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Cardiomyocyte death plays a significant role in AMI by 
hindering the regeneration of cells. These dead cardiomy-
ocytes cannot be replaced by surviving ones [4]. Hence, 
it is crucial to employ interventions that limit myocar-
dial cell death for the successful treatment of AMI. This 
involves prompt reperfusion therapy and restoration of 
coronary blood flow. While percutaneous coronary inter-
vention and thrombolytic therapy have their limitations, 
there is potential in exploring new biological markers 
and therapeutic approaches for AMI. Additionally, fur-
ther research into the molecular mechanisms of myo-
cardial cell death can provide valuable insights for early 
diagnosis and treatment of AMI [5, 6]. Although there 
are limitations in identifying early myocardial infarction, 
mild myocardial injury, or stable coronary artery dis-
ease, the pursuit of novel biological markers, therapeutic 

Introduction
Myocardial infarction, also known as acute myocardial 
infarction (AMI), is a critical medical condition char-
acterized by the necrosis of heart muscle due to a dis-
rupted blood supply caused by atherosclerosis and acute 
thrombosis [1]. AMI is a leading cause of mortality and 
morbidity in middle-aged and older individuals across 
society [2]. The development of AMI involves various 
genetic and environmental factors, including obesity, 
hypertension, diabetes, and hypercholesterolemia [3]. 
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Abstract
Cardiac cell damage frequently occurs as a consequence of acute myocardial infarction (AMI), a critical 
complication of coronary atherosclerotic heart disease. There is an escalating recognition of the association 
between COX2 and myocardial damage induced by ischemia. The objective of this study is to investigate the 
inhibitory effect of the COX2 on cardiomyocyte damage in the context of AMI. To create an AMI model, mice with 
the genetic background of wild-type C57BL6/J (WT) and COX2-/- mice were utilized. The left anterior descending 
(LAD) coronary artery in their hearts was obstructed, and subsequent assessment of hemodynamic parameters 
and heart function was conducted. Notably, increased levels of COX2 were observed in AMI mice. Through 
correlational analysis between COX2 expression and cardiac function following AMI, it was revealed that COX2 
knockout mice had smaller infarct sizes, better cardiac performance, and suppressed levels of reactive oxygen 
species (ROS) compared to WT mice. Additionally, we discovered that COX2 knockout mice exhibited significantly 
higher mRNA levels of smooth muscle actin, collagen I, and collagen III than normal mice with AMI. Conversely, 
the levels of superoxide dismutase (SOD), malondialdehyde (MDA) were higher but iron content was decreased 
in COX2 knockout mice compared to normal mice with AMI.In summary, our research demonstrates that the 
downregulation of COX2 enhances cardiac tissue recovery in the context of AMI.
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tools, and in-depth research on molecular mechanisms 
remains highly significant in the clinical context. Detect-
ing and treating acute myocardial infarction (AMI) at an 
early stage is of paramount importance [7–9], Therefore, 
investigating new biological markers, therapeutic tools, 
and the molecular mechanisms underlying myocardial 
cell death holds crucial clinical implications for AMI 
diagnosis and treatment.

Non-steroidal anti-inflammatory drugs (NSAIDs) 
inhibit prostaglandin (PG) formation by targeting cyclo-
oxygenase (COX) 1 and 2 [10, 11]. Long-term use of 
NSAIDs that selectively inhibit COX2 increases the risk 
for thrombotic events, cardiac failure, and hyperten-
sion [3, 12]. Moreover, cardiomyocyte-specific deletion 
of COX2 results in reduced heart functions and dimin-
ished exercise tolerance in mice, strongly suggesting that 
COX2 inhibitors have direct effects on cardiac function 
independent of renal insults [13, 14]. And rats are valu-
able models for understanding the pathophysiology and 
genetics of cardiovascular diseases, since they can spon-
taneously develop such diseases with relatively larger 
organ size compared to routinely-used mice [15, 16]. 
COX2 is closely associated with oxidative stress and 
ferroptosis [17–19].Additionally, ferroptosis has been 
associated with the development and progression of 
several human disorders. Recent studies have indicated 
that under conditions of increased oxidative stress, the 
expressions and activities of COX isoforms are altered, 
resulting in changes in production of various prostanoids 
and thus affecting vascular tone [20]. Furthermore, it has 
been implicated in azithromycin-induced cardiotoxicity 
and ischemia-reperfusion damage-related heart failure 
[21]. These findings suggest a strong association between 
COX2 and oxidative stress and ferroptosis underlying 
cardiovascular disease [22, 23].

