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Purpose: Using proteomics to study the effect of semaglutide on cardiac protein expression in obese mice. Assessment of the effect of 
semaglutide on cardiac function in obese mice.
Materials and Methods: The mice were randomly divided into three groups: the control group (WC), the high-fat group (WF), and 
the high-fat diet with semaglutide intervention group (WS). Serum samples were collected, and lipids, blood glucose, inflammatory 
and oxidative stress markers, and cardiac ultrasound, were examined. The cardiac weight of each group of mice was measured, and 
pathological alterations were examined. Inflammation and oxidative stress levels in heart tissue were evaluated. The labeling coupled 
with liquid chromatography-tandem mass spectrometry (LC-MS/MS) platform was used to find differentially expressed proteins 
(DEPs) and screen for related pathways and key proteins in a proteomics study.
Results: Semaglutide greatly alleviated obesity-induced lipid metabolism abnormalities, improved cardiac ventricular wall thickening, 
and significantly reduced myocardial collagen content in obese mice. Semaglutide significantly reduces obesity-induced inflammation 
and oxidative stress. There were 64 DEPs in the WF/WC group, with 39 upregulated proteins and 25 downregulated proteins. The WS/ 
WC group, on the other hand, had 83 DEPs, including 57 upregulated and 26 downregulated proteins. Following functional analysis, 
DEPs were shown to be largely associated with lipid metabolism and peroxisomes. Apolipoprotein A-II, catalase, diazepam-binding 
inhibitor, paraoxonase-1, and hydroxysteroid 17-dehydrogenase-4 were all upregulated in the WF group but significantly down-
regulated in the WS group. A high-fat diet increases the expression of lipid synthesis and transport proteins while increasing 
inflammation and oxidative stress damage.
Conclusion: Semaglutide decreases lipid synthesis alleviates inflammation and oxidative stress and prevents lipid peroxidation and 
cardiac impairment.
Keywords: semaglutide, lipid metabolism, DEPs, obesity, inflammation, oxidative stress

Introduction
Cardiovascular disease (CVD) is currently the leading cause of harm to people’s health. Unless appropriate interventions 
are implemented, the prevalence and mortality from cardiovascular diseases would increase further.1,2 In recent years, the 
occurrence of CVD has been markedly younger, and the incidence and mortality of aging cardiovascular disease have 
also increased significantly.3 Therefore, controlling cardiovascular disease-related risk factors is of major clinical 
significance and social value for the effective prevention and treatment of CVD.4,5 High blood pressure, high blood 
sugar, and smoking have all been identified as substantial risk factors.6 Some possible risk factors, such as metabolic 
syndrome, have yet to be well investigated.7

Metabolic syndrome (MetS) is a pathological situation in which the body’s protein, lipid, and carbohydrate 
metabolism are disrupted. This group of complex metabolic diseases is dominated by obesity.8 Obesity is becoming 
more common as the global economy develops, yet existing obesity treatment is inadequate. Obesity, particularly central 
obesity, is a critical component of MetS. Obese individuals’ metabolic abnormalities create excessive lipid accumulation, 
which, along with increased levels of inflammation and oxidative stress, causes damage to a variety of target organs.9 In 
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the heart, MetS not only disrupts the metabolism of cardiac tissues affecting cardiac function, but also increases the 
cardiac load and thus causes morphological changes in the heart. Studies have shown that as patients lose weight, the 
likelihood of developing cardiovascular disease will decrease. For patients with existing cardiac impairment, weight loss 
is linked to improved cardiac function and a significant reduction in the incidence of cardiovascular events in the 
future.10,11 Over the past decade, weight loss drugs and bariatric surgery have temporarily reduced weight,12 but they 
have not fundamentally improved metabolic disorders in obese patients. As a result, more novel drug development is 
required.

A variety of newly marketed antidiabetic medications have been reported to reduce fat and weight in obese people, 
primarily through treating metabolic abnormalities. A glucagon-like peptide 1 (GLP-1) receptor agonist is one of the 
most significant drugs. Semaglutide, a new long-acting GLP-1 receptor agonist approved for the treatment of obese 
patients with or without type 2 diabetes, is beneficial in lowering body weight and treating metabolic abnormalities in 
obese patients in addition to its hypoglycemic effects.13,14 The mechanism, however, remains unknown.

