell Injury Via Suppressing Nlrp3

Inflammasome Activation
This article was published in the following Dove Press journal:

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

You-Zhi Zhang1

Yu-Lin Zhang1

Qi Huang1

Cong Huang1

Zhi-Long Jiang1

Fei Cai1

Jian-Fen Shen2

1School of Pharmacy, Hubei University of

Science and Technology, Xianning, Hubei

437100, People’s Republic of China;
2Department of Central Laboratory, The

First Affiliated Hospital of Jiaxing

University, Jiaxing, Zhejiang 314001,

People’s Republic of China

Background: Hypoadiponectinemia is a high risk factor for type 2 diabetes and cardiovas-

cular disease. Although adiponectin is a protective molecule in cardiovascular diseases, it is

hampered due to short plasma half-life and high cost of production. This study aimed to

investigate whether AdipoRon, a small-molecule adiponectin receptor agonist, alleviated

saturated free fatty acids such as palmitic acid (PA)-induced cardiomyocyte injury by

suppressing Nlrp3 inflammasome activation.

Methods: Cell viability was used with MTT assay. Cell apoptosis and mitochondria

membrane potential were detected by flow cytometry. We also detected the ROS production

and colocolization of inflammasome protein with fluorescence and immunofluorescence

microscopic analysis, respectively. Then, IL-1β was detected by Elisa assay and other protein

expression was analyzed by Western blot.

Results: Our observations demonstrated PA dose-dependently promoted the cell injury, and

such high lipotoxicity induced impairment of cardiomyocytes was significantly attenuated by

AdipoRon treatment. Moreover, PA markedly activated the first phase of Nlrp3 inflamma-

some (NF-ƙb) signaling. Notably, the stimulation of PA enhanced ROS production as

regulators of Nlrp3 inflammasome activation. In addition, treatment with PA increased the

Nlrp3 inflammasome protein expression and complex formation, while AdipoRon abolished

it. Lastly, the suppressive effect of AdipoRon to PA-induced cell injury and Nlrp3 inflam-

masome activation was significantly reversed by Nlrp3 siRNA and pan-caspase inhibitor (z-

vad-fmk).

Conclusion: Taken together, these data suggested that AdipoRon suppressed PA-induced

myocardial cell injury by suppressing Nlrp3 inflammasome activation. Thus, AdipoRon

might possess potent protective effect in lipotoxicity injury such as obesity leading to cardiac

disease.
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Introduction
Obesity is a vital risk factor for increasing the rate of cardiovascular disease,

type 2 diabetes and neuronal damage.1 Lipotoxicity is a well-established factor

in the development of heart failure in obesity.2 Excess lipid leads to production

of the metabolites, ceramides and diacylglycerols (DAGs).3 It is well known that

ceramide is a potent cell death inducer that initiates the intrinsic pathway of

apoptosis, resulting in activation of caspase-3.4 Palmitic acid (PA), results in

production of ceramides, and induces cardiomyocyte apoptosis via regulating

autophagy.5
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It has been known that the nucleotide oligomerization

domain (Nod)-like receptor family pyrin domain containing

3(Nlrp3) inflammasome includes three main components

Nlrp3 as a pattern recognition receptor, apoptotic speck-con-

taining protein with a CARD (ASC) and inactive pro-cas-

pase-1 protein. Once stimulated, pro-caspase-1 is cleaved

into active caspase-1, resulting in IL-1β and IL-18 secretion

and producingan inflammatory response.6 PA and its meta-

bolite, ceramide activated theNlrp3 inflammasome in obesity

and type 2 diabetes.7,8 In vascular endothelium, hypercholes-

terolemia may initiate or exacerbate vascular injury by the

activation of endothelial Nlrp3 inflammation.9–11 Moreover,

in cardiomyocytes, PA activated Nlrp3 inflammasome.12

Therefore, PA induced cell apoptosis and activated the

Nlrp3 inflammasome in cardiomyocytes.

