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Abstract
This study analyzed the roles of puerarin and LncRNA ANRIL in myocardial ischemia–reperfusion injury. Hypoxia/rep-
erfusion (H/R) model was established with H9C2 cells. Effects of puerarin of gradient concentrations on cardiomyocytes 
at different time points of hypoxia and reoxygenation were detected by quantitative real-time polymerase chain reaction 
(qRT-PCR), cell counting kit-8 (CCK-8), and microscope observation. Effects of puerarin on cardiomyocyte viability, 
ANRIL expression, contents of lactate dehydrogenase (LDH) and malondialdehyde (MDA), apoptosis, and expressions 
of autophagy-related genes after H/R injury were determined by CCK-8, quantitative real-time polymerase chain reaction 
(qRT-PCR), ELISA, flow cytometry, and Western blot, respectively. After cell transfection, the effects of overexpressed 
and knockdown of ANRIL on cardiomyocytes and H/R-injured cardiomyocytes were examined by rescue experiments. The 
ischemia–reperfusion (I/R)-injured rat model was established to examine the protective effect of puerarin in vivo. Prolonged 
hypoxia downregulated ANRIL expression in cardiomyocytes and reduced cardiomyocyte viability. Prolonged reoxygena-
tion increased apoptosis. Both cardiomyocyte viability and ANRIL expression showed a dose-dependent relationship with 
puerarin. Puerarin reversed the effects of H/R injury on cardiomyocyte viability, ANRIL expression, contents of LDH and 
MDA, apoptosis, and expressions of autophagy-related genes. Overexpression and knockdown of ANRIL regulated the 
functions of cardiomyocytes and the expressions of autophagy-related genes. Puerarin reversed the effects of knockdown 
of ANRIL on H/R-injured cells. The results of In vivo experiments confirmed that puerarin protected myocardial tissues by 
up-regulating ANRIL and inhibiting autophagy.
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Introduction

Coronary heart diseases as common cardiovascular diseases 
show an increasing rate of mortality (Dalen et al. 2014;  
Sriharibabu 2016). During the progression of coronary heart 
disease, long-term and complete lumen occlusion could 
be caused by atheromatous plaque rupture and bleeding, 

intravascular thrombosis, etc., resulting in the interruption of 
blood supply to the myocardium, thus leading to myocardial 
ischemia and necrosis (Di Angelantonio et al. 2011; Wirtz 
and von Kanel 2017). Therefore, a timely and effective res-
toration of blood flow perfusion is a fundamental method for 
preventing and treating myocardial ischemic injury (Wirtz 
and von Kanel 2017). To meet such a treatment purpose, rep-
erfusion methods such as thrombolytic therapy, percutane-
ous coronary intervention, and coronary artery bypass graft-
ing are widely used in clinical treatment (Erdmann 2017). 
However, after a short period of interruption of myocar-
dial blood supply, restoring blood supply could cause more 
severe damage to the original ischemic myocardium, which 
is known as myocardial ischemia reperfusion injury (MIRI) 
(Binder et al. 2015; Hausenloy and Yellon 2013). MIRI-
induced cardiac insufficiency, arrhythmia, and even sudden 
death have aroused widespread concern among researchers.
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Puerarin is a flavonoid glycoside extracted from the root 
of the leguminous plant Pueraria lobata and is one of 
the main active ingredients of Radix Puerariae Lobatae 
(Zhang 2019). Modern pharmacological research showed 
that puerarin has the effects of improving blood circula-
tion, antiarrhythmia, reducing blood pressure, lowering 
blood lipids and blood sugar, protecting nerves, anti-
tumor, and anti-oxidation (Zhou et al. 2014). Tan et al. 
(2017) emphasized that puerarin can overcome vascular 
insulin resistance in patients with salt-sensitive hyperten-
sion and protect the cardiovascular system, thus can be 
used for blood pressure lowering treatment; Kong et al. 
(2019) found that puerarin exhibited a time- and dose-
dependent distribution in the hippocampus of rats with 
acute cerebral ischemia, which provided a dose and time 
basis for puerarin in the treatment of stroke; Liu et al. 
(2017) demonstrated that puerarin may be a novel drug for 
breast cancer treatment because it can inhibit the metas-
tasis and adhesion of breast cancer cells by blocking the 
NF-κB and Erk signaling pathways; Wang et al. (2018) 
indicated that puerarin promotes cell survival and lowers 
blood glucose in patients with type 1 diabetes by inhib-
iting oxidative stress in MIN6 cells. Puerarin has been 
widely used in the clinical treatment of cardiovascular and 
cerebrovascular diseases, liver injury, diabetes, and tumor 
diseases (Zhou et al. 2014).

ANRIL is a long-chain non-coding RNA (LncRNA) 
transcribed from the INK4B-ARF-INK4A gene cluster 
on human chromosome 9p21 and is mainly located in the 
nucleus (Holdt and Teupser 2018). INK4b, INK4a, and ARF 
are three important tumor suppressor genes encoded in this 
gene cluster, and ANRIL involved in the epigenetic regula-
tion of the INK4B-ARF-INK4A gene cluster has also been 
confirmed to be abnormally expressed in a variety of tumors 
(Guil et al. 2012; Yu et al. 2008). In addition, the polymor-
phism of the ANRIL gene is also related to the risk of devel-
oping atherosclerosis and diabetes (Kong et al. 2018). Many 
researchers have reported on the mechanisms of ANRIL on 
interfering with diseases, including the regulation of apop-
tosis-related genes and vascular endothelial growth factor 
(VEGF), the regulation of TGF-β/Smad and AMPK/SIRT1 
signaling pathways, and specific binding to polycombs (Sun 
et al. 2018; Thomas et al. 2017; Yap et al. 2010).

