
www.kjpp.net Korean J Physiol Pharmacol 2022;26(5):325-333325

Korean J Physiol Pharmacol 2022;26(5):325-333
https://doi.org/10.4196/kjpp.2022.26.5.325

Author contributions: L.C. designed the study, supervised the data collec-
tion. L.Y. analyzed the data, interpreted the data. W.Z. prepare the manu-
script for publication and reviewed the draft of the manuscript. All authors 
have read and approved the manuscript.

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial 

License, which permits unrestricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work is properly cited.
Copyright © Korean J Physiol Pharmacol, pISSN 1226-4512, eISSN 2093-3827

Original Article

Benzoylaconine improves mitochondrial function in oxygen-
glucose deprivation and reperfusion-induced cardiomyocyte 
injury by activation of the AMPK/PGC-1 axis 
Leijie Chen1, Laixing Yan2,*, and Weiwei Zhang3

1Department of Cardiology, Hebi People’s Hospital, Hebi 458030, 2Department of Cardiovascular Medicine, Shulan (Hangzhou) Hospital Affiliated to Zhejiang 
Shuren University Shulan International Medical College, Hangzhou 310022, 3Department of Geriatrics, Hubin Street Community Health Service Center, 
Hangzhou 310000, China

ARTICLE INFO
Received April 6, 2022
Revised June 6, 2022
Accepted June 13, 2022

*Correspondence
Laixing Yan
E-mail: laixing.yan@Shulan.com

Key Words
AMP-activated protein kinases
Benzoylaconine
Cardiomyocytes
Mitochondrial function

ABSTRACT Heart failure (HF) has become one of the severe public health problems. 
The detailed role of mitochondrial function in HF was still unclear. Benzoylaconine 
(BAC) is a traditional Chinese medicine, but its role in HF still needs to be explored. 
In this study, oxygen-glucose deprivation and reperfusion (OGD/R) was executed to 
mimic the injury of H9C2 cells in HF. The viability of H9C2 cells was assessed via MTT 
assay. OGD/R treatment markedly decreased the viability of H9C2 cells, but BAC treat-
ment evidently increased the viability of OGD/R-treated H9C2 cells. The apoptosis 
of H9C2 was enhanced by OGD/R treatment but suppressed by BAC treatment. The 
mitochondrial membrane potential was evaluated via JC-1 assay. BAC improved the 
mitochondrial function and suppressed oxidative stress in OGD/R-treated H9C2 cells. 
Moreover, Western blot analysis revealed that the protein expression of p-AMPK and 
PGC-1α were reduced in OGD/R-treated H9C2 cells, which was reversed by BAC. Res-
cue assays indicated that AMPK attenuation reversed the BAC-mediated protective 
effect on OGD/R-treated cardiomyocytes. Moreover, BAC alleviated myocardial injury 
in vivo. In a word, BAC modulated the mitochondrial function in OGD/R-induced car-
diomyocyte injury by activation of the AMPK/PGC-1 axis. The findings might provide 
support for the application of BAC in the treatment of HF.

INTRODUCTION
Myocardial infarction is one of the major parts of cardiovascu-

lar diseases, which was associated with an elevated risk of disabil-
ity and mortality [1]. Heart failure (HF) post-acute myocardial 
infarction has become one of the severe public health problems 
which results in increasing hospitalizations and deaths of people 
[2,3]. Although great progress has been made in the therapeutic 
strategies of HF, the outcome of these patients was still unfavor-
able [4]. In addition, the widely applied treatment method, such 
as cardiac reperfusion following acute myocardial ischemia can 
also cause cardiomyocyte injury [5]. Recently, the abnormal mito-

chondrial function was proposed to be implicated in the develop-
ment of cardiomyocyte injury in HF [6]. Dysfunction of energy 
metabolism caused by mitochondrial disorders might be closely 
associated with cardiomyocyte injury in HF [7]. Alleviating the 
damage of mitochondrial function has become an intriguing 
therapeutic method for reducing cardiomyocyte injury in HF [8]. 
Nonetheless, the detailed mechanisms of mitochondrial function 
regulating HF remain elusive.

