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Abstract
Acute coronary syndrome (ACS) is a clinical condition caused by a disturbance in myocardial blood flow. ACS can be basically divided into two forms: ST elevation myocardial infarction (STEMI) due to complete occlusion of the coronary artery and non-ST elevation myocardial infarction (NSTEMI) due to partial occlusion of the coronary artery. In this study, we aimed to monitor the metabolite profile of STEMI and NSTEMI patients and compare the results via untargeted metabolomics approach. Serum samples were collected from STEMI and NSTEMI patients, and each group consists of 20 participants. Extraction was achieved by acetonitrile, and chromatographic separation was performed by LC/Q-TOF/MS/MS accompanied with dual AJS ESI positive ion mode. METLIN, MATLAB 2017a-PLS Toolbox7.2, and Human Metabolome Database were utilized for bioinformatics evaluation of obtained findings. In our results, 203 m/z ratio was detected and 163 m/z ratio passed the significance criteria (fold analysis > 1.5 and p < 0.05). Twenty-five metabolites including BCAAs, LysoPC species, lactic acid, succinate, malonic acid, maleic acid, butyric acid, carnitine, and betaine were identified. In conclusion, new biomarker candidates were identified to differentiate the diagnosis of STEMI and NSTEMI. Identified metabolites are indicative of alterations in oxidative stress, hypoxia, TCA cycle, and amino acid metabolism.
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Introduction
Acute coronary syndromes (ACSs) are caused by erosion or sudden rupture of atherosclerotic plaque in the coronary artery wall (National CGCU 2013) and are still the most common name of death and disability of cardiovascular disease today (Damhoff and Huecker 2018). ACSs can be divided into subgroups of ST segment elevation myocardial infarction (STEMI), non-ST segment elevation myocardial infarction (NSTEMI), and unstable angina (UA) (Damhoff and Huecker 2018). The diagnosis of ACSs is based on the clinical history, electrocardiogram (ECG), and serum enzymes and troponin levels. Cardiac troponin is a protein released by infarcting myocardial cells and evaluated as critical markers in acute myocardial infarction with a concentration above the 99th percentile from reference value of cardiac troponin within the first 9 h according to the Joint European Society of Cardiology-American College of Cardiology Committee for the Redefinition of Myocardial Infarction. In some cases, patients who exhibit symptoms consistent with ACSs whereas normal or undetermined ECG and negative troponin could be observed that is commonly diagnosed as unstable angina (National CGCU 2013). Symptoms of NSTEMI show the similar features of unstable angina. So, diagnosis of NSTEMI can be typically made with the positive cardiac biomarkers in serum. STEMI diagnoses with the rise line are called as “ST-segment” on an ECG. There is no evidence of ST segment elevation in NSTEMI. So, it can be said that STEMI can be only separated from NSTEMI with ECG changes because the troponin increases are in both of them (Agewall et al. 2010; Laborde et al. 2014). There are no serum biomarkers to differentiate STEMI from NSTEMI. So, these shortcomings for predicting as STEMI or NSTEMI need clinically valuable new biomarkers to clarify the mechanisms of myocardial infarction.
Metabolomics can be described as the determination of all low molecular weight metabolites present in human biochemistry change depending on the physiological state (Yin et al. 2017). Nowadays, metabolomics studies are applied by using recently developed different analytical methods (LC-MS, GC-MS, and NMR) for the search for biomarkers in different biological liquids (urine, plasma, serum, saliva, and biopsy samples) of healthy and/or patients in human studies. In this context, it can be useful to differentiate STEMI from NSTEMI by enabling high-throughput profiling of large numbers of metabolites in serum.
There are several untargeted metabolomics studies for observing the metabolic alterations with carrying out by advanced spectroscopic methods such as GC-MS (Laborde et al. 2014; Ali et al. 2016; Yao et al. 2010), NMR (Ali et al. 2016; Bodi et al. 2012), LC/MS/MS (Huang et al. 2016), LC/Q-TOF/MS/MS (Zhu et al. 2018; Senn et al. 2012; Surendran et al. 2018), and CE/MS (Naz et al. 2015) in both STEMI (Laborde et al. 2014; Yao et al. 2010; Bodi et al. 2012; Huang et al. 2016; Zhu et al. 2018; Senn et al. 2012; Surendran et al. 2018; Naz et al. 2015; Lu et al. 2017; Xu et al. 2016) and NSTEMI (Laborde et al. 2014; Naz et al. 2015; Calderón-Santiago et al. 2014) separately. Among these studies, there are studies on the comparison of serum metabolite profiling between the STEMI and unstable angina (Ali et al. 2016; Lu et al. 2017; Xu et al. 2016) or between the stable angina and NSTEMI (Calderón-Santiago et al. 2014) with untargeted metabolomics approach with GC/MS (Ali et al. 2016; Lu et al. 2017) and LC-Q-TOF MS (Xu et al. 2016; Calderón-Santiago et al. 2014) which are available. In addition to this, only one study demonstrated the serum metabolite profiling of STEMI and NSTEMI with CE-MS (Naz et al. 2015) which is especially suitable for the determination of highly polar or ionic compounds. However, there is no study to compare the metabolic alterations between STEMI and NSTEMI via LC/Q-TOF/MS/MS which provides specific and comprehensive analysis of metabolites for both low and high hydrophobic molecules (Senn et al. 2012; Ussher et al. 2016).
The aim of this work is to investigate the serum samples of STEMI and NSTEMI patients via LC/Q-TOF/MS/MS method. Thus, crucial information could be obtained for both diseases. By the help of multivariate data analysis, any alteration between both cases could be determined and potential biomarkers identified for diagnosis.

