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Asiaticoside alleviates cardiomyocyte apoptosis and oxidative
stress in myocardial ischemia/reperfusion injury via activating the
PIBK-AKT-GSK3p pathway in vivo and in vitro
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Background: Myocardial ischemia/reperfusion (MI/R) is one of the most important links in myocardial
injury, causing damage to cardiac tissues including cell apoptosis, oxidative stress, and other serious
consequences. Asiaticoside (AS), a new compound synthesized from genistein, is cardioprotective. This paper
presents new evidence for the protective role of AS against MI/R injury iz vitro and in vivo.

Methods: First, BALB/c mice underwent surgical ligation of the left anterior descending (LAD) artery
to establish an MI/R animal model, and HL-1 cells were subjected to oxygen-glucose deprivation/
reperfusion (OGD/R) to establish an iz vitro model. Myocardial infarct size was examined by triphenyl
tetrazolium chloride (TTC) staining, histopathological changes detected in heart tissues were observed
using hematoxylin and eosin (H&E) and Masson staining, heart tissue apoptosis was assessed by terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining. Enzyme-linked immunosorbent
assay (ELISA) kits were used to analyze cardiac troponin I (CTnl), creatine kinase-muscle and brain (CK-
MBDB), lactate dehydrogenase (LDH), superoxide dismutase (SOD), malondialdehyde (MDA), and reduced
glutathione (GSH). Cell viability was evaluated using Cell Counting Kit-8 (CCK-8) and live/dead assay. Cell
apoptosis, reactive oxygen species (ROS), mitochondrial membrane potential, and mitochondrial superoxide
were detected by flow cytometry and fluorescence microscopy. Both the protein expression in myocardial
tissues and cardiomyocytes were examined by western blot.

Results: In the iz vivo MI/R experiments, pretreatment of AS reduced myocardial infarct size, decrease
leakage of myocardial enzyme, suppressed myocardial apoptosis, myocardial collagen deposition, and
oxidative stress. In the in vitro OGD/R experiments, HL-1 cells pretreated with AS had increased cell
viability, decreased apoptosis rates and depolarization of mitochondrial membrane potential, and attenuated
intracellular ROS and mitochondrial superoxide. Moreover, AS downregulated the expression of apoptotic
protein, and promoted phosphorylation of PI3K, AKT, and GSK3p, which was reversed by PI3K inhibitor
LY294002.

Conclusions: The AS compound protects against MI/R injury by attenuating oxidative stress and
apoptosis via activating the PI3K/AKT/GSK3p pathway in vivo and vitro.
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Introduction

Ischemic heart disease (IHD) is a common clinical
cardiovascular disease that threatens the health of many
populations worldwide (1). Although IHD can be treated by
drugs or surgery, reperfusion causes more severe myocardial
injury, which is termed myocardial ischemia/reperfusion
(MI/R) injury (2). Several adverse cardiovascular outcomes
result from MI/R injury, such as coronary artery spasm,
cardiac dysfunction, and cardiac arrest (3-5). Hence, it is
necessary to search for novel therapeutic strategies and
drugs to improve clinical outcomes of patients with MI/R.
Asiaticoside (AS) is a natural triterpenoid compound
mainly extracted from Centella asiatica, and has a wide
range of pharmacological actions (6). Centella asiatica
has been widely used in the clinical application in India.
Further, the leaves of Centella asiatica has been used in tea
in Indian daily life. AS has a sweet aroma. Oral taken AS 1
g/kg is safe for adult (7). AS could induce type-I collagen
synthesis to promote the repair of skin (8). Extensive
pharmacological research have demonstrated that AS
exerts anti-inflammatory (9), anti-tumor (10), anti-oxidant
(11), and anti-fibrosis (12) effects, among others. The
latest research showed the protective effect of AS against
cerebral I/R injury via downregulating the NOD2/MAPK/
NF-xB pathway in rats (13). Previously confirmed the cell
protection role of AS on oxygen-glucose deprivation (OGD)
injured H9¢2 cardiomyocytes (14). However, whether AS
has a protective effect during MI/R-induced cardiac injuries
remains need to be explored i vivo and in vitro.
Phosphatidylinsitol-3-kinase (PI3K)-protein kinase B
(AKT) is a signal transduction pathway regulating various
cellular functions such as cell proliferation, survival,
metabolism, and DNA double-strand break (DSB) repair
(15-17). Members of the PI3K family include 2 subunits
regulatory subunit, regulatory subunit p85a, and catalytic
subunit p110a, that are mediators of the classic PI3K/AKT
pathway signaling (18). The PI3K members do not recruit
and activate AKT directly, but through generation of second
messenger lipid phosphatidylinositol (3-5)-triphosphate
(PIP3) to serve this function. However, the occurrence
of these posttranslational modifications of AKT is strictly
dependent on PI3K activity (19). Glycogen synthase kinase
3 (GSK3) is a multifunctional serine/threonine kinase found
in all eukaryotes, which consists of 2 main isoforms: GSK3a
and GSK3B. Furthermore, GSK3p is a downstream signaling
molecule of the PI3K/AKT pathway (20). Activation of
AKT increases the phosphorylation of GSK3 and leads
to inactivation of GSK3p, which plays a crucial role in
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regulating cell growth and apoptosis (21). Previously,
it has been shown that activation of the PI3K/AKT/
GSK3p pathway has a beneficial effect on various ischemic
conditions, such as myocardial ischemia (22), cerebral
ischemia (23), and hepatic ischemia (24).