Though both puerarin and ANRIL could regulate car-
diovascular disease, their regulatory mechanisms during 
the progression of myocardial ischemia–reperfusion injury 
remained unclear. Whether a regulatory relationship exists 
between puerarin and ANRIL has not been reported. This 
study analyzed the regulatory mechanisms of puerarin and 
lncRNA ANRIL and the regulatory relationship between 
them in myocardial ischemia–reperfusion injury, hoping to 
provide novel therapeutic targets for the treatment of myo-
cardial ischemia–reperfusion injuries.

Materials and methods

Ethics statement

The animal experiments involved in this study were 
approved by the Committee of Experimental Animals of 
The First Affiliated Hospital of Henan Science and Tech-
nology University (No. 20181031XNK). All operations in 
animals were conducted in consideration of animal welfare, 
and the suffering of laboratory animals was minimized. The 
experiments were performed at The First Affiliated Hospi-
tal of Henan Science and Technology University, and the 
animals were bred under stable conditions of at 22 ± 1 °C 
in humidity of 55 ± 5% under 12-h light/dark cycle. The 
housed animals had free access to food and water. Twelve 
male SD rats weighing 220 ± 5 g and aged 6 weeks were 
provided by Jiangsu ALF Biotechnology Co., Ltd. (China).

H9C2 cardiomyocyte culture and model 
construction

H9C2 cells (American Type Culture Collection (ATCC)® 
CRL-1446 ™, USA) from Rattus norvegicus were cultured 
in an MCO-5 M/18 M incubator (SANYO, Japan) in com-
plete media containing Dulbecco’s modified Eagle’s medium 
(DMEM, ATCC® 30–2002 ™, USA) and 10% fetal bovine 
serum (FBS) (100064-FBS, RWD, China) with 5% CO2 at 
37 °C. The well-grown H9C2 cells were then transferred into 
sugar-free medium (11,966,025, Gibco, USA) to a hypoxia/
anaerobic workstation Concept 400 (Ruskinn, UK) for estab-
lishing a hypoxia/reoxygenation (H/R) injury cell model and 
simulate myocardial ischemia–reperfusion (I/R) injury. We 
set different hypoxia and reoxygenation time for H9C2 cells; 
specifically, the hypoxia time was set as 1 h. 2 h, 3 h, and 
4 h, while the reoxygenation time was set for 3 h; when the 
hypoxia time was set as 3 h, the reoxygenation time was set 
as 1 h, 2 h, and 3 h. After reoxygenation, the cell culture 
medium was replaced with a complete medium. An inverted 
phase contrast microscope (TS2, Nilkon, Japan) was used to 
observe the growth of the cell model.

CCK‑8

Cardiomyocytes were seeded into a 96-well plate at a density 
of 2 × 104 cells/well and cultured in an incubator with 5% 
CO2 (MCO-5 M/18 M, SANYO, Japan) at 37 °C for 24 h. 
About 10 μL of cell counting kit-8 (CCK-8) solution (Cat. 
No.: HY-K0301) purchased from MedChemExpress (USA) 
was carefully added to each well without generation of bub-
ble. Next, the plate was incubated for 24 h under the same 
conditions as above. The mixture was gently mixed to ensure 
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homogeneous distribution of color. Finally, a microplate 
reader (PR 3100 TSC, Bio-Rad, USA) was used to measure 
the absorbance (OD value) at 450 nm.

Puerarin treatment

To examine the protective effect of Puerarin on H9C2 
cells injured by I/R, we used Puerarin (P816258, Macklin, 
China) of gradient concentrations (50 μM, 100 μM, 200 μM, 
400 μM, 800 μM) to pretreat H9C2 cardiomyocytes for 24 h. 
According to the results of CCK-8, cardiomyocytes treated 
with 200 μM or 400 μM Puerarin for 24 h were selected to 
be used in subsequent studies.

