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Reperfusion injury is one of the leading causes of myocardial cell death and heart failure. This study was per-
formed to identify new candidate lipid biomarkers for the purpose of optimizing the diagnosis of myocardi-
al ischemia reperfusion (I/R) injury, assessing the severity of myocardial I/R injury and trying to find the novel
mechanism related to lipids.

Forty patients who were diagnosed with ST-segment elevation myocardial infarction (STEMI) were randomly
selected for this study. Serum samples from all the patients with STEMI were collected at 3 time periods: after
STEMI diagnosis but prior to reperfusion (T ); and then at 2 hours (T,) and 24 hours (T,,) after the end of the
percutaneous coronary intervention procedure. Plasma lipidomics profiling analysis was performed to identify
the lipid metabolic signatures of myocardial I/R injury using lipidomics.

Sixteen types of potential lipid biomarkers at different time periods (T, T,, T,,) were identified by using lipi-
domics technology. The T, time periods exhibited 16 differentially metabolized lipid peaks in the patients af-
ter STEMI diagnosis but prior to reperfusion. With the increase of reperfusion times, the contents of these 16
lipid biomarkers decreased gradually, but there was a 1.5- to 2-fold increase of those 16 lipid biomarkers con-
tents at T, compared with T,,.

Lipidomics analysis demonstrated differential change before and after reperfusion, suggesting a potential role
of some of these lipids as biomarkers for optimizing the diagnosis of myocardial I/R, as well as for therapeu-
tic targets against myocardial I/R injury.

Diagnosis ¢ Lipid Metabolism ¢ Myocardial Infarction ¢ Myocardial Reperfusion Injury
Percutaneous Coronary Intervention
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Background

Acute myocardial infarction (MI) remains a major cause of mor-
bidity and mortality worldwide. Immediate and prompt revas-
cularization with percutaneous coronary intervention (PCl) or
thrombolysis can reduce acute myocardial ischemic injury, limit
MI size, decrease in-hospital mortality, and improve the long-
term outlook in survivors of the acute phase. However, reper-
fusion can itself induce cardiomyocyte death, known as myo-
cardial reperfusion injury. In animal experiments, myocardial
ischemia/reperfusion (I/R) injury may be responsible for up to
50% of the final infarct size.

At present, myocardial I/R injury diagnosis is generally made
according to symptoms, irregular ECG, and subsequent signif-
icant increase in serum biochemical markers such as creatine
kinase (CK), creatine kinase-MB (CK-MB), myoglobin, tropo-
nin | (cTnl), and troponin T (cTnT). However, the symptoms of
myocardial I/R injury like chest pain are usually non-typical or
absent and electrocardiogram (ECG) and myocardial enzyme
changes are frequently indefinite or absent in the process of
myocardial I/R injury.

Furthermore, widely used serum markers in myocardial I/R in-
jury may be changed in numerous non-cardiac diseases, such
as trauma, pulmonary embolism, chronic renal insufficiency,
sepsis, seizures, hyperthermia, inflammatory conditions, and
hyperthyroidism [1-5].

Therefore, earlier diagnosis of myocardial I/R injury and as-
sessment of the injury extent may prevent disease progres-
sion, decrease the myocardial cell death, and then reduce
mortality. Despite the great progress made in molecular bio-
logical studies and human genome research, there has not yet
emerged specific diagnostic criteria well recognized by physi-
cians in general. Currently, although reperfusion injury is one
of the main causes of myocardial cell death and heart failure,
the exact pathophysiological mechanism underlying myocar-
dial I/R injury remains unclear.

The plasma contains thousands of lipids that participate in
numerous of physiologic functions and are also involved in
the pathological process. Lipids not only act as the essential
materials of cell membranes and energy stores but are also
linked to a variety of biological processes such as signaling
molecules and interactions between cells. In addition, they are
involved in many diseases such as diabetes, obesity, fatty liv-
er, atherosclerosis, cancer, and Alzheimer disease. As a result,
lipids have stimulated the emergence of the new field of lip-
idomics. If the plasma lipid profiles involved in early events
of myocardial I/R injury can be identified by lipidomics tech-
nique, it may improve diagnosis and prognosis.

