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Background: Myocardial ischemia/reperfusion (I/R) injury stands as a primary contributor to ischemic heart disease. Sevoflu-
rane (SEVO), a commonly used inhalation anesthetic, has been shown to exert a direct protective effect on ischemic heart injury.
However, the specific mechanism by which it exerts the protective effect remains unclear. This study was designed to investigate
the role of SEVO in myocardial I/R injury and its potential molecular mechanisms.
Methods: Blood samples were collected from patients with acutemyocardial infarction (AMI) (n = 20) and healthy volunteers (n =
20). The human cardiomyocytes AC16models of I/R injurywere induced by hypoxia/reoxygenation. ThemRNA expression levels
of growth differentiation factor 11 (GDF11) in the cells and blood were determined by reverse transcription quantitative real-time
PCR (RT-qPCR). The cell proliferation was detected by Cell Counting Kit-8 (CCK-8). Enzyme-Linked Immunosorbent Assay
(ELISA) was utilized to detect the levels of inflammatory factors interleukin (IL)-8, IL-1β and IL-6 in the cells. And biochemical
assay kits were applied for the measurement of the activity of lactate dehydrogenase (LDH) and superoxide dismutase (SOD)
as well as the malondialdehyde (MDA) level in the cells. Moreover, western blot was employed to evaluate the levels of the
p-serine-threonine protein kinase (AKT), AKT, and phosphatidylinositol 3-kinase (PI3K), protein expression in the cells.
Results: The GDF11 expression was decreased in the blood of AMI patients and cardiomyocytes induced by I/R (p < 0.01).
Besides, 1% SEVO was presented to promote cardiomyocyte proliferation, inhibit apoptosis, oxidative stress and inflammation,
and activate the PI3K/AKT signaling pathway through up-regulation of GDF11 expression (p < 0.01).
Conclusion: SEVO promotes proliferation and inhibits inflammatory response, apoptosis, and oxidative stress of I/R-treated
cardiomyocytes by elevatingGDF11 expression, thereby reducing myocardial I/R injury. Notably, the mechanism underlying the
alleviation of the I/R injury may involve the activation of PI3K/AKT signaling pathway.
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Introduction

Cardiovascular disease has highmortality andmorbid-
ity worldwide [1]. Acute myocardial infarction (AMI) re-
sults from myocardial necrosis triggered by acute sustained
hypoxia and ischemia in the coronary arteries. It stands as
leading cause of cardiovascular-related death globally [2].
Myocardial ischemia/reperfusion (I/R) is currently an ef-
fective treatment for myocardial ischemia. However, it can
lead to several adverse effects on myocardial cardiac func-
tion, energy metabolism, and electrophysiology. In some
cases, it may even result in death due to the promotion of
severe arrhythmias. In summary, I/R injury is a primary risk
factor in the pathological process of cardiovascular disease
[3]. Therefore, alleviating I/R injury is crucial for treating
AMI.

Anesthetics is used for pretreatment in an expanding
number of therapeutic procedures to minimize the size of
myocardial infarction and mitigate I/R injury [4]. Sevoflu-
rane (SEVO), a common anesthetic agent, is widely used in
clinical settings for inducing and maintaining general anes-
thesia. Its popularity stems from its ability to easy diffuse
into cells and cell membranes. Additionally, sevoflurane
has been shown to reduce perioperative mortality and mor-
bidity [5,6]. Several studies have reported that pretreat-
ment with SEVO during myocardial ischemia can signif-
icantly reduce I/R injury [7,8]. This suggested that SEVO
could be a potential therapeutic approach to alleviate my-
ocardial injury and protect myocardial function. How-
ever, uncertainty still surrounds the specific mechanism by
which sevoflurane exerts its protective effect. Growth dif-
ferentiation factor 11 (GDF11), also recognized as bone
morphogenetic protein 11, is a member of the transform-
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ing growth factor-β superfamily [9]. An early study has
demonstrated that GDF11 plays an essential role primar-
ily in the axial skeletal patterning as well as the formation
and development of the appendicular skeleton in animals
[10]. Subsequent studies have revealed that GDF11 con-
centration has been linked to a lower risk of cardiovascu-
lar events and mortality [11,12], implying that GDF11may
serves as a protective agent against cardiovascular events.
However, there have been no reports on the interaction be-
tween GDF11, I/R injury and SEVO. Phosphatidylinositol
3-kinase (PI3K)/serine-threonine protein kinase (AKT) sig-
naling pathway stands as one of the critical pathways in
reperfusion injury and is an essential pathway for cell mem-
brane receptors to transduce signals from external stimuli
into cells. As an initiation factor of this signaling path-
way, PI3K can be triggered by a range of factors such as
ischemia, hypoxia and stress, and energy metabolism dis-
orders [13].