RNA isolation and qRT‑PCR

According to the manufacturer’s instructions, TRIzol ™ 
Reagent (1 mL, Catalog Number 15596018, Invitrogen, 
USA) and Trichloromethane (200 μL, GS016, Guangzhou 
Chemical Regent Factory, China) were employed to separate 
myocyte suspensions or myocardial tissue homogenate into a 
transparent RNA-containing water layer, a middle layer, and 
a red lower organic layer. Next, isopropyl alcohol (500 μL, 
M23307, MERYER, China) was added to precipitate RNA, 
and the RNA precipitate was washed with ethanol (75%, 
80,176,961, HUSHI, China). The RNA concentration was 
measured, and then the RNA was reverse-transcribed into 
cDNA using the Titan One Tube RT-PCR Kit (11939823001, 
Roche, Swit). Next, diluted cDNA (2 μL/well), DEPC water 
(6 μL/well), diluted primers (2 μL/well), and PowerUp™ 
SYBR™ Green Master Mix (10 μL/well, A25780, Ther-
moFisher, USA) were added to the 96-well plate, which was 
then placed in the ThermoFisher QuantStudio 3 real-time 
PCR system under the following conditions: pre-denaturation 
at 95 °C for 10 min, denaturation at 95 °C for 15 s, annealing  
at 60 °C for 1 min, for a total of 40 cycles. GAPDH and 
β-actin were internal references, and the 2−ΔΔCT method 
was adopted to quantify the mRNA expressions of genes 
(Schmittgen and Livak 2008). Primer sequences were listed 
as follows: LncRNA ANRIL-F, 5′-TGC​TCT​ATC​CGC​CAA​
TCA​GG-3′, and LncRNA ANRIL-R, 5′-GGG​CCT​CAG​TGG​
CAC​ATA​CC-3′; light chain 3B (LC3B)-F, 5′-GTT​AAG​CCC​
CTA​CCA​AGG​CA-3′, and LC3B-R, 5′-AGG​GAC​TGT​TTC​
CAG​GGA​CT-3′; Beclin-1-F, 5′-GAA​TGG​AGG​GGT​CTA​
AGG​CG-3′, and Beclin-1-R, 5′-CTT​CCT​CCT​GGC​TCT​CTC​
CT-3′; and β-actin-F, 5′-ACC​CAC​ACT​GTG​CCC​ATC​TAC-3′ 
and β-actin-R, 5′-TCG​GTG​AGG​ATC​TTC​ATG​AGGTA-3’.

Detection of LDH and MDA

Changes in the contents of lactate dehydrogenase (LDH) 
and malondialdehyde (MDA) were detected using an LDH 
activity detection kit (BC0685, Beijing Solarbio Technology 

Co., Ltd.) and a MDA activity detection kit (BC0025, Bei-
jing Solarbio Technology Co., Ltd.), respectively. After car-
diomyocytes (5 × 106 cells) or myocardial tissues (0.1 g) 
were sonicated, 1 mL of LDH (or MDA) extract was added 
to sample extracts for testing, according to the instructions 
of the kits. Finally, a Bio-Rad microplate reader (PR 3100 
TSC, USA) was used to measure the OD value, which was 
used to further calculate the changes in the contents of LDH 
or MDA. Absorbance at 450 nm, 532 nm, and 600 nm was 
measured for MDA, while absorbance at 450 nm was meas-
ured for LDH.

Cardiomyocyte apoptosis

Cardiomyocyte apoptosis was detected by CytoFLEX flow 
cytometry (Backman, USA). Cardiomyocytes pre-digested 
with 0.25% trypsin (T1426, Sigma-Aldrich, USA) for 24 h 
were made into cell suspensions and fixed with 70% etha-
nol for 24 h at 4 °C. Then, Annexin V-FITC reagent (5 μL, 
AP101-100-AVF, MultiSciences, China) and propidium 
iodide reagent (PI, 10 μL, S19136, Yuanye, China) were 
used to stain the cells for 20 min. Next, the stained cells were 
placed in CytoFLEX flow cytometer (BECKMAN COUL-
TER, USA) to analyze the effects of different conditions on 
H9C2 cell apoptosis. In the graph of flow cytometry, the 
apoptosis rate is the sum of early (right lower quadrant) and 
late apoptosis rate (right upper quadrant).

Western blot

The expression level of protein is generally compared 
and analyzed by Western blot (Hirano 2012). After being  
sonicated, the proteins of H9C2 cells and rat myocardial tis-
sues were obtained using RIPA buffer (CW2334S, CWBIO,  
China), and the protein concentrations were determined 
using the BCA Protein Assay Kit (M052460, MREDA, 
China). Then the proteins (50 μg) were subject to 10% 
sodium dodecyl sulfate–polyacrylamide gel electrophoresis 
(SDS–PAGE) and then transferred to a methanol-immersed 
PVDF membrane (3,010,040,001, Roche, Swit). The mem-
brane was then blocked with 5% skimmed milk in an incu-
bation box for 2 h. After the blocking solution was washed 
off, the membrane was incubated with the following pri-
mary antibodies at 4 °C overnight: light chain 3 (LC3)-I 
(ab48394, 19 kD, 1: 500, Abcam, UK), LC3-II (ab48394, 
17 kD, 1: 1000, Abcam, UK), Beclin 1 (ab62557, 52KD, 1: 
2000, Abcam, UK), and β-actin (ab8226, 42kD, 1: 5000, 
Abcam, UK). After the primary antibodies were washed off 
the next day, the membrane was further incubated with Goat 
Anti-Rabbit IgG H and L horseradish peroxidase antibodies 
(ab205718, 1: 5000, Abcam, UK) for 1.5 h. After the incuba-
tion, the membrane was covered with Immobilon ECL Ultra 
Western HRP Substrate (WBULS0500, Millipore, USA) for 
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1 min, and then GelDoc XR (Bio-rad, USA) and ImageJ 
v1.8.0 (NIH, Bethesda, USA) were used to analyze the gray 
value of gene expression. β-actin was used as an internal 
reference for protein analysis.