Feng L et al.:
Lipid biomarkers in acute myocardial infarction...
© Med Sci Monit, 2018; 24: 4175-4182

Lipidomics, as a branch of metabolomics, is a powerful ap-
proach to identify potential lipid biomarkers to reveal the
pathogenic mechanisms of specific diseases and to provide
therapeutic targets of human diseases. The new method of
high-performance liquid chromatography-electrospray ioniza-
tion-tandem mass spectrometry (LC-ESI-MS/MS) is the most
popular analytical technique for metabolite identification. LC-
ESI-MS/MS has been successfully applied to discover new bio-
markers for many diseases, including ovarian cancer [6], di-
abetes [7], hyperlipidemia [8], atherosclerosis [8], Alzheimer
disease [9], and HIV [10]. So far, there has been no studies on
the dynamic changes in lipids during the process of myocardi-
al I/R injury, which may reveal how lipids participate in regu-
lating myocardial I/R injury. The aim of the present study was
to identify new candidate lipid biomarkers to optimize the di-
agnosis of myocardial I/R injury, assess the severity of myo-
cardial I/R, and discover novel mechanisms related to lipids.

Material and Methods

AMI patients treated by PCI

This study was approved by the Research Ethics Committees
of all relevant institutions. Written informed consents were
provided by all participants.

In this study, 40 patients who were diagnosed with ST-segment
elevation acute MI (STEMI) were randomly selected from June
2016 to October 2016 in the Department of Cardiology, Tianjin
Medical University General Hospital. These patients, aged 42—
75 years, were promptly treated by PCl after a definite diag-
nosis was made.

The inclusion criteria were based on STEMI diagnosis and fi-
nal coronary angiography. STEMI patients were diagnosed to
have acute ischemic-type chest pain symptoms, ST-segment
elevation (at least 1 mm (0.1 mV) of ST-segment elevation in
the limb leads, and at least 2-mm elevation in the precordial
leads), and dynamic changes in ECG, high-sensitivity cardiac
troponin T, and coronary angiography. The coronary angiog-
raphy results indicated that at least 1 of the coronary arter-
ies was 100% blocked.

We excluded patients with histories of old myocardial infarc-
tion, coronary revascularization, congestive heart failure, car-
diomyopathy, pericardial disease, peripheral vascular disease,
hematologic disease, cancer, metabolic disease, inflammatory
conditions, congenital diseases, and liver/renal disease, and
also patients who refused to sign the written informed con-
sent. We also excluded patients without complete clinical in-
formation because statistical analysis could not be done with-
out such information.
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All patients were given a loading dose of 300 mg of clopido-
grel, 100 or 200 mg of aspirin for antiplatelet therapy when
the their STEMI diagnosis was made, 2000 U of intravenous
heparins before coronary angiography, and then supplemental
heparins at 70-100 U/kilogram body weight up to a total of
7000 U before PCl. Isosorbide dinitrate was also given by in-
tracoronary injection before the final coronary angiographies
and at other necessary times.

Serum sample collection and preparation

Serum samples from all the patients with STEMI were collect-
ed at 3 time periods before and after STEMI diagnosis and PCI
treatment from elbow vein blood: the first, after STEMI diag-
nosis but prior to reperfusion (T ); the second, 2 hours after
the PCl procedure was done (T); and the third, 24 hours after
the PCl procedure was done (T,,). The serum samples collect-
ed from the participants at the 3 time periods were laid ver-
tically for 1 hour at room temperature, naturally coagulated,
and centrifuged at 3000 rpm for 15 minutes. Then, the super-
natant was drawn into a 1.5-mL Eppendorf tube, which was
stored at —80°C for mass spectrometry analysis.

LC-ESI-MS/MS lipid profiling

According to the method of Bligh and Dyer [11], we extract-
ed the lipids from the plasma of patients with some modifica-
tions. We used 3 pL of each plasma sample for analysis. Each
sample was centrifuged at 10 000 rpm for 20 minutes at room
temperature on a table tube unit to pelletize the lipids before
detection. For exact identification of all lipid species, we add-
ed exact amounts of internal standards, which were used for
each class of lipid species. After serum centrifuging, the lipid
extractions were redissolved in the solvents for HPLC injection.
The solvents were chloroform/methanol/300 mM ammonium
acetate in water (uL) at the rate of 360/840/44. HPLC-grade
solvents were prepared for LC-ESI-MS/MS applications [12-15].