Therefore, this study was designed to explore the
mechanism underlying SEVO in reducing I/R injury
through in vitro experiments and to reveal the interaction
between SEVO,GDF11, PI3K/AKT signaling pathway and
I/R injury. This study aims to establish a theoretical foun-
dation for the clinical use of SEVO in treating I/R injury
and for considering GDF11 as a therapeutic target.

Materials and Methods

Blood Samples
Blood samples were acquired from 20 patients with

AMI underwent treatment at The First AffiliatedHospital of
Xi’an Jiaotong University betweenMarch 2022 and August
2022, as well as from 20 healthy volunteers during the same
period. The study was approval by the Ethics Committee of
The First Affiliated Hospital of Xi’an Jiaotong University
and was conducted in accordance with the approved guide-
lines (Grant no.: 2021-W6). This study was conducted in
accordance with the principles outlined in the Declaration
of Helsinki and informed consent form was obtained from
all participants prior to their involvement in the study.

Cell Culture
Human cardiomyocytes cell line AC16

(BFN60808678, Bluefbio, Shanghai, China) was cul-
tured in DMEM medium (SH30022.01, Cytiva, South
Logan, UT, USA) in a 37 °C and 5% CO2 cell culture
incubator. After reaching the logarithmic growth phase, the
cells were digested using 0.25% trypsin (T1350, Solarbio,
Beijing, China) for passaging. Both mycoplasma testing
and short tandem repeats (STR) certification have been
performed.

The shRNA interference plasmid was designed and
synthesized by GenScript (Nanjing, China). Cells were
seeded at 5 × 105 cells per well into 6-well plates and cul-
tured. Subsequently, the medium was replaced with Opti-

MEM serum-free medium. The shRNA was mixed with
Lipofectamine 2000 at a ratio of 1 µg/µL in Opti-MEM
serum-free medium and incubated at room temperature for
20 min. The mixture was then added to the attached cells.
After culturing for 6 hours, the medium was replaced with
complete medium. The sequences of shRNA negative con-
trol (NC) and sh-GDF11 (the final concentration was 20
nM) were as follows:

(1) sh-NC-sense: GATCCCAACAAGATGAAGAG
CACCAACTCGAGTTGGTGCTCTTCATCTTGTTGTT
TTTG.

(2) Anti-sense: AATTCAAAAACAACAAGATGA
AGAGCACCAACTCGAGTTGGTGCTCTTCATCTTG
TTGG.

(3) sh-GDF11-sense: GATCCCCCTTCTGACATCT
CCTACATCTCGAGATGTAGGAGATGTCAGAAGGG
TTTTTG.

(4) Anti-sense: AATTCAAAAACCCTTCTGACAT
CTCCTACATCTCGAGATGTAGGAGATGTCAGAAG
GGG.

Cell Grouping and Treatment
I/R injury was induced in AC16 cells by hy-

poxia/reoxygenation (H/R) according to the literature [14].
Briefly, AC16 cells at logarithmic growth phase were ex-
posed to a hypoxic environment (95% N2, 5% CO2). Six
hours later, the cells were reoxygenated (5% CO2) for 6 h
to generate AC16 cell models of I/R injury (I/R group).