In the present study, we established an iz vivo model of
MI/R and in vitro models of oxygen-glucose deprivation/
reperfusion (OGD/R), with the aim of investigating the
myocardial protective effects of AS on I/R injury, and
exploring the crucial role of the PI3K/AKT/GSK3p pathway
in this process. We present the following article in accordance
with the ARRIVE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-21-6667/rc).

Methods
Experimental animals and drug administration

A total of 24 BALB/c mice {males 8-10 weeks old, weight
20-22 g, purchased from Shanghai SLAC Laboratory
Animal Co., Ltd. [License number: SCXK (Shanghai,
China) 2017-0005]}. Experiments were performed under
a project license (No. LLSC-2020090801) granted by the
Gannan Medical University Institutional Animal Care
and Use Committee, in compliance with the Guide for
the Humane Treatment of Laboratory Animals (Ministry
of Science and Technology of the People’s Republic
of China, Policy No. 2006398) for the care and use of
animals. For each treatment, mice were randomized as
follows: mice of low-dose (n=6) and high-dose (n=6) groups
were intraperitoneally injected with 1 and 2 mg/kg AS
per day, respectively, for 7 consecutive days before M1/
R. The mice of the MI/R model group (n=6) and sham
group (n=6) received an intraperitoneal injection of equal
volume of physiological saline. One mg AS (HY-N0439,
MedChemExpress, USA) was dissolved in 1 mL 10%
DMSO + 90% corn oil mixture to prepare storage liquid.
The storage liquid was dilute with 10% DMSO + 90% corn
oil mixture to form work reagent.

Preparation of MI/R model

The MI/R surgery was performed as previously
described (25). Briefly, mice were anesthetized with
2% isoflurane during procedures. Subsequently, left
thoracotomy and pericardotomy were conducted to expose
the heart. A slipknot was tied around the left anterior
descending (LAD) coronary artery 3—4 mm from its origin
utilizing a 6-0 silk suture to induce myocardial ischemia.
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After 30 min of ischemia, the slipknot was released to
reperfuse the myocardium for 12 h. In the sham group,
mice were subjected to the same surgical procedures

without ligating the LAD coronary artery.

Measurement of myocardial infarction area

Triphenyl tetrazolium chloride (T'TC) staining was used
to assess infarct size. The hearts were quickly removed to a
-80 °C refrigerator for 20 min. Then, the frozen hearts were
sectioned transversely into 2 mm thick slices and incubated
in 1% TTC (Sigma Aldrich, St. Louis, MO, USA) at
37 °C for 20 min. The stained tissue sections were fixed
in 4% paraformaldehyde and pictures were taken with a
Nikon digital camera (Nikon, Tokyo, Japan). Pictures were
analyzed using Image J software (https://imagej.nih.gov/ij/).

Observation of myocardial pathomorphology

Histopathology was conducted by hematoxylin and eosin
(H&E) staining and Masson staining. Briefly, the cardiac
tissues were fixed in 10% formaldehyde, dehydrated by
gradient ethanol, embedded in paraffin, and sectioned at
4 pm thickness. Then, tissue sections were stained with
H&E Staining Kit (Beyotime, Shanghai, China) and Masson
staining kit (Solarbio, Beijing, China). The operations
were conducted strictly according to the instructions and

evaluated using a BX43 light microscope (Olympus, Tokyo,
Japan).

