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Abstract. S‑allyl‑cysteine sulfoxide (alliin) is the main 
organosulfur component of garlic and its preparations. The 
present study aimed to examine the protective effect of alliin 
on cardiac function and the underlying mechanism in a mouse 
model of myocardial infarction (MI). Notably, alliin treatment 
preserved heart function, attenuated the area of infarction in the 
myocardium of mice and reduced lesions in the myocardium, 
including cardiomyocyte fibrosis and death. Further mecha-
nistic experiments revealed that alliin inhibited necroptosis but 
promoted autophagy in vitro and in vivo. Cell viability assays 
showed that alliin dose‑dependently reduced the necroptotic 
index and inhibited the expression of necroptosis‑related 
receptor‑interacting protein 1, receptor‑interacting protein 3 
and tumor necrosis factor receptor‑associated factor 2, whereas 
the levels of Beclin 1 and microtubule‑associated protein 1 
light chain 3, which are associated with autophagy, exhibited 
an opposite trend upon treatment with alliin. In addition, 
the level of peroxisome proliferator‑activated receptor γ was 
increased by alliin. Collectively, these findings demonstrate 
that alliin has the potential to protect cardiomyocytes from 
necroptosis following MI and that this protective effect occurs 
via the enhancement of autophagy.

Introduction

Myocardial infarction (MI) is a life‑threatening condition caused 
by acute or chronic myocardial ischemia and usually leads to 
heart failure (1). Necroptosis induced by tumor necrosis factor 
(TNF) has been implicated in the development of cardiovascular 
diseases, including MI  (2). The receptor‑interacting protein 
(RIP)1 and RIP3 kinases have been identified as the two critical 
key signaling molecules required for this type of programmed 
necrosis (3). RIP3 mediates MI‑induced myocardial cell death 
and adverse remodeling, whereas RIP1 is critically involved in 
cardiac ischemia/reperfusion injury (4,5). Therefore, the necrop-
tosis pathway may be a promising target for the treatment of MI.

Autophagy, which is an intracellular degradation process, 
occurs in the healthy myocardium and serves an important 
role in maintaining cardiac structure and function. Increasing 
evidence has suggested the importance of autophagy in the 
process of cardiac remodeling, through limiting infarct size, 
protecting cardiomyocytes and maintaining the function of 
the left ventricle (6‑9). As autophagy complexes cell death by 
necroptosis (10‑12), the balance between autophagy and necrop-
tosis may be important for cardiomyocyte survival and cardiac 
function.

Garlic possesses antibiotic, antithrombotic and antineo-
plastic effects  (13). S‑allyl‑cysteine sulfoxide (alliin) is an 
organosulfur compound and is considered to be the main 
component of intact garlic. When raw garlic is chopped, crushed 
or chewed, alliin is converted to allicin (also known as garlicin) 
by alliinase (14). The medicinal effects of garlic preparations are 
mainly due to alliin, which has been shown to inhibit inflamma-
tory responses, suppress oxidation, protect against atherogenesis 
and prevent isoproterenol‑induced MI and injury in rats (15‑17). 
Furthermore, alliin has been shown to exert cardioprotective 
effects in a model of ischemia‑reperfusion by inhibiting apop-
tosis and increasing autophagy (18). In the present study, the 
potentially beneficial effect of alliin on MI was examined.

Materials and methods

Animal experiments. The present study was approved by the 
Ethics Committee of Nanjing Drum Tower Hospital. For the 
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experiments, 8‑10‑week‑old male C57BL/6 mice (18‑20 g) 
were obtained from the Center of Experimental Animals of 
Nanjing Medical University. All animals were fed sterile water 
and food ad libitum under specific pathogen‑free conditions 
at 25˚C and 70% humidity, with a 12:12‑h light/dark cycle. 
A total of 45 mice were randomly divided into three groups: 
Sham group, MI group, and MI + alliin (100 mg/kg) group. The 
induction of MI was performed as previously described (19). 
Briefly, the mice were pretreated with alliin (100 mg/kg) 
intraperitoneally 7 days before surgery. The mice were then 
subjected to permanent ligation of the left anterior descending 
coronary artery (LAD) following anesthesia with pentobar-
bital (50 mg/kg). Once the heart was exposed, a suture was 
placed 2 mm below the tip of the atrial appendage. The mice 
in the sham group underwent the same thoracotomy procedure 
without LAD ligation. Following surgery, alliin (100 mg/kg) 
was administered every day for 14 days, and heart tissues were 
collected 14 days after surgery for subsequent analysis.

