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ABSTRACT 

 

ASSESSMENT OF THE LEVELS OF TUMOR NECROSIS FACTOR-

ALPHA AND OTHER PARAMETERS IN PATIENTS WITH ACUTE 

MYOCARDIAL INFARCTION IN BAGHDAD CITY 

 

Mohammed Muneer Noori AL-JANABI  

Master of Science in Chemistry  

Advisor: Assoc. Prof. Dr. Şevki ADEM 

June 2023 

 

Myocardial infraction is a serious condition of the heart that leads to life threatening 

events. In this study, 160 subject were enrolled and examined for their levels of creatine 

kinase, troponin t, tumor necrosis factor alpha, artery natriuretic protein, lactate 

dehydrogenase, and aspartate aminotransferase. Patients with myocardial infraction 

have shown significant increase of creatine kinase (CK), troponin t, tumor necrosis 

factor alpha (TNFα), Atrial natriuretic peptide (ANP), lactate dehydrogenase (LDH) and 

aspartate aminotransferase (AST). All of the biomarkers were increased significantly in 

male patients, while female patients have shown non-significant change of ANP level. 

Additionally, CK was correlated positively with troponin t and TNFα indicating that 

these parameters have strong association with myocardial infraction. Moreover, TNFα 

has shown excellent sensitivity in the prognosis of myocardial infraction disease, while 

ANP has failed to become a biomarker for myocardial infraction disease. 

 

2023, 65 pages 

 

Keywords: Acute myocardial infarction, Tumor necrosis factor-alpha, ANP, CRP  
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ÖZET 

 

BAĞDAT ŞEHİRİNDEKİ AKUT MYOKARDİAL ENFARKSİYONLU 

HASTALARDA TÜMÖR NEKROZ FAKTÖR-ALFA VE DİĞER 

PARAMETRE DÜZEYLERİNİN DEĞERLENDİRİLMESİ 

 

Mohammed Muneer Noori AL-JANABI 

Kimya, Yüksek Lisans  

Tez Danışmanı: Doç. Dr. Şevki ADEM 

Haziran 2023 

 

Miyokard enfarktüsü, hayatı tehdit eden olaylara yol açan ciddi bir kalp hastalığıdır. Bu 

çalışmada 160 kişi kaydedilmiş ve kreatin kinaz, troponin t, tümör nekroz faktörü alfa, 

arter natriüretik protein, laktat dehidrojenaz ve aspartat aminotransferaz seviyeleri 

açısından incelenmiştir. Miyokard enfarktüsü olan hastalarda kreatin kinaz (CK), 

troponin t, tümör nekroz faktörü alfa (TNFα), Atriyal natriüretik peptid (ANP), laktat 

dehidrogenaz (LDH) ve aspartat aminotransferaz (AST)'de önemli artışlar görülmüştür. 

Tüm biyobelirteçler erkek hastalarda önemli ölçüde artarken, kadın hastalarda ANP 

seviyesinde anlamlı olmayan bir değişiklik görülmüştür. Ek olarak, CK, troponin t ve 

(TNFα) ile pozitif korelasyona sahipti ve bu parametrelerin miyokard enfarktüsü ile 

güçlü bir ilişkisi olduğunu gösteriyor. Ayrıca (TNFα), miyokard enfarktüsü hastalığının 

prognozunda mükemmel bir duyarlılık gösterirken ANP, miyokardiyal enfraksiyon 

hastalığı için bir biyobelirteç olmayı başaramadı. 

 

2023, 65 sayfa 

 

Anahtar Kelimeler: Akut miyokard enfarktüsü, Tümör nekroz faktörü-alfa, ANP, 

CRP 
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1. INTRODUCTION 

Over the last 40 years, researchers have made great strides in pinpointing AMI's origins 

and developing effective treatments. Autopsy was the only reliable method of 

diagnosing AMI in the early 20th century. Up until the 1970s, when its typical clinical 

appearance and diagnosis were well understood, it was treated conservatively by 

prescribing bed rest and a sedentary lifestyle for the patient. There has been a deluge of 

new data since then, completely reshaping our knowledge of the disease's 

pathophysiology and our ability to effectively treat it. In this post, we'll look back at 

how far we've come in our knowledge of this crucial disorder and how we're currently 

treating it.  

Myocardial necrosis due to an unstable ischemia state is what we call an acute 

myocardial infarction. Diagnosis and assessment in clinical practice may use a variety 

of methods, including but not limited to: clinical examination; electrocardiogram; 

biochemical testing; invasive and noninvasive imaging; and pathological evaluation 

(Thygesen et al. 2018).  

Acute myocardial infarction can be classified into four different types: type 1, which is 

caused by coronary atherothrombosis; type 2, which is not caused by acute 

atherothrombosis but rather a supply-demand mismatch; type 3, which causes sudden 

cardiac death without the chance for biomarker or ECG confirmation; and type 4, which 

is related to a percutaneous coronary intervention (PVI) (Anderson and Morrow 2017).  

TNF-α has various impacts on all cells during cardiac tissue damage and healing. 

Increases apoptosis in cardiomyocytes, decreases cardiac contractility, and upregulates 

chemokine, adhesion molecule, and leukocyte expression (Ohta et al. 2005). By 

increasing matrix metalloproteinases activity and lowering collagen production, it 

controls extracellular metabolism in cardiac fibroblasts. TNF-alpha is increased in 

persons with insulin resistance and blocks the signaling of insulin-stimulated receptors 

(Wang et al. 2018). TNF-alpha in ischemic myocardium may cause either angiogenesis 
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or connective tissue growth, leading to scar formation, depending on the dosage. 