Proteomics is a term that combines the words “protein” and “genome.” It entails the investigation of all proteins 
produced by a cell or even an organism. In contrast to genomics, proteomics attempts to identify all proteins expressed in 
a cell.15 Due to the strong development of proteomics in recent years, proteomics is critical for the diagnosis and 
mechanism of several metabolic illnesses, such as MetS, diabetes, and obesity.16,17 It also has a significant impact on 
medication development.18 This study employed proteomics techniques to investigate the effects of a high-fat diet and 
semaglutide intervention on mouse cardiac protein expression in an obese mice model. Bioinformatics analysis was 
provided to further investigate the mechanisms associated with semaglutide’s cardioprotective effects in obese mice, 
resulting in potential mechanisms and new perspectives for the prevention and treatment of obesity-induced cardiac 
injury.

Materials and Methods
Reagents and Materials
Six-week-old male C57BL/6 mice were purchased from the Hebei Yiweiwo Biotechnology Co. Ltd. (Shijiazhuang, 
China). Co60 breeding chow (14.5% fat) and high-fat chow (60% fat) were obtained from Beijing Huafukang 
Biotechnology Co. Ltd. (Beijing, China). Semaglutide was provided by Novo Nordisk, Denmark, and small animal 
ultrasound was used with the vevo2100 from Visual Sonics. Other testing tools and reagents included lipid test kits, 
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), reactive oxygen species (ROS), and malondialdehyde (MDA) 
kits (Nanjing Jiancheng Bioengineering Research Institute Co., Ltd., China), High pH Reversed-Phase Peptide 
Fractionation Kit (Thermo Scientific), blood glucose meter (Accu-CHEK, American), Isobaric Tags for Relative and 
Absolute Quantification (iTRAQ) reagent (Applied Biosystems), and Tandem Mass Tag (TMT) reagent (Thermo 
Scientific).

Animal Treatment and Study Design
All mice were housed in an animal house in a suitable environment (22 ±2°C, 12-h day/night cycle), regular bedding 
changes, and free access to food and water. After 1 week of acclimatization, the mice were assigned to two groups: 
the control group (WC group) and the high-fat group (WF group), who were provided with normal and high-fat diets 
respectively. After 12 weeks, 8 mice from the WF group were randomly selected to receive semaglutide 30 nmol/kg/ 
day intraperitoneally (WS group). The WC and WF groups were administered a normal diet and a high-fat diet, 
respectively, and they were given the same amount of saline daily (n = 8). The intervention was expected to continue 
for 12 weeks. All experiments and procedures were conducted in accordance with the Regulations on the 
Management of Laboratory Animals issued by the National Science and Technology Commission and were approved 
by the Animal Ethics Association of the Hebei General Hospital (no. 202065). The ARRIVE criteria were adopted in 
all animal trials.

Normal diet (total energy of 3.48 kcal/g, components: protein 27.38%, fat 14.5%, carbohydrate 58.12%). High-fat diet 
(total energy of 5.24 kcal/g, components: protein 20%, carbohydrate 20%, fat 60%).
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Echocardiograph
The mice were depilated with a hair removal cream from their chest a day before the cardiac ultrasound examination. The 
mice were anesthetized with isofluane (100%, oxygen flow 1.75%), and, when the heart rate stabilized at approximately 
400 beats per minute, the anesthetized mice were placed in the supine position on a thermostatic table for ultrasound 
examination, while the anesthesia was maintained with isofluane. Non-invasive transthoracic cardiac ultrasound was 
performed on each group of mice using the Visual Sonics Vevo 2100 Echocardiograph. The left ventricular internal 
dimension in systole (LVIDs), left ventricular internal dimension in diastole (LVIDd), left ventricular posterior wall 
thickness in systole (LVPWs), left ventricular posterior wall thickness in diastole (LVPWd), left ventricular anterior wall 
thickness in systole (LVAWs), left ventricular anterior wall thickness in diastole (LVAWd), left ventricular ejection 
fraction (LVEF), and left ventricular fraction shortening (LVFS) were measured in the short-axis view of the left 
ventricle. These indices provide an accurate assessment of ventricular wall thickness and cardiac systolic function. For 
each group of 3 mice, measurements were taken to ensure 4 cardiac cycles and the final average was considered for 
subsequent analyses. All experimental and data analyses followed a blinding method, in order to reduce bias.