As a typical monoester alkaloid, benzoylaconine (BAC) is the 
primary bioactive compounds in Fuzi [9]. BAC has been widely 
accepted to have the pharmacological efficacy and a potential 
anti-inflammatory effect [10]. In former studies, some researchers 
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have found that BAC exerted biological activities and participated 
in some biological processes. For instance, BAC increased the cell 
viability and oxygen consumption rate and induced mitochon-
drial biogenesis in mice through the activation of AMPK signal-
ing [11]. BAC regulated lipopolysaccharide-triggered RAW264.7 
cell responses via modulating the toll-like receptor-mediated NF-
κB and MAPK signaling pathways [12]. BAC exerted biological 
activities and pharmacological effect in rats [13]. Nevertheless, the 
role of BAC in regulating the mitochondrial function of HF still 
needs to be elucidated.

In the current study, the function of BAC in regulating mito-
chondrial function in oxygen-glucose deprivation and reperfu-
sion (OGD/R)-treated cardiomyocytes was assessed. The results 
uncovered that BAC improved the mitochondrial function in 
OGD/R-induced cardiomyocyte injury through activating the 
AMPK/PGC-1 signaling pathway. The findings of this study 
might shed a light on the application of BAC in the treatment of 
HF in the future.

METHODS

Ischemia/reperfusion (IR) rat model

Sprague–Dawley rats (male, 6–8 weeks, 200–250 g) were ac-
quired from Vital River Biological Co., Ltd, Beijing, China. The 
animal experiment was approved by the Animal Care and Use 
Committee of Hebi People’s Hospital (approval no. 2020-158). All 
rats were kept in the standard cages with free foods and water on 
a 12 h light-dark cycle. To make the IR rat model, the left anterior 
descending (LAD) coronary artery was exposed. A 7-0 nylon 
stitch was maintained at the top edge of the left auricula (near 
the LAD). The nontraumatic occluder was put above the artery 
to stimulate myocardial infarction. The IR model was induced by 
inflating the occluder for 30 min and then performing reperfu-
sion for 3 h. Rats in the Sham group were done by thoracotomy 
without LAD ligation. Rats (n = 18) were randomly divided into 3 
groups: the Sham group (n = 6), the IR group (n = 6) and the IR + 
20 mg/kg BAC group (n = 6).

2,3,5-triphenyltetrazolium chloride (TTC) staining

For TTC staining, the heart samples were cut into 1-mm sec-
tions. The sections were stained with TTC solution (Sigma-
Aldrich, St. Louis, MO, USA) for 15 min. The dyed sections were 
imaged and analyzed using ImageJ software (National Institutes 
of Health, Bethesda, MD, USA). The heart infarct size (%) was 
calculated as following formula: The heart infarct size (%) = the 
infarction area / the total area × 100%.

Detection of lactate dehydrogenase (LDH) and 
reactive oxygen species (ROS) levels (in vivo)

The LDH level was examined through a commercial LDH as-
say kit (ab65393; Abcam, Cambridge, MA, USA). The ROS level 
was determined by a commercial ROS Detection Cell-Based As-
say Kit (Cayman Chemical, Ann Arbor, MI, USA) in line with the 
manufacturer’s guidelines.

Cell culture and treatment

Rat cardiomyocytes (H9C2 cells) were obtained from Ameri-
can Type Culture Collection (ATCC, Manassas, VA, USA) and 
maintained in Dulbecco’s modified Eagle medium (DMEM; In-
vitrogen, Carlsbad, CA, USA) with additional GlutaMAX (2 μM; 
Invitrogen) and fetal bovine serum (FBS, 10%; Invitrogen). H9C2 
cells were grown in the incubator with 5% CO2 at 37°C.

OGD/R was executed to mimic the injury of H9C2 cells in HF. 
OGD was induced through culturing H9C2 cells in glucose-free 
DMEM including sodium dithionite (Na2S2O4; 5 μM) for 2 h. The 
complete medium was used in the supernatant for 6 h for reoxy-
genation.

3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay

The viability of H9C2 cells was evaluated via MTT assay. H9C2 
cells were planted into 96-well plates. MTT regents (5 mg/ml; 
Sigma-Aldrich) was supplemented in the culture medium and 
cells were cultured at 37°C for 4 h in the darkness at 37°C for 4 h. 
To dissolve the formazan of MTT, dimethyl sulfoxide was then 
added. The absorbance at 490 nm was read to determine the vi-
ability of H9C2 cells.

ROS evaluation

The dye dihydroethidium (5 μM) (Abcam) was utilized to 
stain H9C2 cells for 10 min for measuring the ROS production in 
H9C2 cells. The images were randomly selected from ten regions 
of interest using a fluorescent microscope and the ImageJ soft-
ware (National Institutes of Health) were employed for analyzing 
the fluorescence density of the stained H9C2 cells.

