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Introduction: Obesity-induced inflammation and oxidative stress can cause damage to cardiomyocytes. Semaglutide has the 
potential to reduce glucose levels and weight, while hydroxysteroid dehydrogenase-like protein 2 (HSDL2) also plays a role in 
regulating lipid metabolism. This study aimed to investigate the expression of oxidative stress markers and HSDL2 in 
myocardium and serum under high-fat conditions, in order to elucidate the mechanism of obesity-induced myocardial injury 
and evaluate the impact of semaglutide on myocardial injury through HSDL2.
Methods: Mouse models of obesity were established with semaglutide treatment. Palmitic acid-cultured mouse cardiomyocytes with 
HSDL2 knockout were used, as well as palmitic acid-induced high-fat environment models followed by semaglutide treatment. The 
levels of inflammatory and oxidative stress markers in serum and cardiomyocytes were measured. Additionally, the expression of 
HSDL2 and autophagy levels in different cell groups were assessed to evaluate the effect of semaglutide on high-fat diet-induced 
cardiomyocyte injury mediated by HSDL2.
Results: Obesity increased oxidative stress, which was alleviated by intervention with semaglutide. Furthermore, semaglutide down- 
regulated HSDL2 expression in obese individuals. Moreover, palmitic acid-induced oxidative stress and autophagy were reduced when 
using cells with knocked out HSDL2 gene.
Conclusion: These findings suggest that semaglutide may mitigate cardiomyocyte injury caused by a high-fat diet through regulation 
of HDLSDSLEP-1 expression. These discoveries are expected to unveil novel molecular mechanisms and provide new targets for 
clinical treatment.
Keywords: obesity, inflammation, oxidative stress, semaglutide, HSDL2

Introduction
Obesity is a chronic multifactorial condition characterized by the accumulation of multiple adipose tissues, which 
exerts detrimental effects on human health. With the advancement of the global economy, the prevalence of obesity 
continues to escalate in the global population, showing no apparent signs of abatement. Obesity directly contributes 
to the onset and progression of metabolic disorders, cardiomyopathy, ischemic coronary heart disease, peripheral 
arterial disease, heart failure, and arterial hypertension; thereby significantly impacting worldwide morbidity and 
mortality rates. Consequently, obesity represents a syndromic ailment that warrants sustained attention.

The presence of obesity induces a range of hemodynamic alterations that can result in modifications to cardiac 
morphology, ventricular function, and vascular endothelial cells, ultimately leading to the development of diverse 
cardiovascular disorders such as cardiac hypertrophy, heart failure, and atherosclerosis,1,2 the metabolic dysregulation 
induced by obesity plays a pivotal role in the pathogenesis of cardiovascular diseases. The findings of various studies 
have demonstrated that the consumption of a high-fat diet (HFD) leads to obesity in mice, accompanied by impaired 
endothelium-dependent vasodilation and increased arterial wall thickness.3 Additionally, obesity-induced lipid 
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metabolism disorders significantly elevate oxidative stress levels, thereby potentially impairing various target organs and 
primarily affecting cardiovascular cell function, consequently initiating a cascade of pathological alterations. 
Concurrently, heightened oxidative stress also promotes the accumulation of lipid peroxidation products, leading to 
myocardial cell damage.4 The mechanism underlying obesity-induced myocardial injury, however, requires further 
investigation.

Glucagon-like peptide-1 receptor agonists (GLP-1RA) stimulate insulin secretion and lower blood glucose levels by 
activating the GLP-1 receptor. Semaglutide, a long-acting glucagon-like peptide-1 receptor agonist, also demonstrates 
glucose-lowering and weight-reducing properties. In a clinical trial, we observed a significant decrease in the risk of 
cardiac disease and an improved prognosis for patients with type 2 diabetes who were treated with semaglutide. 
However, most studies on GLP-1R agonists have primarily focused on the mechanism of diabetes-induced atherosclero
sis, while limited research exists regarding their protective effects against early myocardial injury caused by obesity. 
Furthermore, there is a need for further investigation into the molecular mechanisms of these drugs and identification of 
new targets due to current knowledge gaps. It should be noted that obesity and diabetes share common pathogenic 
mechanisms that can contribute to cardiovascular complications.