Albeit the exact processes driving ferroptosis in acute 
myocardial infarction (AMI) remain unknown, this study 
initially examined the ferroptosis-related genes avail-
able in public databases. The investigation revealed that 
COX2 may hold significant importance in this particular 
process. To validate the diagnostic potential of COX2 in 
AMI, we utilized both the AMI mouse model and the 
COX2 KO mouse model. The outcomes of this research 
open up new avenues for studying the molecular foun-
dations of ferroptosis in AMI, and provide a fresh per-
spective on personalized approaches to diagnosing and 
treating AMI.

Materials and methods
It is important to note that this research was carried out 
at a single center. The institutional review board and 
the ethical committee of our hospital both granted their 
approval (IRB). The studies conducted adhere to the prin-
ciples outlined in the Declaration of Helsinki. Any animal 

research involved in this study strictly adheres to the 
ARRIVE standards, and is conducted in line with either 
the UK’s Animals (Scientific Procedures) Act, 1986, 
along with its related recommendations, or the National 
Research Council’s Handbook for the Care and Use of 
Laboratory Animals, or the EU Regulation 2010/63/EU 
for animal research.

Bioinformatics
To identify gene expression chips related to myocar-
dial infarction (MI), we conducted a search in the Gene 
Expression Omnibus (GEO) Database ​(​​​h​t​​t​p​s​​:​/​/​w​​w​w​​.​n​c​
b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​g​e​o​/​​​​​)​. Specifically, the GSE97320 dataset 
was employed for the tests performed in our study. The 
Affy package in the R language (Gautier, Cope, Bolstad, 
& Irizarry, 2004) was employed to perform standardized 
preprocessing on the expression data. This was done uti-
lizing the robust multiarray average (RMA) technique 
after acquiring the gene chip expression data and anno-
tating the file (Irizarry et al., 2003). In order to identify 
differentially expressed genes related to myocardial 
infarction (MI), the Limma package was utilized with 
the following criteria: p-value less than 0.05 and absolute 
value of LogFoldChange greater than 2. Subsequently, a 
heatmap displaying the differentially expressed genes 
was generated. To compare the differentially expressed 
genes across three different chips, we employed the Venn 
online Analyse tool ​(​​​h​t​​t​p​:​​/​/​b​i​​o​i​​n​f​o​r​m​a​t​i​c​s​.​p​s​b​.​u​g​e​n​t​.​b​e​
/​w​e​b​t​o​o​l​s​/​V​e​n​n​/​​​​​)​. This tool enables the calculation and 
creation of custom Venn diagrams.

Animal model establishment
As for the mice used in our study, C57BL/6 wild-type 
mice were acquired. COX2 heterozygous mice with a 
C57BL/6 genetic background were kindly provided by 
The Jackson Laboratory. To establish colonies, COX2+/+ 
and COX2-/- mice were generated by intercrossing het-
erozygous mutant mice [24, 25]. All maintenance and 
laboratory animal experimentation was carried out under 
the authorization of the Institutional Ethics Committee 
of The Second People’s Hospital of Foshan.

Experimental protocol
For our investigation, only male mice at the age of 10 
weeks were employed. To induce an acute myocardial 
infarction (AMI) condition, WT and COX2-/- mice 
were anesthetized with 1.5% isoflurane inhalation. The 
left anterior descending branch (LAD) was ligated using 
a 7 − 0 silk suture. In the sham group, the LAD was not 
ligated and was simply threaded. After a duration of 7 
days, the mice were euthanized, and their hearts were 
extracted for further analysis.