SEVO was purchased from Aladdin (28523-86-6,
Shanghai, China). AC16 cells were treated as follows: con-
trol group, AC16 cells received no treatment; I/R group,
AC16 cells were induced byH/R; I/R + SEVO group, AC16
cells induced by H/R were treated with 1% SEVO [14]; I/R
+ SEVO + sh-NC group: AC16 cells transfected with neg-
ative control vector (sh-NC) received 1 h of 1% SEVO and
12 h of H/R induction treatment; I/R + SEVO + sh-GDF11
group: AC16 cells transfected with shRNA that used to si-
lenced GDF11 (sh-GDF11) received 1 h of 1% SEVO and
12 h of H/R induction treatment.

Reverse Transcription Quantitative Real-Time PCR
(RT-qPCR)

The Total RNA Extraction Kit (R1200, Solarbio, Bei-
jing, China) was utilized for the extraction of the total RNA
from the cells or blood sample. The total RNA samples
were stored at –80 °C. Following that, cDNA synthesis
was conducted through reverse transcription, adhering to
the provided instructions accompanying with the FastK-
ing RT Kit (With gDNase) (KR116-01, TIANGEN, Bei-
jing, China). A Nanodrop instrument (13-400-518, Thermo
Fisher Scientific, Wilmington, DE, USA) was utilized for
the measurement of the purity and concentration of the
synthesized cDNA. Subsequently, the relative expression
level of GDF11 in the samples was determined by follow-
ing the procedure outlined in the RealUniversal Color Pre-
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Table 1. RT-qPCR primer sequences.
Genes Primer sequences

GDF11
F: 5′-CTGGAGGAGGACGAGTACCA-3′

R: 5′-GAACATCACCTTGGGGCTGA-3′

GAPDH
F: 5′-GAGTCAACGGAT TTGGTCGT-3′

R: 5′-GACAAGCTTCCCGTTCTCAG-3′

RT-qPCR, reverse transcription quantitative real-time
PCR; GDF11, growth differentiation factor 11; GAPDH,
Glyceraldehyde-3-Phosphate Dehydrogenase.

Mix kit (SYBR Green) (FP201-02, TIANGEN, Beijing,
China), with Glyceraldehyde-3-Phosphate Dehydrogenase
(GAPDH) serving as the internal control gene. Table 1 dis-
plays the primer sequences used. A 2−∆∆Ct method was
adopted for data analysis.

Cell Counting Kit-8 (CCK-8) Assay
AC16 cells, at the logarithmic growth phase, whether

transfected or untransfected, were diluted to 4 × 104
cells/mL. Subsequently, 96-well plates were selected for
cell inoculation with each well receiving 100 µL of cell sus-
pension. Each experiment group was established with 6 du-
plicated wells. The cells were subjected to the SEVO and
H/R treatment in accordance with the grouping and treat-
ment after cell adherence. And cell proliferation was mea-
sured at 0 h and 24 h after the treatment using the CCK-8
kit (C0038, Beyotime, Shanghai, China). Briefly, the wells
were supplemented with a mixture of 90 µL fresh complete
culture and 10 µL CCK-8 solution, and incubated at 37 °C
for 2 h. An enzyme marker was applied to examine the ab-
sorbance at 450 nm.

Flow Cytometry
Transfected or untransfected AC16 cells (1 × 105

cells/well) were inoculated in 6-well plates. Likewise, af-
ter the cell adherence, the cells received SEVO and H/R
treatment. Later, after rinsing with pre-chilled phosphate
buffered saline (PBS), the cells were centrifuged at 1000
rpm, 4 °C for 5 min. Following the removal of the su-
pernatant, pre-chilled PBS was employed to wash the cells
again, followed by centrifugation. Upon resuspension in 1
× binding buffer, the concentration of the cells was set to
1 × 106/mL. Subsequently, we transferred the 100 µL of
the cell suspension to a 5 mL flow tube. After that, 5 µL of
Propidium Iodide (PI) and AnnexinV-FITC (CA1020, So-
larbio, Beijing, China) was added, mixed, and incubated
at ambient temperature in the dark for 5 min. Finally,
flow cytometry (656385, BD Biosciences, LSRFortessa,
San Jose, CA, USA) was applied to determine the apoptosis
rate within 1 h.