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) staining

We used a TUNEL staining kit (Roche, Basel, Switzerland)
to detect apoptosis in cardiac tissue. Briefly, the prepared
slices of tissues were incubated with 100 pL of proteinase
K for 10 min and washed with phosphate-buffered saline
(PBS). After the glass slide was air-dried, the slices of tissues
were incubated in a solution of terminal deoxynucleotidyl
transferase (T'dT) with dUTP mixture at 37 °C for 1 h.
After 3 washes with PBS, 100 pL. diaminobenzidine (DAB)
substrates were added for reaction at 20 °C for 10 min.
Finally, the slides were observed by light microscopy.

Detecting myocardial enzymes

Biochemical indicators of myocardial injury and oxidative
stress were used to diagnose the MI/R, including cardiac
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troponin I (CTrl), creatine kinase-muscle and brain (CK-
MB), lactate dehydrogenase (LDH) content in serum,
superoxide dismutase (SOD), malondialdehyde (MDA), and
reduced glutathione (GSH) content in tissue. The above
assay kits were all purchased from Jiancheng Bioengineering
Institute (Nanjing, China). These indices were measured
according to the manufacturer’s instructions respectively
and the results were read on a microplate absorbance reader
(Molecular Devices, San Jose, CA, USA).

Preparation of OGD/R model and drug treatment

Mouse HL-1 cardiomyocytes were purchased from Sigma
Aldrich and provided with high glucose Dulbeccos’
modified Eagle medium (DMEM; Gibco, New York, NY,
USA) containing 10% fetal bovine serum (FBS; Gibco),
100 U/mL streptomycin (Beyotime), and 100 U/mL
penicillin (Beyotime) in a humidified incubator at 37 °C,
5% CO,. To establish the OGD/R model, the cells were
cultured in glucose/serum-free DMEM (Solarbio) and
placed in hypoxic incubator (5% CO,, 95% N,) for 12 h
to induce OGD. After that, the medium was replaced with
normal culture medium and the plates were incubated in
a normoxic chamber for 12 h of reoxygenation. The low
and high concentrations of AS (50 and 200 pg/mL) and
10 pmol/L LY294002 (MCE, Monmouth, NJ, USA) were
used alone or in combination for 12 h before OGD/R
stimulation. Normal HL-1 cardiomyocytes were cultured
in DMEM without any treatment and served as a negative
control.

Cell survival analysis

Cell survival was assessed performed using the Cell
Counting Kit-8 assay (CCK-8; Dojindo, Shanghai, China).
The HL-1 cells were seeded at 5,000 cells/well into
96-well plates. After different treatments, the culture
medium was discarded and 0.1 mL of CCK-8 working
solution was added to each well. After 1.5 h of incubation,
absorbance was measured at 450 nm on a microplate
absorbance reader. The cell survival rate was expressed as a
percentage of the control.

Live/dead cell staining

After relevant treatments, HLL-1 cells were rinsed twice
using PBS and covered with 0.1 mL serum-free medium
per well. Then, cells were stained with 2 pM calcein-AM
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(Dojindo, Shanghai, China) and 5 pM propidium iodide (PI;
Dojindo) and incubated at 37 °C for 30 min protected from
light. Representative images were captured on the IX73
fluorescence microscope (Olympus).

Assessment of cell apoptosis

An annexin V-FITC/PI apoptosis kit (Multi Sciences,
Hangzhou, China) was used to detect apoptosis by
flow cytometry. Briefly, cells from each group were
digested with 0.25% ethylenediamine tetraacetic acid
(EDTA)-free trypsin and washed twice with PBS. The
cells were counted and the cell density was adjusted to
1x10° cells/mL. Immediately after, 5 pL. of Annexin V-FITC
and 10 pL PI were added and incubated for 5 min at 4 °C in
the dark in preparation for apoptosis analysis on an Accuri
C6 flow cytometer [Becton, Dickinson and Co., (BD)
Biosciences, San Jose, CA, USA].

Assessment of the mitochondrial membrane potential
(A%m)

A mitochondrial membrane potential kit (Beyotime)
was utilized to test mitochondrial membrane potential.
According to the manufacturer’s instructions, 2x10" HL-1
cells were stained with JC-1 for 20 min protected from
light. After washing in PBS, the fluorescence intensity (red/
green) was detected using flow cytometry.

Determination of cell reactive oxygen species (ROS)

The level of intracellular ROS was assessed using an ROS
assay kit (Beyotime). Briefly, HL-1 cells were washed with
PBS and incubated in serum-free medium containing
10 pmol/L of dichloro-dihydro-fluorescein diacetate
(DCFH-DA) at 37 °C for 20 min. Then, cold PBS was
used to wash away the extracellular DCFH-DA molecules.
The DCFH-DA fluorescence was monitored using flow
cytometry and observed under a fluorescence microscope.