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
http://bioinformatics.psb.ugent.be/webtools/Venn/
http://bioinformatics.psb.ugent.be/webtools/Venn/
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Echocardiography
Echocardiography was used to measure the left ventric-
ular function of the mice in each group seven days fol-
lowing surgery. In mice that had been given isoflurane 
(1%) inhalation anesthesia, we performed M-mode and 
B-mode echocardiography utilizing a 12  MHz probe 
(VisualSonics Vevo 2100, Canada). Measurements 
were done in the left ventricular end-diastolic diameter 
(LVIDs), left ventricular end-systolic diameter (LVIDs), 
and left ventricular fractional shortening (FS%). Echocar-
diographic acquisition and analysis were performed by a 
technician who was blinded to the.

groups.

ELISA
The COX2 and cTnT levels in peripheral tissues were 
assessed using a mouse COX2 and cTnT ELISA kit 
(BOSTER, China) blood that was drawn seven days after 
surgery.

Histological analysis
Mice were sacrificed with injections of 1% sodium pen-
tobarbital into the cavum abdominous. The chest was 
opened quickly, perfused, and fixed with 4% paraformal-
dehyde. 4% paraformaldehyde was used to fix the hearts 
overnight; then. The hearts were sectioned for H&E 
staining, immunohistochemical analysis, and Masson tri-
chrome histopathology analyses.

Detection of cardiac hemodynamic parameters
The mice were supinely positioned on the operation 
table after being given 1% sodium pentobarbital sodium 
anesthesia. By inserting a left cardiac catheter through 
the carotid artery and into the left ventricle of the rats, 
the multichannel physiologic recorder was connected, 
and measurements and recordings of the left ventricu-
lar systolic pressure (LVSP), left ventricular end-diastolic 
pressure (LVEDP), and maximum rate of left ventricular 
pressure development and decay (dp/dtmax) were made.

Measurement of infarct size
The infarction area was estimated by the 2,3,5-triphenyl-
tetrazolium chloride (TTC, Sigma-Aldrich, St. Louis, 
USA) staining. The mice were sacrificed three days after 
ligation, and hearts were taken out, washed, and dissected 
into 2 mm thick slices. The sections were immersed in 1% 
TTC at 37 ◦C for 10–20 min. The infarct area was stain-
less, and the other area was red. The infarcted size was 
expressed as the percentage of the left ventricle (LV). The 
infarct size was calculated using Image ProPlus 5.0 soft-
ware (Media Cybernetics, Wokingham, UK).

Quantitative real-time PCR
After various treatments, total RNA was isolated from 
the ischemic region of the left ventricles using Trizol 
reagent (Invitrogen, Waltham, USA) in accordance with 
the manufacturer’s instructions. Using a reverse tran-
scription reagent kit, cDNA was created (Sangon Biotech, 
Shanghai, China). The SYBR Green PCR Master Mix was 
used to measure the target genes, and the Light Cycler 
480 was used to detect them (Roche, USA). The miR-
15a-5p, COX2, GPX4, and Egr-1 target primers were the 
three. Internal control was provided by U6 or -actin. The 
2-Ct relative quantification approach was used to identify 
the gene levels.

Tissue iron assay
Mice’s left ventricles were removed, and phosphate buff-
ered saline was utilized to homogenize them. Using an 
iron assay kit from Nanjing Jian Cheng, Nanjing, China, 
the supernatants were gathered and analyzed following 
the manufacturer’s instructions.

Reactive oxygen species (ROS) production assay
The media were taken out, the cells were washed, and 
DCFH-DA was suitably diluted before being incubated 
at 37  °C for 20  min. The cells were cleaned once again. 
Leica, Heidelberg, Germany’s fluorescence microscope 
was used to measure the intracellular ROS’ fluorescence 
intensity at 488 nm and 525 nm.

MDA content and SOD activity
Superoxide dismutase (SOD) and malondialdehyde 
(MDA) were utilized as markers of oxidative stress dam-
age. As a result, MDA and SOD detection kits (Beyotime, 
Shanghai, China) were used to test the level of MDA and 
the activity of SOD in accordance with the manufactur-
er’s instructions.