Statistics analysis

In this study, SPSS 17.0 software was applied for statistical
analyses and a Proc Mixed analysis of variance-covariance was
used for the data before the Tukey’s multiple comparisons test.
The information is presented in the form of the mean + stan-
dard error of the means, and differences were considered sta-
tistically significant when P values were lower than 0.05 and
fold-change was larger than 1.5. After the chromatographic
peak area was normalized, partial least squares-discriminant
analysis (PLS-DA) was performed to construct plasma lipid
metabolic profiles of ST-segment elevation acute myocardial
infarction patients and controls.

LAB/IN VITRO RESEARCH

Table 1. Clinical characteristics of the study patients.

Clinical characteristics

Gender (Male/Famale)

Current smoker 16 (40%)
""" Formersmoker 22 (55%)
""" SBP (mmHg 121312819
""" DBP (nmHg)  7584%1331
""" WRGPM)  8047:1860
""" BMI(Kg/m) 25341392
""" Wm) 48374359
""" EF% 53261540
T mmoy 4775062
""" DL-Cmmol/) 2821047
""" GLU mmol)  s71s115

The data are expressed as mean value + standard deviation (SD)
or number of patients. SBP — systolic blood pressure;

DBP - diastolic blood pressure; HR — heart rate; BMI — body
mass index; LV — left ventricle; EF — ejection fraction;

TC - total cholesterol; LDL-C — low density lipoprotein-
cholesterol; GLU — glucose; SD — stranded deviation.

Results

Table 1 shows the clinical characteristics of the study patients,
their serum TC, LDL-C, and GLU and their SBP, DBP, HR, BMI,
LV, and EF. Table 2 present the changes in concentrations of
cardiac markers at the T, T, and T, time periods. Table 3 dis-
plays 16 types of potential lipid biomarkers at different inter-
vals (T, T,, T,,), and Figure 1 presents the representative XIC
from T, time periods (Figure 1A), T, time periods (Figure 1B),
and T,, time periods (Figure 1C).

Compared with the other 2 periods, the T, time periods exhib-
ited 16 differentially metabolized lipid peaks in the patients
after STEMI diagnosis but prior to reperfusion. With reperfu-
sion times, the contents of these 16 lipid biomarkers decreased
gradually, but there was a 1.5- to 2-fold increase of those 16
lipid biomarkers contents at T, compared with T ,.

We further evaluated the association of PA profiles with reper-
fusion times. All cases were classified by different differentia-
tion grade, and clinical stage. Statistical analysis showed that
the concentrations of most fatty acids were significantly as-
sociated with clinical stage (P<0.05 in all cases). A score plot
of the PCA model for the T, time periods, T, time periods, and
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Table 2. Cardiac markers in acute myocardial infraction patients treated with percutaneous coronary intervention.

Cardiac markers T,

CK(U/L) 652.58+279.42
 oemsumy 863617399
C anTegm) 0761088

T T

2 24

2831.79+2287.34 1648.11+1006.62

2.04+1.73 1.35+1.10

Data are expressed as mean value + standard deviation(SD), values are compared baseline to prior to PCI(T)) and 2 and 24 hours post-
PCI(T,, T,,)., CK — creatine kinase; CK-MB — creatine kinase isoenzyme MB; cTnT — cardiac troponin.

2?24

Table 3. Identified lipid markers and their m/z.

Lipid name m/z
FFA 14: 0 Myristic acid 228.37
FFA16:0  Pamiicadd 25642
FFA16:1  Palmitoleicaqd 26843
FFA17:0  Heptadecanoicacid 2045
 FFA18:0  Stearcaqd 28448
 FFA18:1  Oleicacd 28247
FFA18:2  Lnolicacd 28044
FFA18:3  ylinolenicacd 7843
FFA20:1  Ficosenoicacd 31051
FFA20.2  Eicosadiencicacd 085
 FFA20:3  Ficosatrienoicacd 32051
 FFA20:4  Avachidonicadd 30447
FFA20:5  Eicosapentaenoicacid 30256
a2 iholine 27
FFA 22: 5 Docosapentaenoic acid 330.5
 FFA22:6  Docosahexaenoicacd 32849

T,, time periods sample data is shown in Figure 2. To improve
the separation of the 3 time periods, we used PLS-DA to visu-
alize the metabolic differences between them. The 3 time pe-
riods were well separated in the PLS-DA score plot (Figure 3),
indicating that they have markedly different metabolic char-
acteristics. Greater deviation of the variable from the origin
was associated with a higher VIP value. The reliability of the
constructed PLS-DA models was evaluated by the predicted
variation, Q2, and the explained variation, R2, calculated by
cross-validation. In general, R2 and Q2 should be NO.5 to give
a significant biological model. In our established model, the
values of R2 and Q2 were above 0.3 (R2X=0.419, R2Y=0.899,
Q2=0.751), suggesting that this model is both good and re-
liable (Figure 4).