Determination of mitochondrial superoxide

MitoSOX Red Superoxide Indicator (Invitrogen, Carlsbad,
CA, USA) was used to detect ROS levels. The HL-1 cells

were incubated in PBS with 2 pmol/L MitoSox Red reagent
for 30 min at 37 °C in dark. Cells were then washed with
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PBS and analyzed on a flow cytometer and observed under
a fluorescence microscope.

Protein extraction and western blot assay

Briefly, cytosolic and mitochondrial proteins were
separately extracted from myocardial tissues and HL-1 cells
using Mitochondrial/Cytoplasmic Protein Extraction Kit
(Beyotime) according to the manufacturer’s instructions.
The lysates were boiled for 10 min after a cocktail of
protease inhibitors (Beyotime) had been added. After
separation on a precast Express' "' PAGE gels (GeneScript,
Nanjing, China) by electrophoresis, denatured protein
samples were transferred onto a polyvinylidene fluoride
(PVDF) membrane (Millipore, Billerica, MA, USA). The
membranes were then blocked using 5% bovine serum
albumin (BSA; Beyotime) for 1 h and incubated with the
following antibodies at 4 °C overnight: Bc/-2 (ab196495,
1:1,000), Bax (ab32503, 1:5,000) (all from Abcam,
Cambridge, MA, USA), cleaved caspase-3 (9664, 1:1,000),
cleaved caspase-9 (9507, 1:1,000), Cyto-c (11940, 1:1,000),
PI3K (13666, 1:1,000), p-PI3K (17366, 1:1,000), AKT
(4685, 1:2,000), p-AKT (4060, 1:2,000), GSK3p (12456,
1:1,000), p-GSK3p (5558, 1:1,000) (all from Cell Signaling
Technology, Boston, MA, USA), GAPDH (AF5009, 1:5,000,
Beyotime) and COX IV (4850, 1:1,000, CST) were used as a
loading control. After washing with tris-buffered saline with
Tween 20 (TBST) thrice (10 min each), the membrane was
probed with horseradish peroxidase (HRP)-conjugated anti-
rabbit IgG (A0208, Beyotime) or anti-mouse IgG (A0216,
Beyotime) secondary antibodies at room temperature
for 1 h and washed thrice with TBST. The signal was
then developed using electrochemiluminescence (ECL;
Beyotime) and imaged on a chemiluminescence detection
system (Bio-Rad Laboratories, Hercules, CA, USA). Band
intensities were analyzed by Image J.

Statistical analysis

All data were shown as mean * standard deviation (SD) and
were analyzed with GraphPad Prism 6.0 (GraphPad Inc.,
La Jolla, CA, USA). Comparisons between groups were
assessed using Student’s #-test. One-way analysis of variance
(ANOVA) was used to compare differences among more
than three groups, and Tukey test was used for post hoc
analysis. A P value <0.05 indicated statistical significance.
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Figure 1 Different doses of AS preconditioning protect MI/R injury in mice. (A) Representative TTC staining of mouse heart sections
and quantification analysis of the infarct size. (B) Histopathological observation of H&E staining on heart sections of mice. (C) Collagen
deposition of heart assessed by Masson staining, fibrotic area is stained blue. (D) Representative pictures of TUNEL staining (positive
cardiomyocyte nuclei stained in brown). (E) Concentration of CTnI, CK-MB, LDH in serum, and SOD, MDA, and GSH in heart tissue.
Error bars indicate means = SD of 3 independent experiments. **P<0.01, MI/R group vs. sham group; *P<0.05 or #P<0.01, various dosages
of AS pretreatment groups vs. MI/R group. AS, asiaticoside; MI/R, myocardial ischemia/reperfusion; TTC, triphenyl tetrazolium chloride;
H&E, hematoxylin and eosin; TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; CT#I, cardiac troponin I; CK-MB,
creatine kinase-muscle and brain; LDH, lactate dehydrogenase; SOD, superoxide dismutase; MDA, malondialdehyde; GSH, glutathione; SD,
standard deviation; L, low-dose; H, high-dose.

Results sham group; in contrast, inflammatory cell infiltration and

fibrotic alterations in heart were dramatically improved

A ] 1/R in mi
$ protected against MI/R in mice when MI/R mice were pretreated with AS (Figure 1B,1C).