Statistical analysis
The program GraphPad Prism 5.0 is utilized to ana-
lyze and show the data as means and SEM. Two-tailed 
Student’s t-test was used to compare the two groups. 
One-way ANOVA was utilized to compare compare sev-
eral groups. All statistical analyses were calculated by 
SPSS19.0 software. P < 0.05 was considered to be a signifi-
cant difference statistically.

Results
COX2 was selected in our study after bioinformatics 
analysis
The GSE97320 expression microarray was used to select 
differential gene expression in AMI. Figure  1A, B show 
the analysis of PCA and volcano maps, while Fig.  1C 
shows in the differential expression of 204 genes. Fig-
ure  1D shows an examination of the KEGG and KO 
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Fig. 1  COX2 was selected in our study after bioinformatics analysis. (A) PCA analysis. (B) Volcano Plot. (C) heatmap analysis. (D) KEGG and GO analysis. (E) 
Venn map between AMI dateset and ferroptosis gene. (F) correlationship between PGD, YY1AP1, COX2 and JDP2
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pathways. and discovered that a total of 4 common genes 
were chosen using a Venn map after cross-tabulating with 
ferroptosis genes. The findings of the correlation analysis 
are shown in Fig. 1F, and they show that the GSE60993 
microarray has a high level of COX2 expression. More-
over, there was a strong correlation between COX2 and 
the other three differential gene markers. The hippo sig-
naling pathway was also found to be highly enriched in 
our study, and although it is shown in Fig.  1 to be the 
most enriched signaling pathway. The activation of the 
Hippo signaling pathway was shown to result in altered 
cardiac function following AMI after literature screening 
[26, 27], which helped to further anticipate the molecular 
mechanism of COX2. Moreover, it has been shown that 
COX2 may adversely impact the Hippo signaling path-
way [28]. As COX2 is a crucial enzyme in prostaglandin 
manufacture and functions as both a peroxidase and a 
dioxygenase, we hypothesize that abnormally elevated 
COX2 expression in AMI has an impact on the Hippo 
signaling pathway(Figs. 1E).

Overexpression of COX2 in myocardial tissue and 
peripheral mouse blood after AMI
We established an AMI model and analyzed COX2 
expression levels in myocardial tissue and peripheral 
blood in the infarcted area. The findings of ELISA analy-
sis revealed that COX2 levels were considerably higher in 
the peripheral blood of AMI mice compared to healthy 
controls and sham-operated groups (P < 0.05), which 
may help explain the alterations in COX2 expression 
after myocardial infarction(Fig. 2B, C). The findings also 
showed that the WT ischemia group’s COX2 mRNA 
expression was higher than that of the control group 
and WT sham group (P < 0.05). In our study, the results 
showed that cTnT levels were significantly increased 
in the AMI group, and the results of correlation analy-
sis showed a clear positive correlation between cTnT 
and COX2(Fig. 2F, G). EF% and LVIDd were assessed by 
echocardiography 7 days after an AMI, and the correla-
tion between these variables was determined to better 
understand the connection between COX2 expression 
and cardiac function after an AMI (Fig. 2D, E). The find-
ings revealed a negative correlation between COX2 
expression and LVEF (R2 = -0.9483, P < 0.001) and a posi-
tive correlation between COX2 expression with LVIDs 
(R2 = 0:9358, P = 0.0115). Together, the information dem-
onstrated that following AMI in mice, COX2 expression 
considerably increased(Fig. 2H, I). A substantial associa-
tion between COX2 expression and heart function after 
myocardial infarction was found using correlation analy-
sis.(Fig. 2).

Mice knockout COX2 had increased LVSP, LVEF, and LVFS 
while decreased LVEDP
Initially, several parameters were used to determine car-
diac hemodynamics and cardiac ultrasound results in 
mice with COX2 deletion. As compared to WT ischemia, 
the LVEDP,+dp/dt and − dp/dt were dramatically reduced 
but LVSP rose considerably (p < 0.05) in the KO ischemia 
groups(Fig. 3; Table 1).