Adiponectin is a cytokine secreted by adipocytes. Current

studies mostly support that adiponectin is a potently protec-

tive cardiovascular molecule, and hypoadiponectinemia is

risk factor for type 2 diabetes,13 leading to mortality from

cardiometabolic disease.14 Although exogenous adiponectin

supplementation markedly protects the heart from ischemia/

reperfusion injury in amousemodel,15–17 clinical adiponectin

application is hampered due to short plasma half-life and high

cost of production. A small- molecule adiponectin receptor

agonist, AdipoRon, was recently discovered as a protective

agent against type 2 diabetes in mice.18 This synthetic mole-

cule is oral, and activates both adipoR1 and adipoR2, attenu-

ates insulin resistance and prolongs the lifespan of db/db

mice. Furthermore, AdipoRon attenuated post-ischemic

myocardial apoptosis in adiponectin-deficient mice. In an in

vivo study, the protective effects of AdipoRon on post-

ischemic myocardial cell apoptosis were partly due to activa-

tion of AMP-activated protein kinase (AMPK).19,20

AdipoRon also affected apoptosis via inhibiting plate-derived

growth factor (PDGF)–induced vascular smooth muscle cell

(VSMC) proliferation or prevented the cardiac hypertrophy

via activation of AMPK.21 In diabetic nephropathy,

AdipoRon decreased ceramides and lipotoxicity.22

AdipoRon promoted intrinsic ceramidase activity that

decreased ceramide production and enhanced sphingosine-1

phosphate (S1P) production.23 Although AdipoRon has a

protective effect against cardiac injury, VSMC proliferation

and diabetic nephropathy via different signaling pathways, no

studies indicate whether AdipoRon can alleviate PA-induced

myocardial cell injury via suppressing Nlrp3 inflammasome.

Given AdipoRon alleviating the ceramides of PA meta-

bolites and ceramides activating the Nlrp3 inflammasome,

the present study hypothesized that AdipoRon would

alleviate PA-induced cardiomyocyte injury and activation

of the Nlrp3 inflammasome, and that the effect of

AdipoRon would be associated with activation of the Nlrp3

inflammasome promoting PA-induced cell injury. To test this

hypothesis, we first tested whether PA treatment stimulated

cell lipotoxicity and Nlrp3 inflammasome activation in H9c2

cells. Then, we examined whether AdipoRon had a protec-

tive effect. Lastly, we identified whether the alleviation of

cell lipotoxicity by AdipoRon was due to its action inhibiting

the Nlrp3 inflammasome activation. It is suggested that

AdipoRon alleviated myocardial cell lipotoxicity and the

activation of the Nlrp3 inflammasome. Moreover, activation

of the Nlrp3 inflammasome in H9c2 cells may instigate the

cell lipotoxicity, promoting cell apoptosis and ROS

generation.

Materials And Methods
Cell Culture, siRNA Transfection And

Chemicals
The H9c2 rat myocardial cell line was purchased from

Wuhan Hualianke Co., Ltd. (Hubei, China). H9c2 cells

were cultured in Dulbecco’s modified Eagle’s medium

(DMEM) (Gibco, USA) containing 10% of fetal bovine

serum (Gibco, USA) and 1% penicillin–streptomycin

(Gibco, USA). The cells were cultured in a humidified incu-

bator at 37 °C with 5% CO2 and 95% air. Cells were

passaged by trypsinization (Trypsin/EDTA; Sigma, USA),

followed by dilution in DMEM medium containing 10%

fetal bovine serum. Nlrp3 siRNA was synthesized from

Guangzhou RiboBio Co., Ltd. (GCTTCAGCCACATGA

CTTT, siG12910142813). AdipoRon was purchased from

Med Chem Express (Cat. No. HY-15848).