Primary cardiomyocyte isolation and cell culture. A total 
of 10 neonatal male C57B6 mice (obtained from the same 
supplier) were sacrificed using carbon dioxide asphyxiation 
followed by cervical dislocation within 24 h of birth. The 
beating hearts were removed, and the atria and great vessels 
were carefully dissected and placed in PBS on ice. The hearts 
were minced and digested with 0.08% collagenase type II 
(Worthington Biochemical Corp.) in PBS at 37˚C in 5% CO2 
for 30 min. Single cells were plated in dishes and cultured in 
DMEM containing 20% FBS and 1% penicillin/streptomycin 
(all Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in 5% CO2 
for 90 min to allow the adherence of non‑myocytes. The super-
natant containing cardiomyocytes was collected and seeded in 
6‑well plates. The primary cardiomyocytes were cultured in 
DMEM containing 20% FBS and 1% penicillin/streptomycin 
at 37˚C in 5% CO2 for 1‑5 days. H9c2 cells were obtained 
from ScienCell Research Laboratories and were cultured in 
ECM containing 5% FBS, and 1% penicillin/streptomycin 
(all Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in 5% CO2.

Apoptosis assay. Apoptosis of the cells was evaluated using 
an Annexin V‑FITC/propidium iodide (PI) kit (Beijing Biosea 
Biotechnology Co., Ltd.), according to the manufacturer's 
instructions. The H9c2 cells (2x106 cells/well in 6‑well plates) 
were exposed to hypoxia at 37˚C for 24  h as previously 
described (20), following pretreatment with alliin at different 
concentrations (25, 100 and 200 µg/ml) for 4 h at 37˚C. The 
cells were stained with Annexin V and PI for 30 min at 4˚C, 
and then flow analysis was conducted using a BD FACScalibur 
device (BD Biosciences) and analyzed with FlowJo v10 
(FlowJo, LLC).

RNA sequencing and reverse transcription‑quantitative 
(RT‑q) PCR analysis. Following exposure of the primary 
cardiomyocytes to hypoxia in the absence or presence of alliin 
(100 µg/ml) as described above, total RNA was extracted 
with TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). The 
transcriptome library was generated for sequencing using 
a VAHTS mRNA‑seq V2 Library Prep kit for Illumina® 
(Vazyme Biotech) according to the manufacturer's instructions. 
The quality of the library was checked via qPCR. The Fastq 

files were generated by sequencing with HiSeq 2000 (read 
length: 50 base pairs, single end; Illumina, Inc.). RT‑qPCR 
analysis was also performed; the total RNA was reverse tran-
scribed into cDNA with AMV reverse transcriptase (Takara 
Bio, Inc.) according to the manufacturer's instructions. qPCR 
was performed with a TaqMan PCR kit (Invitrogen; Thermo 
Fisher Scientific, Inc.) and an Applied Biosystems 7900 
Sequence Detection system (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). qPCR was performed with the following 
cycling profile: 95˚C for 30 sec, then 40 cycles of 95˚C for 5 sec 
and 60˚C for 30 sec, and a melting curve analysis protocol 
(60‑95˚C with temperature increment of 0.2˚C every 10 sec). 
A comparative quantitation cycle (ΔCq) method was used 
to compare each condition with the controls, and values are 
expressed as 2‑ΔΔCq values as previously described (21). On 
completion of the reaction, the mRNA expression in cells or 
tissues was normalized to the expression of GAPDH. Sequences 
of primers used are as follows: ATG4A, forward 5'‑GCT​GGT​
ATG​GAT​TC​TGG​GG‑3', reverse 5'‑TCC​CAG​TTC​CAA​TCC​
CTT​CC‑3'; ATG4B, forward 5'‑TGG​AGC​TGA​AGT​CAC​CA 
A​CA‑3', reverse 5'‑CTC​CTC​CCC​AAC​ATA​GCC​AA‑3'; 
ATG4C, forward 5'‑GCG​GCA​AAC​CTA​AAC​AGT​CA‑3', 
reverse 5'‑GTG​ATT​TCT​TCA​GAC​GCT​CGT​TC‑3'; ATG4D, 
forward 5'‑CGT​ATC​CCG​GAT​CCT​AGC​AA‑3', reverse 5'‑CTG​
CCC​AAC​CAT​ACT​TGA​CG‑3'; ATG16L2, forward 5'‑TCA​
GCG​AGA​TCC​CAA​ACA​CT‑3', reverse 5'‑CTT​CAC​CAC​ATC​
CAC​ACA​GC‑3'; ATG9A, forward 5'‑CTT​CTT​CGC​TGG​CTC​
TAT​CCT‑3', reverse 5'‑GTG​CAA​GAA​TCA​CTC​GGA​GC‑3'; 
GAPDH, forward 5'‑AGG​TCG​GTG​TGA​ACG​GAT​TTG‑3', 
reverse 5'‑TGT​AGA​CCA​TGT​AGT​TGA​GGT​CA‑3'.