Transfection

Transfections of overexpressed LncRNA ANRIL and knock-
down of LncRNA ANRIL (siANRIL) were performed 
using pcDNA ™ 3.1 (+) vector (VT1001, YouBio, China) 
and pSingle-tTS-shRNA vector (VT2205, YouBio, China), 
respectively. The target sequence for siANRIL was 5′-TTG​
GAA​AAC​AAG​CGA​AAT​TAAAC-3′. The pre-digested 
H9C2 cells were transfected with the plasmids using Lipo-
fectamine™ 2000 kit (CAT. NO. 11668-019, Invitrogen, 
USA), according to the instructions. About 50 μL of Opti-
MEM™ I reduced Serum Medium (31,985,070, Gibco, 
USA) was diluted first with 1 μg of overexpression or knock-
down plasmid and then with 3 μL of Lipofectamine™ 2000 
reagent for 20 min. The above mixture was then added into 
the cardiomyocytes and incubated at 37 °C for 24 h. Finally, 
the transfection efficiency was determined by qRT-PCR.

Animal model of myocardial I/R injury

The method of establishing the myocardial I/R injury animal 
model and the evaluation criteria were based on previous 
research reports. The method of ligating the left anterior 
descending coronary artery (LAD) was employed (Reichert 
et al. 2017). After 3 days of adaptive breeding, 12 SD rats 
were randomly divided into 4 groups (3 rats/group) accord-
ing to body weight as follows: sham operation group (Sham), 
ischemia reperfusion (I/R) model + saline group (I/R), I/R 
model + Puerarin group (I/R + Pue), and Puerarin group 
(Pue). Urantan (5%, CE5151, Coolaber, China) at a dose 
of 1.2 g/kg was used to anesthetize the rats to minimize the 
pain. The anesthetized rats were fixed on a console with 
their chests fully exposed. VentStar small animal ventilator 
(R415, RWD, China) was used to control the rats’ breathing 
(the breathing frequency was 70 times/min; the tidal vol-
ume was 8 ml/kg, and the breathing ratio was 1: 2) during 
the operation. The LAD was surrounded and ligated using 
a 6–0 silk suture slipknot when it was fully exposed. After 
30 min, the silk suture was released, and the chest cavities 
of the experimental rats were closed layer by layer. Next, 
penicillin G potassium (8 IU/rat, P8010-1MU, Solarbio, 
China) was intraperitoneally injected into the rats to pre-
vent wound infection. For rats in the Sham and Pue groups, 
the silk suture simply passed through the coronary arteries 
without ligation. After a 20-min ischemia in the LAD, rats in 
the Sham group and the I/R group were injected with saline 
(50 mg/kg) via tail vein, and rats in the I/R + Pue group and 
the Pue group were injected with puerarin (50 mg/kg) in 

the same way. The occurrence of arrhythmia in the rats was 
continuously monitored from the electrocardiogram (FX-
8322, FUKUDA SANGYO, Japan) during the surgery and 
was also used as the evaluation standard of I/R injury after 
the experiment. Twenty-four hours after model preparation, 
all the rats were anesthetized again and heart tissues of the 
rats were removed with pentobarbital sodium (50 mg/kg, 
P3761-25G, Sigma-Aldrich, USA).

CK activity

After sonication, the myocardial tissue homogenate was 
diluted using a rat creatine kinase ELISA kit (MM-20460R2, 
MEIMIAN, China) according to the instructions. An enzyme-
labeled reagent and a chromogenic solution were then added 
to the samples to be tested at 37 °C for 30 min. After add-
ing a stop solution into the tissues for 10 min, the Bio-Rad 
microplate reader was used to determine the OD value of 
the myocardial tissue homogenate of each group at 450 nm.

HE staining

Hematoxylin–eosin (HE) staining was performed for observ-
ing the pathological damage of myocardial tissue. The col-
lected heart tissues were fixed in 4% paraformaldehyde, 
dehydrated by gradient alcohol, embedded into paraffin, and 
finally cut into sections. The sections were then deparaffi-
nized with xylene and hydrated with gradient alcohol, then 
stained with hematoxylin (N19007, mlbio, China) for 5 min 
and dyed with an eosin staining solution (ZLI-9644, ZSGB-
BIO, China) for 5 min at room temperature. After another 
round of dehydration, pathological changes of the myocar-
dial tissues in the stained sections were observed under a 
TS2 microscope (Nilkon, Japan) at × 200 magnification.

Fig. 1   Effects of hypoxia/reoxygenation (H/R) injury and gradi-
ent concentration of puerarin on the expression of LncRNA ANRIL 
and cell growth in H9C2 cells. a The effects of 1  h, 2  h, 3  h, and 
4 h hypoxia with 3 h reoxygenation on ANRIL expression in H9C2 
cells were analyzed by quantitative real-time polymerase chain reac-
tion (qRT-PCR). GAPDH was an internal reference. b The effects of 
1 h, 2 h, 3 h, and 4 h hypoxia with 3 h reoxygenation on the viability 
of H9C2 cells were detected by Cell Counting Kit-8 (CCK-8). c The 
effects of 3  h hypoxia and 1  h, 2  h, and 3  h reoxygenation on cell 
apoptosis were observed with a microscope (magnification, ×  200). 
d The effect of gradient concentrations of puerarin (50 μM, 100 μM, 
200  μM, 400  μM, 800  μM) on the viability of cardiomyocytes was 
detected by CCK-8. e The effect of gradient concentrations of puera-
rin (50 μM, 100 μM, 200 μM, 400 μM, 800 μM) on the expression of 
ANRIL in cardiomyocytes was analyzed by qRT-PCR. GAPDHwas 
an internal reference. f Effect of puerarin and H/R injury on the via-
bility of H9C2 cells. g Effect of puerarin and H/R injury on ANRIL 
expression in H9C2 cells. All the experiments were performed in trip-
licate. *P < 0.05, **P < 0.01, ***P < 0.001 vs Control; ##P < 0.01, 
###P < 0.001 vs H/R; ^^P < 0.01, ^^^P < 0.001 vs 200 μM of Puerarin 
(Pue 200); &&P < 0.01 vs 400 μM of Puerarin (Pue 400)

