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Objective: Semaglutide shows potential in cardiovascular protection, yet its specific role and mechanism 
in H/R injury are unclear. Given the role of autophagy in cardiomyocyte protection and the unclear mechanism of semaglutide in H/R - 
induced injury, this study aims to assess semaglutide’s protective effects on AC16 cardiomyocytes in an H/R model and probe its 
mechanism, focusing on autophagy.
Methods: AC16 cardiomyocytes were subjected to H/R to simulate H/R injury. Cells were divided into five groups: Control, H/R, H/ 
R+Semaglutide, H/R+ Semaglutide+Rapamycin (autophagy activator), and H/R+Semaglutide+3-Methyladenine (3-MA, autophagy 
inhibitor). Cell viability, injury (LDH release), oxidative stress (MDA, SOD), and inflammation (IL-6, TGF-β) were assessed. Protein 
levels of cleaved caspase-3, caspase-9, Bax, Bcl-2, and the autophagy-related protein FUNDC1 were analyzed by Western blot.
Results: H/R treatment significantly decreased cell viability and increased LDH release, indicating severe cellular injury (P< 0.05). 
Semaglutide treatment effectively restored cell viability and reduced LDH release. Furthermore, Semaglutide significantly attenuated 
H/R-induced oxidative stress, as shown by decreased MDA levels and restored SOD activity (P< 0.05). The inflammatory response, 
characterized by elevated IL-6 and TGF-β, was also markedly suppressed by Semaglutide (P< 0.05). Flow cytometry analysis revealed 
that Semaglutide significantly reduced the apoptosis rate. Western blotting confirmed that Semaglutide downregulated pro-apoptotic 
proteins (cleaved caspase-3, caspase-9, Bax) and upregulated the anti-apoptotic protein Bcl-2. Importantly, Semaglutide increased the 
expression of FUNDC1. The protective effects were enhanced by Rapamycin and attenuated by 3-MA, indicating that autophagy is 
involved in the cardioprotection.
Conclusion: Semaglutide shows substantial protective efficacy in safeguarding AC16 from H/R-triggered injury. It operates by 
mitigating oxidative stress, dampening inflammatory processes, inhibiting apoptotic pathways. Importantly, this investigation revealed 
that the cardioprotective effect, to a considerable degree, mediated through its promotion of autophagy.
Keywords: semaglutide, hypoxia/reoxygenation, oxidative stress, inflammatory response, apoptosis, autophagy, FUNDC1

Introduction
Hypoxia/reoxygenation (H/R) injury remains a leading cause of mortality worldwide. It is characterized by a cascade of 
pathological events, including oxidative stress, inflammation, and cardiomyocyte apoptosis, which collectively impair 
cardiac function and promote heart failure.1,2 Despite advances in therapeutic strategies, such as ischemic precondition
ing and pharmacological interventions, effective cardioprotective agents targeting these interconnected mechanisms 
remain limited, necessitating exploration of novel therapeutic targets3,4 and highlighting the need for agents that 
modulate multiple protective mechanisms simultaneously. In recent years, glucagon - like peptide - 1 receptor agonists 
(GLP - 1RAs) have emerged as a promising class of drugs for their potent cardiovascular protective effects, extending 
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beyond glycemic control.5–7 Among them, semaglutide—a next-generation weekly GLP-1RA formulation—has demon
strated remarkable reductions in major adverse cardiovascular events (MACE) in large-scale clinical trials: the LEADER 
trial reported a 13% relative risk reduction in MACE (including cardiovascular death, non-fatal myocardial infarction, 
and stroke) in patients with type 2 diabetes,8 while SUSTAIN-6 showed a 26% reduction in cardiovascular death and 
21% reduction in non-fatal myocardial infarction over 2 years.9 Their protective mechanisms go beyond glycemic 
control, involving direct effects on myocardial cells through multiple targeted interventions. Myocardial ischemia- 
reperfusion injury and repair involve various pathophysiological processes; this vital process for saving ischemic 
myocardium often causes additional damage, such as cardiomyocyte apoptosis, inflammation, and oxidative stress, 
severely affecting cardiac function and patient prognosis.3,10–14 In the field of myocardial ischemia - reperfusion injury, 
several recent studies have shed light on its complex pathophysiology and potential therapeutic strategies. Zhu Q et al15 