Analysis Of Cell Apoptosis By Flow

Cytometry
H9c2 cell apoptosis was performed with an Annexin

V-FITC Apoptosis Detection kit (Cat. 11684795910,

Roche, Germany) according to the manufacturer’s proto-

col. Briefly, the cells were trypsinized and then harvested

by centrifugation at 200 × g at 4°C for 15 min. The cells

were suspended in a staining buffer containing

anti-Annexin V-FITC antibody and propidium iodide (PI)

at room temperature for 15 min. The stained samples were

then analyzed using flow cytometry (BD LSRFortessa,

USA), and the percentage of apoptotic cells was deter-

mined by the Annexin V/PI ratio. The Annexin V staining
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intensity was set as the horizontal axis, and the PI staining

intensity was set as the vertical axis.

Analysis Of Mitochondria Membrane

Potential By Flow Cytometry
H9c2 cell mitochondria membrane potential was measured

with a JC-1 detection kit (C2005, Beyotime, China) using

flow cytometry according to the manufacturer’s protocol.

Briefly, the H9c2 cells were trypsinzed and then harvested

by centrifugation at 12,000 × g at 4°C for 15 min. The cells

were suspended in a binding buffer of JC-1 at room tempera-

ture in the dark for 15 min. The stained samples were then

analyzed by flow cytometry (BD LSR Fortessa, USA). JC-1

exhibits potential-dependent accumulation in mitochondria

and a decrease in the red/green fluorescence intensity ratio.

The mitochondria membrane potential (MMP) was reflected

by the JC-1 green fluorescence/red fluorescence ratio (Q4).

JC-1 green fluorescence was set as the horizontal axis, and

JC-1 red fluorescence was the vertical axis.

ROS Detection
Reactive oxygen species (ROS) in the H9c2 myocardial cells

were visualized using 2′,7′-dichlorodihydrofluorescein diace-

tate (DCFH-DA) according to the manufacturer’s protocol.

Briefly, the H9c2 myocardial cells were washed with PBS

three times and incubated with DCFH-DA (20 µM) in 2%

serum DMEM medium for 30 min at 37°C in the dark. The

cellswere thenwashed in PBS and imageswere captured using

a fluorescence microscope (BX61; Olympus Corporation,

Tokyo, Japan) with an excitation wavelength of 485 nm and

emissionwavelength of 525 nm. Themean fluorescence inten-

sity (MFI) was calculated using ImageJ software.

Immunofluorescence Microscopic

Analysis For Colocalization
Cells were grown on eight-well chamber slides and then

treated as indicated group and then fixed in 4% paraformal-

dehyde for 15 min. The cells were washed in PBS and

incubated overnight at 4°C with incubated using goat anti-

Nlrp3 (1:100, Abcam), rabbit anti-ASC (1:50, Santa Cruz

Biotech), or mouse anti-caspase-1(1:50, Santa Cruz

Biotech) antibodies. Double immunofluorescence staining

was performed by incubating slides with Dylight 488- or

Dylight 549- labeled secondary antibody (1:800, Invitrogen)

for another 1 h at room temperature. The slides were

visualized through a confocal laser scan microscope (FV

500; Olympus Corporation, Tokyo, Japan). Colocalization

in cells was analyzed by Image Pro Plus software, and the

colocalization coefficient was represented by Pearson’s cor-

relation coefficient (PCC).

Western Blot Analysis
Western blot analysis was performed. In brief, proteins from

the H9c2 cells were extracted using sucrose buffer (20 mM

HEPES, 1 mM EDTA, 255 mM sucrose, cocktail o protease

inhibitors (Roche), pH 7.4). After boiling for 5min at 95 °C in

a 2× loading buffer, 30μg of total protein was separated by a
10% or 15% sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE). The proteins of these samples

were then electrophoretically transferred at 100V for 1 h onto

a PVDF membrane (Bio-Rad, USA). The membrane was

blocked with 5% nonfat milk in Tris-buffered Saline-Tween

20. After washing, the membrane was probed with 1:1000

dilution of primary mouse or rabbit antibodies against Nlrp3

(cst15101s, Cell Signaling Technology), caspase-1

(sc-56036, Santa Cruz Biotechnology), ASC (sc-271054,

Santa Cruz Biotechnology), or GAPDH (60004-1-Ig,

Proteintech Group) overnight at 4 °C followed by incubation

with second-antibody (Abcam 6721, goat-rabbit; Abcam

6789, goat-mouse;). The immuno-reactive bands were

detected by a Syngene instrument (Syngene, USA).