Before the experiment, there was no significant difference
in animal behavior and state between the groups. According
to the analysis of data from TTC staining, AS significantly
decreased infract size in AS pretreatment groups than
MI/R group (Figure 1A4). Results of histopathological
examination following H&E and Masson staining showed
that inflammatory cell infiltration and the fibrotic area were
significantly increased in the MI/R group compared to the

© Annals of Translational Medicine. All rights reserved.

The TUNEL assay showed that apoptosis of cardiac
myocytes was significantly increased following MI/R,
while AS pretreatment evoked a marked decrease in the
number of apoptotic cells (Figure 1D). To further evaluate
the extent of myocardial injury, biochemical indicators of
myocardial injury were also studied. Serum levels of CTnl,
LDH, and CK-MB were strongly increased in the MI/R
group compared with the sham group, and AS significantly
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inhibited CTnl, LDH, and CK-MB caused by MI/R
(Figure 1E). In order to confirm the antioxidative effects of
AS, we assessed levels of MDA, SOD, and GSH. Compared
with the sham group, there was a marked elevation of MDA,
and decreased activity of SOD and GSH in the MI/R group;
AS significantly inhibited the MDA content and enhanced
SOD and GSH levels in serum of MI/R mice (Figure 1E).
All these data demonstrate that AS alleviated MI/R-induced
cardiomyocyte apoptosis and oxidative stress in mice.

AS exerted the cardioprotective effect by activating the
PIBK/AKT/GSK3p pathway in MI/R mice

The apoptotic process is complex and regulated by a wide
range of proteins (26). To assess the role of AS in MI/
R-injury, we assayed the expression of several apoptosis-
related proteins. Our results revealed that compared
with the sham group, Bax, cleaved caspase-3, cleaved
caspase-9, and Cyto-c (cytosolic) protein expression
levels significantly increased, while Bcl-2 and Cyto-c
(mitochondria) significantly decreased in the MI/R group.
However, AS pretreatment partially reversed the changes
in protein expression induced by MI/R injury (Figure 2A).
The PI3K/AKT/GSK3p pathway is an important pathway
for cell survival and involved in the regulation of cell
apoptosis (27). We examined the phosphorylation of the
PI3K/AKT/GSK3p pathway in mice with MI/R by western
blot (Figure 2B). Compared with the sham group, the levels
of phosphorylated PI3K, AKT, and GSK3f were slightly
increased in the I/R group, this may have been due to the
stress reaction as a result of MI/R. The pretreatment further
significantly upregulated the phosphorylation of PI3K, AKT,
and GSK3p in the MI/R group. We also observed that the
expression levels of the total PI3K, AKT, and GSKp showed
no significant changes all groups. These results may suggest
that AS promotes activation of the PI3K/AKT/GSK3f signal
pathway in MI/R-injury.

AS attenuated cytotoxicity induced by OGD/R and reversed
OGD/R-induced apoptosis in HL-1 cardiomyocytes

"To investigate the relative contribution of AS in OGD/
R injury in vitro, we tested cell survival after OGD/R in
the presence or absence of different concentrations of
AS pretreatment. The CCK-8 analysis revealed that cell
survival was significantly inhibited following OGD/R.
In contrast, pretreatment with AS improved the survival
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rate of OGD/R-exposed HL-1 cells (Figure 34). The
CCK-8 result was also confirmed by live/dead staining
(Figure 3B). Next, we detected cell apoptosis by flow
cytometry. Flow cytometric analysis confirmed that OGD/
R obviously increased the rate of apoptosis whereas
pretreatment with AS reduced cell apoptosis (Figure 3C).
Additionally, the JC-1 result showed that AS pretreatment
markedly decreased the OGD/R-induced formation of
JC-1 monomers, which indicated that AS restored the
OGD-induced loss of mitochondrial membrane potential

(Figure 3D).

AS ameliorated OGD/R-triggered oxidative stress

To determine the role of AS on cellular OGD/R-induced
oxidative stress in vitro, the levels of intracellular ROS
in HL-1 cells were determined by flow cytometry and
fluorescence microscope. The ROS levels were appreciably
enhanced in the OGD/R group compared with the
control group; however, the AS pretreated group displayed
significantly decreased ROS levels compared with the
OGD/R group (Figure 3E,3F). Next, we also evaluated the
mitochondrial-specific ROS levels iz vitro using MitoSOX
red, a mitochondrial superoxide indicator. Flow cytometric
data showed that AS pretreatment appreciably ameliorated
OGD/R-induced mitochondrial ROS production in HL-1
cells, compared with the OGD/R group (Figure 3G).
This result was further confirmed by corresponding
immunofluorescence pictures (Figure 3H).