Materials and methods
Data collection
Ethical committee approval was obtained from the medical faculty of Atatürk University Erzurum, Turkey, on 25 April 2018 with the number of 163, and written informed consent was received from all patients.
Twenty patients for each group who suffered from STEMI or NSTEMI were accepted into the study (the patients who have been diagnosed with myocardial infarction (MI) in the last 6 months). Exclusion criteria for patients were as follows: severe valve disease, chronic heart failure, coronary artery disease, atrial fibrillation, coronary bypass, malignancy, and chronic renal failure whose age ranged between 45 and 60. Patients were followed by the Department of Cardiology Clinic of Atatürk University. Both groups were evaluated for active smoking, diabetes mellitus, hypertension, and hyperlipidemia. Both groups were followed by the same cardiologist, and serum samples were taken from all patients. Routine hemogram and biochemistry data were calculated as samples were kept in deep freezer until chromatographic analysis.

Preparation of plasma samples
Serum samples were gently thawed on ice in order to avoid metabolic reactions and homogenized on vortex mixer. One hundred microliters of serum samples was spiked into Eppendorf vials, and protein precipitation was performed via 300 μL of acetonitrile. Samples were vigorously mixed about 1 min and kept on ice for 15 min in order to smash cell membranes and make metabolites free. Centrifugation was carried out at 16000g for 10 min. Approximately, 250 μL supernatants were taken and transferred to Eppendorf vials in order to evaporate the organic phase until dryness. Precipitates were re-dissolved in a mixture of mobile phase including acetonitrile and 0.1% formic acid containing 30 ng/mL of internal standard (IS), carbemazapine. IS was employed to increase the quality of data and to test the autonomous integration success of the METLIN. In addition to this, quality control (QC) samples were prepared by taking 5 μL of each extract. Blank sample was also analyzed to detect any interferences and false peaks. QC samples were injected after every 8 samples along the sequence for evaluating the repeatability of proposed analysis.