Enzyme-Linked Immunosorbent Assay (ELISA)
AC16 cells were planted in 24-well plates and sub-

jected to SEVO and H/R treatment. Next, the cells were

conducted for centrifugation at 1000×g for 10 min after 24
h of the treatment. Then, upon the collection of the super-
natant, we measured the levels of interleukin (IL)-1β, IL-8
and IL-6 in the cell culture supernatant using the respec-
tive ELISA kits (Nanjing Jiancheng Bioengineering Insti-
tute, Jiangsu, China) following the steps of the correspond-
ing. Each indicator underwent three repeated detections to
ensure the accuracy and reliability of the results.

Biochemical Assay
A 24-well plate was picked for the inoculation of

AC16 cells. Next, the cells were exposed to SEVO and
H/R. Upon the 24 h treatment, the cells were centrifuged,
and the supernatant was discarded. The extraction buffer
was added, and the cells were broken up by ultrasound, fol-
lowed by centrifugation at 8000×g at 4 °C for 10 min. Af-
ter centrifugation, the supernatant was collected and placed
on ice for measurement. We assessed the activity of mal-
ondialdehyde (MDA) and superoxide dismutase (SOD), as
well as lactate dehydrogenase (LDH) levels in the cells
using the corresponding MDA (A003-1), SOD (A001-3),
LDH (A020-2-2) kits (Nanjing Jiancheng Bioengineering
Institute, Jiangsu, China) in accordance with the kit proce-
dures. All indicators were tested in triplicate to ensure the
reliability and accuracy of the results.

Western Blot
A protein lysis solution (P0013, Beyotime, Shanghai,

China) was conducted to lyse the cells on ice for 30min. Af-
ter centrifugation, we transferred the supernatant to a cen-
trifuge tube on ice. After diluting the BSA protein standard
(P0006, Beyotime, Shanghai, China), 20 µL of protein stan-
dard solution was supplemented. A BCA working solution
was added upon diluting the sample to 20 µL with 1× PBS
solution. The total protein concentration was calculated and
the absorbance value was determined. Sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) gel
was generated by adding concentrated gel and separation
gel in the glass gel mold, followed by electrophoresis to
separate 30 µg of total protein samples, with the voltage
set to 80 V. Once the protein marker had completely sep-
arated and reached the interface of the separation gel, the
voltage was set to 120 V. The transfer of the protein on
the gel after electrophoresis was conducted to a polyvinyli-
dene fluoride (PVDF) membrane (IPVH00010, Millipore
Sigma, Burlington, MA, USA) at a continuous current of
200 mA for 2 h in an electric tank. After blocking in 5%
skimmed milk powder for 2 h, the membrane was subjected
to overnight incubation with primary antibodies in a shaker
at 4 °C. Upon washing, secondary antibodies were con-
ducted to incubate the membrane at ambient temperature
for 1 h. Following the addition of Enhanced chemilumines-
cent (ECL) solution (P0018S, Beyotime, Shanghai, China),
the protein membrane was placed on a gel imaging system.
ImageJ software (version 1.8.0, NIH, Bethesda, MD, USA)
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Fig. 1. GDF11 expression is downregulated in acute myocardial infarction patients and the I/R induced cell line. (A,B) The mRNA
expression levels of GDF11 in clinical blood samples (n = 20) (A) and AC16 cells (n = 3) (B) were detected by RT-qPCR, **p < 0.01.
I/R, ischemia/reperfusion.

was utilized for the quantification of protein bands, with
GAPDH serving as an internal control to assess the rela-
tive expression of the target proteins. The antibodies infor-
mation used were as follows: anti-phosphatidylinositol 3-
kinase (PI3K) antibody (1:1000 dilution, ab86714, Abcam,
Cambridge, UK); anti-p-PI3K (1:1000 dilution; ab138364,
Abcam, Cambridge, UK); anti-AKT antibody (1:1000 di-
lution; ab59380, Abcam, Cambridge, UK), anti-p-AKT
antibody (1:5000 dilution; ab8933, Abcam, Cambridge,
UK), anti-GAPDH antibody (1:5000 dilution; ab8245, Ab-
cam, Cambridge, UK), Goat anti-Mouse IgG H&L (HRP)
(1:2000 dilution, ab205719, Abcam, Cambridge, UK).