The Hydroxysteroid dehydrogenase-like protein 2 (HSDL2) belongs to the short-chain dehydrogenase/reduc
tase (SDR) family,5,6 is expressed in adipose tissue, cardiac muscle, and other various tissues. It exhibits catalytic 
activity for the oxidation and reduction of diverse substrates including steroids, sugars, retinoids, and fatty acids.7 

Numerous studies have demonstrated that HSDL2 plays a pivotal role in the regulation of fatty acids within lipid 
metabolism and also actively participates in cholesterol synthesis.8–10 However, Shang et alobserved that the long 
non-coding RNA LNMICC could enhance lymph node metastasis in cervical cancer through reprogramming of 
fatty acid metabolism, and they also demonstrated the pivotal role of HSDL2 in regulating lipid metabolism.11 

Recent studies have revealed that aberrant lipid metabolism can expedite the development of cardiomyopathy.12 

The involvement of HSDL2 in cholesterol synthesis is facilitated through its binding to the coenzyme NADPH. It 
has been observed that overexpression of HSDL2 in vivo leads to a significant acceleration of intracellular 
cholesterol synthesis and a notable increase in total cholesterol levels within the organism.9 Meanwhile, our 
previous proteomic investigations on cardiovascular protein expression in mice subjected to a high-fat diet have 

Table 1 Sequences of Primers Used for qPCR

Genes Forward (5′→3′) Reverse (5′→3′)

HSDL2 ATTCTCAATCTCAGCCCACC TCCCAGCATATCCATAGCAG

β-actin GTGACGTTGACATCCGTAAAGA GTAACAGTCCGCCTAGAAGCAC

A B C D E 

Figure 1 Effects of obesity and semaglutide on myocardial inflammation and oxidative stress levels in mice. (A) TNF-α, (B)MDA, (C) IL-1β, (D) T-SOD, (E) Adenosine. 
Notes: ***P<0.01, **P<0.05, *P<0.05, ns P>0.05.
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Figure 2 Continued.
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revealed that Hsd17b4, HSDL2, and Acadvl are proteins primarily implicated in lipid metabolism. These proteins, 
identified as common differentially expressed proteins (Co-DEPs) in both the cardiac tissue and aorta, hold 
significant potential as novel targets for the diagnosis and treatment of obesity-related cardiovascular disease. 
Therefore, we postulate that both Hsd17b4 and HSDL2 exert regulatory roles in lipid metabolism and oxidative 
stress due to their association with catalase activity. Furthermore, peroxisomes play an indispensable role in 
maintaining cellular REDOX homeostasis.13 The dysregulation of HSDL2 has been observed in various cancer 
types and is closely associated with tumor progression.14,15 The protein HSDL2 localizes to peroxisomes and 
exerts a profound influence on tumor progression through its intricate regulation of lipid metabolism.7,8 The cell 
death phenomenon known as ferroptosis is characterized by an iron-dependent mechanism and the accumulation 
of lipid peroxidation. This mode of cellular demise exhibits distinct features compared to necrosis, apoptosis, and 
autophagy.16 The potential involvement of ferroptosis extends to neurogenesis, oncogenesis, and organ 
dysfunction.17,18 The scientific research has provided evidence for the association between HSDL2 and the 
initiation and progression of ferroptosis.19 However, it remains unclear whether abnormalities in HSDL2 are 
associated with obesity-induced myocardial injury.

In summary, we performed a comprehensive screening of cardiac and aortic Co-DEP based on proteomic results, 
followed by functional analysis of key proteins.13 The HSDL2 gene was selected for further investigation to elucidate the 
molecular mechanism underlying semaglutide’s protective effect on myocardial injury in obese mice and identify 
potential novel clinical therapeutic targets for obesity-related cardiomyopathy. To validate this mechanism, we estab
lished a high-fat cardiomyocyte model to observe changes in cardiomyocyte injury. Western blot (Wb) and polymerase 
chain reaction(PCR) techniques were employed to assess alterations in protein and mRNA levels in the cardiomyocytes 

PA

siHSDL2

Sema

Control

Figure 2 Effect of semaglutide on cardiomyocyte function in mice (A) TNF–α (B) IL–6 (C) MDA (D) ROS (E) ROS fiuorescence intensity bands. 
Notes: ****P<0.001, ***P<0.01, **P<0.05, *P<0.05, ns P>0.05.
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of high-fat mice before and after semaglutide intervention as well as HSDL2 knockout. The present study aimed to 
explore the molecular mechanism through which semaglutide exerts its protective effect against high-fat diet-induced 
cardiomyocyte injury by regulating HSDL2.