Discussion

Reperfusion after myocardial ischemia can induce cardiomyo-
cyte death, known as myocardial reperfusion injury. The patho-
physiological process of reperfusion involves the confluence of
multiple pathways. Accumulating evidence suggests that the
underlying mechanisms responsible for I/R injury include intra-
cellular calcium overload, production of free oxygen radicals,
oxidative stress, excessive reactive oxygen species (ROS) gen-
eration, immune cells, release of cytokines, inflammation [16],
neutrophil infiltration and adhesion, and endothelial cell dys-
function. All of these pathological processes finally contrib-
ute to cardiomyocyte apoptosis, cell death, and myocardial
necrosis, leading to decreased cardiac contractility and cardi-
ac function [17,18]. Recent studies have focused on the role
of lipids, which may play an important role during the patho-
logical process of diseases.

Reperfusion of myocardial muscle after prolonged ischemia is
associated with metabolic and functional abnormalities and
eventual cell death. Lipid metabolic and functional abnormal-
ities may be involved in the underlying pathological mecha-
nism of myocardial I/R injury. Disorders in lipid metabolism
play a major role in irreversible myocardial injury. In rat models
of myocardial I/R injury, there was a 10- to 15-fold increase in
various types of fatty acids released from myocardium [19-21],
including arachidonic acid, palmitic acid, oleic acid, and lin-
oleic acid. A high concentration of arachidonic acid released
from cell membrane phospholipids under pathological condi-
tions of I/R resulted in myocardial cell apoptosis and acceler-
ated necrosis, which collectively accelerated the development
of cardiac dysfunction and heart failure, and even caused sud-
den death [22,23]. But until now, there was no related report
about the dynamic changes of plasma lipid in human body
and no researchers had used lipidomics technique to investi-
gate the differences in lipid metabolism during the patholog-
ical process of myocardial I/R injury.

Lipid biomarkers changing before and after reperfusion after
AMI can be identified and developed into a rapid diagnostic
test for myocardial I/R injury and also reveal the underlying
mechanism of myocardial I/R injury. This may help researchers
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Figure 1. A slice of data containing a contiguous m/z range extending across all RT is called an extracted ion chromatogram (XIC).
Representative XIC from T time periods (A), T, time periods (B), and T,, time periods (C). The different lipid metabolites
detected were as follows: myristic acid, palmitic acid, palmitoleic acid, heptadecanoic acid, stearic acid, oleic acid, linoleic
acid, y-linolenic acid, eicosanoic acid, eicosadienoic acid, eicosatrienoic acid, arachidonic acid, eicosapentaenoic acid,
hexadecyl azelaoyl phosphatidylcholine, docosapentaenoic acid, and docosahexaenoic acid.
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Figure 2. PCA score plot for T time periods, T, time periods, and Cumulative proportion of variance explained=87.5%
T,, time periods; score plots displaying discrimination

regarding T, time periods (blue circles), T, time periods Figure 3. Score plot of PLS-DA for T, time periods T, time

(green circles), and T,, time periods (red circles) periods, and T,, time periods, score plots indicated

(R2=0.54861; Q2=0.30092). the separation degree between T  time periods
(blue circles), T, time periods (green circles), and T,,
time periods (red circles) (R2X=0.419, R2Y=0.899,
Q2=0.751).
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ori-SIMCA14-second.M27 (PLS-DA): validate model
Intercepts: R2=(0.0, 0.17), 02=(0.0, -0.225)

-0.1
®R2
Q2

-0.2 0 0.2 0.4 0.6 0.8 1.0
200 permutations 2 components

Figure 4. Validation of PLS-DA: a permutation test was
conducted with 200 randomly initiated permutations
in a PLS-DA model showing R 2 (green rounds) and
Q 2 (blue rounds) values from the permuted analysis
(left-bottom corner), and these are far lower than the
associated initial values (right-top corner).

locate a novel cardioprotective target and decrease the myo-
cardial damage caused by ischemia/reperfusion.