Serological Index Testing
Blood samples were collected from the tail tip to determine the fasting blood glucose levels after an 8 h of fasting. All mice 
were fasted for 24 h before the blood sampling, and the mice were anesthetized intraperitoneally with 1% sodium pentobarbital 
solution. After complete anesthesia, blood was removed from the inner canthus vein of the mice and left to stand for 30 min at 
4°C, followed by centrifugation at 3500 rpm for 10 min, and the supernatant was collected and stored in a refrigerator at 
−80°C. The serum samples were transferred to anticoagulation tubes and the serum total cholesterol (TC), triglycerides (TG), 
low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) concentrations were mea-
sured using a fully automated biochemical analyzer. ELISA was used to detect the levels of serum IL-6, TNF-α, and MDA.19

Histopathological Examination
The mice that had been fully anesthetized, and their blood were collected and placed in the freezer, followed by an 
opening of the chest cavity, and the heart tissue was removed in the intact form. For each group, the blood arteries were 
removed from the bottom of the heart, the heart was cleaned with saline, and the surplus blood was gently squeezed out 
with a filter paper before weighing and recording. Next, some of the heart tissues were fixed in 4% paraformaldehyde, 
while the remaining were stored at −80°C.

Heart tissue soaked in paraformaldehyde was taken out, embedded in paraffin and sectioned (5–6μm thick). The tissue 
sections were stained with Hematoxylin-Eosin (HE) and Masson’s trichrome. These sections were imaged at 400× in the 
target area of the tissue selected for Eclipse Ci-L Photomicroscopy. Masson’s trichrome staining was performed primarily 
to assess the collagen content of the myocardial tissues and the percentage of collagen area (%) was calculated using the 
following formula: percentage of collagen area (%) = collagen pixel area/tissue pixel area × 100%.20

Cardiac Tissue TNF-α, IL-6, MDA, and ROS Assays
The hearts were removed, digested with collagenase, and the protein levels were measured. Finally, the levels of TNF-α, 
IL-6, and MDA in the heart tissue were measured by enzyme-linked immunosorbent assay (ELISA). The detection of 
cardiac tissue ROS content using rapid freeze sectioning with antibody incubation. All operations were performed in 
strict accordance with the manufacturer’s instructions.

Protein Sample Preparation
The heart tissues were removed from the refrigerator, and 200 μg of the tissues from each sample were ground and 
dissolved in30μL of the SDT buffer (4% SDS, 100 mM DTT, 150 mM Tris-HCl, pH 8.0). Next, the tissues were washed 
in the UA buffer (8 M urea, 150 mM Tris-HCl, pH 8.0), 100 μL iodoacetamide (100 mM IAA in the UA buffer), and 100 
μL 25-mM NH4HCO3 buffer. Finally, the protein suspension was digested with 4-μg trypsin overnight at 37°C. The 
obtained sample peptides were desalted on a C18 column (Empore™ SPE Column C18, bed size 7 mm, volume 3 mL; 
Sigma), concentrated by vacuum centrifugation, and reconstituted in 40 μL of 0.1% (v/v) formic acid. Then, 100 μg of 
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the peptide mixtures of each sample were labeled with the iTRAQ reagent and the TMT reagent according to the 
manufacturer’s instructions. The labeled peptides were then fractionated using a high pH-reversed phase peptide 
fractionation kit and concentrated by vacuum centrifugation.

LC-MS/MS Analysis
LC-MS/MS analysis was performed on the Q Exactive Mass Spectrometer (Thermo Scientific). The obtained peptides were 
loaded into a reversed-phase trap column and connected to a C18 reversed-phase analytical column in 0.1% formic acid, with 
a linear gradient of 84% acetonitrile and 0.1% formic acid at 300 nL/min. The mass spectrometer was operated in the positive 
ion mode. The mass spectral data were acquired using a data-dependent top 10 method to dynamically select the most- 
abundant precursor ions for HCD fragmentation from survey scans (300–1800 m/z). The automatic gain control (AGC) target 
was set to 3e6, with a maximum injection time of 10 ms. The survey scan was acquired at a resolution of 70,000 at m/z 200, 
and the resolution of the HCD spectrum was set to 17,500 at m/z 200 with an isolation width of 2 m/z. The normalized 
collision energy was 30eV, while the underfill rate was defined at 0.1%. The instrument was run with the peptide identification 
mode enabled. The proteomics data processing procedure was followed as per a previous method.21

Differentially Expressed Proteins Screening
The obtained raw data were analyzed in-depth using the MASCOT Engine of Proteome Discoverer 1.4 software (Matrix 
Science, London, UK; version 2.2). Peptide Mass Tolerance: ±20 ppm; Fragment Mass Tolerance: 0.1Da; Peptide false 
positive rate (FDR) ≤0.01. Bioinformatics methods were performed in reference to past literature.22

GO and KEGG Analyses
The protein sequences of the identified differentially expressed proteins (DEPs) were searched using the NCBI BLAST+ 
client software (ncbi-blast-2.2.28+-win32.exe), followed by the enrichment analysis of gene ontology (GO) terms and 
annotation of functions using Blast2GO (https://www.blast2go.com/) software. Finally, the R software was used to map 
the GO annotation results. The Kyoto Encyclopedia of Genes and Genomes (KEGG) database (https://www.kegg.jp/) 
was used for pathway annotation analysis of DEPs. The enrichment analysis was based on Fisher’s exact test and the 
Benjamini–Hochberg method was applied to correct P-values and the screening criteria for DEPs were set to P < 0.05.