Echocardiography. For echocardiography, the mice were 
anesthetized with 2% isoflurane and scanning was performed 
with a VisualSonics Vevo 2100 imaging system (VisualSonics; 
SonoSite, Inc.). The M‑mode ventricular dimensions were 
averaged over 3‑5  cycles. Fractional shortening (FS) was 
calculated based on the ventricular dimensions at the end of 
systole and diastole (LVES and LVED, respectively) using the 
following formula: FS = [(LVED‑LVES)/LVED] x100 (%). 
The surgical procedure for MI in the mice with permanent 
ligation of the LAD has been described above.

Histological analysis. The mouse hearts were fixed with 10% 
formalin in PBS for 24 h at room temperature and dehydrated 
for paraffin embedding. Sagittal sections (5‑µm thickness) 
were collected from each heart and fibrosis was detected 
with Masson's trichrome staining using a Masson's Trichrome 
Stain Kit according to the manufacturer's protocols (Nanjing 
KeyGen Biotech Co., Ltd.). Blue collagen staining was quanti-
fied using MetaMorph 6.1 software (Molecular Devices, LLC) 
as described previously (22).

A TUNEL assay was performed with an ApopTag 
Peroxidase In Situ Apoptosis Detection kit (EMD Millipore), 
according to the manufacturer's instructions, to analyze 
myocardial cell death. The nucleus was stained using DAPI 
(EMD Millipore; 1:1,000) and samples were mounted with 
antifade solution (Invitrogen; Thermo Fisher Scientific, Inc.). 
The specimens were sampled from five individual fields, and 
the rate of cell death was defined as follows: (Number of posi-
tively stained nuclei/total number of nuclei in the field) x100.
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Western blot analysis. The cells and mouse heart tissues were 
homogenized and lysed using RIPA buffer (Cell Signaling 
Technology, Inc.) with protease and phosphatase inhibitors 
(Cell Signaling Technology, Inc.). The protein concentration 
was determined by using a Bicinchoninic Acid Assay kit 
(Pierce; Thermo Fisher Scientific, Inc.). A total of 40 µg of 
total protein was resolved on 10% SDS‑PAGE gels and then 
electrotransferred onto polyvinylidene difluoride membranes 
(EMD Millipore). The membranes were blocked with 5% 
nonfat milk at room temperature for 30 min and then probed 
with antibodies targeting the following proteins overnight 
at 4˚C: Cleaved caspase 3 (1:1,000; cat. no. 9664; Cell Signaling 
Technology, Inc.); GAPDH (1:1,000; cat. no. ab8245; Abcam); 
RIP1 (1:1,000; cat.  no.  ab72139; Abcam); RIP3 (1:1,000; 
cat. no. ab56164; Abcam); TNF receptor‑associated factor 2 
(TRAF2; 1:1,000; cat.  no.  ab126758; Abcam); Beclin  1 
(1:1,000; cat. no. ab207612; Abcam); microtubule‑associated 
protein 1 light chain 3 (LC3; 1:1,000; cat. no. ab51520; Abcam); 
autophagy‑related (ATG)7 (1:1,000; cat. no. ab133528; Abcam), 
P62 (1:1,000; cat. no. ab56416; Abcam) and peroxisome prolif-
erator‑activated receptor γ (PPARγ; 1:1,000; cat. no. ab45036; 
Abcam). After 3 15‑min washes, the blots were incubated with 
the appropriate horseradish peroxidase‑conjugated secondary 
antibody [goat anti‑rabbit IgG (1:1,000; cat.  no.  ab6721; 
Abcam) and goat anti‑mouse IgG (1:1,000; cat. no. ab6789; 
Abcam)] and detected with an enhanced chemiluminescence 
reagent (Cell Signaling Technology, Inc.). The autoradio-
graphic intensity of each protein band was quantified by using 
ImageJ software (version 1.52a; National Institutes of Health) 
and normalized against GAPDH.