Patients with coronary artery disease, and particularly in areas of damaged plaque, have 

been reported to have elevated levels of TNF-α. Abnormal contractile activity in 

myocytes is caused by the production of pro-inflammatory cytokines (Ohta et al. 2005) 

called TNF-α. Damage caused by TNF-alpha may be stopped or even reversed by 

binding receptors. Similar to ischemic pre-conditioning, pre-treatment with TNF-

alphaantibody may reduce the size of the myocardial infarct.  

In addition to acting as a circulating hormone, the natriuretic peptide atrial natriuretic 

peptide (ANP) may also serve as an autocrine and/or paracrine component in the atrium 

to protect the heart. Studies have revealed that ANP decreases infarct size and prevents 

IR harm. Furthermore, ANP may bind to natriuretic peptide receptors (NPRs) that are 

highly abundant in the ischemic heart's endocardium (Gaudin et al. 2014).  

Elevated CRP levels independently predict cardiac mortality, AMI, and congestive heart 

failure, making CRP a helpful prognostic indication in patients with AMI. In everyday 

clinical settings, it is the gold standard for measuring inflammation. However, 

compared to troponin, CRP is a less specific and sensitive indicator of heart damage. 

Patients with cardiac disease, such as MI and ACS (De-Servi et al. 2005), are often 

evaluated with hs-CRP in both outpatient and inpatient settings. Creatine kinase (CK) 

and lactate dehydrogenase (LDH) were both identified in the years that followed, with 

the former serving as a more sensitive and specific biomarker. Specificity, however, 

remained an issue, particularly for individuals suffering from muscle and liver illness or 

damage. Newer, more sensitive techniques of detection allowed CK-MB's superior 

diagnostic accuracy to be determined. The specificity of CK, LDH, and CK-MB in 

diagnosing AMI remains low, unfortunately (Chen et al. 2019, Wang et al. 2020) 

The goal of this research is to provide a precise measurement of TNF-alpha and ANP in 

individuals who have had a myocardial infarction. We also demonstrate the correlation 

between TNF alpha, ANP, and TnT and the other parameters for which values were 

determined. 
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2. LITERATURE REVIEW 

2.1 Cardiovascular Diseases 

Ischemic heart disease is the main cause of mortality globally, accounting for as much 

as 49.2% of all cardiovascular disease deaths in 2019 (Roth et al. 2020). Acute 

myocardial infarction (MI) is defined by a sudden decrease in blood supply to the 

myocardium, resulting to heart failure and mortality (Mensah et al. 2019). This situation 

may be caused by thrombus blocking blood flow in an artery or bypass graft. It is 

generally agreed that reviving hypoxic-ischemic tissue by increasing blood flow is an 

effective way to prevent tissue death (Doenst et al. 2019). Acute myocardial infarction 

(MI) is often treated with thrombolysis, percutaneous coronary intervention (PCI), or 

coronary artery bypass grafting, as reported by the majority of clinical studies. 

Complications such as bleeding, ischemia-reperfusion damage, and coronary restenosis 

are possible, although their occurrence is unexpected (McCarthy et al. 2018; Sabatine et 

al. 2021). Therefore, novel and efficient strategies to maintain myocardial function and 

prevent heart failure progression must be actively sought. 

2.2 Acute Myocardial Infarction 

The traditional "heart attack," or acute myocardial infarction (MI), occurs when a 

coronary artery suddenly becomes completely blocked, starving the heart muscle of 

blood and oxygen. Myocardial injury is accompanied by well-documented alterations in 

risk factors, clinical presentation, electrocardiogram (ECG), and serologic markers. 

Although it should be used with caution, echocardiography serves a crucial purpose in 

the early diagnosis and management of the patient for the physician and technician. 

Candidates for echocardiography in the setting of suspected acute MI include those with 

acute chest pain, suspected MI, but a nondiagnostic ECG (especially if the scan can be 

performed during pain), those with recent chest pain and other features or laboratory 

markers indicative of ongoing myocardial infarction who are currently chest pain-free, 

and those being evaluated for a suspected complication of MI, such as myocardial or 

valve disruption. In the acute setting, when the attention should be moving towards 
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definitive therapy (i.e., opening the coronary artery), an echo is not needed when the 

patient's symptoms and electrocardiogram (ECG) are strongly indicative of a continued 

acute MI. Suspicious cases may benefit from an early echocardiogram, especially those 

involving women, those with diabetes, and the elderly. Acute myocardial infarction 

(presentation within 48 hours) imaging requires careful consideration of numerous 

parameters, including diagnosis, ventricular function, and the identification of critical 

repercussions (Barberi and Van-Den Hondel 2018). 

Injured myocardial after MI exhibits overlapping stages of inflammation, fibrosis, and 

angiogenesis (Wu et al. 2021). In the hours and days after ischemia-hypoxia, apoptotic 

cardiomyocytes disperse throughout the injured tissue, setting off an inflammatory 

response that culminates in the creation of granulation tissue with the influx of 

immunocytes that release pro-inflammatory cytokines and chemokines (Viola et al. 