found that semaglutide inhibits ischemia/reperfusion-induced cardiomyocyte apoptosis by activating the PKG/PKCε/ 
ERK1/2 pathway. Another study by Liu Y et al16 demonstrated that semaglutide attenuates H/R by inhibiting ferroptosis 
of cardiomyocytes via activation of the PKC - S100A9 axis. Notably, our prior study revealed that semaglutide protects 
AC16 cardiomyocytes from H/R injury by activating PINK1/PARKIN-mediated autophagy, a critical cellular quality 
control mechanism.17 Despite progress in GLP-1RA research, the molecular mechanisms underlying semaglutide’s 
cardioprotective effects remain incompletely understood, particularly in human cardiomyocytes. The precise interplay 
between autophagy and other key protective pathways (eg, antioxidant defense, anti-inflammation, anti-apoptosis) 
remains poorly characterized. Specifically, it is unclear whether autophagy activation enhances or modulates the efficacy 
of other protective mechanisms, or if these pathways operate independently. This study systematically dissects semaglu
tide’s cardioprotective mechanisms in H/R-injured AC16 cells. We hypothesize that semaglutide attenuates H/R - 
induced cardiomyocyte injury through a coordinated mechanism involving enhanced cell viability, reduced oxidative 
damage, suppressed inflammatory responses, and inhibited apoptosis, with autophagy serving as a regulatory hub.

To test this, we employed pharmacological tools (RAPA as an autophagy enhancer and 3MA as an inhibitor) and 
quantified oxidative stress, inflammation and apoptosis. Our findings will reveal novel synergistic mechanisms of 
semaglutide-mediated cardioprotection, supporting its potential as a multifaceted therapy for H/R injury.

Materials
Cells
The AC16 cardiomyocyte cell line was purchased from the China National Center for Cell Line Preservation and 
Management (Chinese Academy of Sciences).

Drugs and Reagents
Semaglutide was obtained from MCE (HY-114118). Rapamycin (RAPA) and 3-methyladenine (3-MA) were purchased 
from Sigma-Aldrich (Catalog Nos. R5000 and M9281, respectively). Penicillin-streptomycin was sourced from Solarbio 
(Catalog No. P1400). Dulbecco’s Modified Eagle Medium (DMEM) was obtained from SIGMA (Catalog No. D6429- 
500ML), and fetal bovine serum (FBS) was purchased from DQ (Catalog No. YSN0121). The CCK-8 assay kit was from 
Solarbio (Catalog No. CA1210). ELISA kits for transforming growth factor-β1 (TGF-β1) and interleukin-6 (IL-6) were 
obtained from Solarbio (Catalog No. SEKH-0002) and R&D Systems (Catalog No. DLB50), respectively. Colorimetric 
assay kits for lactate dehydrogenase (LDH), malondialdehyde (MDA), and superoxide dismutase (SOD) were purchased 
from Elabscience (Catalog Nos. E-BC-K046-M, E-BC-K028-M, and E-BC-K022-M, respectively). Other experimental 
materials included cell culture flasks and 96-well plates from KIRGEN (T25 flasks and 96-well plates), sterile PBS from 
ViviCell (Catalog No. C3580-0500), and dimethyl sulfoxide (DMSO) from Solarbio (Catalog No. D8371). The Caspase- 
3 antibody (dilution ratio 1:1000, catalog number ER30804) was procured from HuaAn Biotechnology; the Caspase-9 
antibody (dilution ratio 1:1000, catalog number GTX112888) was acquired from Gene Tex; the β-actin antibody (dilution 
ratio 1:5000, catalog number EM21002) was obtained from HuaAn Biotechnology; the Bax antibody (dilution ratio 
1:1000, catalog number ET1603-34) was also purchased from HuaAn Biotechnology; and the BCL-2 antibody (dilution 
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ratio 1:1000, catalog number ARG55188) was sourced from arigo,and the FUNDC1 antibody (dilution ratio 1:1000, 
catalog number AF0002) was sourced from Affinity.

Instruments
A constant-temperature incubator (Thermo Scientific Forma series) and a carbon dioxide cell culture incubator (CI-191C, 
Suzhou Jiemei) were used. Flow cytometry was performed using a FACSCanto™ BD instrument.