Bioinformatic analysis. Gene Ontology (GO) analysis and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 
enrichment analysis was performed using R Programming 
Language (R version 3.5.2) (23‑28). The clusterProfiler package 
(version 3.10.1) was used according to the reference manual (29).

Statistical analysis. All figures showing western blot, 
immunofluorescence labeling and flow cytometry data are 
representative of at least three independent experiments. The 
statistical analysis was conducted using GraphPad Prism 
software 5.01 (GraphPad Software, Inc.) and SPSS 22 (IBM 
Corp.). Data are presented as the mean ± SEM of at least three 
independent experiments. Differences among groups were 
analyzed by one‑way analysis of variance (ANOVA). P<0.05 
was considered to indicate a statistically significant difference. 
If ANOVA was significant, the Student‑Newman‑Keuls post 
hoc test was used for pairwise multiple comparisons.

Results

Cardioprotective effect of alliin against MI. To investigate the 
effect of alliin on myocytes following MI, mice were adminis-
tered with alliin (100 mg/kg) by intraperitoneal injection before 
and after surgery (Figs. 1A and S1A). Following infarction, the 
untreated MI group exhibited ~50% mortality, which generally 
occurred within the first 13 days. By contrast, the alliin‑treated 
mice were protected (1/15 mice died; P<0.05; Fig.  1B). 
Quantitative analysis of the fibrosis using Masson's trichrome 
staining revealed decreased fibrosis in the myocardium of the 

alliin‑treated group compared with that in the MI control mice 
(Fig. 1C). Representative M‑mode echocardiograms are shown 
in Fig. 1D. Compared with those in the MI mice, the ejec-
tion fraction (EF) percentage and the percentage of fractional 
shortening (FS) were markedly elevated in the alliin‑treated 
mice (Fig. 1E). Furthermore, TUNEL staining showed that 
alliin protected cardiomyocytes from cell death. As shown, 
the percentage of TUNEL‑positive cells in the infarction zone 
increased to 40.56±4.7%, whereas alliin significantly reduced 
the index of cardiac cell death to 12.10±2.5% (Fig. 1F). Taken 
together, these data suggest that alliin may alleviate MI by 
regulating cardiomyocyte cell death.

Alliin decreases hypoxia‑induced necroptosis in H9c2 cells. 
To confirm the protective effect of alliin, cardiomyocytes were 
treated with different concentrations of alliin in vitro under 
hypoxic conditions, following which a cell apoptosis assay 
was performed. As shown in Fig. 2A and B, compared with 
the cells without alliin treatment, treatment with alliin signifi-
cantly decreased the apoptosis and necroptosis of H9c2 cells 
in a dose‑dependent manner. Similar results were observed in 
detecting the level of cleavage of caspase‑3 (Fig. 2C and D). 
As the TNFα‑dependent formation of the RIP1 and RIP3 
complex is a key signal for the initiation of necroptosis (30), 
the expression levels of RIP1, RIP3 and TRAF2 were analyzed 
in H9c2 cells under hypoxia by western blotting. It was found 
that alliin treatment significantly inhibited the expression of 
RIP1, RIP3 and TRAF2 (Fig. 2C and D), suggesting that alliin 
protects cardiomyocytes against hypoxia‑induced necroptosis.

Role of alliin in autophagy during hypoxia. To investigate the 
mechanism by which alliin regulates cardiomyocyte apop-
tosis and necrosis, RNA sequencing analysis was performed 
on primary cardiomyocytes under hypoxic conditions in the 
absence or presence of alliin. Molecular enrichment analysis 
based specifically on KEGG pathways and GO molecular 
function terms revealed that alliin may regulate autophagy and 
cell survival in cardiomyocytes (Figs. 3A and S1B). Notably, 
alliin upregulated a number of genes in the autophagy pathway, 
including Atg4A, Atg4C and Atg4D, under hypoxic conditions 
(Fig. 3B). RT‑qPCR analysis was performed to confirm these 
results. As shown in Fig. 3C, the levels of ATG4A, ATG4C, 
ATG4D and ATG9A were decreased, whereas the level 
of ATG16L2 was increased following hypoxia. However, 
the presence of alliin significantly increased the levels of 
autophagy‑related genes ATG4A, ATG4C, ATG4D, ATG9A 
and ATG16L2 following hypoxia. Notably, hypoxia and alliin 
treatment had no effect on ATG4B. These results further 
confirmed the role of alliin in autophagy.