2021). Fibroblast collagen synthesis and endothelial cell activation are promoted by the 

pro-angiogenic kinases phosphoinositide-3 kinase/protein kinase B (PI3K/Akt), Janus 

kinase/signal transducer and activator of transcription (JAK/STAT), and transforming 

growth factor-beta (TGF-beta) (Jung et al. 2019). In addition to bringing oxygen and 

nutrients to the area around the infarct, the new capillaries fuel the differentiation of 

fibroblasts into myofibroblasts, a cell type essential for compensating for structural 

heart damage. Myofibroblasts increase cell survival by simultaneously activating TGF-

beta and Wnt/beta-catenin signaling (Fan and Kassiri 2021). The malfunction of the 

heart is a result of cardiac remodeling and reactive fibrosis (Jiang et al. 2021). 

In particular, pathophysiological states are regulated by certain cell signaling pathways. 

Nuclear factor, Notch, and the Sonic Hedgehog connected to erythroid 2 Some of the 

cell signaling pathways that control cell survival, proliferation, apoptosis, and 

differentiation include Nrf2/heme oxygenase-1 (Nrf2/HO-1), Ras homolog family 

member A/Rho-associated coiled-coil containing protein kinase (RhoA/ROCK), and 

others (Contessotto and Pandit 2021, Xiao et al. 2015). Understanding the mechanism 

of post-MI pathophysiological events requires thinking of cell signaling pathways as a 

regulatory network that participates in a wide range of functions. The discovery of the 

central role of signaling pathways in the progression of MI from studies of signal 
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transduction in molecular processes has stimulated the development of innovative 

treatment approaches. 

2.2.1 Classification of myocardial injury and infarction 

An elevation in cardiac troponin concentration with at least one value greater than the 

99th percentile upper reference limit (URL) may be indicative of myocardial damage. 

Depending on the rate of change in cardiac troponin concentration, this phrase may refer 

to either acute or chronic myocardial damage, regardless of the underlying cause. A 

20% relative increase or decrease in troponin concentration is often employed 

(Chapman et al. 2020). 

Patients having symptoms or signs of myocardial ischaemia on the electrocardiogram 

(ECG), or novel imaging evidence of a regional wall motion abnormality in a coronary 

area, are diagnosed with myocardial infarction when acute myocardial damage occurs. 

There are five distinct forms of myocardial infarction, as described by (Chapman et al. 

2020, Chapman et al. 2017). Type 1 myocardial infarction occurs when a ruptured 

atherosclerotic plaque leads to turbulent blood flow, platelet aggregation, and coronary 

artery obstruction, resulting in myocardial ischaemia and infarction. Understanding this 

trait and implementing primary and secondary preventive strategies based on evidence 

has been shown to enhance clinical outcomes (Jobs et al. 2021). In the absence of 

atherosclerotic plaque rupture, an imbalance between oxygen supply and demand causes 

type 2 myocardial infarction. This often happens in the setting of some kind of 

physiological stress, including a rapid heartbeat, low blood oxygen levels, or a drop in 

blood pressure. The clinical consequences are far worse than those associated with 

myocardial infarction of type 1. This may be due to inadequate care for underlying 

coronary and structural heart disease (DeFilippis et al. 2019, Chapman et al. 2018), 

while patient age and comorbidities may play a role. Sudden cardiac death without 

biomarker sample characterizes a type 3 myocardial infarction. Percutaneous coronary 

intervention (4a), stent thrombosis (4b), and in-stent restenosis (4c) all lead to 

myocardial infarctions of type 4. Myocardial infarction of the fifth kind develops after 

cardiac operations. 
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2.2.2 Pathophysiology of acute myocardial infarction 

When plaque ruptures and an occlusive thrombus forms in an epicardial coronary artery, 

it causes a loss of cardiac myocytes and a decline in heart function, symptoms known as 

acute myocardial infarction (MI). Acute mortality from MI has been reduced thanks to 

reperfusion strategies, but improved patient survival has led to an increase in the 

incidence of chronic heart failure. This is largely attributable to adverse remodeling of 

the damaged left ventricle (LV) following the initial ischemic event (Ibáñez et al. 2015). 

Many patients who make it through an initial MI go on to develop heart failure, a 

condition for which there are currently few medication choices that address the basic 

problem of cardiomyocyte loss, leading to a significant deterioration in quality of life. 

This shift in perspective has redirected translational research toward investigating post-

MI consequences in an effort to discover novel strategies for reducing adverse 

remodeling of the left ventricle (LV) and avoiding heart failure. 

Recent research in this field has shown that the innate immune system orchestrates a 

time-dependent cascade of events that regulates heart healing after MI (Figure 1A). The 

myocardium experiences severe sterile inflammation and infiltration of many immune 

cell subtypes, such as neutrophils and monocytes, during the first few days following 

MI (Figure 1B) (Prabhu and Frangogiannis, 2016). A reparative and proliferative phase 

follows the inflammatory reaction, during which myofibroblasts proliferate, collagen is 

deposited, and scar tissue is formed. ECM cross-linking and myofibroblast quiescence 

define the last stage of scar formation. It takes cooperation between the inflammatory, 

proliferative, and maturation stages of wound healing for the wound to close effectively. 

As was discussed before (Finckh et al. 2000), an excessively large or long inflammatory 

phase promotes the development of adverse LV remodeling, which is characterized by 

infarct growth, chamber dilatation, and contractile dysfunction. Indeed, a number of 

studies, both experimental and clinical (Majmudar et al. 2013, Mariani et al. 2006), 

demonstrate that an influx of inflammatory cells hinders healing after MI and is 

associated with adverse outcomes. With the expectation that this knowledge may lead to 

treatment techniques that maximize healing of the damaged heart after MI, research into 

the biological processes underlying the inflammatory, proliferative, and maturation 
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stages of cardiac repair has risen. Glycans play a crucial role in leukocyte-endothelial 

cell adhesion processes and are valuable indicators of metabolic change, hence they are 

an essential aspect of such investigations. The following information elaborates on the 

three stages of recovery after an acute MI. 