Densitometry analysis of the images was performed using

the GeneTools from Syngene Software.

Elisa Detection
After indicated treatments, levels of IL-1β in cell super-

natant were measured by Elisa assay according to the

manufacturer’s instruction. The experiments were per-

formed at 3 times.

Statistical Analysis
Data are presented as the mean ± standard deviation (SD).

Significant differences between and within multiple groups

were examined using one-way ANOVA followed by

Bonfferroni’s multiple-range test. The statistical analysis

was performed with GraphPad Prism software. P<0.05

was considered statistically significant.

Results
AdipoRon Suppressed The PA-Induced

Cytotoxicity In H9c2 Myocardial Cells In

A Dose-Dependent Manner
Our initial studies evaluated cell viability in H9c2 myo-

cardial cells with the MTT assay. We found that cell
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viability with the AdipoRon treatment did not decrease at

5, 10 and 20μM, while treatment with 50μM or more, and

especially 100μM, resulted in a significant reduction

(Figure 1A) compared to the control group. Therefore,

20μM AdipoRon was used as the experimental concentra-

tion. PA decreased cell viability dose-dependently, and due

to the 50% cell viability, 100μM PA was selected as the

optimal concentration for the subsequent experiments to

explore this effect (Figure 1B). Next, we analyzed the

effect of AdipoRon on PA-induced cell viability with the

MTT assay and measured lactic acid dehydrogenase activ-

ity (LDH) by LDH assay. The results demonstrated that

AdipoRon increased the cell viability and decreased the

release of LDH from PA-induced cell death (Figure 1C

and D). Finally, cell morphology was examined using a

phase-contrast microscope with treatment of PA in the

absence or presence of AdipoRon (Figure 1E). To test

the effect of AdipoRon on the PA-induced cell apoptosis

in H9c2 cells, the detection by flow cytometry was used.

As shown in Figure 2A and B, PA treatment increased cell

apoptosis (shown by third quadrant, Q4), while AdipoRon

treatment decreased PA-induced cell apoptosis. We also

detected the p-akt/akt protein expression, and similar

results was found in Supplementary Figure 1. The data

indicated AdipoRon alleviated PA-induced cell injury.

AdipoRon Reduced PA-Induced

Mitochondria Membrane Potential And

The Production Of ROS In H9c2

Myocardial Cells
The loss of mitochondrial membrane potential (△Ψm) is a

hallmark of apoptosis. As shown in Figure 3A, PA

decreased cell △Ψm by inducing a shift from red fluores-

cence (Q2) to green fluorescence (Q4), which AdipoRon

abolished. Release of ROS was partly generated in the

mitochondria and the cytosol as a potential factor related

to PA-induced myocardial cell injury. The ROS production

was measured using DCFH-DA as a probe for the pre-

sence of hydroxyl radicals. As shown in Figure 3B, PA

induced ROS production compared with the control group.

Furthermore, pretreatment of H9c2 cells with 20 μM

AdipoRon for 30min before exposure to 100 μM of PA

significantly decreased the ROS generation compared with

the PA group. These data demonstrated that AdipoRon had

a protective effect on PA-induced membrane potential

decrease and ROS elevation.

AdipoRon Alleviated The Expression And

Formation Of The Nlrp3 Inflammasome

In H9c2 Cells Stimulated By PA
To explore the potential mechanisms mediating the effects

of AdipoRon in H9c2 cells, we first examined the

effects of PA on Nlrp3 inflammasome expression. The

elevation of NF-ƙb expression is the priming stimulus for

Nlrp3 inflammasome activation. Our results indicated that

PA induced the expression of p-p65 which AdipoRon

abolished as shown in Figure 4A and B. The results

showed that PA induced protein expression of Nlrp3 and

caspase-1 and that AdipoRon decreased these expressions

from PA stimulation. Interestingly, the expression of ASC

did not alter in Figure 4A and C. We also detected the

IL-1β secretion in ELISA assay in Figure 4D.