Methods
Animals and Experimental Design
In this study, 24 male C57BL/6 mice at the age of 6 weeks were obtained from Hebei Shengwu Technology Co., LTD. 
The company possesses a license (Certificate number: SYXK)(20150004 June) for the sale and distribution of laboratory 
animals. Subsequently, the mice were housed at the Laboratory Animal Center of Hebei General Hospital, where they 
were maintained under standardized laboratory conditions including a temperature range of 22±2°C, humidity levels 
between 55±10%, a light-dark cycle lasting for 12 hours each, and ad libitum access to water. These standardized 
conditions ensured that the mice had an appropriate environment throughout the duration of the study.

After a one-week acclimatization period, the mice were randomly allocated into three groups: the normal diet group 
(NC), high-fat diet group (HF), and high-fat diet plus semaglutide group (Sema). It is important to note that all 
experimental procedures were approved by the Animal Ethics Committee of the General Hospital of Hebei Province 
and conducted in accordance with the Regulations on the Management of Experimental Animals of Hebei Province. The 
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Figure 3 Continued.
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NC group was fed a normal diet (D1035, Beijing Huafukang Biotechnology Co., LTD., China) containing 4% fat, 20% 
protein, and 20% carbohydrate with a total energy content of 34.8 kcal/100 g. The HF group was fed a high-fat diet 
(H10060, Beijing Huafukang Biotechnology Co., LTD., China) containing 60% fat, 20% protein, and 20% carbohydrate 
with a total energy content of 524 kcal/100 g. The Sema group followed a similar high-fat diet for fourteen weeks while 
receiving daily subcutaneous injections of semaglutide at a dose of thirty nmol per kilogram body weight per day (Novo 
Nordisk, Bagsvaerd, Denmark). This dosage was selected based on previously published mouse studies. After eight 
weeks of treatment, glucose tolerance tests as well as measurements for body weight and serum levels were performed 
after fasting for twelve hours before euthanasia via intraperitoneal injection using one percent sodium pentobarbital at 
sixty mg/kg. Blood samples were collected from retroorbital sinuses in sterile tubes containing one millimeter ethyle
nediamine tetraacetic acid (EDTA). Finally, heart tissues from each mouse were collected then weighed before being 
stained with hematoxylin and eosin or frozen in liquid nitrogen then stored at −80°C for further analysis.

G PA

Sema

SiHSDL2+PA

Control

H PA

Sema

siHSDL2+PA

Control

Figure 3 Effect of HSDL2 on cardiomyocyte function in mice. (A) HSDL2 protein expression bands, (B) Relative HSDL2 protein expression, (C) Relative LC3 protein 
expression, (D) Relative P62 protein expression, (E) mean fluorescence intensity of HSDL2, (F) mean fluorescence intensity of P62, (G) HSDL2 fluorescence intensity 
bands, (H) P62 fluorescence intensity bands. 
Notes: ****P<0.001, ***P<0.01, **P<0.05, *P<0.05, ns P>0.05.
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Weight Assessment
The body weights of mice were measured on a weekly basis throughout the duration of the experiment. These measure
ments can provide valuable data for assessing the impact of drug interventions on mouse physiology and metabolism.

Enzyme Linked Immunosorbent Assay (ELISA)
The measurement of plasma insulin (INS) levels was conducted using the Elabscience Mouse insulin ELISA Kit, 
manufactured by Wuhan Elarite Biotechnology Co., LTD. This kit is specifically designed for quantifying insulin levels 
in mouse plasma samples.

The levels of low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), serum total 
cholesterol (TC), triglyceride (TG), inflammatory cytokines interleukin-1β (IL-1β) and tumor necrosis factor-alpha 
(TNF-α), as well as the oxidative stress markers malondialdehyde (MDA) and superoxide dismutase (SOD), were 
quantified using commercially available kits from Nanjing Jianchang. All measurements were conducted on a 
VERSAmax, a fully automated ELISA reader manufactured in the United States. Data obtained with the ELISA reader 
were analyzed using GraphPad Prism software.