AS protected OGD/R-induced injury by triggered the
activation of the PI3K/AKT/GSK3p pathway

Firstly, we measured the change in proteins related to
apoptosis pathway. Western blot results showed that Bax,
cleaved caspase-3, cleaved caspase-9, and Cyto-c (cytosolic)
protein expression levels significantly increased, Be/-2
and Cyto-c (mitochondria) significantly decreased in the
OGD/R group compared to the control group. When
compared with the OGD/R group, pretreatment with AS
partially reversed these changes (Figure 44). Moreover,
the phosphorylation of PI3K, AKT, and GSK3f in the AS
pretreatment group was further acutely elevated than in the
OGD/R group; meanwhile, no significant changes of AKT
protein were observed in the groups (Figure 4B). Consistent
with the results in vitro, these findings suggested that the
ameliorative effects of AS on OGD/R-induced injury were
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Figure 2 Effect of AS on protein expression in cardiac tissue after MI/R in mice. (A) The expression levels of apoptosis-related proteins

were measured by western blot in different heart tissues. (B) The protein and phosphorylation levels of PI3K, AKT, and GSK3f were

detected by western blot in different heart tissues. The band intensities were quantified using Image ] software and normalized to GAPDH

or COX-IV. Error bars indicate means = SD of three independent experiments. *P<0.05, **P<0.01, MI/R group vs. sham group; *P<0.05 or

*P<0.01, various dosages of AS pretreatment groups vs. MI/R group. AS, asiaticoside; MI/R, myocardial ischemia/reperfusion; SD, standard

deviation; L, low-dose; H, high-dose.

associated with the PI3K/AKT/GSK3f pathway.

LY294002 inbibited the protection effect of AS

To further confirm whether the PI3K/AKT/GSK3f
pathway participates in protective effect of AS, LY294002
(10 pmol/L) was combined with AS in OGD/R HL-1 cells.
We found that the cell viability was even lower than AS
group (Figure 5A); meanwhile, cell death, apoptosis and
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formation of JC-1 monomers were significantly increased
compared to AS group (Figure 5B-5D). These results
suggest that LY294002 may inhibit the protective effect of
AS on OGD/R.

LY294002 inhibited antioxidative stress effects of AS

Flow cytometric analysis showed that LY294002 combined
with AS significantly increased the levels of intracellular
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Figure 3 AS protects against OGD/R-induced injury in HL-1 cardiomyocytes. (A) Cell survival rates were detected by the CCK-8 assay.

(B) Fluorescence microscopy images of live/dead staining (green staining indicates viable cells, red staining indicates dead cells). (C) Cell

apoptosis was evaluated using flow cytometry. (D) Depolarization of mitochondrial membrane potential was analyzed by flow cytometry. (E,F)

The level of intracellular ROS was assessed using flow cytometry, representative images of ROS staining were captured under a fluorescent

microscope. (G,H) The level of mitochondrial superoxide was determined using flow cytometry, representative images of MitoSOX staining

were captured under a fluorescent microscope. Error bars indicate means = SD of 3 independent experiments. **P<0.01, OGD/R group vs.

control group; *P<0.05 or #P<0.01, various dosages of AS pretreatment groups vs. OGD/R group. AS, asiaticoside; OGD/R, oxygen-glucose

deprivation/reperfusion; CCK-8, Cell Counting Kit-8; ROS, reactive oxygen species; SD, standard deviation; L, low-dose; H, high-dose.

ROS compared with the single treatment of AS
(Figure SE,5F). Additionally, the decreases in mitochondrial
ROS levels in AS group were abrogated by treatment with
LY294002 in combination (Figure 5G,5H). The above
results suggested that antioxidative stress effects of AS were

partly blocked by LY294002.

LY294002 reversed the effect of AS on the PI3K/AKT/
GSK3p pathway

To assess the relevance of the PI3K/AKT/GSK3f pathway
activation in the protective effect of AS, we performed
western blot analysis. The results showed that Baw,
cleaved caspase-3, cleaved caspase-9, and Cyto-c (cytosolic)
protein expression levels significantly increased, and Bc/-2
and Cyto-c¢ (mitochondria) significantly decreased in
the AS + LY294002 group compared to the AS group
(Figure 6A4). This demonstrates that the combination pretre
atment of AS and LY294002 led to weaker anti-apoptotic
effects of AS. The western blot analysis also revealed
a marked reduction of p-PI3K, p-AKT, and p-GSK3p
expression in the AS + LY294002 group relative to the
AS group (Figure 6B). Together, these data demonstrated
that LY294002 suppressed the benefits of AS on OGD/R
damage by blocking the PI3K/AKT/GSK3p pathway.