Additionally, complex formation was shown by colocali-

zation of Nlrp3 with caspase-1 or ASC, which indicated

the assembling of Nlrp3/caspase-1 inflammasome compo-

nents (Figure 5A) or Nlrp3/ASC (Figure 6A). It was found

that PA significantly increased the inflammasome forma-

tion (yellow) compared to the control group. Treatment of

the cells with AdipoRon markedly inhibited Nlrp3/cas-

pase-1 (Figure 5B) or Nlrp3/ASC (Figure 6B) inflamma-

some formation stimulated by PA.

Nlrp3 Inflammasome Was Involved In

Apoptosis Induced By PA
Next, we investigated the contribution of Nlrp3 to

PA-induced apoptosis. First, Nlrp3 siRNA for 48h was

detected in Figure 7A. we found that treatment of Nlrp3

siRNA inhibited PA-induced apoptosis and ROS release

(Figure 7B and C). The MTT assay showed elevated cell

viability in H9c2 cells with a pan-caspase inhibitor

(z-vad-fmk). As shown in Figure 8A, z-vad-fmk treatment

abolished the PA-induced reduction in cell viability com-

pared with the PA group. Similar inhibitory effects were

found by the presence of pan-caspase inhibitor

(z-vad-fmk) as shown in Figure 8B (apoptotic cell rate)

and Figure 8C (ROS level) in H9c2 cells. These data

indicated that inhibition of caspase, had protective effects

on PA-induced cell apoptosis and ROS elevation. In other

words, activation of the Nlrp3 inflammasome promoted

the cell apoptosis and ROS generation.

Discussion
In this study, we aimed to explore the effect and under-

lying mechanism of adiponectin receptor agonist,
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Figure 1 The effects of AdipoRon on PA-induced cell injury in H9c2 myocardial cells. H9c2 myocardial cells were incubated with PA (100μM) in the absence or presence of

indicated concentrations of AdipoRon (20 μM) for 18 h. Specifically, in the combination group of the two, it was pretreated with AdipoRon half an hour and then incubated

PA until to 18h. Cell viability was determined via MTTassay (A, B or C) and LDH release (D). Photomicrographs from phase-contrast microscopy (E). The values represent
means ± SD from three separate experiments. *P<0.05, **P<0.01 vs Ctr treatment (DMSO or 0 group); #P<0.05, ##P<0.01 vs PA treatment. Bar = 200 µm.

Abbreviations: Ctr, control; PA, palmitic acid; ADN, AdipoRon.
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AdipoRon, in PA-stimulated cardiac cell injury. AdipoRon

protected against hyperlipidemia-induced cardiomyocyte

injury and Nlrp3 inflammasome activation. Furthermore,

the protective effect of AdipoRon against PA-induced cell

injury was associated with inhibiting the activation of the

Nlrp3 inflammasome.

PA is markedly elevated and is one of the most abundant

saturated fatty acids in plasma in obese patients with type 2

diabetes.24 PAwas metabolized intodiacylglycerols (DAGs)

and ceramides, causing cell apoptosis.3 Our data demon-

strated that PA increased the cell apoptotic rate, ROS pro-

duction, and decreased cell viability. AdipoRon, an

adiponectin receptor (AdipoR1 and AdipoR2) agonist, was

discovered and identified by Kadowaki et al.18 Like

adiponectin, AdipoRon improved glucose metabolism,

lipid metabolism, and insulin sensitivity and alleviated cell

apoptosis in both cells and mice. In glomerular endothelial

cells and podocytes, AdipoRon treatment markedly

decreased PA-induced lipotoxicity and high-glucose-treated

endothelial dysfunction, ameliorating oxidative stress and

apoptosis.22,25 Our study in vitro directly indicated that

AdipoRon alleviated PA-induced cell lipotoxicity, including

decreasing cell viability and increasing cell apoptosis in

H9c2 cardiomyocyte, which is accordance with the reports

that AdipoRon shifted the pool of ceramide to S1P, enhan-

cing cell survival by activating many signaling pathways.23

We further demonstrated AdipoRon reduced PA-induced

mitochondrial membrane potential and generation of ROS.