A B 

C

PA Sema Control

Figure 4 Semaglutide reduces apoptosis and increases cell viability in mouse cardiomyocytes induced by high-fat diet. (A) Cardiomyocyte viability assay, (B) Cardiomyocyte 
apoptosis rate. (C) Flow cytometry. 
Notes: ****P<0.001, ns P>0.05.
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IHC
Formalin-fixed paraffin sections (3µm thick) of mouse cardiac tissue were subjected to dewaxing and rehydration. 
Endogenous peroxidase activity was blocked using a 3% hydrogen peroxide solution. Slides were incubated overnight 
with a primary antibody against HSDL2 (1:200), followed by incubation with horseradish peroxidase (HRP)-conjugated 
immunoglobulin G (IgG) for 50 minutes at room temperature. The sections were stained using freshly prepared DAB 
chromogenic solution, and the color development time was meticulously controlled under microscopic observation to 
achieve a brown-yellow positive signal. Nuclei were counterstained with hematoxylin for 3 minutes. Finally, the sections 
were examined and interpreted under a white light microscope (Nikon Instruments Co., LTD., China).

Cell Culture
The mouse cardiomyocytes (HL-1) were cultured in DMEM medium (Gibco, USA, 22400089) supplemented with 10% 
fetal bovine serum(FBS) (Gibco, USA, 16140071) and 1% dual antibiotics (100µg/mL penicillin and 100 U/mL 
streptomycin). The cells were incubated at a temperature of 37 °C in a humidified incubator enriched with 5% CO2.

Study Subgroups
High-fat cell additives (sodium palmitate concentration is 6mmol/L) and complete medium at a ratio of 1:30, and finally 
palmitic acid (PA) 0.25mmol/L. The cell suspension is inoculated into the 6-hole plate, and the prepared palmitine 
solution is added after the cell is attached to the wall. It is cultured at 37°C for 24 hours to build a high-fat cardiomyocyte 
model. In the same way, the prepared semaglutide (concentration of 100nmol/L) will intervene in the high-fat 
cardiomyocyte model for 24 hours for the following experiments.

A B 

Figure 5 Effect of semaglutide on cardiomyocyte function in mice (A) HSDL2 IOD ration expression bands. (B) Relative mRNA expression of HSDL2. 
Notes: ****P<0.001, ***P<0.01, **P<0.05, ns P>0.05.
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HSDL2 Transfection
The siHSDL2 (HSDL2 knockdown RNA) was processed by GenePharma (Shanghai, China). The cell lines were 
transfected with Lipofectamine 3000 transfection assay from Genechem (Shanghai, China). HSDL2 small interfering 
RNA (siRNA) (si-HSDL2) and siRNA control were obtained from GenePharma.

The HL-1 cells were transfected with siRNA using Lipofectamine 3000 according to the experimental protocol. 
The transfection efficiency was assessed by Western blotting after 24 hours, and the stably transfected cells were 
utilized in subsequent experiments. In the transfection sequence, the forward and reverse sequences of siRNA- 
HSDL2 were as follows: GGGAGGACCUGGUAUCGAATT and UUCGAUACCAGGUCCUCCCTT, respectively. 
The cells were divided into four groups: palmitic acid (PA) group, palmitic acid plus semaglutide (Sema) group, 
HSDL2 knockout plus palmitic acid (Si-HSDL2) group, and normal control (NC) group.

Western Blotting
The protein extraction was performed using cell lysis buffer (Biosharp, China, BL509A) added with phosphatase inhibitors 
(Biosharp, China, BL507A). The protein concentrations were measured by the bicinchoninic acid protein assay kit (Servicebio, 
China,G2026). The proteins were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to a polyvinylidene difluoride (PVDF) membrane (Immobilon-P, USA). After being blocked with 5% skim milk 
powder, appropriate dilutions of rabbit-derived HSDL2 antibody (Proteintech, USA), P62 antibody (Servicebio, China), LC3 
antibody (Servicebio, China), and mouse-derived GAPDH antibody (ABclonal, USA) primary antibodies were incubated 
overnight at 4 °C. Then the cells were incubated with goat anti-rabbit IgG secondary antibody (ABclonal, USA) or anti- 
mouse IgG secondary antibody (ABclonal, USA) for 1.5 hours at room temperature. Finally, the film was exposed to obtain 
images using an Amersham Imager 600 ultrasensitive Multifunction imager (General Electric, American).