Statistical Analysis
The experimental data were presented as mean± stan-

dard deviation and analyzed using Graphpad prism 9.0 soft-
ware (GraphPad Software, San Diego, CA, USA). Statisti-
cal analyses, including the t-test and one-way analysis were
performed using SPSS 21.0 software (IBM Corp, Armonk,
NY, USA). p < 0.05 represented the statistical significance
threshold.

Results

GDF11 is Downregulated in Acute Myocardial
Infarction

SinceGDF11was previously reported to be a possible
protective factor against cardiovascular events, we exam-
ined GDF11 expression levels in I/R-induced AC16 cells
and serum from patients with AMI. The results exhibited
significantly lower GDF11 expression in serum from AMI
patients andAC16 cells induced by I/R compared to the cor-
responding serum from healthy volunteers and AC16 cells
in the control group (p < 0.01) (Fig. 1A,B). These findings
suggest a potential protective role for GDF11 against car-
diovascular events, as its reduced expression was correlated
with the pathological state of AMI and the cellular stress
condition induced by I/R.

The Impact of SEVO on Apoptosis and Proliferation
in I/R-Induced AC16 Cells and Its Modulation via
GDF11

We treated these cells with 1% SEVO and sh-GDF11
to explore the role of SEVO in cell proliferation and apop-
tosis in I/R-induced AC16 cells, as well as its relationship
with the elevation of GDF11. Subsequently, we examined
the effects on cell apoptosis and proliferation. The results
depicted in Fig. 2. AC16 cells subjected to I/R exhibited
a notable decrease in cell activity and GDF11 expression
alongside a significant increase in apoptosis. However, fol-
lowing treatment with 1% SEVO, there was a clear upregu-
lation ofGDF11 expression and cell viability in I/R-induced
AC16 cells, accompanied by a suppression of apoptosis (p
< 0.01). Moreover, compared to the I/R + SEVO + sh-
NC group, the I/R + SEVO + sh-GDF11 group displayed
a marked reduction in GDF11 expression and cell viabil-
ity, alongside an increase in apoptosis rate (p < 0.01). In
summary, SEVO appears to inhibit apoptosis and promote
proliferation in I/R-induced AC16 cells through the up-
regulation of GDF11 expression.

Sevoflurane Modulates Inflammatory and Oxidative
Responses in I/R-Induced AC16 Cells via GDF11
Expression

We then further explored the effect of SEVO on oxida-
tive stress and inflammatory response in I/R-induced AC16
cells as well as its relationship with GDF11 expression.
Fig. 3A–F presented the results. Compared with the con-
trol group, the I/R group exhibited an upward trend in the
levels of oxidative stress and inflammatory factors IL-6,
IL-8, IL-1β and MDA, as well as LDH activity in AC16
cells, and a downward trend in SOD activity. It was evi-
dent that the oxidative stress and inflammatory response in
AC16 cells were induced by I/R. After SEVO treatment,
the levels of IL-1β, IL-8, IL-6, MDA and LDH activity
were significantly reduced (p < 0.01) and SOD activity
was significantly increased (p< 0.01) in I/R-induced AC16
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Fig. 2. Effect of SEVO on apoptosis and proliferation in I/R-induced AC16 cells and its regulation via GDF11. (A–D) GDF11
mRNA expression levels (A), cell viability (B) and apoptosis (C,D) in AC16 cells of control group, I/R group, I/R + SEVO group, I/R
+ SEVO + sh-NC group and I/R + SEVO + sh-GDF11 group by RT-qPCR, CCK-8 assay and flow cytometry, respectively. One-way
analysis of variance, **p < 0.01 vs. control group; ##p < 0.01 vs. I/R group; &&p < 0.01 vs. I/R + SEVO group; ^^p < 0.01 vs. I/R +
SEVO + sh-NC group. SEVO, Sevoflurane; NC, negative control; CCK-8, Cell Counting Kit-8.

cells. Furthermore, compared to the I/R + SEVO + sh-NC
group, the I/R + SEVO + sh-GDF11 group significantly in-
creased levels of MDA, IL-6, IL-1β, IL-8, and LDH activ-
ity, while decreasing SOD activity (p < 0.01). All these
results suggest that SEVO inhibits oxidative stress and in-
flammatory responses in AC16 cells caused by I/R through
the up-regulation of GDF11 expression.