Inhibition of highly expressed COX2 reduced infarct size 
and improved heart function after AMI in mice
We created COX2-knockout mice to investigate the func-
tion of COX2 in myocardial damage. We examined the 
infarct size, inflammation, echocardiograms, and myo-
cardial fibrosis of the mice in the WT and COX2-/- isch-
emic groups seven days following LAD artery ligation 
surgery. The findings of the echocardiography revealed 
that the COX2 -/- ischemia group had substantially lower 
LVEF (28.25 ± 3.25% vs. 40.18 ± 6.58%, P = 0.05) and LVFS 
(9.25 ± 4:09% vs. 19.25 ± 1:2.08%, P < 0:05) than the WT 
ischemia group. Compared to the WT ischemia group, 
the LVIDd (5.89 ± 0:47 vs. 4.85 ± 0:36, P < 0:05) and LVIDs 
(4.89 ± 0:18 vs. 4.08 ± 0.28, P < 0:05) were higher. The 
infarct size was lower in the COX2-/- ischemia group, 
as seen by the findings of TTC staining (42.61 ± 3.58% vs. 
30.58 ± 2.91%, P < 0:05). Our data showed that inhibiting 
the highly expressed COX2 gene after AMI decreased the 
infarct size and facilitated the recovery of heart function. 
(Fig. 3)

Reduced ROS level benefits of COX2 knockout in cardiac 
repair after myocardial infarction
Figure  4 illustrates the involvement of ROS level in the 
modulation of cardiac function after AMI. Nevertheless, 
it is unclear how ROS level and COX2’s effects on the 
modulation of cardiac function after AMI related to one 
another. We initially looked at the levels of VEGF, colla-
gen I, and collagen II in cardiac tissue to investigate this 
association. We discovered that KO ischemia consider-
ably decreased the levels in the WT ischemia group but 
significantly raised the level in ischemia group. In terms 
of oxidative stress levels, iron content was considerably 
lower but MDA and SOD were increased significantly in 
the KO ischemia group than in the WT ischemic group. 
The findings above indicating that COX2 silencing greatly 
lower levels of oxidative stress.

Discussion
AMI may cause illnesses when the heart’s blood flow is 
inadequate for the rest of the body’s organs [29–31]. The 
side effects of left ventricular remodeling that happen 
after AMI continue to play a role in heart failure brought 
on by AMI, despite major improvements in reperfusion 
and pharmaceutical treatment of AMI [32–34]. COX2 is 
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Fig. 2  Plasma/serum COX2 level and cardiac COX2 expression in mice following AMI. (A) Echo test. (B) COX2 level (C) COX2 mRNA. (D) LEVF. (E) LVIDd. 
(F) serum cTnT. (G) The correlationship between COX2 and cTnT. (H) The correlationship between COX2 and LVEF which show COX2 related with heart 
fuction. (I) The correlationship between COX2 and LVIDd which show COX2 related with heart fuction
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Fig. 3  Mice knockout COX2 had increased LVEF, FS while decreased LVIDs and LVIDd. (A) Echo test. (B) LVEF. (C) FS. (D) IVIDs. (E) IVIDd
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implicated in oxidative stress mechanisms, according to 
earlier studies [35, 36]. In this work, we want to know the 
molecular mechanism by which COX2 influences myo-
cardial cells in AMI. Hence, our work reveals that the 
Hippo signaling pathway was blocked by the down regu-
lation of COX2, which promoted the healing and repair 
of cardiac tissues in AMI.

Firstly, our findings demonstrated that COX2 was 
markedly elevated in both the myocardium of AMI 
patients and peripheral blood. In obese mice, COX2 in 
adipose tissue macrophages controls adipose tissue dys-
function [37]. In addition, COX2 expression significantly 
increased in a number of tumor tissues, including breast 
cancer, oesophageal adenocarcinoma, and colorectal 
cancer [38–40]. According to David et al., macrophage 
COX2 increases the capacity for efferocytosis and effe-
rocytosis-dependent reprogramming, which enhances 
the ability of macrophages to repair intestinal epithelium 
[41]. A possible biomarker and therapeutic target in mel-
anoma are COX2 [42].