Quantitative Reverse Transcription PCR (qRT-PCR)
The total RNA was extracted using TRIzol reagent, followed by reverse transcription into complementary DNA 
(cDNA) using SweScript All-in-one RT SuperMix for qPCR (Servicebio, China, G3337). The quantification of the 
cDNA samples was performed using SuperReal PreMix Plus (SYBR Green) (TIANGEN, China, FP205) on a 
StepOnePlus real-time PCR system (Applied Biosystem, USA, Cat#4376600). The results were analyzed and 
calculated using the 2-ΔΔCT method. Table 1 provides the details of the primers used for qRT-PCR.

Cell Viability Detection
The cell viability was assessed using the CCK-8 assay (Biosharp, China, BS350A). Cells were seeded at a density of 
1×103 cells per well in 96-well plates and cultured in DEME medium supplemented with 10% fetal bovine serum (FBS) 
for 24 hours at 37 °C and 5% CO2 in an incubator. After cell adhesion, the PA group was treated with a concentration of 
20% PA for 24 hours, while the Sema group was also treated with a concentration of 20% PA for the same duration 
followed by treatment with semaglutide at a concentration of 200 nM/L for another period of 24 hours. Subsequently, the 
cells were incubated with CCK-8 solution for two hours. The absorbance at a wavelength of 450 nm was measured using 
a Synergy HT multimode microwell plate reader (BioTek, USA).

IF
To detect the expression of HSDL2, cells were seeded in confocal small dishes and cultured in RPMI 1640 medium 
supplemented with 10% fetal bovine serum for 24 hours at a temperature of 37 °C and a CO2 concentration of 5%. The 
Si group was treated with 20% palmitic acid for 24 hours, the PA group was treated with the same duration of exposure 
to 20% palmitic acid, while the Sema group received treatment with both 20% palmitic acid followed by an additional 
period of time lasting another day with a concentration of semaglutide equal to 200nmmol/L. Following these treatments, 
cells were fixed using a solution containing paraformaldehyde at a concentration of 4%, permeabilized using permea
bilizing solution, and blocked by incubation in Bovine Serum Protein (BSA) at a concentration of 1%. Subsequently, 
samples were incubated overnight with primary antibody against HSDL2 (dilution ratio:1:500), followed by incubation 
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with fluorescently labeled anti-rabbit IgG conjugate specific to antibody isotype IgG subtype γ bound to Alexa Fluor® 
dye number-486 for one and half hours at room temperature. Nuclei were stained using Hoechst dye and visualized under 
laser confocal microscope (Observer Z1, Zeiss, Germany).

Enzyme-Linked Immunosorbent Assay
The levels of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) in mice were quantified using corresponding ELISA kits 
(Esebio, Shanghai, China). The cell supernatant from each group was added to the wells and incubated with horseradish 
peroxidase (HRP) labeled detection antibody at 37°C for 60 minutes. After removing the liquid, the well plate was cleaned. 
Chromogens A and B were added and incubated at 37 °C in the dark for 10 minutes. Subsequently, 50µL of reaction termination 
solution was added to each well, and the absorbance (OD) value of each well was measured at a wavelength of 450nm.

Measurement of ROS Production
The levels of reactive oxygen species (ROS) were quantified using a fluorescent probe, dichlorodihydrofluorescein 
diacetate (DCFH-DA, Zomanbio, China). Following treatment, 10μM DCFHDA was added to each experimental group 
as per the manufacturer’s instructions. Subsequently, cells were incubated for 30 minutes, washed three times with 
DMEM, and the fluorescence intensity was measured using laser confocal microscopy (BD Biosciences, USA).

Assessment of MDA
The treated cells were incubated with 300μL of a mixed MDA working solution containing thiobarbituric acid (TBA) for 
60 minutes to facilitate the detection of malondialdehyde levels. Subsequently, centrifugation was performed to remove 
the supernatant, and analysis was conducted using a Gen5 multifunctional microplate analyzer (Gene, USA).

Cell Apoptosis Assay
The Annexin V-FITC/propidium iodide (PI) Apoptosis assay kit (Elabscience, China) was utilized to perform apoptosis 
assays in accordance with the reagent manufacturer’s protocol. A personal-type flow cytometer (BD Biosciences, USA) 
was employed to analyze at least 10,000 cells within the gated area for apoptosis. The results were expressed as a 
percentage of total cells.