Experimental Methods
Subculture and Culture of AC16 Cardiomyocytes
AC16 cells were removed from a −80°C freezer and rapidly thawed in a 37°C water bath. Once the cells reached a slushy 
state, they were quickly transferred to pre-warmed DMEM containing 10% FBS and 1% penicillin-streptomycin (P/S), 
centrifuged at 1000 rpm for 3 minutes, and the supernatant was discarded. The cell pellet was resuspended in 1 mL of 
culture medium and transferred to a T25 culture flask for incubation at 37°C in a humidified atmosphere with 5% CO2. 
The cells were passaged every two days at a 1:3 ratio and used for experiments when they reached the exponential 
growth phase.

Construction of the AC16 Cardiomyocyte Hypoxia/Reoxygenation Model
Model
To simulate myocardial H/R injury, AC16 cardiomyocytes were cultured under hypoxic conditions (94% N2, 5% CO2, 
and 1% O2 at 37°C) overnight, followed by reoxygenation under normoxic conditions (95% air and 5% CO2 at 37°C) for 
12 hours to establish the H/R injury model.5 Control cells were cultured under standard DMEM conditions.

Model Validation
Cell Viability Assessment 
After the H/R treatment, cell viability was measured using the CCK - 8 assay. Briefly, 10 μL of CCK - 8 reagent was 
added to each well of the cell culture plate containing the H/R - treated and control cells. The cells were then incubated 
for an additional 2 hours at 37°C. Absorbance was measured at 450 nm using a microplate reader. A significant decrease 
in cell viability in the H/R - treated group compared to the control group indicated successful induction of cell injury, 
which is a characteristic feature of ischemia - reperfusion injury.

LDH Release Measurement 
LDH release into the culture medium is an indicator of cell membrane damage and cell death. LDH release was 
quantified according to the manufacturer’s instructions for the LDH detection kit. Higher levels of LDH in the culture 
medium of the H/R - treated cells compared to the control cells further confirmed the successful establishment of the H/R 
injury model, as increased LDH release is typically associated with cell damage during ischemia - reperfusion.

Grouping and Drug Treatment
As demonstrated in our prior study,17 a dose - response experiment was conducted by CCK-8 using a range of 
semaglutide concentrations (ranging from 1.25 mmol/L to 10 mmol/L), the optimal concentration was determined to 
be 5 mmol/L. Hence, during the reoxygenation phase, experimental cells were treated with 5 mmol/L concentrations of 
semaglutide. Additionally, groups treated with rapamycin (RAPA, an autophagy activator, 0.1 μM) and 3-methyladenine 
(3MA, an autophagy inhibitor, 5 mM) were established to evaluate the role of autophagy in H/R-induced cardiomyocyte 
injury.

CCK-8 and LDH Assays
For the CCK-8 assay, 10 μL of CCK-8 reagent was added to each well after drug treatment, and the cells were incubated 
for an additional 2 hours. Absorbance was measured at 450 nm using a microplate reader. LDH release was quantified 
according to the manufacturer’s instructions for the LDH detection kit.
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Oxidative Stress Marker Assay
Oxidative stress refers to a state in which the balance between the production of reactive oxygen species (ROS) and the 
body’s antioxidant defense system is disrupted, leading to an excessive accumulation of ROS. This can cause damage to 
cellular components such as lipids, proteins, and DNA. In this study, intracellular malondialdehyde (MDA) content and 
superoxide dismutase (SOD) activity were measured using MDA and SOD detection kits, respectively, to assess 
oxidative stress levels.

Flow Cytometric Analysis of Apoptosis
Apoptosis is a programmed cell death process that is tightly regulated by a series of genes. It is characterized by specific 
morphological and biochemical changes, including cell shrinkage, chromatin condensation, and the formation of 
apoptotic bodies. In this study, apoptosis was detected using an Annexin V-FITC/PI double-staining apoptosis kit 
according to the manufacturer’s instructions.