LC/Q-TOF/MS/MS parameters
An Agilent 6530 Accurate-Mass Q-TOF mass spectrometer (Agilent, USA) coupled with Agilent 1290 Infinity LC system and B.02.00 Agilent Mass Hunter Software (Agilent, USA) was used to implement this study. Dual Agilent Jet Stream Electrospray Ionization (AJS ESI) ion mode was selected for the Q-TOF mass spectrometer system, and the system was initiated in positive capillary voltage of 3.5 kV in positive ion mode; drying gas flow was 12 L/min, while gas temperature was set at 400 °C. The nebulizer pressure was arranged as 50 psig. The fragmentor voltage of the proposed method was set at 120 V. Accurate mass measurements during the analysis were obtained through an automated calibrate delivery system using a jet stream thermal focusing ESI source providing a low flow (100 mL/min) of a calibrating solution. Hypersil C18 (100 mm × 2.1 mm, 1.9 μm) column and graduate elution were chosen for chromatographic separation. Analysis time was arranged to be 15 min.

Bioinformatic and statistical analysis
Blank, QC, and blank plasma sample chromatograms were analyzed via Agilent Software, and then for peak alignment and correction, obtained data were transferred to XCMS Software. Following criteria were evaluated for each m/z ratio as p ≤ 0.01 and fold analysis > 1.5, and values that pass these parameters were taken into account to find potential biomarker metabolites for separating STEMI and NSTEMI cases. Identification of them was performed by comparing the obtained results with Human Metabolome Database (HMDb) and METLIN database. MS/MS spectra of each score were also evaluated to confirm identified metabolites. Classification of extracted metabolites was achieved via unsupervised OPLS-DA algorithm in MATLAB R2017a. Metabolic pathway analysis was performed by using MetaboAnalyst 4.0. Demographic features and laboratory parameters from STEMI and NSTEMI patients were also statistically compared with independent sample Student’s t test and χ2 or Fisher’s exact test by using the SPSS 24 software. p value lower than 0.05 was accepted as statistically significant.


Results
Characteristics of volunteers
Demographic features such as age, gender, and BMI and laboratory parameters such as CRP, HDL, LDL, TG, Troponin, and WBC values of STEMI and NSTEMI patients are presented in Table 1. According to the data obtained, no significant differences between demographic features of each group (p > 0.05) were determined whereas WBC and hypertension values were statistically different (p < 0.05).
Table 1Demographic features and laboratory parameters of patients who suffered from STEMI and NSTEMI


	Parameters
	STEMI (n = 19) (mean ± SD)
	NSTEMI (n = 20) (mean ± SD)
	p valuea

	Age (years)
	53.75 ± 4.44
	56.45 ± 7.06
	0.156

	Gender (male)
	17
	16
	0.661

	BMI
	27.46 ± 4.160
	28.10 ± 4.470
	0.640

	CRP
	4.330 ± 1.960
	4.500 ± 1.610
	0.764

	WBC
	11.96 ± 2.890
	10.10 ± 2.540
	0.037

	NLR
	3.600 ± 2.490
	3.030 ± 1.920
	0.421

	HDL cholesterol (mg/dL)
	41.35 ± 8.980
	43.95 ± 13.03
	0.087

	LDL cholesterol (mg/dL)
	137.9 ± 27.11
	147.5 ± 34.68
	0.396

	TG
	169.7 ± 106.6
	196.3 ± 120.9
	0.865

	Troponin
	13.07 ± 24.51
	2.410 ± 5.100
	0,064

	LVEF
	43.65 ± 6.730
	47.20 ± 8.260
	0.270

	Diabetes mellitus (%)
	30
	40
	0.507

	Hypertension (%)
	25
	65
	0.004

	Smoking (%)
	55
	50
	0.752


SD standard deviation, BMI body mass index, CRP C-reactive protein, WBC white blood cell
aAssociations between categorical variables were evaluated using the χ2 or Fisher’s exact test, and for the comparison of patient groups, independent sample Student’s t test was used. p < 0.05 was accepted as significant