Sevoflurane’s Role in Modulating PI3K/AKT
Pathway via GDF11 in I/R Cardiomyocytes

SEVO was discovered to suppress the inflammatory
responses and oxidative stress induced by I/R through up-
regulation of GDF11 expression. However, further discus-
sion was required on whether it has been implicated in ac-
tivating the PI3K/AKT signaling pathway. Therefore, we
examined the protein expression levels of PI3K/AKT sig-
naling pathway-related factors p-PI3K, PI3K, p-AKT, and
AKT. We found that the ratios of both p-AKT/AKT and

p-PI3K/PI3K in AC16 cells in the I/R group were signif-
icantly lower than those in the control group. The levels
of p-AKT/AKT and p-PI3K/PI3K in cells after SEVO pre-
treatment were notably increased compared to the I/R group
(p < 0.01). After silencing GDF11 expression, relative to
the I/R + SEVO + sh-NC group, the levels of p-AKT/AKT
and p-PI3K/PI3K in cells in the I/R + SEVO + sh-GDF11
group were markedly declined (p < 0.01), demonstrating
that PI3K/AKT signaling was effectively inhibited in this
case (Fig. 4). In summary, these results pointed out that
SEVO activates the PI3K/AKT signaling pathway through
the up-regulation of GDF11 expression.

Discussion

Previous studies have documented the protective ef-
fects of SEVO in rats with myocardial I/R injury [15,16].
Consistent with these findings, our study reveals that SEVO
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Fig. 3. Sevoflurane modulates inflammatory and oxidative responses in AC16 cells induced by I/R via GDF11 expression. (A–C)
ELISA detecting the levels of IL-1β (A), IL-8 (B) and IL-6 (C) in AC16 cells of the control group, I/R group, I/R + SEVO group, I/R +
SEVO + sh-NC group and I/R + SEVO+sh-GDF11 group. (D–F) Biochemical kits measuring the levels or activities of LDH (D), MDA
(E) and SOD (F) in the control group, I/R group, I/R + SEVO group, I/R + SEVO + sh-NC group and I/R + SEVO + sh-GDF11 group.
One-way analysis of variance. **p < 0.01 vs. control group; ##p < 0.01 vs. I/R group; &&p < 0.01 vs. I/R + SEVO group; ^^p < 0.01
vs. I/R + SEVO + sh-NC group. IL, interleukin; LDH, lactate dehydrogenase; MDA, malondialdehyde; SOD, superoxide dismutase;
ELISA, Enzyme-Linked Immunosorbent Assay.

Fig. 4. Sevoflurane’s role in modulating PI3K/AKT pathway and via GDF11 in I/R cardiomyocytes. (A–C) The detection for
expression levels of PI3K/AKT signaling pathway-related proteins PI3K, p-PI3K, AKT, p-AKT in AC16 cells of the control group, I/R
group, I/R + SEVO group, I/R + SEVO + sh-NC group and I/R + SEVO + sh-GDF11 group using western blot. One-way analysis of
variance, **p < 0.01 vs. control group; ##p < 0.01 vs. I/R group; &&p < 0.01 vs. I/R + SEVO group; ^^p < 0.01 vs. I/R + SEVO +
sh-NC group. AKT, serine-threonine protein kinase; PI3K, phosphatidylinositol 3-kinase.

suppresses apoptosis, inflammatory response and oxida-
tive stress in AC16 cells exposed to I/R, while promot-
ing cell proliferation. These results further support the no-

tion that SEVO has a preventive effect against I/R injury.
Importantly, a significant increase in GDF11 expression
level in I/R-induced cardiomyocytes was observed follow-
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ing SEVO treatment. Conversely, GDF11 expression was
reduced in cardiomyocytes subjected to I/R and in the blood
of AMI patients. This suggests that GDF11 may act as a
protective factor against myocardial injury, and the protec-
tive effect exerted by SEVO may be mediated through the
up-regulation of GDF11 expression.