Statistical Processing
The Student’s t-test was employed to compare the means of the two groups of data. One-way analysis of variance 
(ANOVA) was utilized to compare data means among three or more groups. A statistically significant difference between 
groups was defined as P < 0.05. All statistical analyses were conducted using GraphPad 8.0 software.

Results
Changes in Weight in Three Groups of Mice
Initially, there were no discernible differences in body weight among the three groups of mice. However, following a 14- 
week high-fat diet, the HF group exhibited a significant increase in body weight compared to the NC group 
(Supplementary Figure 1, P<0.01), indicating successful establishment of the obesity model. Subsequently, after 8 
weeks of semaglutide treatment, the Sema group demonstrated significantly lower body weight than the HF group 
(Supplementary Figure 2, P<0.01). Nevertheless, from week 18 onwards (Supplementary Figure 2, P > 0.05), there was 
no notable disparity in body weight between the Sema and NC groups. The alterations in body weight due to high-fat diet 
and semaglutide treatment are depicted through line plots in Supplementary Figure 3.

Morphological Alterations of Mice Cardiomyocytes
Compared to the NC group, the PA group exhibited reduced cardiomyocyte volume, slight disarray, increased extracellular 
matrix deposition, varying nuclear sizes, and evident lipid droplet formation. Semaglutide intervention demonstrated a 
mitigating effect on the pathological alterations of cardiomyocytes induced by palmitic acid (Supplementary Figures10–13).
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Changes in Blood Sugar and Blood Lipids in Three Groups of Mice
The levels of total cholesterol(TC), high-density lipoprotein cholesterol(HDL-C), low-density lipoprotein cholesterol 
(LDL-C), fasting blood glucose(FBG), and oral glucose tolerance test(OGTT) were measured to assess changes in blood 
lipid and glucose levels in obese mice and the effects of semaglutide on regulating glucose and lipid disorders. Serum 
levels of TC, HDL-C, LDL-C and FBG were significantly higher in the high-fat group compared to the normal control 
group (Supplementary Figures 4–7; P <0.01). In contrast, the Sema group showed significant reductions in serum lipid 
and FBG levels (Supplementary Figures 4–7; P <0.01). Additionally, OGTT levels were significantly higher in the HF 
group compared to other groups (Supplementary Figure 8; P <0.01). Interestingly, the Sema group exhibited an earlier 
increase in oral glucose tolerance test at 15 minutes compared to the NC group’s increase at 30 minutes; thereafter their 
levels remained similar (Supplementary Figure 8; P >0 0.05). Furthermore, the serum insulin level was significantly 
lower in both Sema groups when compared with that of NC groups (Supplementary Figure 9, P<0 0.01).

The Effect of Smeglupeptide on the Level of Inflammation and Oxidative Stress Caused 
by Obesity
The levels of TNF-α, MDA, IL-1β, T-SOD, and adenosine in the myocardial tissue of obese mice exhibited a significant 
elevation compared to those in normal mice (Figure 1, P <0.05). Conversely, there was a notable reduction in the levels 
of TNF-α, IL-6, MDA, ROS, IL-1β, T-SOD and adenosine in myocardial tissue (Figure 1, P <0.05).

Effect of HSDL2 on Myocardial Cells in Obese Mice
Exposure to a high-fat environment induced by PA resulted in increased production of ROS) in cardiomyocytes, which 
was attenuated by knockdown of HSDL2 (Figure 2, P < 0.05). And after transfection of HSDL2-siRNA, there was a 
corresponding trend in the expression of HSDL2 in Wb, and an increase in the expression of HSDL2 in the PA group. 
The results obtained from PCR and immunofluorescence (IF) were consistent with those observed in Wb analysis 
(Figure 3, P < 0.05). Additionally, PA promoted autophagy in cardiomyocytes, and this effect was partially alleviated by 
downregulation of HSDL2 expression (Figure 3, P < 0.05).