Metabolite identification
Two criteria were mostly used to identify metabolites which are mass to charge ratio and retention time. All blank, QC, and plasma sample chromatograms were exported to Agilent Mass Hunter Software. Obtained data were uploaded into XCMS software program. In this study, 203 m/z ratio were determined by the detector. Significance was determined as the fold analysis > 1.5 and p ≤ 0.01 criteria from m/z scores. Values that have passed these criteria were deeply investigated for metabolite identification. It is measured that 163 m/z signal provides these conditions (Fig. 1). Unfortunately, many of the m/z scores were encountered in more than one metabolite. Debates in m/z score were figured out by checking MS/MS results of blank and QC samples for eliminating false peaks and MS/MS spectra of each one. Twenty-five different metabolites were identified, these metabolites were monitored in Table 2, and matched metabolites were underlined via up and down symbols. So, MetaboAnalyst 4.0 was preferred for the detailed pathway analysis regarding the identified 25 metabolites. Determined pathways and their impacts are exhibited in Fig. 2. According to the MetaboAnalyst pathway analysis software, identified metabolites may have influence on 42 different pathways. The following numbers of metabolites were matched with related pathways: 7/75 aminoacyl t-RNA biosynthesis; 3/27 valine, leucine, and isoleucine biosynthesis; 2/20 TCA cycle; 2/32 glycerophospholipid metabolism; 2/ 24 alanine, aspartate, and glutamate metabolism; 3/40 butanoate metabolism; 3/39 nitrogene metabolism; 4/35 propanoate metabolism; 1/32 piruvate metabolism; and 3/48 glycine, serine, and threonine metabolism.
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Fig. 1Cloud plot of 163 different metabolites in patients with STEMI compared to NSTEMI (p value ≤ 0.01, fold change ≥ 1.5)




Table 2Identified metabolites of metabolomics study in patients with NSTEMI compared to STEMI


	Metabolites
	Fold
	p value
	Regulation (up/down)
	Rtmed

	l-leucine
	105.8
	1.19E−07
	Down
	6.48

	l-isoleucine
	28.4
	6.91E−06
	Down
	5.31

	l-proline
	16
	1.91E−05
	Down
	5.69

	l-alanine
	15
	0.00018
	Down
	5.67

	l-lysine
	111.5
	9.08E−09
	Down
	4.5

	Glycine
	2.3
	3.17E−01
	Down
	11.7

	l-valine
	6.4
	0.0001
	Down
	11.77

	Malonic acid
	14.5
	88.8E−11
	Down
	12.32

	Maleic acid
	101.9
	3.84E−05
	Down
	4.4

	Butyric acid
	25.3
	1.33E−10
	Down
	12.22

	l-lactic acid
	189.5
	1.73E−08
	Down
	3.64

	Succinate
	8.2
	2.00E−10
	Down
	13.33

	Urea
	22.7
	0.0001
	Down
	3.54

	Creatine
	34.6
	1.59E−07
	Down
	3.64

	Hidroxylamine
	50.6
	4.44E−11
	Down
	04.29

	Carbamic acid
	5.7
	0.00001
	Down
	04.34

	Betaine
	89.5
	1.73E−08
	Down
	03.64

	Propyl alcohol
	109.3
	0.00004
	Down
	6.48

	Isopropyl alcohol
	10.2
	0.00053
	Down
	6.57

	Benzoic acid
	103
	0.00034
	Down
	7.57

	LysoPC (18:1 (9Z))
	1.5
	0.00720
	Down
	13.13

	Carnitine
	137.9
	7.69E−02
	Down
	03.89

	Propane-1,3-diol
	21.4
	5.68E−08
	Down
	9.29

	Stearic acid
	3.8
	6.44e−02
	Up
	11.53

	LysoPC (18:0)
	116.7
	0.01
	Up
	11.93
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Fig. 2Pathway analysis generated by MetaboAnalyst online. The major pathways varied in STEMI vs NSTEMI patient groups