A close association between I/R injury and inflam-
matory response has been documented. When I/R injury
occurs, the levels of inflammatory factors including tumor
necrosis factor-alpha (TNF-α), IL-6, IL-8, and IL-1β in-
crease, which in turn aggravate the I/R injury [17]. In
this study, AC16 cells subjected to I/R had considerably
lower levels of IL-6, IL-8, and IL-1 following SEVO pre-
treatment, indicating that SEVO helps prevent inflamma-
tory response-related myocardial injury. To further con-
firm whether SEVO exerts anti-inflammatory effects in
I/R-treated cells through up-regulation of GDF11 expres-
sion, we transfected sh-GDF11 in I/R-induced cells with
SEVO treatment. A remarkable increase in the levels of
inflammatory factors was observed in the cells, and this
result suggests that SEVO inhibits the I/R-induced cellu-
lar inflammatory response via up-regulating GDF11 ex-
pression. Additionally, I/R injury is closely linked to ox-
idative stress. As demonstrated in a study, I/R injury in-
duces overproduction of reactive oxygen species (ROS),
disrupts redox homeostasis, and finally leads to oxidative
stress [18]. ROS can induce lipid peroxidation and degra-
dation, thereby producing MDA. Additionally, ROS can
alter cell permeability and result in massive intracellular
LDH leakage [19]. In this scenario, cell membrane dam-
age occurs and cardiomyocytes begin to deteriorate follow-
ing I/R. To maintain the redox state in balance, excess ROS
are usually eliminated by various enzymes, such as SOD
and Glutathione peroxidase (GSH-Px) [20]. In this study,
LDH activity and MDA level in AC16 cells subjected to
I/R were noticeably decreased and SOD activity was sig-
nificantly increased following SEVO pretreatment, allevi-
ating the myocardial injury caused by oxidative stress. In
contrast, the inhibitory effect of SEVO on oxidative stress
was attenuated after transfection with sh-GDF11 in I/R-
induced AC16 cells treated with SEVO. This result implies
that SEVO inhibits I/R-induced cellular oxidative stress re-
sponse through up-regulation of GDF11 expression.

The role of the PI3K/AKT/mTOR signaling pathway
in cancer has been discussed in detail in the literature,
highlighting the importance of this pathway in cell sur-
vival, proliferation, and cycle progression, as well as its
frequent abnormalities in a variety of cancers [21]. Af-
ter activation, the PI3K/AKT signaling pathway exerts pro-
tective effects in cardiomyocytes [22]. In this study, the
levels of p-PI3K/PI3K and p-AKT/AKT were presented to
considerably elevate in I/R-induced AC16 cells after pre-
treatment by SEVO, indicating that SEVO could activate
the PI3K/AKT signaling pathway. In contrast, PI3K/AKT
signaling pathway was inhibited after transfection of sh-

GDF11 in I/R-induced AC16 cells. This suggests that
SEVO may exert protective effects through activating the
PI3K/AKT signaling pathway through up-regulation of
GDF11 expression.

This study still has some limitations. For instance, this
study mainly investigated the effect of SEVO on I/R injury
and the possible mechanism of action through in vitro cel-
lular experiments. Relevant in vivo animal experiments are
required to delve deeper into the role of SEVO in alleviating
I/R injury and to elucidate its mechanism of action.

Conclusion

In summary, SEVO facilitates cell proliferation and
suppresses oxidative stress, apoptosis, and inflamma-
tory response in cardiomyocytes induced by I/R by up-
regulating GDF11 expression, the mechanism underlying
the alleviation of the I/R injury may involve the activation
of the PI3K/AKT signaling pathway.
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