PPI Network Construction
One of the important ways whereby proteins perform their functions is by interacting with other proteins; hence, the 
importance of protein–protein interaction (PPI). In the PPI networks, highly clustered proteins may often have the same or 
similar functions and perform biological functions through synergistic interactions. The String (http://www.string-db.org) tool 
was applied to construct the PPI networks of DEPs and to identify protein–protein interactions.

Statistical Analysis
All data were presented as the mean±standard deviation. Comparisons between the two groups were performed by t-test, 
and all data were processed using the GraphPad Prism 8.0 software. One-way ANOVA and Bonferroni test were 
performed to analyze the differences between multiple comparison groups. Differences between the groups were 
considered to be statistically significant at P < 0.05.

Results
Semaglutide Significantly Reduces Body Weight in Obese Mice
The body weight of mice in the WF group was significantly higher than that of mice in the WC group (P < 0.01) after 12 
weeks of high-fat intervention, suggesting that the obesity model was successfully constructed. Subsequently, the mice in 
the WS group were given semaglutide, and after 12 weeks, the body weight of the mice in the WS group decreased 
significantly compared with that of the WF group (P < 0.01). At the end of the trial, there were no significant differences 
in body weight between the WS and WC groups of mice (P > 0.05). Figure 1 depicts the changes in body weight of mice 
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in each group after high-fat and semaglutide interventions, and the morphological comparison of mice in each group at 
the end of the experiment.

Semaglutide Improves Dyslipidemia, Inflammation, and Oxidative Stress in Obese Mice
We evaluated the TC, TG, LDL-C, HDL-C, and fasting glucose to assess the changes in lipids and glucose in obesity and 
the effect of semaglutide on them (Figure 2A-D). The WF group had significantly higher serum TC, TG, LDL-C, HDL- 
C, and fasting glucose levels than the WC group (P < 0.05) (Figure 2E). Except for HDL-C, the above lipid parameters 
decreased significantly in the WS group after semaglutide intervention (P < 0.01). After semaglutide treatment, fasting 
glucose did not decrease significantly in the WS group compared to the WF group (P > 0.05). Serum TNF-α, IL-6, and 
MDA levels were substantially elevated by a high-fat diet, while semaglutide reduced inflammation and oxidative stress 
(P < 0.05) (Figure 2F-H).

Semaglutide Improves Cardiac Function and Alleviates Inflammation and Oxidative 
Stress Levels in Obese Mice
TNF-α, IL-6, MDA, and ROS levels in the hearts of obese mice were significantly higher (P < 0.05), indicating enhanced 
inflammation and oxidative stress. Semaglutide reduced TNF-α, IL-6, MDA, and ROS levels in cardiac tissue while 
improving inflammation and oxidative stress (P < 0.05) (Figure 2I-L). To examine cardiac pathology and function, HE 
staining, Masson staining, and cardiac ultrasound were employed. Compared to the WC group, myocardial cells in the 
WF group were enlarged, and slightly disorganized, with increased cellular matrix, inconsistent nuclei size, and varied 
staining shades, but in the WS group, all indicators improved (Figure 3A). The main method for assessing myocardial 

A

B

Figure 1 Effect of high-fat diet and semaglutide on body weight in mice. (A) Trends in body weight of mice in WC, WF and WS groups during 24 weeks of intervention with 
high-fat diet and semaglutide. (B) Images of normal mice, obese mouse models and semaglutide treated mice. NS indicates no significant difference between the three 
groups. **P < 0.01 for WC vs WF and WS. $$ P < 0.01 for WC and WS vs WF. All values are expressed as mean±SD (n=8). 
Abbreviations: WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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collagen content was Masson staining, and the collagen area was significantly increased in the WF group compared to the 
WC and WS groups (P < 0.01) (Figure 3B and E). Furthermore, heart weight was significantly higher in the WF group 
compared to the WC group (P < 0.01), but significantly lower following the semaglutide intervention (P < 0.01), with no 
significant difference between the WC and WS groups (P > 0.05) (Figure 3C and D).