Our study identified 16 types of potential lipid biomarkers
by bioinformatics analysis in the 3 time periods, and we also
found dynamic changes of these lipid contents before and af-
ter reperfusion. Regarding these lipid metabolites, our results
indicated that these 16 types of potential lipid biomarkers at
different time periods (T, T,, T,,) were identified by using lip-
idomics technology. The T, time periods exhibited 16 differ-
entially metabolized lipid peaks in the patients after STEMI
diagnosis but prior to reperfusion. With the increase of reper-
fusion times, the contents of these 16 lipid biomarkers de-
creased gradually, but there was a 1.5- to 2-fold increase of
these 16 lipid biomarkers contents at T, compared with T,.
However, the concentrations of traditional cardiac markers in-
dicators (CK, CK-MB, and cTnT) in T, time period was the high-
est among the 3 time periods, and moreover the concentrations
of these markers in T, was higher than in T time periods. We
compared the changes of lipid biomarkers with those of tradi-
tional indexes (CK, CK-MB, and cTnT) and found lipid biomark-
ers and traditional indicators, during the periods of STEMI but
prior to reperfusion, were polarized in concentrations. While
during the periods of post-reperfusion, the changing trend of
lipid biomarkers in concentrations was consistent with that
of traditional indicators.

Based on these time series analyses, the detected lipid meta-
bolic biomarkers could be developed as the preliminary diag-
noses of myocardial I/R injury patients. It is possible to infer

Feng L et al.:
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that fatty acid metabolism disorders, especially the high lev-
el of fatty acids at early reperfusion, are the major lipid me-
tabolism disorders in the pathological process of myocardi-
al I/R injury. Many researchers have shown similar results in
animal models, and they also found that the level of circulat-
ing fatty acids was elevated during reperfusion of the isch-
emic heart [24,25].

Experimental findings also suggest that energy metabolism dis-
orders closely related with the abnormal metabolism of fatty ac-
ids form the major pathological basis for myocardial I/R injury.

Under normal conditions, the heart has a very high energy de-
mand and mainly acquires energy from glucose oxidation and
fatty acid B-oxidation, which provide 10-40% and 60-90% of
energy, respectively [26]. Under normal aerobic conditions, most
of the energy generated from the p-oxidation of long-chain fat-
ty acids is required to support continuous contractile activity
of the heart and for efficient cardiac pumping [27]. Fatty acid
[-oxidation is responsible for 60-90% of adenosine triphos-
phate (ATP) production [28]. Cardiomyocytes failing to use ei-
ther substrate in the presence of different situations such as
ischemia or anoxia suggest abnormalities in oxidation at the
cellular level. The alterations in cardiac energy generation con-
tribute to the severity of ischemic injury.

Our results also showed that the level of circulating fatty ac-
ids rose rapidly when acute Ml occurred. These findings are
consistent with those of previous studies in animal models.
Takahiro et al. found that acute myocardial ischemia could
cause an increase in plasma fatty acids levels in mice [29].

When AMI occurs, the acute myocardial ischemia results in
reduction of aerobic ATP formation in mitochondria, and fur-
ther leads to a shift towards glucose and inhibition of fatty
acid metabolism. Thus, the concentrations of plasma fatty ac-
ids were elevated during acute myocardial infarction [30]. All
of these changes accelerate glycolysis and decrease cell pH,
K (+) efflux, Ca (2+) accumulation, adenosine formation, cell
swelling and rupture, cell apoptosis, and death.

Accumulation of fatty acids leads to myocardial cell mem-
brane damage, promotes the occurrence of dysrhythmias, in-
hibits myocardial contractility, and enhances the myocardial
oxygen consumption, without an increase in myocardial work.

The level of circulating fatty acids in the present study was
elevated at T, compared with T,,. But compared with T, the
level of circulating fatty acids was reduced. We speculate that
reperfusion after severe ischemia might lead to an increase in
overall cardiac fatty acid B-oxidation rates and increasing ac-
cumulation of fatty acids in the ischemic myocardium, which
reduce the level of overall circulating fatty acids.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

4180




Feng L et al.:
Lipid biomarkers in acute myocardial infarction...
© Med Sci Monit, 2018; 24: 4175-4182

During reperfusion after severe myocardial ischemia, when
the blood flow is restored, the oxygen levels are also restored
by reperfusion. Fatty acid p-oxidation is restored rapidly and
dominates as the major pathway of mitochondrial oxidative
metabolism [31-33], and results in a delay in intracellular pH
recovery and cardiac by inhibiting glucose oxidation [34-36].