Western Blot Analysis
Cell pellets were collected, lysed in RIPA buffer containing PMSF, and centrifuged to obtain the supernatant. Protein 
concentration was determined using the BCA method, and proteins were denatured by boiling after equalization with 
TBST. Proteins were separated by SDS-PAGE gel electrophoresis and transferred to PVDF membranes using a semi-dry 
transfer system. After blocking with BSA and washing, the membranes were incubated overnight with specific primary 
antibodies against Bcl-2 (1:1000, Arigo, ARG55188), Bax (1:1000, HuaAn Biotechnology, ET1603-34), caspase-3 
(1:1000, HuaAn Biotechnology, ER30804), caspase-9 (1:1000, Gene Tex, GTX112888), FUNDC1 (1:1000, Affinity, 
AF0002) followed by incubation with secondary antibodies the next day. Membranes were washed three times with 
TBST and incubated for 1 h at room temperature with HRP-conjugated secondary antibodies (diluted 1:10,000 in 
blocking buffer), including goat anti-mouse IgG-HRP (for β-actin, if the primary antibody was mouse-derived) and 
goat anti-rabbit IgG-HRP (for Bcl-2, Bax, caspase-3, caspase-9, and FUNDC1as all are rabbit-derived primary 
antibodies).

After adding the ECL developing solution, the membranes were visualized using an imaging system, and the optical 
density values of the target bands were analyzed using a gel image processing system.

Statistical Analysis
Statistical analysis was performed using SPSS 22.0 software. Measurement data are presented as mean ± standard 
deviation (�X � S). Comparisons across multiple groups were made using one-way ANOVA, and Tukey’s post hoc test 
was used for subsequent pairwise analyses. All experiments were performed with at least 3 independent biological 
replicates (n = 3).In addition, all P values were evaluated using a two-sided test, and P < 0.05 was considered statistically 
significant.

Results
CCK-8 Activity and LDH Activity
Compared to the control group, AC16 cardiomyocyte CCK8 viability was significantly reduced in the H/R treatment 
group (P <0.05), while LDH release was significantly increased (P <0.0001), indicating cell damage induced by H/R. In 
the H/R + Semaglutide treatment group, cell viability was significantly restored (P < 0.05), and LDH release was 
significantly decreased (P <0.01), demonstrating the significant protective effect of semaglutide against H/R-induced 
cardiomyocyte injury. When the autophagy activator RAPA was added to the semaglutide treatment, cell viability further 
increased (P <0.05), and LDH release further decreased (P<0.05), suggesting that RAPA enhanced the protective effect 
of semaglutide. Conversely, when the autophagy inhibitor 3-MA was added, cell viability decreased (P<0.05), and LDH 
release increased (P<0.05), indicating that 3-MA partially reversed the protective effect of semaglutide (Table 1 and 
Figure 1).
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Inflammatory Response Assessment
H/R treatment significantly increased the expression of inflammatory cytokines IL-6 and TGF-β1 (P <0.0001), indicating 
the induction of an inflammatory response by H/R. Compared to the H/R group, the semaglutide treatment group showed 
significantly reduced expression of IL-6 and TGF-β1 (P<0.05), demonstrating the ability of semaglutide to alleviate H/ 
R-induced inflammation. In the semaglutide + RAPA combination treatment group, the expression of IL-6 and TGF-β1 
was further reduced (P < 0.001 for both), suggesting that RAPA enhanced the anti-inflammatory effect of semaglutide. 
Conversely, in the semaglutide + 3-MA combination treatment group, the expression of IL-6 and TGF-β1 increased 
(P <0.05 and P< 0.001, respectively), indicating that 3-MA partially reversed the anti-inflammatory effect of semaglutide 
(Figure 2).

Oxidative Stress Assessment
H/R treatment led to a significant increase in MDA content (P<0.0001) and a significant decrease in SOD activity 
(P<0.0001), indicating the induction of oxidative stress by H/R. Semaglutide treatment significantly reduced MDA 

Table 1 Comparison of Cell Viability of 
AC16 Cells in Different Groups

Group Cell Viability (%)

Control 100. 00±0. 00

H/R 64. 94±6. 13 a

H/R+semaglutide 82. 62±8. 42a,b

H/R+semaglutide+RAPA 90. 62±10. 08a,b,c

H/R+semaglutide+3MA 71. 35±6. 58a,b,c

Notes: Data were represented in mean ± SEM. 
arepresents significance from the control group (P˂0.05); 
breprsents significance from the H/R group (P˂0.05); 
crepresents significance from the H/R+semaglutide grou 
(P˂0.05).