◂
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TUNEL staining

The apoptosis of myocardial tissue were analyzed by TdT-
mediated dUTP Nick-End Labeling (TUNEL) staining 
(11,684,817,910, Roche, Swiss). The deparaffinized sections 
were soaked with Proteinase K working solution in the kit for 
20 min. Then, the TUNEL reaction mixture consisted of 50 
μL of TdT reagent and 450 μL of dUTP reagent. The sections 
containing the TUNEL reaction mixture (50 μL) were covered 
with coverslips and reacted in a dark wet box for 1 h at 37 °C. 
Next, 50 μL of converter-POD was added dropwise to the sec-
tions and reacted in a wet box for 30 min at 37 °C. After that, 
50 μL of DAB substrate was added dropwise to the sectioned 
tissues for 10 min. After rinsing in PBS, the sections were dehy-
drated with gradient alcohol, cleared with xylene, and sealed 
with neutral gum. Finally, apoptotic cells in the dried sections 
were observed under a TS2 microscope at 200 × magnification.

Statistical analysis

Differences between two groups were analyzed by Student’s 
two-tailed t-test, and differences between more than two groups 
were analyzed by one-way ANOVA using SPSS 23.0 software 
(IL, USA). P < 0.05 was considered as statistically significant.

Results

Effect of different hypoxia and reoxygenation time 
on ANRIL content and cell growth of H/R injury 
myocardial cell model

To construct a H/R injury myocardial cell model, we exam-
ined the changes in H9C2 cells at hypoxia time of 1 h, 2 h, 
3 h, and 4 h and a reoxygenation time of 3 h. As the hypoxia 
time was prolonged, the mRNA level of ANRIL in cardi-
omyocytes was downregulated (Fig. 1a; P < 0.05). When 
the hypoxia time reached 2 h, the cell viability decreased 
gradually in a time-dependent manner (Fig. 1b; P < 0.01). 

Different reoxygenation times also had different effects on the 
apoptosis of cardiomyocytes. As shown in Fig. 1c, the cells in 
the Control group grew well with fusiform cell morphology 
and smooth cell membranes. However, as the reoxygenation 
time reached 3 h, the number of viable cells was gradually 
decreased, the field of vision was round, and the number of 
floating apoptotic cells was gradually increased. Based on 
the above results, we finally determined that 3 h of hypoxia 
and 3 h of reoxygenation as the preparation conditions for 
building the H/R injury myocardial cell model in this study.

Effect of gradient concentrations of puerarin 
on cardiomyocyte viability and ANRIL expression

We also analyzed the effects of gradient concentrations of 
puerarin on cardiomyocytes viability and ANRIL expres-
sion. The results showed that after the puerarin concentration 
reached 100 μM, as the puerarin concentration increased, the 
expression of ANRIL in cardiomyocytes was significantly 
upregulated (Fig. 1e; P < 0.01). Moreover, viability of car-
diomyocytes was also increased, but the difference was not 
statistically significant (Fig. 1d). Based on the above results, 
we finally selected 200 μM and 400 μM puerarin for 24 h as 
the intervention conditions for subsequent studies.

Puerarin reversed the effects of H/R injury 
on cardiomyocyte viability, ANRIL expression, 
contents of LDH and MDA, apoptosis, 
and expressions of autophagy‑related genes

We investigated the effects of puerarin and H/R injury on 
the basic physiological functions of H9C2 cells and the 
expressions of ANRIL and autophagy-related genes. The 
data demonstrated that compared with the Control group, 
H/R injury significantly inhibited the viability of H9C2 
cells (Fig. 1f; P < 0.001) and ANRIL expression (Fig. 1g; 
P < 0.001), but promoted the contents of LDH (Fig. 2a; 
P < 0.001) and MDA (Fig. 2b; P < 0.001) and apoptosis 
(Fig. 2c–d; P < 0.001). In addition, puerarin pretreatment 
significantly reversed the effect of H/R on the H9C2 cells, 
including that puerarin pretreatment significantly reduced 
the increase of apoptosis rate, H/R-caused LDH and MDA, 
and the decreased viability and ANRIL expression of H/R-
stimulated H9C2 cells (Figs. 1f- 2d; P < 0.001). Moreo-
ver, the mRNA levels of LC3B and Beclin-1 in H9C2 cells  
were upregulated after H/R treatment (Fig. 2e; P < 0.01). 
It was found that H/R injury upregulated the levels of LC3-
II and Beclin-1, yet downregulated the level LC3-I, thus 
increasing the ratio of LC3-II/LC3-I (Fig. 2f–h; P < 0.001).