Statistical Processing
The levels of TNF-α, IL-6, MDA, and ROS in the Sema group exhibited a significant decrease compared to those in the 
control group (Figure 2, P <0.05). Moreover, Sema treatment significantly enhanced cell viability and mitigated PA- 
induced apoptosis (Figure 4, P <0.001). Furthermore, both Wb and IF results demonstrated that Sema attenuated 
autophagy induced by PA (Figure 3, P<0.05). In terms of HSDL2 expression, Sema treatment led to a reduction in 
protein expression levels of HSDL2 in cardiomyocytes when compared with the PA group; this finding was consistent 
with PCR results (Figure 5, P<0.05). Additionally, immunohistochemistry analysis revealed similar trends for HSDL2 
expression between the Sema and PA groups as observed through Wb analysis (Figure 5, P<0.05).

Discussion
In recent years, the prevalence of obesity has witnessed a remarkable upsurge owing to the enhancement of individuals’ 
living standards. This surge in adiposity has posed significant threats to people’s health by inflicting substantial damage 
on vital organs such as the heart, pancreas, and kidneys.20 According to a multitude of clinical and fundamental 
experiments, obesity exerts its deleterious effects on the human body by significantly elevating lipid and glucose levels, 
thereby precipitating metabolic disorders.21 The present study has demonstrated that diet-induced obesity in a murine 
model leads to an elevation in blood levels of triglycerides (TG), TC, LDL-C, and fasting plasma glucose. This 
concomitant increase in circulating lipid and glucose concentrations, along with the inflammatory milieu associated 
with obesity, accelerates lipid oxidation, thereby promoting the development of atherosclerosis and impairing cardiac 
function.22 The simultaneous occurrence of obesity-induced elevation in LDL-C and reduction in HDL-C is associated 
with oxidative stress, which subsequently triggers extensive lipid oxidation and further amplifies the production of lipid 
peroxidation products.23 The activation of multiple oxidoreductases, in conjunction with a decrease in the activity of 
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cellular antioxidant enzymes such as Cu-Zn SOD, catalase, and GPx, can initiate lipid peroxidation and result in an 
elevation of ROS levels that cause detrimental effects on cells and tissues.24,25 Additionally, obesity also led to 
significantly elevated levels of TNF-α and IL-6 in both serum and cardiac tissue, indicating the presence of inflammation 
in vivo. However, obesity-induced increase in ROS within the cardiac tissue may result in the generation of toxic MDA. 
The excessive production of MDA through lipid peroxidation is attributed to enhanced lipid synthesis, inflammation, and 
oxidative stress. Levels of MDA in cardiac tissue are associated with mitochondrial activity, cell membrane damage, and 
the extent of peroxidation injury. Alterations in lipid profiles and indicators of oxidative stress can impact myocardial cell 
metabolism, thereby influencing the progression of obesity-related cardiomyopathy.26,27 The presence of myocardial 
hypertrophy and ventricular wall thickening can still provide sufficient compensatory function in pre-obesity; however, 
decompensation may lead to irreversible and severe impairment of cardiac function.28,29 The echocardiography analysis 
conducted in our previous study on obese mice revealed concentric hypertrophy, characterized by ventricular wall 
thickening and reduced ventricular volume.30 In this study, we established mouse models of HF group and Sema group, 
as well as cell models of PA group and Sema group, to gain a comprehensive understanding of the mechanisms 
underlying obesity-induced myocardial injury and investigate the potential protective effects of semaglutide. 
Compared to the Sema group, the HF group exhibited increased body weight and elevated levels of TC, TG, and 
LDL-C. Moreover, serum levels of TNF-α, IL-6, ROS, and MDA were significantly higher in the HF group. The PA 
group demonstrated similar patterns of oxidative stress expression compared to the HF group. Additionally, cardiomyo
cyte morphology in the PA group showed alterations characterized by lipid droplet formation, cellular atrophy, and 
extensive cell debris resulting from cell death. The cck8 assay revealed a significant decrease in cell viability within the 
PA group. Autophagy and apoptosis were also markedly increased in this experimental cohort. These findings suggest 
that obesity leads to elevated lipid levels and oxidative stress within the body, resulting in enhanced production of lipid 
peroxidation products which subsequently induce myocardial damage and trigger myocardial diseases.