Figure 1 Comparison of LDH levels across experimental groups. Semaglutide decreased the level of LDH. Data are expressed as the mean ± standard deviation of three 
independent experiments. 
Notes: *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. 
Abbreviations: RAPA, rapamycin; 3-MA, 3-methyladenine; H/R, hypoxia/reoxygenation; LDH, lactate dehydrogenase-1.
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content (P <0.0001) and increased SOD activity (P<0.05), demonstrating its ability to alleviate H/R-induced oxidative 
stress. Combination treatment with RAPA and semaglutide further reduced MDA content (P<0.05) and increased SOD 
activity (P<0.01), while combination treatment with 3-MA and semaglutide partially reversed these effects (P<0.05) 
(Figure 3).

Myocardial Cell Apoptosis Rate
Under H/R conditions, AC16 cells exhibited a notable increase in apoptosis, as evidenced by flow cytometry analysis. 
Treatment with semaglutide significantly reduced the number of apoptotic cells, suggesting its anti-apoptotic effect. 
Rapamycin further decreased apoptosis levels, while 3-MA treatment reversed the protective effect of semaglutide, 
indicating its pro-apoptotic role (Figure 4).Flow cytometry analysis of the cell cycle revealed that H/R treatment induced 
cell cycle arrest, mainly in the G0/G1 phase. Semaglutide treatment reduced this cell cycle arrest, allowing cells to 

Figure 2 Effects of Semaglutide on IL-6 and TGF-β1 Levels in AC16 Cells after H/R Treatment. (A) IL - 6 levels in AC16 cells under different treatment scenarios; (B) TGF 
-β1 levels in AC16 cells under different treatment conditions. 
Notes: * P < 0.05, ***P<0.001,****P< 0.0001. 
Abbreviations: RAPA, rapamycin; 3-MA, 3-methyladenine; H/R, hypoxia/reoxygenation.

Figure 3 Effects of Semaglutide on MDAand SODLevels in AC16 Cells after H/R Treatment. (A) MDA level: This figure presents the malondialdehyde (MDA) levels, akey 
indicator of lipid peroxidation caused by oxidative stress. (B) This graph shows the superoxide dismutase (SOD) levels in various experimental groups. 
Notes: * P < 0.05, **P < 0.01, ***P<0.001,****P< 0.0001. 
Abbreviations: RAPA, rapamycin; 3-MA, 3-methyladenine; H/R, hypoxia/reoxygenation; ns, no significance.
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progress through the cell cycle more normally. This suggests that semaglutide can help mitigate the inhibitory effects of 
H/R on cell proliferation.

Western Blot Analysis of Apoptosis-Related Proteins
To examine the protective effect of semaglutide pretreatment on cardiac apoptosis, Western blot analysis was used to 
measure the expression of proteins related to apoptosis. The results showed that H/R treatment increased the levels of 
pro-apoptotic proteins caspase-3, caspase-9, and Bax, while reducing the level of the anti-apoptotic protein Bcl-2 (P < 
0.0001). Compared to the H/R group, the H/R + Semaglutide pretreatment group displayed lower levels of caspase-3 and 
caspase-9, decreased Bax expression (P < 0.0001), and higher Bcl-2 levels (P < 0.001). These effects were even more 
notable in the H/R + Semaglutide + RAPA combination treatment group, while 3-MA partly reversed the inhibitory 
influence of semaglutide (Figure 5).

Expression of Autophagy-Related Proteins
Western blot analysis revealed that the expression level of the autophagy-related protein FUNDC1 was significantly 
elevated after hypoxia/reoxygenation (H/R) treatment (P < 0.05), indicating that the autophagy pathway was activated in 
response to H/R-induced injury. Treatment with Semaglutide further increased the expression of FUNDC1 (P < 0.01), 
suggesting that Semaglutide may exert a protective effect by enhancing the autophagy pathway.

The group co-treated with RAPA and Semaglutide exhibited the highest expression level of FUNDC1 (P < 0.05), 
indicating that RAPA augmented the activation of the autophagy pathway. Conversely, in the group co-treated with 3-MA 
and Semaglutide, the expression level of FUNDC1 was significantly reduced (P < 0.05), indicating that 3-MA inhibited 
autophagy activation (Figure 6).