Chemometric analysis for metabolomics data
The main goal of metabolomics studies is to monitor a global snapshot of metabolites without observational bias in any biological medium or other analytical situations. Though such high information content is encountered in a challenge extracting as much as significant biological data, possible conclusions from any dataset indeed require advanced forms of data analyses matrix form into (Worley and Powers 2013). In order to maintain this data reduction in a trustworthy way, different chemometric approaches and data analyses were reported. One of the most preferred algorithms was OPLS-DA where classes are labeled in Y as a dummy variable and m/z data were added into X block. These two blocks utilized the metabolomics study matrix and cluster analysis which were performed via the mentioned datasets.
Predictivity of model was controlled via cross-validation assessment. Venetian blinds with 10 splits and 1 sample per split were applied to calculate cross-validation. Two latent variables exhibit two clusters. RMSEC values were calculated as 0.05 while square root of regression was 0.99. RMSEC confirms the goodness of fit for the method. LV1 vs LV2 graph are plotted and monitored in Fig. 3. Hierarchical cluster analyses were also plotted in order to exhibit the inter-relation of each sample. Ward’s method was applied to TOF MS/MS data, and two clusters were successfully obtained. Dendogram is monitored in Fig. 4. According to the chemometric models, successful diagnosis rate could be obtained by just analyzing the plasma samples via TOF MS/MS to make decision about either STEMI or NSTEMI.
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Fig. 3OPLS leverage plot for STEMI (green) vs NSTEMI patients (purple)
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Fig. 4Dendogram was monitored for NSTEMI (green) vs STEMI patients (blue)