 

Figure 2.1 Restoring heart function after a heart attack. (A) The three stages of fixing 

something. (B) Leukocyte population dynamics over time during tissue 

healing (Weil and Neelamegham 2019) 
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2.2.3 Symptoms and signs of acute myocardial infarction (MI) 

Both NSTEMI and STEMI present with the similar symptoms. About two-thirds of 

patients suffer prodromal symptoms, such as unstable or crescendo angina, shortness of 

breath, and exhaustion, days to weeks before the event (Babaieasl 2018). 

Deep, substernal, visceral discomfort, typically characterized as aching or pressure, and 

spreading to the back, jaw, left arm, right arm, shoulders, or both, is generally the first 

sign of infarction. In contrast to angina pectoris, the pain associated with this condition 

tends to be more acute and persist longer, as well as to be accompanied by dyspnea, 

diaphoresis, nausea, and/or vomiting, and to be eased little or only briefly by rest or 

nitroglycerin. Nonetheless, some people with diabetes may have relatively little pain; 

roughly 20% of acute MIs are silent (i.e. asymptomatic or presenting nonspecific 

symptoms not recognized as sickness by the patient). Patients often diagnose 

themselves with indigestion, especially if they get temporary relief after belching or 

taking an antacid (Body et al. 2010). 

Patients may appear with syncope in certain cases. Atypical chest pain is more often 

experienced by women. Dyspnea may be more common in elderly persons than 

ischemic chest discomfort (Bruyninckx et al. 2008). 

Pain, restlessness, and anxiety are common symptoms of severe ischemia attacks. In the 

case of inferior MI, nausea and vomiting are common symptoms. It is possible for 

dyspnea and weakness to predominate in cases of LV failure, pulmonary edema, shock, 

or severe arrhythmia (Yu et al. 2023). 

The skin may seem wan, cold, and perspiring. Cyanosis may manifest as either 

peripherally or centrally. Many patients first experience some degree of hypertension 

during pain, despite the fact that their pulse may be weak and their blood pressure 

unpredictable (Fischman et al. 2023). 
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The sounds of the heart are frequently heard from a fair distance away, and there is 

nearly always a fourth heart sound present. The malfunction of the papillary muscles 

might cause a quiet systolic blown apical murmur. Indicators of a prior heart condition 

or other diagnoses include a friction rub or one or more pronounced murmurs heard 

during the first physical examination. As opposed to a heart attack, acute pericarditis is 

more likely to be diagnosed if a friction rub is seen within a few hours after the 

commencement of symptoms. However, on days 2 and 3 after an ST-elevation 

myocardial infarction, ephemeral friction rubs are typical. In around 15% of people, the 

breast wall is delicate to the touch. Clear lung fields, hypotension, and an increase in 

RV filling pressure are all symptoms of right ventricular (RV) infarction (O'Rourke and 

Dell'Italia 2004). 

2.2.4 Diagnosis  

Myocardial infarction was redefined in 2012 by a joint task group of prominent medical 

organizations to include any cause of myocardial ischaemia that directly results in 

cardiac myocyte cell death (Reddy et al. 2015). Myocardial infarction may only be 

diagnosed with the presence of biomarkers for myocyte necrosis and either 

electrocardiographic (ECG) criteria of ischaemia or infarction or ischemic symptoms, or 

both (Libby 2013, Stone et al. 2014). 

Cardiac troponin (cTn) isoforms I and T have emerged as the key diagnostic biomarkers 

due to their sensitivity and specificity for myocardial injury, their rapid detection time 

(within 2-3 h) and their peak concentration (within 24-28 h) (Storrow et al. 2007). 

High-sensitivity cardiac troponin T (hs-cTnT) has led to a 20% increase in the diagnosis 

of NSTEMI and a corresponding 20% reduction in the detection of unstable angina.9 To 

rule out NSTEMI, the European Society of Cardiology (ESC) recommends using the 

change in hs-cTnT within 1 or 3 hours, as stated in their 2015 NSTE-ACS guidelines. 

The negative predictive value for myocardial infarction in individuals with hs-cTnT 

below the upper limit of normal on two consecutive examinations at least 1 h apart may 

reach 98%, with a positive predictive value of 7580% (Peteiro and Bouzas-Mosquera 
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2017). However, this is outside the scope of the present review. The hs-cTnT tests have 

been authorized in Europe but not the United States.  

cTn is emphasized by both European and American guidelines as the preferred 

biomarker for diagnosis of acute myocardial infarction (Rahmani et al. 2020), despite 

the fact that a CK-MB to total CK ratio of 2.5% or more is specific for myocardial 

injury but relatively insensitive for detecting small myocardial infarctions. One 

important problem is that cTn has a very long half-life in the circulation, as much as 10 

days or more in patients with renal failure. Serial cTn may not detect early ischemic 

episodes unless cTn is falling and then increasing, or is consistently high despite an 

expected reduction. Although CK-MB may be used to detect myocardial damage that 

has already occurred, it is not as sensitive as cTn and may fail to detect very small 

infarctions that have already occurred. 