To assess cardiac function, several LV indices were employed. Obesity increased LVAWs, LVAWd, LVPWs, LVPWd, 
LVEF, FS, and LV mass while decreasing LVIDs (P < 0.05). These results suggest that the obese heart undergoes 
compensatory changes and centripetal hypertrophy and that these indices improve after semaglutide intervention (Figure 4).

A B C D

HGFE

I J K L

Figure 2 Comparison of the changes in TC, TG, LDL-C and HDL-C in the WC, WF and WS groups. (A) TC (total cholesterol). (B) TG (total cholesterol). (C) LDL-C 
(low-density lipoprotein cholesterol). (D) HDL-C (high-density lipoprotein cholesterol). (E) Fasting blood glucose. Data are expressed as mean±standard deviation (n=8). 
TNF-α (tumor necrosis factor-α), IL-6 (interleukin-6), and MDA (malonic dialdehyde) levels in serum (F–H). TNF-α, IL-6, MDA and ROS (reactive oxygen species) levels in 
cardiac tissue (I-L). Data are expressed as mean±standard deviation (n=3). **P < 0.01, *P < 0.05, andP > 0.05. 
Abbreviations: WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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Identification of Differentially Expressed Proteins
According to the DEPs screening criteria, a total of 64 DEPs were identified in heart tissues of the WF/WC group, including 
39 upregulated and 25 downregulated proteins. Similarly, in the WS/WC group, 83 DEPs containing 57 up- and 26 
downregulated proteins were identified. And in the WS/WF group, 25 up-regulated and 12 down-regulated proteins were 
identified. Volcano plots and heatmaps were used to visualize all DEPs data, as illustrated in Figures 5 and 6.

GO Enrichment Analysis
GO enrichment analysis is the description of genes in different dimensions and levels, mainly including Cellular component 
(CC), Biological process (BP), and Molecular function (MF) components. We used Blast2Go (https://www.blast2go.com/) 
software for GO functional annotation of all DEPs in this investigation. BP was mainly related to lipid catabolic process, fatty 
acid metabolic process, and lipid modification in the WF/WC group; CC was primarily related to the protein-lipid complex, 
high-density lipoprotein particle, and plasma lipoprotein particle; MF was mainly enriched in palmitoyl-CoA hydrolase 
activity, acyl-CoA hydrolase activity, and CoA hydrolase activity. In the WS/WC group, BP was mainly enriched in fatty acid 

A

B

C

D E

Figure 3 Effect of semaglutide on histopathological changes in high-fat diet-induced obese hearts stained with HE and Masson. (A) HE staining of cardiac tissue. (B) Masson 
staining of cardiac tissue. (C) Representative images of mouse heart tissue. (D) Comparison of heart weights between the three groups (n=8). (E) Comparison of cardiac 
collagen area between the three groups (n=3). Values for each group are shown as mean±standard deviation. Data were compared between the three groups using a one- 
way ANOVA test. **P < 0.01, andP > 0.05. 
Abbreviations: WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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metabolic process, lipid catabolic process, and lipid modification; CC was mainly related to very-low-density lipoprotein 
particle, triglyceride-rich plasma lipoprotein particle, and high-density lipoprotein particle; and MF was mainly enriched in 
palmitoyl-CoA hydrolase activity, fatty acid binding, and long-chain fatty acid transporter activity. In the WS/WF group, BP 
was mainly regulation of plasma lipoprotein particle levels, plasma lipoprotein particle clearance and heart morphogenesis; 

A B C

D E F

G

J

H I

Figure 4 Structural and functional changes of myocardium in three groups of mice. (A) Left ventricular anterior wall thickness in systole (LVAWs). (B) Left ventricular 
anterior wall thickness in diastole (LVAWd). (C) Left ventricular internal dimension in diastole (LVIDd). (D) Left ventricular internal dimension in systole (LVIDs). (E) Left 
ventricular posterior wall thickness in diastole (LVPWd). (F) Left ventricular posterior wall thickness in systole (LVPWs). (G) Left ventricular ejection fraction (LVEF). (H) 
Left ventricular fraction shortening (LVFS). (I) Left ventricular mass. (J) Representative echocardiograph images. Values are expressed using the mean±SD (n=3). **P < 0.01, 
*P < 0.05, and P > 0.05. 
Abbreviations: WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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CC was mainly related to very-low-density lipoprotein particle, triglyceride-rich plasma lipoprotein particle and high-density 
lipoprotein particle; and MF was mainly enriched in extracellular matrix structural constituent, extracellular matrix structural 
constituent conferring compression resistance and microfilament motor activity. Figure 7 and 8 depicts specific GO enrich-
ment results.