As autophagy is induced by the activation of Beclin 1 and 
its triggering of LC3 lipidation (31), the levels of Beclin 1 
and LC3 were analyzed. Alliin reversed the hypoxia‑induced 
reduction in the expression of Beclin 1 (Fig. 3D). In addition, 
alliin induced higher levels of LC3, ATG7 and p62 following 
hypoxia, suggesting that alliin promoted autophagy during 
hypoxia (Fig. 3D and E). Notably, the alliin‑induced activation 
of autophagy was reversed by administration of the autophagy 
inhibitor 3‑MA (Fig. 3E). Recently, alliin was shown to protect 
against LPS‑induced acute lung injury by directly activating 
PPARγ (32). The expression of PPARγ was detected to further 
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investigate the protective mechanism of alliin during hypoxia. 
As shown in Fig.  3E, hypoxia induced a decrease in the 
expression of PPARγ, whereas alliin treatment reversed the 
hypoxia‑induced reduction of PPARγ. However, 3‑MA had no 
effect on the expression of PPARγ.

Alliin promotes autophagy during MI. The cardiac expres-
sion of necroptosis‑ and autophagy‑related proteins was also 
analyzed in vivo following MI. As shown in Fig. 4A, alliin 
decreased the cleavage of caspase‑3 in the heart. Alliin 
also significantly decreased the induction of RIP1, RIP3 

and TRAF2 in the heart tissues following MI. The expres-
sion levels of Beclin 1 and LC3‑I/II were also increased. 
Immunofluorescence staining confirmed that the expression 
of LC3 was also improved by alliin following MI (Fig. 4B). 
Taken together, these results suggest that alliin has a protective 
effect following MI by promoting autophagy.

Discussion

Cardiomyocyte loss induced by hypoxia is the major mecha-
nism resulting in heart failure (33,34); therefore, inhibiting 

Figure 1. Alliin protects cardiomyocytes against MI injury. (A) Experimental design. The mice were treated with alliin (100 mg/kg) or water 7 days before 
surgery and for 14 days after surgery. On day 0, surgery was performed, and the mice were sacrificed on day 14. (B) Kaplan‑Meier survival curves following 
MI. (C) Representative Masson's trichrome‑stained sections from the sham, MI and alliin‑treated MI groups (magnification, x10). (D) Representative echo-
cardiography M‑mode images from the sham, MI and alliin‑treated MI groups. (E) EF and FS percentages in the sham, MI and alliin‑treated MI groups. 
(F) Representative TUNEL staining images (magnification, x40). The data presented in each panel are representative of at least three independent experiments 
and are presented as the mean ± SEM. *P<0.05, **P<0.01, ***P<0.001. MI, myocardial infarction; EF, ejection fraction; FS, fractional shortening.
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cardiomyocyte death following MI is important for designing 
effective therapies for heart failure  (35,36). The present 
study evaluated the protective role of alliin on cardiac func-
tion following MI in a mouse model and investigated the 
underlying mechanisms. Alliin is one of the critical bioactive 
organosulfur compounds in garlic. It has been shown to have 
a number of bioactivities, including antioxidant and immuno-
modulatory effects (37,38). The results of the present study 
showed that alliin significantly attenuated the myocardial 
infarct area, improved pathological myocardial changes and 
reduced cardiomyocyte loss, indicating that alliin has a multi-
faceted effect in improving myocardial injury following MI.

The connection between necroptosis and MI was first 
observed by Luedde et al (4), who reported that RIP3 was 
upregulated in an ischemic model. Necroptosis differs from 
other forms of cell death, such as apoptosis and necrosis, 
as it is defined by specific signaling triggered by death 

receptors in the TNF superfamily, rather than non‑specific 
damage  (39,40). To date, few studies have described the 
involvement of alliin in MI and its effects on necroptosis. 
The present study is the first, to the best of our knowledge, 
to observe that treatment with alliin protects cardiomyo-
cytes from hypoxia‑induced necroptosis. Previous studies 
have shown that necroptosis is elicited by the TNF‑induced 
interaction between RIP1 and RIP3, which leads to the 
formation of necrosomes  (30,41). RIP1‑RIP3‑MLKL 
necroptotic signaling is crucially regulated by Traf2 and 
adaptor proteins, including TNFRI‑associated death domain 
(TRADD) (42,43). The western blotting results confirmed 
that alliin decreased the protein levels of RIP1, RIP3 and 
TRAF2 following hypoxic injury. Taken together, these find-
ings suggest that alliin possesses a cardioprotective effect 
that may be associated with the inhibition of necroptosis, 
which was consistent with the observations in vivo.