Figure 4 Semaglutide attenuated H/R-induced apoptosis tested by the Annexin V/PI assay. (A) Semaglutide decreased apoptotic rate tested by flow cytometry. (B) Statistical 
analysis of apoptosis was determined by the flow cytometric evaluation. The total apoptotic cell ratio was the sum of cells undergoing early apoptosis (lower right) and late 
apoptosis (upper right). 
Notes: Q1-normal cells, Q2-early apoptosis, Q3-late apoptosis, Q4-dead cells. The calculation is based on Q2+Q3; ***P<0.001, ****P<0.0001. 
Abbreviations: RAPA, rapamycin; 3-MA, 3-methyladenine; H/R, hypoxia/reoxygenation.
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Discussion
The therapeutic potential of glucagon-like peptide-1 (GLP-1) receptor agonists (GLP-1RAs) has emerged as 
a transformative approach in managing cardiometabolic diseases, especially in patients with diabetes mellitus compli
cated by coronary artery disease (CAD). As a class of incretin-based therapies, GLP-1RAs not only improve glycemic 
control but also offer significant cardiovascular benefits, including reduced major adverse cardiovascular events (MACE) 
and enhanced cardiac function.18 Epidemiological studies reveal that many CAD patients also suffer from type 2 diabetes 
mellitus (T2DM), emphasizing the urgent need for therapies that target both hyperglycemia and cardiovascular risk.19 

Figure 5 Semaglutide decreased cleaved caspase 3,caspase-9, Bax, increased the Bcl-2. (A) The bands of Bcl-2, Bax and Caspase-3, caspase-9 and their expression were 
detected using Western blotting. Quantitative analysis of bax (B) Bcl-2 (C),caspase-3 (D),caspase-9 (E). The results were expressed as mean ±SD (n = 3). 
Notes: *P<0.05, ***P<0.001, ****P<0.0001. 
Abbreviations: RAPA, rapamycin; 3-MA, 3-methyladenine; H/R, hypoxia/reoxygenation.

Figure 6 Effect of Semaglutide on the Level of Autophagy-Related Protein FUNDC1 in AC16 Cells Following H/R Treatment. (A) Western blot analyses showed the 
expressions of β-catenin, FUNDC1 in different groups. (B) Quantitative data on FUNDC1 in different groups. 
Notes: Data are presented as means ± SD. * P < 0.05, **P < 0.01. 
Abbreviations: RAPA, rapamycin; 3-MA, 3-methyladenine; H/R, hypoxia/reoxygenation.
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Semaglutide, a long-acting GLP-1RA, has attracted attention for its multifaceted actions; previous studies, such as the 
SUSTAIN-6 trial, showed that semaglutide reduced MACE in T2DM patients with established cardiovascular disease, 
highlighting its clinical importance.9 However, the cellular and molecular mechanisms behind its cardioprotection are not 
fully understood. This study aimed to elucidate the mechanisms of GLP-1RA-mediated cardioprotection in vitro hypoxia/ 
reoxygenation (H/R) injury model using AC16 cardiomyocytes, a well-recognized human cardiomyocyte cell line. By 
exploring the roles of oxidative stress, inflammation, apoptosis and autophagy, this research provides new insights into 
the cardioprotective pathways activated by semaglutide, strengthening its potential as a therapy for diabetes-related 
cardiovascular complications.

Our study showed that Semaglutide attenuates H/R-Induced Cardiomyocyte Injury via multimodal mechanisms.H/R 
injury significantly reduced AC16 cell viability (CCK-8 assay) and increased lactate dehydrogenase (LDH) release, 
indicative of membrane damage. Semaglutide pretreatment restored cell viability and decreased LDH leakage, suggesting 
its role in preserving cellular integrity. H/R injury induced marked oxidative stress, as evidenced by elevated mal
ondialdehyde (MDA) levels (a lipid peroxidation marker) and reduced superoxide dismutase (SOD) activity. Semaglutide 
attenuated MDA accumulation and restored SOD activity, indicating its antioxidative capacity. These results corroborate 
findings that showed that liraglutide reduced reactive oxygen species (ROS) production in rats with experimental diabetes 
and ischemia-reperfusion injury.20 Additionally, semaglutide suppressed H/R-induced inflammation, decreasing IL-6 and 
TGF-β1 levels, respectively. This anti-inflammatory effect is consistent with prior study Semaglutide exerted cardiopro
tective effects against diabetic heart failure by alleviating cardiac inflammation through Sirt3-dependent RKIP signalling 
pathway.21 Flow cytometry revealed that H/R increased apoptosis rates, which was reversed with semaglutide. Western 
blot analysis showed that semaglutide downregulated pro-apoptotic proteins (caspase-3, caspase-9, Bax) and upregulated 
the anti-apoptotic protein Bcl-2. These findings are supported by a study that demonstrated that liraglutide attenuates 
myocardial ischemia/reperfusion injury through the inhibition of necroptosis by activating GLP-1R/PI3K/Akt pathway.22