KEGG Pathway Analysis
Figure 8D-F displays the KEGG enrichment information of DEPs. Cardiac tissue DEPs in the WF/WC group were 
mainly associated with the complement and coagulation cascades, as well as peroxisome and amoebiasis. KEGG 
pathway analysis in the WS/WC group revealed that DEPs were mainly enriched in butanoate metabolism, valine, 
leucine, and isoleucine degradation, and the PPAR signaling pathway. In the WS/WF group, DEPs were mainly enriched 
in the Hedgehog signaling pathway, protein digestion and absorption and PPAR signaling pathway.

A B

C
D

Figure 5 DEPs in the WF/WC and WS/WC groups. (A) The bar graphs show the number of total DEPs and up- and down-regulated proteins in the WF/WC and WS/WC 
groups. (B–D) The volcano plots of DEPs are shown in the WF/WC, WS/WC and WS/WF groups, respectively. The horizontal coordinate indicates the WF/WC group or 
WS/WC group log2 (Fold Change). The vertical coordinate indicates the -log10 (p-value) for comparison between the two groups. Screening criteria for DEPs were a Fold 
Change > 1.2 or < 0.83, and a p-value < 0.05. 
Abbreviations: DEPs, differentially expressed proteins; WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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Analysis of DEPs in the WC/WF/WS Group
When DEPs from the three groups were compared, 15 upregulated proteins in the WF/WC group showed a significant 
decrease in expression following semaglutide intervention, whereas 13 downregulated proteins exhibited a significant 
increase in expression. The protein-protein interaction network of 28 DEPs showed that apolipoprotein A-II (Apoa2), 
catalase (Cat), diazepam-binding inhibitor (Dbi), paraoxonase-1 (Pon1), and hydroxysteroid 17-dehydrogenase-4 
(Hsd17b4) were closely associated with each other and with the Cellular lipid metabolic process (Figure 9A). KEGG 
pathway analysis showed that the above proteins were mainly associated with the PPAR signaling pathway and the 
Peroxisome. Figure 9B demonstrates that semaglutide attenuated the elevated expression of Apoa2, Cat, Dbi, Pon1, and 
Hsd17b4 caused by obesity, indicating that semaglutide may exert cardioprotective effects by reducing Apoa2, Cat, Dbi, 
Pon1, and Hsd17b4 expressions.

A B C

Figure 6 Heatmaps of DEPs. (A) Comparison of WF/WC groups. (B) Comparison of WS/WC groups. (C) Comparison of WS/WF groups. Each column represents a set of 
samples, and each row represents a protein number. The expression of DEPs in different samples is calculated by log2 method and displayed in the heatmaps in different 
colors, where red represents significantly up-regulated proteins, blue represents significantly down-regulated proteins, and gray part represents no quantitative information 
of proteins. WC-1, WC-2 and WC-3 denote the replicates of three independent samples in the WC group, and the WF and WS groups are represented in the same way. 
Abbreviations: DEPs, differentially expressed proteins; WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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Figure 7 The GO functional enrichment circle map of DEPs between groups. (A) BP. (B) MF. (C) CC. The left side of the graph represents the WF/WC group, while the 
right side represents the WS/WC group. The brown circles and the different colored line segments represent different items. The different colors indicate the difference in 
fold change, with red being the largest and blue the smallest. The size of the circles represents the number of proteins enriched in the item. 
Abbreviations: DEPs, differentially expressed proteins; GO, Gene Ontology; BP, biological processes; MF, molecular function; CC, cell composition; WC, control group; 
WF, high-fat diet; WS, high-fat diet+semaglutide.
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Figure 8 The GO functional enrichment and KEGG pathway enrichment. GO functional enrichment in WS/WF group. (A) BP. (B) MF. (C) CC. KEGG pathway enrichment 
analysis in WF/WC (D), WS/WC (E) and WS/WF (F). The left side represents the WF/WC group compared to each other, while the right side shows the WS/WC group 
compared to each other. The brown circles and the different colored line segments represent different items. The different colors indicate the difference in fold change, with 
red being the largest and blue the smallest. The size of the circles represents the number of proteins enriched in the item. 
Abbreviations: GO, Gene Ontology; BP, biological processes; MF, molecular function; CC, cell composition; KEGG, Kyoto Encyclopedia of Genes and Genomes; WC, 
control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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Discussion
Obesity is a major healthcare expense around the world, and it’s becoming worse every year.23 The rising prevalence of 
obesity is caused by changes in food structure, physical inactivity, and stress, with changes in the dietary structure being 
particularly crucial. According to multiple clinical and basic experiments, obesity generates a significant increase in lipid 
glucose levels and leads to metabolic disorders.24 According to the findings, obesity increased blood TG, TC, LDL-C, 
and fasting glucose levels in a high-fat diet-induced obesity mice model. Elevated cholesterol levels combined with the 
inflammatory state that occurs with obesity accelerate lipid oxidation, leading to atherosclerosis and impairment of heart 
function.25,26 TNF-α and IL-6 levels were significantly higher in obese serum and cardiac tissue, indicating a persistent 
inflammatory condition in vivo. Furthermore, increased ROS in cardiac tissue caused by obesity might result in lipid 
peroxidation and the production of toxic MDA. Increased lipid synthesis, inflammation, and oxidative stress all 
contribute to excessive MDA generation from lipid peroxidation. MDA levels in cardiac tissue are linked to mitochon-
drial activity, cell membrane damage, and the extent of peroxidative damage. Alterations in both lipid and oxidative 
stress indicators can affect cardiomyocyte metabolism and thus heart function.27,28 In the pre-obesity stage, activation of 
compensatory mechanisms in the heart (cardiomyocyte hypertrophy and ventricular wall thickening) can still produce 
adequate compensatory function, but once decompensated, it can result in irreversible and severe impairment of cardiac 
function.29,30 In mice, cardiac ultrasonography showed thickened ventricular walls and reduced ventricular volumes, 
indicating centripetal hypertrophy. However, a significant decrease in cardiac function was also observed in obese mice, 
as evidenced by a decrease in EF and FS, which may be related to the longer duration of the experiment and the smaller 
sample size.