2.2.5 Risk factors for mechanical complications 

Over the last 30 years, fatality rates from AMI have decreased because to advances in 

prompt reperfusion within regionalized systems of care and appropriate medical therapy 

(Rogers et al. 2008). However, the aging of the US population and the increased load of 

comorbidities pose a threat to these advancements since they are risk factors for post-

AMI mechanical problems (Puerto et al. 2018). Although the percentage of patients 

presenting with STEMI has decreased over time, patients with mechanical problems 

today are more likely to be female, older, have a history of heart failure and chronic 

renal disease, and be experiencing their first acute myocardial infarction (French et al. 

2010). Health outcomes after AMI may also be significantly impacted by 

socioeconomic inequalities (Rao et al. 2004). Medicare patients in the highest income 

bracket, for instance, were found to arrive at the hospital sooner, to be treated by cardiac 

catheterization specialists more often, and to have higher rates of guideline-directed 

medical therapy than patients in the lowest income bracket (Rao et al. 2004). There has 

been no change in the rate of occurrence of mechanical problems after STEMI, despite 

advancements in revascularization techniques and systems of care. The increasing 
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incidence of known cardiovascular risk factors and the aging of the US population are 

likely contributing causes (Moreyra et al. 2010). 

2.3 Tumor Necrosis Factor Alpha 

The pleiotropic actions of the cytokine tumor necrosis factor alpha (TNF-alpha) mean 

that it may affect many different kinds of cells. It is known to have a role in the etiology 

of various inflammatory and autoimmune illnesses and has been recognized as a 

significant regulator of inflammatory responses (Bradley, 2008). Activated 

macrophages, T-lymphocytes, and natural killer cells are the primary sources of TNF-

alpha (Horiuchi et al. 2010), which is a 157-amino-acid homotrimer protein. Its primary 

role is to set off a cascade of other inflammatory chemicals, such cytokines and 

chemokines, and this is well established. There are soluble and transmembrane forms of 

TNF-alpha. TNF-alpha-converting enzyme (TACE), a membrane-bound disintegrin 

metalloproteinase, is necessary to convert the transmembrane TNF-alpha (tmTNF-

alpha), the originally generated precursor form, into the soluble TNF-alpha (sTNF-

alpha) before it can be secreted (Jiang et al. 2017). Processing sTNF-alpha allows it to 

bind to and activate TNFR1, also known as TNFRSF1A, CD120a, and p55, and 

TNFR2, also known as TNFRSF1B, CD120b, and p75. The biological actions of 

tmTNF-alpha are predicted to be mediated mostly through TNFR2, however it also acts 

on TNFR1. TNFR1 is the primary TNF-alpha signaling receptor and is expressed in 

every human tissue. Widespread expression of TNFR2 in immune cells allows for 

specific biological responses (Morita et al. 2001). TNF-alpha is a cytokine that attaches 

to its receptors, namely TNFR1 and TNFR2, and then sends out chemical signals that 

regulate processes like inflammation and cell death. The death domain (DD) that 

interacts with the TNFR1-associated death domain (TRADD) adaptor protein is 

processed by TNFR1 upon activation by either sTNF-alpha or tmTNF-alpha 

(Pobezinskaya and Liu 2012). 
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2.3.1 TNF-alpha and myocardial infarction (MI) 

After MI, TNF-alpha has a wide range of biological actions due to its interaction with 

TNFRs. TNF-alpha induces apoptosis-related protein production (including FADD and 

TRADD) and inflammatory factor synthesis, which in turn promotes ventricular 

remodeling (Kishore et al. 2011) when it binds to TNFR1. In a cell culture system, 

TNF-alpha and TNFR1 caused the production of apoptosis-related proteins that required 

RIP1 (receptor interacting protein 1) (Çöl-Arslan and Scheidereit 2011). This effect was 

reduced when TAK1 (transforming growth factor -activated kinase-1) was active. 

Researchers discovered that the combination of TNF-alpha and TNFR1 could activate 

the NF-kappaB pathway, boost endothelial cell expression of VCAM-1 and ICAM-1, 

increase neutrophil infiltration into the infarction area, and delay the generation of toxic 

substances like superoxide and perforin, all of which adversely impacted myocardial 

contraction and recovery from MI (Jin et al. 2009). 

Inflammatory cytokines like IL-6 and IL-1 have their production suppressed when TNF-

alpha and TNFR2 work together to activate NF-kappaB. A higher level of angiogenic 

growth factor expression Myocardial infarction patients who receive VEGF and bFGF 

had better neovascularization and survival rates. The upregulation of TNFR1 has also 

been linked to downregulation of TNFR2 (Kishore et al. 2011). The DNA damage 

caused by TNF-alpha and TNFR1/2 was shown to be considerably reduced by NF-

kappaB inhibitors and IL-10 (Westbrook et al. 2012) in a variety of cell types, including 

T lymphocytes. Since TNF-alpha and TNFRs interact to generate reactive oxygen 

species (ROS), this has been hypothesized to be the mechanism of DNA damage. 

However, it remains unclear if this process is truly taking place in cardiomyocytes 

during MI. 

Increased glucose uptake, better lipid metabolism, enhanced insulin sensitivity of 

cardiomyocytes, and protection against atherosclerosis may result from the combination 

of adiponectin (produced by adipocytes) and its receptor AdipoR1 (expressed on the 

surface of cardiomyocytes). It's possible that this combination might reduce oxidative 

stress, inflammation, and apoptosis in cardiomyocytes in addition to preserving and 



13 
 

improving heart function. Adiponectin secretion is decreased during MI because both 

TNF-alpha and TNFR1 promote the secretion of ATF3 (activating transcription factor 

3), an inhibitor of adiponectin synthesis. However, when TNF-alpha is bound to 

TNFR2, it promotes adiponectin secretion. As a result, the relative levels of TNF-alpha, 

TNFR1, and TNFR2 determine the full extent of ATF3's effect on adiponectin (Wang et 

al. 2013).  