Figure 2 The effects of AdipoRon on PA-induced cell apoptosis in H9c2 myocardial cells. H9c2 myocardial cells were incubated with PA (100 μM) in the absence or

presence of indicated concentrations of AdipoRon (20 μM) for 18 h. Specifically, in the combination group of the two, it was pretreated with AdipoRon half an hour and then

incubated PA until to 18h. Apoptotic cells were defined by the flow cytometry (A). The values represent means ± SD from four separate experiments (B). **P<0.01, #P<0.05
vs PA treatment.

Abbreviations: Ctr, control; PA, palmitic acid; ADN, AdipoRon.
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Figure 3 The effects of AdipoRon on PA-induced the mitochondrial membrane potential and ROS production in H9c2 cells. After preincubation for 30min with 20 μMAdipoRon,

100 μMPAwas added to the medium for 18 h in H9c2 cells and followed by a 30min incubation with JC-1 and H2O2-sensitive fluorescent probeDCF-AM (20 μM). Flow cytometry

showed that the mitochondrial membrane potential with JC-1 probe reduced from red fluorescence and green fluorescence (A). Fluorescent images show the ROS level in control

cells (left), H9c2 cells stimulated with PA (middle), in the presence of PA+ AdipoRon (right) and in the presence of AdipoRon (B). Fluorescence intensity of cells was measured with

software. *P<0.05, **P<0.01, #P<0.05 vs PA treatment. Data show the mean ± SEM of 3 independent analyses. Bar = 50 µm.

Abbreviations: Ctr, control; PA, palmitic acid; ADN, AdipoRon.
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Hypoadiponectinemia induced the Nlrp3 inflammasome

activation in diabetic vascular endothelial dysfunction. In

other words, adiponectin decreased Nlrp3 inflammasome

activation and attenuate endothelial cell injury, which was

abolished by Nlrp3 inflammasome overexpression.26

Ceramides is a well-known metabolites of excess lipids

(PA), that activates of Nlrp3 inflammasome signaling in

obesity.7 PA directly stimulated TLR4 and NF-ƙb signaling,

resulting in insulin resistance in cells and in high-fat diet-

fed mice.8,27 Studies have demonstrated that activation of

the Nlrp3 inflammasome included two pathways: the prim-

ing stimulus and activation, of which activation is accom-

plished through at least three classical mechanisms,

including the K+ efflux, the lysosome membrane permeabi-

lization pathway, and generation of ROS.28–30 In vascular

endothelial cells, reducing ROS production abolished high-

glucose-induced inflammasome activation.31 In cardiac

microvascular endothelial cells after myocardial ischemia/

Figure 4 The effect of AdipoRon on ameliorating PA-induced expression of Nlrp3 inflammasome. H9c2 myocardial cells were incubated with PA (100 μM) in the absence

and presence of indicated concentrations of AdipoRon (20 μM) for 18 h. Western blot analysis for protein levels of p-p65/p65 (A, B), Nlrp3, caspase-1 and ASC (A, C). The

supernatant was detected according to manufacturer’s protocol by Elisa assay (D). Data are expressed as the mean ± SD. *P<0.05, #P < 0.05, vs PA group.

Abbreviations: Ctr, control; PA, palmitic acid; ADN, AdipoRon.
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Figure 5 The effect of AdipoRon on ameliorating PA-induced formation of Nlrp3 inflammasome. (A) Representative fluorescent microscopic images showing the colocalization of

Nlrp3/caspase-1. (B) Summarized data showing PCC of Nlrp3/caspase-1 and ASC (n= 4). Data are expressed as the mean ± SD. **P < 0.01, #P < 0.05, vs PA group. Bar = 20 µm.