Semaglutide is a new generation hypoglycemic drug, however, a large number of trials have demonstrated its 
considerable weight loss effect in individuals with diabetes and obesity.31 Semaglutide’s weight-loss efficacy has been 
widely investigated clinically in recent years, and the medicine can lower basal body weight by 20–30% with fewer side 
effects.32,33 Semaglutide has been discovered to have a preventive impact in the field of cardiovascular illnesses. 
Semaglutide has been demonstrated to reduce the risk of cardiovascular events in patients with type 2 diabetes and 
cardiovascular disease, as well as having cardioprotective benefits in patients with preexisting cardiovascular disease who 
are overweight or obese but do not have diabetes.34,35 Obese or overweight people may derive cardiac benefits from 
weight loss. It is unknown if semaglutide’s cardioprotective benefits are achieved through weight reduction or other 
mechanisms. Although this study did not examine the cardioprotective effects of weight loss with semaglutide. However, 

BA

Figure 9 Interaction network and expression analysis of DEPs. (A) Protein-protein interaction network analysis of DEGs. (B) Relative expression of proteins. **P < 0.01. 
Abbreviations: DEPs, differentially expressed proteins; WC, control group; WF, high-fat diet; WS, high-fat diet+semaglutide.
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semaglutide significantly reduced body weight, which is a key aspect of its pharmacological effects. According to this 
study, semaglutide reduced lipid, TNF-α, IL-6, ROS, and MDA levels in obese mice. Semaglutide may protect the heart 
by reducing lipid synthesis and lipid peroxidation, according to the evidence.

The cardioprotective effects of semaglutide were evaluated using proteomics methods. Obesity altered cardiac protein 
expression significantly, primarily affecting lipid cholesterol metabolism. Following semaglutide administration, several 
proteins, particularly those involved in lipid metabolism, underwent significant changes. We discovered that the 
expression of Apoa2, Cat, Dbi, Pon1, and Hsd17b4 was dramatically increased in obesity but significantly reduced 
following semaglutide intervention, which, contrary to prior studies, did not change significantly after weight loss.36 As 
a result, we hypothesize that semaglutide may have cardioprotective effects by lowering the expression of the afore-
mentioned proteins. Apoa2, Cat, Dbi, Pon1, and Hsd17b4 were also shown to be mostly connected with the PPAR 
signaling pathway and Peroxisome. The stimulation of the PPAR signaling system is linked to increased lipid synthesis 
and could be a cause of obesity-related lipid metabolism disorders. Obesity-related Peroxisome hyperactivation can lead 
to increased inflammation and oxidative stress, and we found that inflammation and oxidative stress levels are 
significantly higher in both serum and lipid tissues in obesity. To summarize, changes in the expression of these proteins 
may cause increased lipid synthesis combined with increased levels of inflammation and oxidative stress, resulting in 
increased lipid peroxide production. These factors together lead to impaired cardiac metabolism as well as function, and 
semaglutide may play a cardioprotective role through these aspects.