JC-1 assay

The mitochondrial membrane potential was tested via JC-1 as-
say. JC-1 dye (Beyotime, Haimen, China) was used to stain H9C2 
cells for 20 min at 37°C and rinsed by PBS. The confocal laser 
scanning microscope (Leica, Heidelberg, Germany) was applied 
to analyze the images of the green and red fluorescence intensity 
in each unit. The intensity ratio of red fluorescence to green fluo-
rescence referred to the mitochondrial membrane potential.
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Determination of adenosine triphosphate (ATP) 
content

An ATP determination kit (Beyotime, Nanjing, China) was 
employed for determining the content of ATP. A reaction buffer 
(100 ml) supplemented with dithiothreitol (1 μM), luciferase (12.5 
mg/ml), and luciferin (0.5 μM) was added into H9C2 cells. A 
Varioskan Flash microplate reader was applied for measuring the 
luminance of the mixtures. The ATP content was defined to be 
the percentage of the total level in the control group.

Western blot analysis

Total proteins from H9C2 cells and heart tissues were isolated 
and separated by 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis, followed by transferring onto polyvinylidene 
fluoride membranes (Bio-Rad, Hercules, CA, USA). Being sealed 
by non-fat milk, the membranes were incubated with the primary 
antibodies for one night and then washed by Tris-buffered saline 
with Tween 20. Then a donkey anti-rabbit or anti-mouse IR Dye-
conjugated IgG secondary antibody (1:3,000; Abcam) was used 
for another 1 h incubation. Afterwards, the blots were scanned to 

Fig. 1. BAC alleviated OGD/R-induced H9C2 cell injury. (A) MTT assay was performed to evaluate the viability of H9C2 cells. *p < 0.05 indicates the 
difference compared with vehicle group; **p < 0.01 indicates the difference compared with vehicle group. (B) The LDH level was assessed via the com-
mercial kit. *p < 0.05 indicates the difference compared with vehicle group; **p < 0.01 indicates the difference compared with vehicle group. (C) The 
viability of H9C2 cells was measured via MTT assay. **p < 0.01 indicates the difference compared with control group; #p < 0.05 indicates the difference 
compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; ##p < 0.01 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group. (D) The 
LDH level was detected using the commercial kit. ***p < 0.001 indicates the difference compared with control group; #p < 0.05 indicates the difference 
compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; ###p < 0.001 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group. (E, 
F) The apoptosis of H9C2 cells was tested by flow cytometry through Annexin V-FITC/PI double labeling. ***p < 0.001 indicates the difference com-
pared with control group; #p < 0.05 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; ###p < 0.001 indicates the difference 
compared with OGD (2 h)/R (6 h) + BAC (0 μM) group. BAC, benzoylaconine; OGD (2 h)/R (6 h), oxygen-glucose deprivation (2 h) and reperfusion (6 h); 
MTT, 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; LDH, lactate dehydrogenase; PI, propidium iodide.
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capture the images. The labeled protein bands were analyzed via 
a high-sensitive enhanced chemiluminescent detection kit. The 
primary antibodies included anti-AMPK (1:1,000, ab32047; Ab-
cam), anti-p-AMPK (1:1,000, ab133448; Abcam), anti-PGC-1α (1 
µg/ml, ab191838; Abcam), β-actin (1 µg/ml, ab8226; Abcam).

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of superoxide dismutase (SOD), glutathi-
one peroxidase (GSH-Px), malondialdehyde (MDA), and catalase 
(CAT) in H9C2 cells were measured via ELISA. H9C2 cells were 
planted on a 96-well plate and cultured for 12 h followed by sub-
jecting to respective ELISA kits (Invitrogen). The absorbance at 
450 nm was observed.

LDH measurement

LDH level was applied for measuring the cell viability. The level 
of LDH was detected using a commercial assay kit (Roche Ap-
plied Science, Mannheim, Germany). Cells were incubated with 
Triton X-100 (8 µl, 10 %) for 15 min followed by transferring the 
culture medium (50 µl) onto the 96-well opaque-walled assay 
plate. Further, cells were incubated with LDH detection reagent 
(50 µl) for 1 h. The absorbance at 490 nm was evaluated via a 
spectrophotometer.