2.4 Atrial Natriuretic Peptide 

Since the atria are at a prime location to detect changes in intravascular volume, atrial 

natriuretic peptide (ANP) is a critical regulator of sodium balance and blood pressure 

(Saito, 2010). Recent studies using transgenic mice have shown the role of ANP in 

controlling sodium excretion. Increased blood pressure and a severely diminished renal 

response to fluid overload were seen in ANP gene-deficient and natriuretic peptide type 

A receptor-knockout mice (Lopez et al. 1997). Extremely high plasma levels of ANP 

are seen in patients with illnesses characterized by impaired renal sodium excretion and 

manifest volume expansion, suggesting that ANP may play a crucial role as a 

compensatory mechanism in the case of volume overload (Sagnella 1998). 

In spite of this, it has only recently been shown that ANP, BNP, and CNP all belong to 

the same family of homologous natriuretic peptides. These peptides are created during 

synthesis as large molecular weight precursors, which are then processed into their final, 

mature forms at the peptides' C-termini. The existence of a highly conserved S-S ring 

core that is 17 amino acids long is a distinguishing trait of these peptides, despite their 

unique sequences. 

An extended form of ANP consisting of 32 amino acids has also been discovered (Hsiao 

et al. 2013). This form of ANP may be distinguished from the standard form by the 

presence of an additional four amino acids in the N-terminal region. This peptide, 

urodilatin, seems to be mostly kidney-produced as opposed to ANP. Although peptide 

infusion in humans produces similar natriuretic effects as infusion of ANP, urodilatin 
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has not been found in blood and does not seem to be a component of the circulating 

natriuretic peptide system (Casanova et al. 2015). 

2.4.1 Effects of the physiological levels of atrial natriuretic peptide (ANP) on 

inflammation and myocardial infarction (MI) 

When cardiomyocytes experience ischemia due to coronary artery obstruction, they 

release atrial natriuretic peptide (ANP) quickly (McGrath and De-Bold, 2005). Because 

of its natriuretic and vasodilatory actions, ANP is crucial in maintaining normal blood 

pressure and volume (Federico, 2010). More recently, it was shown that guanylyl 

cyclase-A (GC-A), the major receptor for ANP, is expressed in immune cells and that 

ANP promotes inflammation. The cytotoxic effects of neutrophils are enhanced by 

ANP, which triggers their activation and subsequent generation of superoxide anion and 

degranulation (De-Vito et al. 2010). 

Whether or whether ANP at normal concentrations affects inflammation and MI is 

unclear. Recently, however, ANP has been given to patients with myocardial 

ischemia/infarction during coronary artery reperfusion at pharmacological or 

supraphysiological levels. Although ANP did not affect mortality in these trials 

(Kitakaze et al. 2007), it did enhance heart function 30 days after treatment by 

decreasing infarct size and LV dilation and by increasing ejection fraction by a little 

amount. Although ANP boosted coronary collateral blood flow and decreased end-

diastolic pressure, etc., in animal models, pharmaceutical dosages of ANP delivered 

after myocardial ischemia and reperfusion significantly decreased infarct size 

(Tokudome and Otani 2022). 

2.5 Troponin in Acute Myocardial Infarction 

In the early stages of acute MI, troponin is released. When cardiac troponin levels rise 

over the 99th percentile, this is considered an abnormality. When clinical myocardial 

ischemia is present, elevated troponin levels on at least one occasion are diagnostic of 
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an acute MI.5 After myocardial damage occurs, elevated troponin levels may be noticed 

as early as 3–4 hours later (Jaffe et al. 2006). Elevated troponin I and troponin T serum 

levels may be maintained for 7–10 days and 10–14 days, respectively (Bodor 2016). 

While the initial release of troponin occurs in the cytosol of cells, the continuous 

increase is due to troponin's sluggish diffusion from dissolving cardiac myofilaments 

(Mueller et al. 2013). Because of these mechanisms, the sensitivity of troponin 

increases with time. After 6 or more hours have elapsed from the commencement of 

myocardial necrosis, troponin detection is 99% sensitive (Jaffe et al. 2006). This means 

that 60 minutes after the onset of acute MI, the sensitivity is only about 90%. To 

improve clinical sensitivity for ruling in acute MI and specificity for ruling out acute 

MI, blood samples for evaluating troponin levels should be collected at presentation and 

6-9 hours later (Lenicek-Krleza et al. 2015). 

After 12 hours in the hospital, serial testing of cardiac troponins has a sensitivity of 

around 95% and a specificity of about 90% (Mann et al. 2014). Due to its strong tissue 

specificity, cardiac troponin is less likely to provide false-positive results in the context 

of concomitant skeletal muscle injury as compared to CK-MB. Evaluation of 

myocardial damage using troponin may be helpful for patients with chronic muscle 

problems, perioperative MIs, and those recovering from electrical cardioversion or acute 

cardiac trauma (Adams et al. 1994). Though cardiac troponin is very specific to its 

tissue of origin, an elevated level does not always indicate the mechanism of myocardial 

damage; if elevated troponins are seen in the absence of myocardial ischemia, other 

alternative sources of myocardial injury should be explored. 

High-sensitivity cardiac troponin tests, which may detect extremely low quantities of 

cardiac troponins owing to modifications in how the assays are conducted, have been 

developed and are still under active development in recent years. Patients with acute MI 

frequently have abnormal high-sensitivity troponins sooner than normal troponins. 