The HSD17B family plays a key role in sex steroid metabolism because of their propensity to interconvert different 
steroids.37 Hsd17b4 is involved in the catabolism of fatty acids and steroid hormones, and various studies have revealed 
Hsdl7b4 to be implicated in the development of prostate and breast cancer.38,39 Hsd17b4 is linked to the peroxisome, 
which catalyzes many critical metabolic activities, primarily related to lipid metabolism. Obesity alters peroxisome 
function, resulting in aberrant lipid metabolism.40 However, no relevant studies on the link between Hsd17b4 and 
cardiovascular illnesses have been conducted, and we discovered that semaglutide lowers Hsd17b4 levels induced by 
obesity, laying the groundwork for additional research.

ACBP (also known as a diazepam-binding inhibitor, DBI) is a tiny 87-amino-acid protein that regulates lipid 
metabolism by binding to long-chain acyl-CoA molecules intracellularly.41 According to mouse and human studies, 
ACBP is overexpressed in obesity, and inhibiting ACBP expression suppresses appetite and leads to weight reduction, 
making it a promising target for obesity treatment.42,43 Furthermore, there is a relationship between ACBP and PPAR, 
with studies in rats overexpressing ACBP showing a significant reduction in the expression levels of PPAR transcription 
factors, implicated in lipid metabolic disorders.44 According to the current study’s findings, ACBP expression in cardiac 
tissues was also raised in obesity and was strongly connected with PPAR, whereas levels reduced after semaglutide 
intervention. The previous study has demonstrated that semaglutide suppresses appetite, and since ACBP is an appetite- 
stimulating protein, the inhibition of ACBP protein expression by semaglutide is also well understood.

Apoa2 is the main component protein in human HDL particles, and unlike apoAI and the negative association with 
atherosclerosis, the biological and physiological functions of Apoa2 are largely unknown.45 Currently, research suggests 
that Apoa2 over-expression is associated with an increased risk of cardiovascular disease. Over-expression of Apoa2 has 
been associated with insulin resistance and exacerbation of atheromatous plaques in animal studies, with the possible 
mechanism being that cysteinylation of the monomeric chain regulates Apoa2 dimerization and increased HDL-C 
levels.46–48 In the present study, it was similarly found that HDL-C levels increased in obese mice and Apoa2 expression 
increased in cardiac tissues, whereas HDL-C levels did not decrease significantly after semaglutide intervention, but 
Apoa2 expression did, suggesting that semaglutide has a heart-protective effect.

Cat, expressed by the peroxidase gene, is a key antioxidant enzyme in the body, primarily responsible for the 
breakdown of toxic H2O2.49 Obesity raises H2O2 levels significantly owing to lower Cat expression, increasing oxidative 
stress in the body and causing cardiovascular disease.50,51 However, oxidative stress caused by Cat deficiency may 
alleviate obesity-related metabolic problems by decreasing inflammation.52 Furthermore, proteomics outcomes for obese 
mice’s heart tissues revealed that the Cat expression was upregulated, and one possible mechanism is that fatty acid 
oxidation increases mitochondrial H2O2 production during obesity, implying a higher level of oxidative stress in cardiac 
tissues during obesity,53 which is consistent with our findings. Pon-1 has also been demonstrated to prevent the oxidation 
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of LDL particles, linked to several oxidative stress disorders, including cardiovascular disease and diabetes.54 Pon1 
expression was higher in obesity, indicating higher levels of oxidative stress in cardiac tissue. On the other hand, 
decreased Cat and Pon1 expressions after semaglutide intervention reduces oxidative stress in the heart tissues. Of 
course, the above results may be related to the fact that the subjects of our experiments were mice and the time and dose 
of semaglutide intervention, which requires further experiments to verify our findings.

Conclusion
Obesity raises blood lipids, inflammation, and oxidative stress levels, resulting in lipid peroxidation and impaired heart 
function. Semaglutide treatment improved lipid metabolism, reduced oxidative stress and inflammation, decreased lipid 
peroxidation, and protected cardiac functions. Proteomics results of cardiac tissues revealed that semaglutide affected the 
Apoa2, Cat, Dbi, Pon1, and Hsd17b4 expression in obese mouse heart tissues, all of which are involved in lipid synthesis 
and transport. Therefore, we speculate that semaglutide may exert cardioprotective effects by reducing the expression of 
these proteins.
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