Abbreviations: Ctr, control; PA, palmitic acid; ADN, AdipoRon.
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Figure 6 The effect of AdipoRon on ameliorating PA-induced formation of Nlrp3 inflammasome. (A) Representative fluorescent microscopic images showing the colocalization of

Nlrp3/ASC. (B) Summarized data showing PCC of Nlrp3/caspase-1 and ASC (n= 4). Data are expressed as the mean ± SD. **P < 0.01, ##P < 0.01 vs. PA group. Bar = 20 µm.

Abbreviations: Ctr, control; PA, palmitic acid; ADN, AdipoRon.
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Figure 7 Nlrp3 blockade ameliorated PA-induced cell apoptosis and ROS generation in H9c2 cells. H9c2 cells were cultured in 100 μM PA with or without pretreatment of

Nlrp3 siRNA. Protein expression was detected with Nlrp3 siRNA incubation in 24 h and 48 h (A). Cell apoptotic rate was detected by flow cytometry (B). ROS was

measured by fluorescent staining (C). Data were presented as the mean ± SD from three separate experiments. *P < 0.05 vs Ctr group; **P < 0.01; #P < 0.05 vs PA

treatment; &P < 0.05, &&P < 0.01 vs PA +ADN treatment. Bar = 50 µm.

Abbreviations: Ctr, control; PA, palmitic acid.
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Figure 8 Caspase inhibitor ameliorated PA-induced cell apoptosis and ROS generation in H9c2 cells. H9c2 cells were cultured in 100 μM PA with or without pretreatment

of pan-caspase inhibitor (z-vad-fmk, 100 μM). A. Cell viability was detected by the MTT assay (A). Cell apoptotic rate was detected by flow cytometry (B). ROS was

measured by fluorescent staining (C). Data were presented as the mean ± SD from three separate experiments. *P<0.05, **P < 0.01; #P < 0.05, ##P < 0.01 vs PA treatment;
&P < 0.05 vs PA +ADN treatment. Bar = 50 µm.

Abbreviations: Ctr, control; PA, palmitic acid.
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reperfusion injury, the Nlrp3 inflammasome was stimulated,

and ROS scavenger dissociated TXNIP from Nlrp3 and

inhibited activation of the Nlrp3 inflammasome.32 Our

study for the first time demonstrated that AdipoRon inhib-

ited PA-induced Nlrp3 inflammasome activation, both

increasing the priming stimulus through NF-ƙb and enhan-

cing one of the classical Nlrp3 inflammasome activation

pathways: Nlrp3/ASC and Nlrp3/caspase-1 colocalization)-

ROS generation. These data agree with previous studies that

indicated that AdipoRon increased intrinsic ceramidase

activity and decreased ceramide production.23,32 These find-

ings indicate that AdipoRon is a potential therapeutic agent

for the treatment of myocardial disease. Furthermore, we

tried to investigate the mechanisms underlying the protec-

tive effect of AdipoRon in cardiomyocytes.

To clarify the mechanism for the effect of AdipoRon on

PA-induced Nlrp3 inflammasome activation and cell apop-

tosis, we detected the effect of cell apoptosis and ROS

production in response to PA with Nlrp3 siRNA and a pan-

caspase inhibitor (z-vad-fmk). The data indicated that the

inhibition of Nlrp3 and caspase-1 blocked the PA-induced

cell viability, apoptosis and ROS elevation, which is accor-

dance with the reports.33 The results also showed that PA

activated Nlrp3/caspase-1 colocalization, suggesting a corre-

lation between caspase-1 and Nlrp3, when activated. The

present study did not attempt to further dissect the interplay

between Nlrp3 and ROS. Therefore, our studies suggested

that AdipoRon inhibited PA-induced cell apoptosis via inhi-

biting Nlrp3 inflammasome activation.

Conclusions
Our results demonstrated that AdipoRon protected PA-

induced cell injury via inhibiting Nlrp3 inflammasome

activation (Figure 9). These findings indicate that

AdipoRon may be a potential therapeutic agent for the

treatment of myocardial disease from lipotoxicity.

Figure 9 The proposed signal pathway with AdipoRon in H9c2 cells.
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