Flow cytometry assay

The apoptosis of H9C2 cells was evaluated via an Annexin V-

Fig. 2. BAC improved mitochondrial function in OGD/R-treated H9C2 cells. (A, B) JC-1 fluorescence assay was employed for measuring the mito-
chondrial membrane potential (scale bar = 50 μm). ***p < 0.001 indicates the difference compared with control group; #p < 0.05 indicates the differ-
ence compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; ###p < 0.001 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group. (C, 
D) The ROS and ATP production were detected through using respective detection kits. ***p < 0.001 indicates the difference compared with control 
group; ##p < 0.01 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; ###p < 0.001 indicates the difference compared with 
OGD (2 h)/R (6 h) + BAC (0 μM) group. BAC, benzoylaconine; OGD (2 h)/R (6 h), oxygen-glucose deprivation (2 h) and reperfusion (6 h); ROS, reactive 
oxygen species; ATP, adenosine triphosphate; LDH, lactate dehydrogenase.
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FITC/PI double staining kit (Beyotime, Jiangsu, China). After 
rinsing by PBS, H9C2 cells were cultured with binding buffer 
(500 µl) and Annexin V (10 µl) for 20 min in the dark followed by 
incubation with propidium iodide (PI, 5 µl; Sigma). The apoptosis 
of H9C2 cells was analyzed by flow cytometry.

Statistical analysis

The data was analyzed using GraphPad Prism 7.0 (GraphPad 
Software, La Jolla, CA, USA) and displayed as the means ± stan-
dard deviation (SD). The differences among multiple groups were 
compared using one-way or two-way analysis of variance (ANO-
VA) followed by Tukey’s test while Student’s t-test was applied 
for comparing the differences between two groups. p < 0.05 was 
set as statistical significance. All experiments were performed in 
triplicates

RESULTS

BAC alleviated OGD/R-induced injury in H9C2 cell

To probe the role of BAC in H9C2 cells, different concentra-
tions of BAC (0 µM, 25 µM, 50 µM, 75µM, 100 µM, 125 µM) 
were used to treat H9C2 cells. As depicted in Fig. 1A, 25 µM, 50 
µM, and 75 µM BAC treatment had no obvious influence on the 
viability of H9C2 cells, and the H9C2 cell viability was strikingly 
reduced by 100 µM and 125 µM BAC treatments. Similarly, the 
secretion of myocardial injury index (LDH) was elevated by the 

treatment of 100 µM and 125 µM BAC (Fig. 1B). Further, cardio-
myocytes injury model was established via OGD/R-treated H9C2 
cells. OGD/R treatment markedly decreased the H9C2 cell viabil-
ity, but 50 µM, and 75 µM BAC treatment evidently increased the 
OGD/R-treated H9C2 (Fig. 1C). Moreover, the enhanced LDH 
secretion was reversed by BAC treatment in a dose dependent 
manner (Fig. 1D). In addition, the apoptosis of H9C2 cells was 
elevated by OGD/R induction, but suppressed by BAC treatment 
in a dose dependent manner (Fig. 1E, F). Altogether, BAC relieved 
OGD/R-induced H9C2 cell injury.

BAC improved mitochondrial function in OGD/
R-treated H9C2 cells

Next, the function of BAC on mitochondrial function in OGD/
R-treated H9C2 cells was investigated. The images from JC-1 
fluorescence assay revealed that the decreased red/green fluo-
rescence ratio in OGD/R-treated H9C2 cells was elevated by 50 
µM, and 75 µM BAC treatment, indicating BAC could improve 
the mitochondrial function in OGD/R-treated H9C2 cells (Fig. 
2A, B). Meanwhile, 50 µM and 75 µM BAC treatment also allevi-
ated OGD/R-triggered enhancement of ROS in H9C2 cells (Fig. 
2C). Oppositely, the declined ATP production was counteracted 
dose-dependently by BAC treatment (Fig. 2D). To sum up, BAC 
improved mitochondrial function in OGD/R-treated H9C2 cells.