In our research, suppressing COX2 led to considerable 
improvements in heart function and myocardial oxida-
tive stress levels. The present work, according to Zhao 
et al., provides proof that obese ATM-exosomal miR-
140-5p promotes ferroptosis via controlling COX2 and 
offers a potential therapeutic approach for focusing on 
obese ATM-Exos in obesity-induced cardiac injury [43]. 
We further demonstrate that PGE2 levels are elevated 
in cardiac tissue that overexpresses COX2, supporting 
higher enzyme activity [44]. From the aforementioned 
information, it follows that gene silencing contributes to 
improved cardiac function, cell healing, and cell repair. 
Based on WGCNA, Liu et al. discovered that COX2 was 
a key gene associated with ferroptosis and hypoxia in 
acute myocardial infarction [45]. Selective COX-2 inhibi-
tors include parecoxib (predrug of vadixib) and cele-
coxib (celecoxib). This class of drugs has a “class effect” of 
increasing cardiovascular risk [46]. COX2 is induced pos-
sibly participates in the regulation of vessel wall remod-
elling and ongoing inflammation [47]. By COX2-VEGF/
NF-B signaling, thrombosis and inflammation were pre-
vented in zebrafish [48]. Nevertheless, chronic COX2 
overexpression is not linked to any obvious negative 
consequences, and induced cardiac-specific overexpres-
sion of COX2 has a significant cardioprotective benefit 
against myocardial infarction in rats. It has been found 
in the literature that COX2 has no clear conclusion on 

cardiac function, and previous studies have found that 
inhibition of COX-2 improves cardiac function after 
myocardial infarction (MI) in the mouse [49]. In con-
trast, another study has reported that COX-2 inhibition 
increases mortality, enhances left ventricular remodeling, 
and impairs systolic function after myocardial infarction 
in the pig [50]. However, in our study, we found a benefit 
of COX2 inhibition on improved cardiac function. We 
hypothesize that the possible cause is related to the level 
of oxidative stress intervened by COX2. However, there 
are differences in different literatures, which may need to 
be further explored.

Limitations
There are some points of limitations in our study, firstly, 
this study mainly investigated the role of COX2 in ani-
mal experimental models, and cellular models need to be 
added for further validation. In addition this study found 
that iron death has an important role in the data set anal-
ysis, but this study mainly analyzed the role of COX2 and 
did not analyze analyze the relationship between COX2 
and iron death, which needs to be added to this part of 
the study in the future. Finally COX2 inhibitors have 
some research in clinical studies and it is recommended 
to supplement the clinical studies.

Conclusion
Protection effect provided by COX2 down regulation 
against myocardial defects in AMI is achieved, as we have 
shown. In addition. This study provides a possible refer-
ence for analyzing the role of cox2 in myocardial infarc-
tion and cardiovascular complications caused by cox2 
inhibitors.

Table 1  Physiological recorder results of LVSP, LVEDP, +dp/dt, −dp/dt 72 h after surgery in rats
Index LVSP(mmHg) LVEDP(mmHg) +dp/dt (mmHg/ms) −dp/dt (mmHg/ms)
WTSham 122.65 ± 11.92 2.61 ± 0.84 3.78 ± 0.58 3.65 ± 0.88
WTischemia 85.11 ± 15.69 11.08 ± 0.98 1.54 ± 0.45 1.67 ± 0.81
KOSham 135.26 ± 14.85 2.12 ± 0.84 3.08 ± 0.72 2.94 ± 0.44
KOischemia 105.64 ± 9.24 8.45 ± 1.15 2.59 ± 0.57 2.99 ± 0.51
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Fig. 4  Inhibition of Highly Expressed COX2 Reduced Infarct Size of area tissue and Improved Heart Function after AMI in Mice. (A) Masson trichrome 
histopathology analyses. (B) Myocardial infraction. (C) mRNA level after AMI in Mice. (D) MDA. (E) SOD. (F) Iron content
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