Discussion

Myocardial ischemic injury has become one of the major
diseases that endangers human health and life, and there
is still a lack of safe and effective drugs and treatments.

© Annals of Translational Medicine. All rights reserved.

The AS compound is a natural triterpenoid compound
mainly extracted from Centella asiatica which demonstrates
pharmacological effects including anti-apoptosis and anti-
oxidant, but the role of AS in MI/R injury treatment is
undefined (28). In this study, we utilized in vivo and in vitro
models to investigate the protective effect of AS against M1/
R-induced cardiac damage. We found that AS pretreatment
conferred cardioprotective effects, as evidenced by
improved MI/R cardiac functional recovery, reduced
myocardial apoptosis, and attenuated oxidative stress. More
importantly, the PI3K/AKT/GSK3f pathway was shown to
play a significant role in this process. This study provided
new evidence that AS could be useful in the development of
a novel strategy against IHD.

The markers of CTnl, CK-MB, and LDH are sensitive
myocardial injury measurements used for the diagnosis and
detection of myocardial injury (29). These diagnostic serum
marker enzymes of cardiotoxicity liberate out of the cardiac
tissue into blood circulation due to myocardial damage (30).
Currently, TTC staining, a commonly used to quantify
experimental tissue infarctions, is the gold standard for
measuring lesion sizes in pre-clinical studies of myocardial
infarction (31). In our experiments, the clear visible
myocardial infarct size and significant increase in CTnl, CK-
MB, and LDH suggested the successful establishment of an
MI/R model. Correspondingly, after pretreatment with AS,
these phenomena decreased in varying degrees, indicating
that AS has a significant cardioprotective effects.

In normal physiological states, collagen deposition
and inflammatory response of heart tissue is devastatingly
low, but it is significantly expanded and contributes to

Ann Transl Med 2022;10(2):69 | https://dx.doi.org/10.21037/atm-21-6667
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Figure 4 Effect of AS on protein expression in HL-1 cardiomyocytes after OGD/R-induced injury. (A) The expression levels of apoptosis-

related proteins were measured by western blot in HL-1 cells with various treatments. (B) The protein and phosphorylation levels of

PI3K, AKT, and GSK3p were detected by western blot in differently treated HL-1 cells. The band intensities were quantified using Image
J software and normalized to GAPDH or COX-IV. Error bars indicate means + SD of 3 independent experiments. *P<0.05, **P<0.01,
OGD/R group ws. ctrl group; *P<0.05 or #P<0.01, various dosages of AS pretreatment groups vs. OGD/R group. AS, asiaticoside; OGD/R,

oxygen-glucose deprivation/reperfusion; SD, standard deviation; L, low-dose; H, high-dose.

further damage in disease states, such as MI, cardiac
hypertrophy, and heart failure (32,33). Thus, evaluation of
histopathological changes in the cardiac tissue using Masson
and H&E staining is necessary. The cardiac pathology
results showed that AS markedly attenuated inflammatory
cell infiltration and the accumulation of collagen deposition
in MI/R mice, which further validated the protective effects
to the infarcted heart induced by AS.

© Annals of Translational Medicine. All rights reserved.

Cardiomyocytes are terminally differentiated cells,
which rarely undergo apoptosis in normal physiology (34).
Apoptosis, a highly programmed process of cell
death, is regulated by numerous molecular signaling
pathways (35). Increasing evidence has indicated that
apoptosis caused by I/R results in myocyte injury
and that inhibiting cardiomyocyte apoptosis leads to
cardioprotection (36). In fact, inhibition of myocardial

Ann Transl Med 2022;10(2):69 | https://dx.doi.org/10.21037/atm-21-6667
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AS-H + LY294002

Figure 5 LY294002 partially reverses the protective effects exerted by AS against OGD/R-induced destruction in HL-1 cardiomyocytes.