Puerarin produced a completely opposite effect to H/R 
injury, specifically, upregulated ANRIL expression and reduced 
the contents of LDH and MDA and apoptosis (Figs. 1f-2d; 

Fig. 2   Puerarin reversed the effects of H/R injury on contents of lac-
tate dehydrogenase (LDH) and malondialdehyde (MDA), apoptosis, 
and expressions of autophagy-related genes in H9C2 cells. a Effects 
of puerarin and H/R injury on contents of LDH in H9C2 cells. b 
Effects of puerarin and H/R injury on contents of MDA in H9C2 
cells. c–d Effects of puerarin and H/R injury on H9C2 cell apopto-
sis. e Effects of puerarin and H/R injury on the mRNA levels of light 
chain 3B (LC3B) and Beclin-1 in H9C2 cells. β-actin was an inter-
nal reference. f–g Effects of puerarin and H/R injury on the protein 
levels of LC3-I, LC3-II, and Beclin-1 in H9C2 cells. β-actin was an 
internal reference. h Effects of puerarin and H/R injury on the ratio of 
LC3-II/LC3-I in H9C2 cells. All the experiments were performed in 
triplicate. *P < 0.05, **P < 0.01, ***P < 0.001 vs Control; #P < 0.05, 
##P < 0.01, ###P < 0.001 vs H/R; ^P < 0.05, ^^^P < 0.001 vs Pue 200; 
&P < 0.05, &&&P < 0.001 vs Pue 400

◂
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P < 0.05). The mRNA level of Beclin-1 and the protein levels 
of LC3-II and Beclin-1 in cardiomyocytes were downregulated 
after puerarin treatment (Fig. 2e–g; P < 0.01), while the protein 
expression of LC3-I was upregulated (Fig. 2f–g; P < 0.001); 
as a result, the ratio of LC3-II/LC3-I was reduced (Fig. 2h; 
P < 0.001). However, puerarin significantly affected cardio-
myocyte viability and mRNA level of LC3B (Figs. 1f and 2e).

It was found that both puerarin at 200 μM and 400 μM 
rescued the effects of H/R injury on viability, ANRIL 
expression, contents of LDH and MDA, apoptosis, and 
expressions of autophagy-related genes of cardiomyocytes 
(Figs. 1f–g and 2; P < 0.05).

The effects of overexpressed and knockdown 
of ANRIL (siANRIL) on ANRIL expression, cell 
viability, and expressions of autophagy‑related 
genes of cardiomyocytes

To analyze the effect of ANRIL on cardiomyocytes, we 
transfected overexpressed ANRIL and siANRIL into 

H9C2 cells, respectively. Figure 3 a showed the transfec-
tion efficiency detected by qRT-PCR. It could be found 
that ANRIL expression was significantly promoted by 
overexpressed ANRIL, whereas it was downregulated 

Fig. 3   Effects of overexpressed and knocking down ANRIL on 
ANRIL expression, cell viability and expressions of autophagy-
related genes of H/R injured cardiomyocytes. a The transfection rates 
of ANRIL overexpressed and knocking down were detected by qRT-
PCR. GAPDH was an internal reference. b Effect of overexpression 
and knockdown of ANRIL on the viability of H9C2 cells. c Effect 
of overexpressed and knocking down ANRIL on the mRNA levels 

of LC3B and Beclin-1 in H9C2 cells. β-actin was an internal refer-
ence. d–e Effect of overexpressed and knocking down ANRIL on the 
protein levels of LC3-I, LC3-II, and Beclin-1 in H9C2 cells. β-actin 
was an internal reference. f Effect of overexpressed and knocking 
down ANRIL on the ratio of LC3-II/LC3-I in H9C2 cells. All the 
experiments were performed in triplicate. *P  <  0.05, **P  <  0.01, 
***P < 0.001 vs Negative Control (NC)

Fig. 4   Effect of puerarin and knockdown ANRIL on H/R-injured 
cardiomyocytes on cell viability, ANRIL expression, apoptosis, and 
expressions of autophagy-related genes. a Effect of puerarin and 
knocking down ANRIL on viability of H/R-injured H9C2 cells. b 
Effect of puerarin and knocking down ANRIL on ANRIL expression 
in H/R-injured H9C2 cells. c–d Effect of puerarin and knocking down 
ANRIL on apoptosis of H/R-injured H9C2 cells. e Effect of puera-
rin and knocking down ANRIL on the mRNA levels of LC3B and  
Beclin-1 in H/R-injured H9C2 cells. β-actin was an internal reference. 
f–g Effect of puerarin and knocking down ANRIL on the protein lev-
els of LC3-I, LC3-II, and Beclin-1 in H/R-injured H9C2 cells. β-actin 
was an internal reference. h Effect of puerarin and knocking down 
ANRIL on the ratio of LC3-II/LC3-I in H/R-injured H9C2 cells. All 
the experiments were performed in triplicate. *P < 0.05, **P < 0.01, 
***P  <  0.001 vs Negative Control (NC); ^P  <  0.05, ^^P  <  0.01, 
^^^P  <  0.001 vs H/R + NC; &P  <  0.05, &&P  <  0.01, &&&P  <  0.001 
vs H/R + knockdown ANRIL; ##P < 0.01, ###P < 0.001 vs H/R + Pue 
400 + NC

◂
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after siANRIL treatment (Fig. 3a; P < 0.001). Compared 
with the Control group (NC), knocking down ANRIL 
inhibited H9C2 cell viability, which, however, was pro-
moted by overexpressed ANRIL (Fig.  3b; P  <  0.01). 
The mRNA levels of LC3B and Beclin-1 and the pro-
tein levels of LC3-II and Beclin-1 were upregulated in 

cardiomyocytes after siANRIL treatment (Fig.  3c–e; 
P < 0.05), whereas the protein expression of LC3-I was 
downregulated (Fig. 3d–e; P < 0.001), and thus, the ratio 
of LC3-II/LC3-I was increased (Fig.  3f; P  <  0.001). 
Overexpression of ANRIL produced the opposite effect 
to knockdown of ANRIL (Fig. 3c–f; P < 0.05).