Fig. 3. BAC suppressed oxidative stress in OGD/R-treated H9C2 cells. The concentration of SOD, GSH-Px, MDA and CAT was tested via ELISA. ***p 
< 0.001 indicates the difference compared with control group; #p < 0.05 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; 
##p < 0.01 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; ###p < 0.001 indicates the difference compared with OGD (2 
h)/R (6 h) + BAC (0 μM) group. BAC, benzoylaconine; OGD (2 h)/R (6 h), oxygen-glucose deprivation (2 h) and reperfusion (6 h); SOD, superoxide dis-
mutase; GSH-Px, glutathione peroxidase; MDA, malondialdehyde; CAT, catalase.
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BAC suppressed oxidative stress in OGD/R-treated 
H9C2 cells

Afterwards, oxidative stress associated biomarkers (SOD, GSH-
Px, MDA, and CAT) were tested via ELISA. The data unveiled 
that the decreased concentration of SOD as a result of OGD/R 
treatment was attenuated by BAC treatment (25 µM, 50 µM, and 
75 µM) in H9C2 cells. Additionally, BAC treatment also inversely 
changed OGD/R-induced reduction in GSH-Px and CAT con-
centrations in H9C2 cells dose-dependently. The elevated level of 
MDA resulted from OGD/R treatment was offset by 50 µM and 
75 µM BAC treatment (Fig. 3). All in all, BAC suppressed oxida-
tive stress in OGD/R-treated H9C2 cells.

BAC activated AMPK/PGC-1 axis in OGD/R-treated 
H9C2 cells

Subsequently, the mechanism of BAC in OGD/R-treated H9C2 
cells was explored. The levels of AMPK/PGC-1 signaling related 
proteins (p-AMPK and PGC-1α) were assessed. The results 
uncovered that the p-AMPK and PGC-1α protein levels were de-
creased in OGD/R-treated H9C2 cells but reversed by BAC treat-
ment dose-dependently (Fig. 4). In a word, BAC activated AMPK/
PGC-1 axis in OGD/R-treated H9C2 cells.

AMPK attenuation reversed the protective effect of 
BAC on OGD/R-treated cardiomyocytes

Finally, whether BAC modulated OGD/R-treated cardio-
myocytes via AMPK/PGC-1 axis was analyzed. BAC treatment 
restored OGD/R-induced decline in the viability of H9C2 cells, 
but which was offset by the treatment of AMPK inhibitor (10 
µM compound C [CC]) (Fig. 5A). The BAC treatment-improved 
mitochondrial function in OGD/R-treated H9C2 cells was re-
versed by 10 µM CC (Fig. 5B). BAC treatment mediated inhibi-
tion on ROS level in OGD/R-treated H9C2 cells was reversed 
by 10 µM CC treatment (Fig. 5C). Besides, 10 µM CC treatment 
also countervailed the enhanced ATP production resulted from 
BAC treatment in OGD/R-treated H9C2 cells (Fig. 5D). Taken 

together, AMPK attenuation reversed the protective effect of BAC 
on OGD/R-treated cardiomyocytes.

BAC alleviated myocardial injury in vivo

The IR rat model was established to investigate the role of 
BAC in vivo. Through TTC staining, the heart infarct size was 
enhanced after IR treatment, but which was rescued by BAC (20 
mg/kg) treatment (Fig. 6A). Additionally, the increased LDH and 
ROS levels mediated by IR treatment could be attenuated by BAC 
treatment (Fig. 6B, C). Moreover, the down-regulated protein ex-
pression of p-AMPK/AMPK and PGC-1α mediated by IR treat-
ment was reversed by BAC treatment (Fig. 6D). These above data 
revealed that BAC alleviated myocardial injury in vivo.

DISCUSSION
HF is a chronic health concern with complex pathogenesis 

[14]. Mitochondria was regarded as the powerhouse of cells via 
the synthesis ATP through oxidative phosphorylation [15]. The 
dysfunction of mitochondria has been reported to be implicated 
in various diseases including HF [11]. Previously, mitochondrial 
dysfunction has been identified in HF [16]. Moreover, HF is re-
ported to be inhibited by LARP7 via increasing the biogenesis of 
mitochondria [17]. Multiply researchers indicated that targeting 
mitochondrial dysfunction might provide an opportunity for HF 
treatment [18]. Nevertheless, the detailed mechanisms of tradi-
tional Chinese medicine regulating mitochondrial dysfunction in 
HF remain to be explored.