The combination of semaglutide and rapamycin (an mTOR inhibitor) showed enhanced cardioprotection, increasing 
cell viability and reducing LDH release compared to H/R alone. Notably, adding 3-methyladenine (3MA, an autophagy 
inhibitor) partially abolished semaglutide’s antioxidant, anti-inflammatory, and anti-apoptotic effects, suggesting that 
autophagy activation contributes to its cardioprotection and indicating a synergistic interaction between GLP-1 signaling 
and autophagy regulation. In cardiovascular diseases, the activation or inhibition of the autophagy pathway exerts 
a crucial impact on disease progression and treatment. Mitochondrial selective autophagy, also known as mitophagy, is 
regulated through two distinct molecular pathways: ubiquitin - dependent and ubiquitin - independent mechanisms. 
Among them, the canonical ubiquitin - dependent pathway is mainly governed by the PINK1/Parkin axis.Our previous 
research has revealed that semaglutide can promote mitophagy in myocardial cells suffering from hypoxia/reoxygenation 
(H/R)-induced injury. This promotion occurs via the ROS/PINK1/Parkin/p62 pathway, ultimately exerting 
a cardioprotective effect.17 FUN14 domain - containing protein 1 (FUNDC1) is a receptor protein that is highly 
expressed on the mitochondrial outer membrane of cardiomyocytes and plays a crucial role in mediating mitophagy. 
Previous studies have demonstrated that the expression level and phosphorylation status of FUNDC1 are closely related 
to the onset, progression, and prognosis of various cardiovascular diseases.23 As a mitochondrial outer membrane 
receptor, FUNDC1 can bind to LC3, thereby mediating the selective degradation of damaged mitochondria.In the context 
of this study, Western blot analysis showed that semaglutide significantly upregulated the protein expression of 
FUNDC1. This finding suggests that semaglutide may activate FUNDC1 - dependent mitophagy. By doing so, it can 
selectively eliminate damaged mitochondria, which may in turn break the vicious cycle of reactive oxygen species (ROS) 
- inflammation - apoptosis.While our in vitro findings support semaglutide’s potential therapeutic utility, further 
validation in primary cardiomyocytes and in vivo models is warranted before clinical application.

Limitations and Future Directions
Despite its strengths, this study has limitations. First, the in vitro nature of the AC16 cell model may not fully replicate 
the complex pathophysiology of myocardial ischemia/reperfusion injury in vivo. Future studies should validate these 
findings in primary cardiomyocytes and animal models of myocardial infarction. We used AC16 cardiomyocyte cell lines 
and in the future study, it could be validated in primary cardiomyocytes.Second, while rapamycin and 3MA were used to 
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modulate autophagy, their specificity may be influenced by off-target effects. Third, the study did not explore the long- 
term effects of semaglutide on cardiomyocyte function or its impact on other cell types (eg, endothelial cells, fibroblasts) 
within the cardiac microenvironment. Moreover, although the current research has shed some light on the role of the 
FUNDC1 pathway, there are still significant limitations, especially considering that only preliminary exploration has 
been carried out in the non - ubiquitination pathway, and its specific regulatory mechanisms, phosphorylation sites, and 
interactions with other pathways remain to be further elucidated.Future research should incorporate co-culture systems or 
in vivo models (eg, myocardial infarction in rodents) to validate these findings. Additionally, mechanistic studies using 
gene editing or pharmacological inhibitors could further dissect the roles of specific signaling pathways (eg, AMPK, 
mTOR, NF-κB) in semaglutide-induced cardioprotection.

Conclusion
In summary, our findings indicate that semaglutide protects AC16 cardiomyocytes from H/R injury via multifaceted 
mechanisms, including antioxidative, anti-inflammatory, and anti-apoptotic actions, with potential synergism from 
autophagy modulation. These findings support the hypothesis that GLP-1RAs may exert cardioprotective effects through 
these pathways in vitro and provide a rationale for further investigation of their therapeutic potential in myocardial 
ischemia/reperfusion injury using in vivo models.
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