Fig. 5   The injury index, CK activity, contents of LDH, ANRIL 
expression, tissue damage, apoptosis, and expressions of autophagy-
related genes in rats. a Effect of puerarin on injury index of I/R-
injured rats. b Effect of puerarin on CK activity in I/R-injured rats. 
c Effect of puerarin on contents of LDH in I/R-injured rats. d Effect 
of puerarin on ANRIL expression in the myocardial tissues of I/R-
injured rats. GAPDH was an internal reference. e Pathological 
changes of myocardial tissue were observed by hematoxylin–eosin 
(HE) staining (magnification, × 200). f The effect of puerarin on the 

apoptosis of myocardial tissues in I/R-injured rats was analyzed by 
TdT-mediated dUTP Nick-End Labeling (TUNEL) staining (magni-
fication, × 200). g–h Effect of puerarin on the expressions of LC3-I, 
LC3-II, and Beclin-1 in myocardial tissues of I/R-injured rats. β-actin 
was an internal reference. i Effect of puerarin on the ratio of LC3-II/
LC3-I in myocardial tissues of I/R-injured rats. All the experiments 
were performed in triplicate. **P  <  0.01, ***P  <  0.001 vs Sham; 
^^^P < 0.001 vs I/R; ##P < 0.01, ###P < 0.001 vs Pue
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Effect of puerarin and siANRIL on cell viability, 
ANRIL expression, apoptosis, and expressions 
of autophagy‑related genes in H/R‑injured 
cardiomyocytes

We used 400 μM puerarin and siANRIL to process H/R-
injured cardiomyocytes for analyzing the interaction between 
puerarin and ANRIL in regulating the basic physiological 
functions of cardiomyocytes and autophagy-related genes. 
The results of CCK-8 assay, qRT-PCR, and flow cytometry 
showed that siANRIL inhibited the viability of H/R-injured 
cardiomyocytes (Fig. 4a; P < 0.01) and ANRIL expression 
(Fig. 4b; P < 0.001), and significantly promoted H9C2 cell 
apoptosis (Fig. 4c–d; P < 0.05). The mRNA levels of LC3B 
and Beclin-1 and the protein levels of LC3-II and Beclin-1 
were upregulated in H/R-injured H9C2 cells after siANRIL 
treatment (Fig. 4e–g; P < 0.05), whereas the protein expres-
sion of LC3-Iwas downregulated (Fig. 4f–g; P < 0.001), 
and thus, the ratio of LC3-II/LC3-I was increased (Fig. 4h; 
P < 0.001). However, the effect of siANRIL on H/R-injured 
H9C2 cells was partially reversed by 400 μM puerarin 
(Fig. 4a–h; P < 0.05).

Puerarin reversed the effects of I/R injury on injury 
index, CK activity, LDH content, ANRIL expression, 
tissue damage, apoptosis, and expressions 
of autophagy‑related genes in rats

We verified the effect of puerarin by building an I/R injury 
rat model. The results showed that the injury index, creatine 
kinase (CK) activity, and LDH content of the rats in the 
I/R group were significantly increased compared with the 
Sham group (Fig. 5a–c; P < 0.001), while these indexes 
were downregulated after puerarin treatment (Fig. 5a–c; 
P < 0.001). Moreover, the expression of ANRIL in I/R-
injured rats was distinctly downregulated, whereas it was 
upregulated after puerarin treatment (Fig. 5d; P < 0.001). 
The HE and TUNEL staining results were presented in 
Fig. 5 e, f. The size and arrangement of cardiomyocytes in 
the Sham group were normal. In the I/R group, the cardio-
myocytescells were swollen and deformed, and abnormally 
arranged, with a large number of inflammatory cells infil-
trated; also, there was a large area of positive expression of 
apoptosis in the myocardial tissues. After treatment with 
puerarin, the arrangement of cardiomyocytes in the rats 
gradually recovered, the number of infiltrated inflamma-
tory cells was significantly reduced, and the area of posi-
tive expression of apoptosis in the myocardial tissues was 
significantly downregulated. The expressions of LC3-II 
and Beclin-1 were upregulated after I/R injury treatment 
(Fig. 5g–h; P < 0.001), whereas the protein expression 
of LC3-I was downregulated (Fig. 5g–h; P < 0.001), and 
therefore, the ratio of LC3-II/LC3-I was increased (Fig. 5i; 

P < 0.001). However, puerarin reversed the above changes 
of gene expressions (Fig. 5g–i; P < 0.001).