High-sensitivity troponins have this quality, allowing them to be used to rule out 

individuals with suspected ACS more rapidly and safely than with traditional troponins 

(Cullen et al. 2013). Acute versus chronic causes of high-sensitivity troponin elevations 
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are difficult to distinguish, and the optimal duration of the rule-out period for acute MI 

is unclear. These factors have prevented the widespread implementation of this assay 

(Korley and Jaffe 2013). 

Because conventional troponin assays do not reliably permit the very early (initial 1 to 2 

hours) detection of myocardial necrosis, the diagnosis of acute MI in patients presenting 

within 6 hours of symptom onset must be based on the clinical scenario, ECG findings, 

and adjunctive imaging techniques. Biomarkers verifying myocardial injury are not 

necessary before treating individuals with STEMI with reperfusion therapy (Mehta et 

al. 2005). 

Elevated troponins are not only essential for the diagnosis of NSTEMI but also for 

treatment, as they may be used to identify patients who may benefit from an early 

invasive management approach. The Treat Angina with Aggrastat and Determine Cost 

of Therapy with an Invasive or Conservative Strategy-Thrombolysis in Myocardial 

Infarction 18 (TACTICS-TIMI 18) study found that patients with any increase in 

troponin who underwent early angiography (within 4 to 48 hours) and revascularization 

(if appropriate) had approximately 55% lower odds of death or MI compared with 

patients under conservative management (Wong et al. 2002). 

2.6 Humans C-reactive protein (CRP) 

C-reactive protein (CRP) is a prominent acute phase protein in humans, with 

concentrations increasing by as much as 1,000-fold under very inflammatory 

conditions. Five identical, non-covalently bonded subunits of 206 amino acid residues 

(or around 23 kDa) make up human CRP, making it a pentameric protein. Ca2+ is 

required for the binding of human CRP to PCh. Each of the five subunits has one PCh-

binding site. Devaraj et al. (2009) found that each subunit could bind two Ca2+ ions. 

Glu81 in human CRP's PCh-binding site interacts with the PCh molecule's nitrogen 

atom, Phe66 with PCh's three methyl groups, and Thr76, critically, with making the 

pocket large enough to hold PCh. PCh's phosphate group forms a direct coordination 

pair with CRP's two Ca2+ ions. Direct Ca2+ binding to a CRP-derived synthetic peptide 
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spanning residues 134-148 has been shown. Two Ca2+ ions are coordinated in a loop by 

residues Asp60, Asn61, Glu138, Gln139, Asp140, Glu147, and Gln150, as shown by 

crystallography of CRP (Mikolajek et al. 2011). When CRP binds to a PCh-containing 

ligand, the conventional complement pathway is initiated. The development of the C1q-

binding site in CRP is dependent on the contributions of residues Asp112 and Tyr175 

(Ngwa et al. 2022). 

For CRP to bind to immobilized, denatured, and aggregated proteins, it must undergo a 

conformational change from its native pentameric state into a different pentameric 

shape termed non-native CRP when exposed to an acidic pH. It has been shown that 

CRP loses its capacity to bind to oxidized LDL (ox-LDL) at physiological pH but 

acquires it at acidic pH (Zeller et al. 2023) as an example. Like acidic pH, H2O2 is a 

modulator of the structure and ligand recognition function of CRP, since it confers a 

ligand recognition feature on H2O2-treated CRP that is absent in native CRP. Binding 

to immobilized, denatured, and aggregated proteins may also be achieved by 

immobilizing CRP or by mutation of Glu42 in the inter-subunit interaction area in 

pentameric CRP (Agrawal et al. 2014). The solitary inherently disordered region of 

CRP may serve as a binding site in non-native CRP for immobilized, denatured, and 

aggregated proteins. It has been established that when CRP dissociates into its 

monomers, the inherently disordered area of monomeric CRP serves as a receptor for 

these protein ligands (Li et al. 2016). 

Glycosylation sites are present in human CRP, although they are not readily apparent in 

native CRP (Jasensky et al. 2014). C-reactive protein (CRP) was discovered to be 

differently glycosylated when extracted from individuals with six distinct clinical 

diseases. Glycosylated human CRP is lacking a few amino acids at the N-terminus and a 

few amino acids at the C-terminus. Two putative sites of glycosylation, positioned on 

the face of CRP opposite the PCh-binding face, are exposed when these peptides are 

cleaved off CRP. Glycosylated C-reactive protein (CRP) may have a preventive effect 

in illnesses by facilitating the removal of damaged erythrocytes (Pathak and Agrawal 

2019). 
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2.6.1 C-reactive protein and acute myocardial infarction 

The inflammatory marker high-sensitivity C-reactive protein (hs-CRP) is one of 

numerous circulating biomarkers for atherosclerotic inflammation, and it has been the 

subject of much research for use in cardiovascular risk stratification (Shrivastava et al. 

2015). In the early stages of acute myocardial infarction (Suleiman et al. 2006), a sharp 

increase in hs-CRP is caused by an initial inflammatory response triggered by 

myocardial necrosis superimposed on preexisting atherosclerotic inflammation. An 

elevated hs-CRP following AMI has been shown to be an independent predictor of both 

short- and long-term adverse cardiovascular outcomes (He et al. 2010). Although hs-

CRP levels are typically reduced over the subsequent several weeks after AMI, 

particularly in patients undergoing successful percutaneous coronary intervention (PCI), 

the duration of the prognostic effect for predicting future adverse outcome by baseline 

hs-CRP has not been clearly defined (Sánchez et al. 2006). 