Discussion
MS is an analytical method of focusing on mass to charge ratio (m/z) and abundance of ions at high speed of vacuum conditions. It is generally accepted that MS is one of the most powerful probes into the identification of matter. MS could be used with both gas (Laborde et al. 2014; Ali et al. 2016; Yao et al. 2010) and liquid chromatography (Huang et al. 2016; Zhu et al. 2018; Surendran et al. 2018; Naz et al. 2015) and capillary electrophoresis (Naz et al. 2015). In this study, liquid chromatography was preferred to get as much data as possible. Because gas chromatography has some limitations, only volatile compounds could be analyzed. Furthermore, an LC/Q-TOF/MS/MS instrumentation was chosen to gain a widespread profiling for the identification of endogenous metabolites. By the help of multivariate data analysis, metabolic differences between STEMI and NSTEMI patients were evaluated.
In the present study, almost 203 m/z ratio was determined by the detector. Features that provide the fold analysis > 1.5 and p ≤ 0.01 criteria from m/z scores were considered to be new biomarker candidate metabolites. One hundred sixty-three m/z signal passed this criteria (Fig. 1). Among them, 25 potential metabolites and their related metabolic pathways were taken into account (Table 2 and Fig. 2).
The major recognized several metabolites and, of course, pathways including energy metabolism, amino acid metabolism, fatty acid oxidation, glycerophospholipid synthesis, anaerobic glycolysis, and urea cycle were differentiated, and most of them were related with ischemia and oxidative stress.
There is a strong correlation between branched-chain amino acids (BCAAs) and cardiovascular AEs after STEMI may be due to the abnormal BCAA catabolism and MI and ischemia–reperfusion injury (Naz et al. 2015; Du et al. 2018). BCAAs, such as leucine, isoleucine, lysine, alanine, and l-valine, are known as essential amino acids supplied by diet (Harper et al. 1984). Despite elevated dietary protein intake may contribute to high circulating levels of BCAAs, recent studies have shown that higher plasma BCAA concentrations in individuals with cardiovascular disease are brought about by obstructed BCAA catabolism in the myocardium, which results in a build-up of myocardial BCAA that spills over into the circulation (Wang et al. 2011). In our untargeted metabolomics study, it is measured that l-valine, leucine, isoleuicine, lysine, and alanine were significantly high in STEMI patients with respect to the NSTEMI. It could be claimed that STEMI and NSTEMI mechanisms are different and high BCAA concentration may cause STEMI. So people who have cardiovascular diseases may change their diet avoiding excess amount of BCAA-rich nutrition.
The creatine kinase system protects the cardiovascular system from ischemia and increases contractility. So, increased creatine indicates a decrease in the activity of the creatine kinase system (Bottomley et al. 2013). In this study, we found that creatine was lower in NSTEMI compared to STEMI.
Carnitine level and STEMI/NSTEMI diseases were also related. The elevated concentration of carnitine in the blood plasma of STEMI/NSTEMI patients might have resulted due to the insufficient uptake and/or increased leakage of carnitine along the ischemic myocardium (Khan et al. 2014). Carnitine was also found lower in NSTEMI compared to STEMI.
In previous studies, LysoPC has been positively associated with inflammation and atherosclerosis and LysoPC species were also evaluated as potential biomarkers for STEMI/NSTEMI (Pouralijan Amiri et al. 2019). In our experiments, it was found that LysoPC (18:0) was lower in STEMI, while LysoPC (18:1) level was high in NSTEMI.
Oxidative stress is known to play an important role in various inflammatory diseases and atherosclerosis (Dhalla et al. 2000). Oxidative stress plays an important role in ischemic myocardial injury, and elevated levels of ROS have been detected in ischemic myocardium (Misra et al. 2009). Several studies have reported that butyric acid, maleic acid, and malonic acid cause oxidative stress and fumaric acid was an endogenous antioxidant compound (Laborde et al. 2014; Maragos et al. 2004; Wu et al. 2017). Thus, increased butyric acid, maleic acid, and malonic acid and decreased fumaric acid can have an important role in ischemic myocardial injury and may be related to the degree of ischemia. In this study, we found that butyric acid, maleic acid, and malonic acid were increased in STEMI compared to NSTEMI.
Previous studies suggest that the role of citric acid cycle intermediates such as lactate, glucose, aminobutyric acid, citrulline, and argino-succinateas are key metabolic mediators of acute myocardial ischemia (Barba et al. 2008; Goonewardena et al. 2010). In this study, similarly, we found that lactate, succinate, and malonate were lower in NSTEMI versus STEMI.
Our study also showed that several acids such as lactic acid, malonic acid, maleic acid, carbamic acid, and benzoic acid and hydroxylamine levels were significantly higher in STEMI patients against NSTEMI group. These molecules play an important role in nitrogen metabolism, and highness in their concentration could be related to oxidative stress (Rustom et al. 2003). More hypoxic and acidotic situation, that is an expected case in, could make an increase on some acidic metabolites (Graham et al. 2004). STEMI acidosis levels were certainly high in accordance with proposed findings.
Betaine level was also associated with cardiovascular diseases, and this metabolite was found much lower in STEMI patients.
It is obvious that this study contains some restrictions. Sample size could be wider regarding to highly prevalent disease, and we could not obtained serum samples of patient group after percutaneous coronary intervention (PCI). Secondly, metabolite concentration may be affected by diet, drug consumption, smoking, and presence of other chronic diseases. Lastly, metabolomics approach deals with discovering new biomarkers or illuminating a pathway that is crucial for understanding the mechanism of any disorder. Thus, such methods generally focus on qualitative analysis. Determining the exact concentration of metabolites is impossible in such processes. Semi-quantitative results give only differences between groups. Exact information for the concentration of any metabolites could not be obtained by this method.

Conclusions
The proposed untargeted metabolomics study is the first TQ-TOF-MS/MS-based work for comparing the metabolic alterations of STEMI and NSTEMI patients. Differentiations of each group were succeeded in via OPLS-DA. According to data obtained, there is a statistically significant difference between BCAAs, LysoPC species, lactic acid, succinate, malonic acid, maleic acid, butiric acid, carnitine, and betaine levels for each group. Study showed that excess dietary intake of BCAA may cause high risk on STEMI. In addition to this, diagnosis of STEMI could be achieved by evaluating the metabolic profile of patients.
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