Discussion

Myocardial ischemia–reperfusion injury was proposed  
by Jennings in 1960 (Jennings et al. 1960). Studies have 
shown that myocardial ischemia itself is not the main fac-
tor causing damage to tissue cells but aggravates the dam-
age caused by recovery of blood reperfusion (Hearse 1977). 
With the continuous development of blood revascularization  
technology in clinical treatment, the occurrence of myocar-
dial ischemia–reperfusion injury has gradually increased. 
How to reduce myocardial ischemia–reperfusion injury and  
protect myocardial cells to the greatest extent has become 
the goal of many researchers (Papageorgiou et al. 2018). 
Establishment of a reliable model of myocardial ischemia– 
reperfusion injury with the study of myocardial ischemia and 
hypoxia at the cellular level has become an important direc-
tion of studying myocardial ischemia–reperfusion injury in 
recent years (Taylor and Pouyssegur 2007); at the same time, 
such a study approach could exclude the effects of systemic 
nerve-humoral interactions and local different types of cell 
interactions (Taylor and Pouyssegur 2007). In this study, an  
I/R injury cardiomyocyte model was used to simulate the 
in vitro environment of myocardial ischemia–reperfusion  
injury. According to the effect of different hypoxia and 
reoxygenation time on the growth status of cardiomyo-
cytes, 3  h of hypoxia and 3  h of reoxygenation were 
selected as the modeling conditions. A rat model of myo-
cardial ischemia–reperfusion injury had been successfully 
established in in vivo experiments by classic LAD method 
(Reichert et al. 2017) to further verify the results of the 
in vitro experiments.

Our results suggested that puerarin had a significant pro-
tective effect on H/R-injured cardiomyocytes. It was found 
that puerarin promoted cardiomyocyte viability, inhibited 
cardiomyocyte apoptosis, reduced the contents of LDH and 
MDA, and reduced myocardial damage through regulat-
ing autophagy-related genes and inhibiting cardiomyocyte 
autophagy. The cardiovascular protective effects of puerarin 
have been extensively studied. For example, in angiotensin 
II-induced hypertension model rats, puerarin reduces sys-
tolic blood pressure to protect vascular endothelial function 
(Li et al. 2017); in isoproterenol (ISO)-induced myocardial 
infarction mice, puerarin inhibits myocardial infarction by 
regulating the PPAR-Υ/NF-κB pathway (Li et al. 2018); 
puerarin also exerts the cardioprotective effect through 
affecting sodium–potassium pump and calcium ion channels 
to improve myocardial fibers, thereby regulating the PI3K/
Akt, NF-κB, and Caspases signaling pathways to reduce 
cardiovascular damage caused by inflammation, oxidative 
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stress and apoptosis (Wei 2015). Tang et al. (2017) obtained 
a similar result to our study that puerarin can attenuate I/R 
injury by inhibiting autophagy in the Akt pathway.

Autophagy is a conservative biological process that 
degrades cytoplasmic components in lysosomes formed 
during biological evolution (Lockshin and Zakeri 2004). 
Under physiological conditions, autophagy repairs cells by 
degrading intracellular dysfunction and aging organelles 
to maintain normal life activities of the body. At the same 
time, excessive or insufficient autophagy can also cause 
diseases (Lockshin and Zakeri 2004). Beclin1, LC3-I, and 
LC3-II are important autophagy-related genes (Lockshin  
and Zakeri 2004). Recent studies have showed that 
autophagy contributes to the development of I/R. Valentim 
reported that downregulation of Beclin1 expression in car-
diomyocytes reduces I/R-induced autophagy and increases 
cell survival (Valentim et al. 2006); Gurusamy also found 
that the expressions of autophagy-specific proteins (LC3-II 
and Beclin-1) were upregulated in the myocardial tissues 
of I/R rats (Gurusamy et al. 2009). The results obtained 
in this study were consistent with those of previous stud-
ies. We found that the expressions of LC3-II and Beclin-1 
in H/R-injured H9C2 cells were upregulated, whereas the 
expression of LC3-I was inhibited, indicating that H/R 
injury promoted autophagy of cardiomyocytes. However, 
research has reported that autophagy plays a beneficial 
role in I/R. For example, Hamacher-Brady et al. (2007) 
found that in I/R cardiomyocytes, enhanced autophagy 
can reduce Bnip3-mediated cell death; Ma et al. (2015) 
revealed that activating AMPK can induce cell autophagy 
and exert cardioprotection against I/R. These findings indi-
cated that autophagy has a dual regulatory effect in I/R, 
and understanding the clear role of autophagy in diseases 
offers a more comprehensive view to the development of 
therapeutic drugs.

ANRIL, which has genetic susceptibility to atheroscle-
rotic diseases such as coronary heart disease and abdomi-
nal aortic aneurysm (Helgadottir et al. 2008), can interfere 
with the development of cardiovascular disease through 
a variety of mechanisms. In this study, knocking down 
ANRIL reduced myocardial cell viability and exacerbated 
H/R injury by promoting autophagy. Zeng et al. (2019) 
also proved that ANRIL can upregulate beclin-1 expres-
sion by regulating miR-99a and miR-449a, and it promotes 
cell autophagy. This study also explored the interaction 
of puerarin and ANRIL in H/R-injured cardiomyocytes, 
and the results indicated that puerarin can upregulate the 
expression of ANRIL in H/R-injured cardiomyocytes and 
attenuate the damage caused by knockdown of ANRIL. 
These findings have not been reported in previous studies.

In summary, puerarin had a protective effect on car-
diomyocytes, and reduced myocardial injury caused by 

myocardial ischemia–reperfusion by up-regulating ANRIL 
and inhibiting cardiomyocyte autophagy.
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