(A) Cell survival rates were detected by the CCK-8 assay. (B) Fluorescence microscopy images of live/dead staining (green staining indicates

viable cells, red staining indicates dead cells). (C) Cell apoptosis was evaluated using flow cytometry. (D) Depolarization of mitochondrial

membrane potential was analyzed by flow cytometry. (E,F) The level of intracellular ROS was assessed using flow cytometry, representative

images of ROS staining were captured under a fluorescent microscope. (G,H) The level of mitochondrial superoxide was determined using

flow cytometry, representative images of MitoSOX staining were captured under a fluorescent microscope. Error bars indicate means =
SD of 3 independent experiments. **P<0.01, OGD/R group vs. control group; *P<0.01, AS-H group vs. OGD/R group; ““P<0.01, AS-H
+ LY294002 group vs. AS-H group. AS, asiaticoside; OGD/R, oxygen-glucose deprivation/reperfusion; ROS, reactive oxygen species; SD,

standard deviation; L, low-dose; H, high-dose.

apoptosis is a common mechanism of many natural
products. It has been reported that Picroside II ameliorates
myocardial morphology and decreased infarct size by
inhibiting cardiomyocyte apoptosis (37). Ginsenoside Rgl
could protect diabetic rats from myocardial injury through
attenuation of myocardial apoptosis, possibly by inhibiting
the expression of caspase3 and restoring Be/-xL (38).
Futhermore, puerarin-V restored the function of myocardial
cells by downregulating apoptosis in cardiac tissue (39). In
this research, we found that pretreatment with AS could
reduce the apoptosis of cardiomyocytes in the MI/R mice
by TUNEL staining. In parallel, AS inhibited apoptosis
rate in HL-1 cells after OGD/R. It may be that the change
of apoptosis-related and anti-apoptosis-related proteins in
I/R injury can be partially overcome by AS, which has been
demonstrated by western blot both 7z vive and vitro.
Oxidative stress is closely associated with inflammation,
apoptosis, and energy metabolism as well as the basic
pathophysiological process responsible for the development
of (40). The enzyme activities of MDA, SOD, and GSH
are related to oxidative stress, among which MDA is an
indicator of lipid peroxidation and SOD and GSH-Px
are endogenous antioxidant enzymes (41). In order to
investigate the balance between oxidation and antioxidation
in MI/R mice, we measured the levels of MDA, SOD, and
GSH. The present results showed that MI/R led to an
imbalance in the antioxidant defense system, which reduced
the activities of SOD and GSH and improved the MDA level
in the heart. This effect was reversed by the pretreatment of
AS. In addition, oxidative stress results from an imbalance

© Annals of Translational Medicine. All rights reserved.

between capacity to remove ROS and ROS accumulation
in cells, and it is necessary to target intracellular ROS and
mitochondrial ROS to prevent cell apoptosis caused by
oxidative stress (42). In the present study, we used 2 types
of fluorescent regents to detect oxidative stress status in
HL-1 cells exposed to OGD/R, one was DCFH-DA, for
intracellular total ROS and the other was MitoSOX Red,
especially for mitochondrial superoxide. Then, we found
inhibition of overproduction of ROS and mitochondrial
superoxide with AS pretreatment attenuated obviously
OGD/R-induced oxidative stress in HL-1 cells. Taken
together, AS has been shown to exert a protective effect
against oxidative stress both iz vive and vitro.

Some signaling molecules have been shown to be
cytoprotective, which promote the survival of the cells
from insultation, including PI3K, AKT, and GSK3p
(43-45). The AKT molecule is the responsory of PI3K
and its activation strongly enhances cell resistance ability
to apoptotic stimulus (46). As the key downstream gene
of AKT, GSK3p could regulate many important cell
processes, including cell proliferation, apoptosis, and energy
metabolism. The phosphorylated GSK3p is the inactive
type. GSK3p activation inhibition is the critical process in
myocardial adaptation (47,48). In this study, we found that AS
treatment greatly promoted the expression of p-PI3K, p-AKT,
and p-GSK3p in a dose-dependent manner both iz vive and
vitro. The beneficial role of AS was evidently restricted by
LY294002, an PI3K inhibitor. These results confirmed the
role of the PI3K/AKT pathway in AS treating MI/R.

In conclusion, this study clarified the treatment effect of

Ann Transl Med 2022;10(2):69 | https://dx.doi.org/10.21037/atm-21-6667
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Figure 6 LY294002 partially antagonized the regulation of protein expression by AS. (A) The expression levels of apoptosis-related proteins
were measured by western blot in HL-1 cells with various treatments. (B) The protein and phosphorylation levels of PI3K, AKT, and GSK3f
were detected by western blot in differently treated HL-1 cells. The band intensities were quantified using Image J software and normalized
to GAPDH or COX-IV. Error bars indicate means = SD of 3 independent experiments. *P<0.05 or **P<0.01, OGD/R group vs. control
group; "P<0.01, AS-H group vs. OGD/R group; *“P<0.01, AS-H + LY294002 group vs. AS-H group. AS, asiaticoside; OGD/R, oxygen-
glucose deprivation/reperfusion; SD, standard deviation; L, low-dose; H, high-dose.
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