Figure 2. Alliin protects cardiomyocytes against apoptosis and necroptosis. (A) Effect of alliin on the rate of hypoxia‑induced apoptosis and necroptosis in 
H9c2 cells, assessed by flow cytometry. (B) Time course of cell death (Annexin V+ cells). (C) Expression and (D) relative levels of cleaved caspase‑3 RIP1, 
RIP3 and TRAF2 in hypoxia‑induced H9c2 cells treated without or with alliin. The data presented in each panel are representative of at least three independent 
experiments and are presented as the mean ± SEM. *P<0.05, **P<0.01, ***P<0.001. Ctl, control; PI, propidium iodide; RIP, receptor‑interacting protein; TRAF2, 
tumor necrosis factor receptor‑associated factor 2.
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Autophagy is generally defined as a survival program 
occurring under stress conditions. The ability of autophagy 
to clear damaged proteins or organelles and maintain 

mitochondrial function is frequently associated with cyto-
protection and homeostasis (44,45). Autophagy is commonly 
observed in acute/chronic MI and heart failure (46‑48). The 

Figure 3. RNA sequencing analysis reveals a role for alliin in autophagy. (A) KEGG pathway analysis of proteins regulated by alliin during hypoxia. 
(B) Autophagy‑related genes regulated by alliin identified by RNA sequencing analysis. (C) Levels of ATG4A, ATG4B, ATG4C, ATG4D, ATG9A and 
ATG16L2 in primary cardiomyocytes were detected by reverse transcription‑quantitative PCR analysis. (D) Expression levels of Beclin 1, LC3, ATG7, p62 
and PPARγ in H9c2 cells under hypoxia were analyzed by western blotting, and the (E) effect of alliin was reversed by autophagy inhibitor 3‑MA. The data 
presented in each panel are representative of at least three independent experiments and are presented as the mean ± SEM. *P<0.05, **P<0.01 and ***P<0.001. 
Ctl, control; LC3, microtubule‑associated protein 1 light chain 3; ATG, autophagy‑related; PPARγ, peroxisome proliferator‑activated receptor γ.
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results of the present study revealed that alliin enhanced 
autophagy in cardiomyocytes in vitro and in vivo. Alliin treat-
ment not only promoted the expression of LC3 and Beclin 1 
in cardiomyocytes under hypoxia but also increased the levels 

of these proteins in the heart following MI. In particular, it 
has been shown that alliin exhibits concentration‑dependent 
PPARγ ligand‑binding activity and upregulates the expres-
sion of PPARγ in a dose‑dependent manner  (32). There is 

Figure 4. Alliin inhibits hypoxia‑induced necroptosis by promoting autophagy. (A) Expression levels of RIP1, RIP3, TRAF2, Beclin 1 and LC3 in the heart 
following MI were analyzed by western blotting. (B) Representative LC3 staining images (magnification, x40). The data presented in each panel are representa-
tive of at least three independent experiments and the data are presented as the mean ± SEM. ***P<0.001. MI, myocardial infarction; RIP, receptor‑interacting 
protein; TRAF2, tumor necrosis factor receptor‑associated factor 2; LC3, microtubule‑associated protein 1 light chain 3.
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accumulating evidence that PPARγ is involved in the regulation 
of autophagy and apoptosis (49,50), and serves a protective role 
in ischemia/reperfusion injury by regulating cardiac glucose, 
lipid metabolism, inflammatory responses, oxidative stress and 
apoptosis (51‑54). In the present study, it was shown that alliin 
treatment promoted autophagy by targeting PPARγ and thus 
protected cardiomyocytes against hypoxia‑induced necroptosis.

In conclusion, these findings demonstrate that alliin 
protects mice against MI‑induced heart injury via activating 
autophagy and exerting anti‑necroptotic activity. Therefore, as 
a PPARγ agonist, alliin may be a promising therapeutic candi-
date for the clinical treatment of MI and other cardiovascular 
diseases.
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