Exposing the heart to a high concentration of plasma circu-
lating fatty acids and the alteration in the subcellular control
of fatty acid oxidation, combined with a decrease of malonyl
CoA levels, leads to an increase in overall cardiac fatty acid -
oxidation rates during reperfusion after ischemia, with a con-
comitant large decrease in glucose oxidation rates [37].

Animal studies have shown that the elevation of circulating
fatty acids and increased cardiac fatty acid B-oxidation results
in decreased cardiac function and efficiency, especially during
reperfusion after severe myocardial ischemia. Elevated fatty
acids may lead to a critical increase in oxygen requirements
of the already compromised myocardium and infarct size [38],
inhibiting the glucose utilization of ischemic myocardium, in-
creasing accumulation of fatty acids in the ischemic myocar-
dium, where they can cause a disorder in the electrical activ-
ity and conduction [39]. Lopaschuk et al. found that elevated
circulating fatty acid oxidation can lead to decreasing cardiac
efficiency by up to 30% [40]. Oliver et al. showed that the el-
evated level of free fatty acids was associated with a higher
risk of severe heart block, ventricular arrhythmias, and sud-
den death [41,42]. Moreover, exposure of cells to elevated con-
centrations of fatty acids can cause oxidative damage to mi-
tochondrial DNA. In another experiment, researchers reported
fatty acid-induced apoptosis could be, at least in some cases,
mediated through ROS generation [43].

In addition, the association between ROS production and the
metabolism of fatty acids has been well known for 3 decades.
Animal experiments have demonstrated that the elevated lev-
el of circulating free fatty acids can stimulate p-oxidation, and
excessive fatty acid B-oxidation can lead to excessive genera-
tion of reactive oxygen that damages myocardial structure and
function. We can test the level of ROS by testing the contents
of malondialdehyde (MDA) in blood. Medium and high con-
centrations of ROS can induce cell apoptosis and even cause
cell necrosis via oxidative stress [44-46].
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Moreover, the lipidomics network analysis also revealed a num-
ber of interesting results regarding signal transduction func-
tion relationships that lipid biomarkers are involved in. Myristic
acid, oleic acid, linoleic acid, y-linolenic acid, arachidonic acid,
timnodonic acid (EPA), palmitic acid, and hexadecy!l azelao-
yl phosphatidylcholine were demonstrated to mediate signal
transduction by mechanisms related to peroxisome prolifera-
tor-activated receptors (PPARs) gene function [47-50]. PPARs
signal pathways have been shown to play an important role
in myocardial I/R injury [51]. Myristic, pentadecanoic, palmitic,
and palmitoleic acids can result in down-regulation of TNF-o
by activating PPAR in inflammatory diseases [52].

The experimental results as discussed reveal that elevated
circulating fatty acids may induce cardiomyocytes apoptosis
mediated by ROS generation and regulate PPARs signal path-
ways, which could be an underlying pathological mechanism
of myocardial ischemia reperfusion injury. Therefore, the lev-
el of fatty acids may be seen as a risk factor of myocardial I/R
injury, and the level of fatty acids can also be considered as
a diagnostic indicator by which the extent of reperfusion in-
jury can be assessed.

Conclusions

In summary, the lipidomics technique offers a highly effec-
tive approach to improve the under-diagnosis of myocardial
I/R injury and detect biomarkers that can distinguish subse-
quent differentiation regarding before and after reperfusion.
Our results indicate 16 potential biomarkers associated with
myocardial I/R injury identified through data analysis. The de-
tected lipid metabolic biomarkers, as predicative factors, have
the potential to be applied to establish a classification model;
this could be developed as the preliminary diagnoses of myo-
cardial I/R injury patients. Our results also show that we can
reduce the fatty acids level (lipid biomarkers) to prevent the
development of myocardial I/R injury. These biomarkers also
have potential to provide further insights into the pathologi-
cal mechanisms of myocardial I/R injury.
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