In former studies, traditional Chinese medicine was extensively 
validated to be involved in cardiomyocytes injury. For instance, 
the apoptosis and energy metabolism of cardiomyocytes is medi-
ated by Ginsenoside Rb3 through modulating the PPARα path-
way [19]. Danqi Pill regulates HIF-1α/PGC-1α-related glucose 
metabolism pathway to inhibit the development of HF post-acute 
myocardial infarction [20]. The development of doxorubicin-
mediated chronic HF is attenuated by Salsolinol via improving 
the mitochondrial function in cardiomyocytes [21]. Although 

Fig. 4. BAC activated AMPK/PGC-1 axis in OGD/R-treated H9C2 cells. Western blot analysis was utilized for evaluating the protein levels of AMPK, 
p-AMPK, and PGC-1α. ***p < 0.001 indicates the difference compared with control group; #p < 0.05 indicates the difference compared with OGD (2 h)/
R (6 h) + BAC (0 μM) group; ###p < 0.001 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group. BAC, benzoylaconine; OGD (2 h)/
R (6 h), oxygen-glucose deprivation (2 h) and reperfusion (6 h); SOD, superoxide dismutase.
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BAC has been verified to play a part in the mitochondrial biogen-
esis [11], RAW264.7 cell responses [12], whether BAC has an ef-
fect on HF through modulating the mitochondrial function was 
unknown. In the current study, different concentrations of BAC 
were used to treat H9C2 cells, which enhanced H9C2 cell viabil-
ity. Then, the cardiomyocytes injury model was constructed by 
OGD/R treatment toH9C2 cells. BAC administration increased 
the viability and inhibited the apoptosis of H9C2 cells treated 
by OGD/R. In addition, the attenuated mitochondrial function 
in OGD/R-treated H9C2 cells was alleviated by BAC treatment. 
Besides, BAC could suppress oxidative stress in OGD/R-treated 
H9C2 cells. In summary, BAC could improve the mitochondrial 

function in OGD/R-treated cardiomyocytes to suppress the de-
velopment of HF.

Adenosine monophosphate-activated protein kinase (AMPK) 
is a kind of intracellular energy sensor activated when the cell en-
ergy is depleted [22]. Peroxisome proliferator-activated receptor-γ 
coactivator 1α (PGC-1α) is a member of PGC-1 families, which 
serves as a transcriptional coactivator that coordinates with 
physiological adaptation [23]. AMPK/PGC-1α axis has been con-
firmed to be involved in mitochondrial function and the produc-
tion of ATP [24]. Besides, AMPK/PGC-1α signaling is found to 
participate in mitochondrial biogenesis under the regulating of 
Ursolic acid in C2C12 myotubes [25]. The protective role of Chi-

Fig. 5. AMPK attenuation reversed BAC-mediated protective effect on OGD/R-treated cardiomyocytes. (A) The viability of H9C2 cells was as-
sessed via MTT assay. ***p < 0.001 indicates the difference compared with control group; ##p < 0.01 indicates the difference compared with OGD (2 
h)/R (6 h) + BAC (0 μM) group; &&p < 0.01 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (75 μM) group. (B) The mitochondrial mem-
brane potential was detected by JC-1 fluorescence assay (scale bar = 50 μm). ***p < 0.001 indicates the difference compared with control group; ###p 
< 0.001 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; &&&p < 0.001 indicates the difference compared with OGD (2 
h)/R (6 h) + BAC (75 μM) group. (C, D) The ROS and ATP production were measured using respective detection kits. ***p < 0.001 indicates the differ-
ence compared with control group; ###p < 0.001 indicates the difference compared with OGD (2 h)/R (6 h) + BAC (0 μM) group; &&&p < 0.001 indicates 
the difference compared with OGD (2 h)/R (6 h) + BAC (75 μM) group. BAC, benzoylaconine; OGD (2 h)/R (6 h), oxygen-glucose deprivation (2 h) and 
reperfusion (6 h); CC, compound C; MTT, 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; ROS, reactive oxygen species; ATP, adenosine 
triphosphate.
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nese medicine is implicated in the mitochondrial dysfunction in 
diabetic peripheral neuropathy through modulating the AMPK/
PGC-1α signal pathway [26]. AMPK/PGC-1 α axis exerts a role 
in obese type 2 diabetic rats via mediating the glycolipid metabo-
lism and inflammation [27]. Nonetheless, whether BAC regulated 
mitochondrial function in HF patients by mediating the AMPK/
PGC-1 axis still needs to be explored. Here, the p-AMPK and 
PGC-1α protein levels were descended in OGD/R-treated H9C2 
cells but recovered by BAC treatment. Rescue assays indicated 
that AMPK attenuation reversed BAC-mediated protective effect 
on OGD/R-treated cardiomyocytes. Moreover, BAC alleviated 
myocardial injury in vivo.

In summary, this study firstly corroborated that BAC modulat-
ed the mitochondrial function in OGD/R-induced cardiomyocyte 
injury by activation of the AMPK/PGC-1 axis. The findings of 
this study might highlight the function of BAC in the treatment 
of HF.
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