The HSDL2 gene is located on the 9Q32 region of human chromosome 9, spanning a length of 92 kilodaltons. It 
consists of 11 exons and encodes a protein comprising 418 amino acids. Belonging to the SDR family, HSDL2 is 
classified as one among several proteins that facilitate oxidation and reduction reactions involving diverse substrates such 
as steroid hormones, oxysterols, bile acids (BAs), prostaglandins, retinoids, fatty acids, amino acids, and sugars.31 The 
HSDL2 protein consists of an N-terminal SDR domain and a C-terminal SCP2 domain, both of which play pivotal roles 
in nicotinamide adenine dinucleotide (oxidized form) (NAD)/NAD phosphate (NADP)-dependent REDOX reactions and 
the binding of sterols and other lipids, respectively.32,33 The capacity of HSDL2 to interact with NADP/H, sterol 
derivatives, and fatty acids can be attributed to its possession of a well-preserved NADP/H binding site and SCP2 
domain. These molecular features serve as crucial structural components that facilitate the transportation of sterols and 
various lipids across cellular membranes.34,35 In previous studies, the impact of HSDL2 on lipid metabolism was only 
proposed without further investigation into its association with high-fat myocardium. This study reveals a significantly 
higher abundance of brown particles in the HF group compared to the Sema group, indicating upregulation of HSDL2 
expression in the former and downregulation in the latter. The results obtained from Wb, PCR, and IF analyses in both 
PA and Sema groups were consistent. Therefore, it can be concluded that a high-fat diet indeed enhances myocardial 
HSDL2 expression while semaglutide suppresses it. To determine whether HSDL2 is one of the mechanisms through 
which high-fat induces changes in myocardial function, we conducted knockdown experiments targeting HSDL2 
expression. The inhibition of HSDL2 expression demonstrated amelioration of autophagy and oxidative stress induced 
by a high-fat diet in cardiomyocytes as observed through IF analysis for autophagy markers and ROS. Based on these 
findings, it can be inferred that HSDL2 may serve as one mechanism contributing to myocardial injury. Additionally, 
considering the aforementioned association between HSDL2 and ferroptosis, it is plausible to speculate that semaglutide 
may potentiate cellular ferroptosis through its interaction with HSDL2, thereby establishing a robust foundation for 
further clinical investigations.

Semaglutide, a glucagon-like peptide-1 receptor agonist, has been extensively studied in numerous trials and 
consistently demonstrated its efficacy in reducing blood glucose levels and promoting weight loss.36 The weight loss 
efficacy of semaglutide has been extensively investigated in recent clinical practice, demonstrating a reduction in 
basal body weight by 20 to 30% with minimal adverse effects.37,38 The effectiveness of semaglutide in mitigating 
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cardiovascular events has been established among individuals diagnosed with type 2 diabetes, while also offering 
cardioprotective benefits to overweight or obese patients suffering from preexisting cardiovascular disease but not 
afflicted by diabetes.39,40 The results of our previous study suggest that semaglutide possesses the potential to 
ameliorate the detrimental cardiac effects associated with obesity and modulate the expression of numerous proteins 
involved in lipid metabolism within cardiac tissue.30 The results of this study demonstrate the effective reduction of 
body weight and blood lipid levels in mice with HF by semaglutide. Additionally, semaglutide decreased serum 
lipids, TNF-α, IL-6, ROS, and MDA levels in both the HF group and PA-exposed myocardial cells. Although 
semaglutide did not alter PA-induced cell morphology, microscopic examination revealed a significant increase in 
cell death. Moreover, the Sema group exhibited higher cell viability compared to the PA group. Furthermore, the 
Sema group displayed significantly lower levels of autophagy and apoptosis compared to the PA group. The findings 
suggest that semaglutide may mitigate myocardial inflammatory injury induced by a high-fat diet and restore 
myocardial viability. Semaglutide significantly reduces the expression of HSDL2 in the high-fat myocardium, as 
mentioned above. Based on these results, HSDL2 might be one of the mechanisms contributing to myocardial injury, 
while semaglutide appears to protect the myocardium by modulating HSDL2 expression.

Conclusions
Our study provides evidence that obesity triggers oxidative stress, inflammatory response, autophagy, and apoptosis in 
cardiomyocytes. Downregulating HSDL2 expression significantly attenuates autophagy levels and oxidative stress in 
these cells. Moreover, semaglutide not only alleviates cellular damage induced by obesity but also suppresses the 
upregulation of HSDL2 resulting from this condition. These findings offer a fresh insight into the use of GLP-1 receptor 
agonists as targeted interventions to regulate myocardial injury associated with obesity while identifying a potential 
therapeutic target for managing cardiac damage related to excessive weight gain.
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