The use of statins has been shown to reduce cardiovascular risk in a variety of people 

(Baigent et al. 2010). Independent of its lipid-lowering effects, statin's anti-

inflammatory activity has a significant impact in decreasing cardiovascular risk (Mihos 

et al. 2014). High-intensity statin usage is advised for secondary prevention after AMI, 

and it is well established that lowering hs-CRP levels with statin medication leads to 

considerable improvements in clinical outcomes (Kawada-Watanabe et al. 2020). The 

use of statins is associated with lower levels of hs-CRP, and a greater drop in levels is 

anticipated with the use of higher intensity medication (Kang et al. 2019). It is uncertain 

if the use of high-intensity statin may make a further impact on the prognostic effects of 

baseline hs-CRP, but it is obvious that the larger anti-inflammatory activity produced by 

higher intensity statin therapy has a considerable influence in improving prognosis after 

AMI. Furthermore, the predictive impact of baseline hs-CRP is no longer apparent, and 

it is unclear if the therapeutic benefit of high-intensity statin therapy continues to be 

consistent. 



19 
 

2.7 Creatine Kinase  

Skeletal muscle, heart, and the brain have the highest concentrations of the intracellular 

enzyme creatine kinase (CK), originally known as creatine phosphokinase 

(Vishawanath et al. 2023). 

When cell membranes are damaged, whether by hypoxia or injury, CK is released from 

the cytosol and circulates throughout the body. This fact has led to the adoption of CK 

serum levels as a sensitive but generic indicator of myocardial infarction. Due of CK's 

widespread presence in tissues outside the heart, its specificity is low. 

There is no universally accepted reference value for serum CK since there are so many 

different test techniques currently in use. Using the approach used and the ranges for 

healthy controls, normal values are best established at the regional level. International 

units per liter are used to represent the values (Kazak and Cohen 2020). 

The two subunits of CK, M and B, form a dimeric molecule. The isoenzymes CK-MM, 

CK-MB, and CK-BB are all composed of different combinations of these subunits. 

Myocardial cells have a high quantity of the CK-MB isoenzyme, and the detection of 

increased CK-MB levels in blood is a highly specific and sensitive indicator of 

myocardial cell wall damage. Serum CK-MB levels should typically hover around 3–

5% (as a proportion of total CK) or 5–25 IU/L (Fraga et al. 2022). 

2.8 Lactate Dehydrogenase 

One of the most crucial enzymes in the anaerobic metabolic pathway is called lactate 

dehydrogenase (LDH). It is categorized as an oxidoreductase. This enzyme reduces 

NAD+ to NADH, allowing lactate to be converted into pyruvate, and vice versa 

(Farhana and Lappin 2022). The enzyme may be found in a wide range of plant and 

animal species. It is found in every organ and plays a critical role in regulating DNA 

synthesis and gluconeogenesis. The amino acid sequence of LDH is highly conserved, 
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showing just a few variations across species (Ghaffari et al. 2022). Modifying the 

enzyme's catalytic potential and expression is made easier by the fact that identical 

structures may be derived from a small number of different amino acids. The LDH 

enzyme's biochemical role, diagnostic procedures, and clinical significance will be 

discussed in this article. 

2.9 Obesity and Acute Myocardial Infarction 

The incidence of obesity is rising not only among adults but also among young people 

(Shiraishi et al. 2006), and it is now recognized that adult obesity is a risk factor for 

coronary heart disease (CHD) (Zhu et al. 2014). Recent research has linked obesity with 

coronary atherosclerosis in young male adults, especially those with a central pattern of 

adiposity, but found minimal link between the two in young female individuals (Wang 

et al. 2016). Another recent study (Marinou et al. 2010) links obesity and its underlying 

metabolic abnormalities (i.e., metabolic syndrome) to an early atherosclerotic change in 

adolescents. Although our recent work showed that younger patients with AMI had a 

greater BMI compared to older patients6, it is still unclear whether or whether obesity is 

a risk factor for CHD Circulation in young individuals. 
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3. MATERIALS AND METHODS 

3.1 Design of Study 

In the emergency rooms and coronary care units of multiple Baghdad hospitals, 80 

consecutive patients with AMI were evaluated. Prolonged chest pain, serial changes on 

a standard 12-lead electrocardiogram, and an elevated serum creatine kinase (CK) level 

(greater than twice the upper limit of normal value measured in a biochemical 

laboratory) were all used as diagnostic hallmarks for acute myocardial infarction. 

Aspirin (200 mg/day) was the only anti-inflammatory medication used by any of the 

patients. There were 80 healthy volunteers in the control group. 

The study was divided into two groups: 

❖ Group A: 80 with myocardial infarction (Patient group) 

❖ Group B: 80 without myocardial infarction (Control group) 
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Figure 3.1 Scheme of the study plan 

3.2 Excluded Samples 

Patients or controls in the present research did not have to be free of neoplastic illness, 

infection, autoimmune disease, or a recent surgical treatment. Those who had recently 

had a myocardial infarction and were getting treatment were not included. 

3.3 Sample Collection 

Patients with myocardial infarction had 5 ml of blood extracted from a vein, put in a gel 

tube, and centrifuged at 3500 rpm for 6 minutes to gather samples from various areas of 

Baghdad, Iraq. After that, 3 Eppendorf tubes were filled with the serum that had been 

extracted. The gel tubes were smashed to pieces thereafter. The Eppendorf tubes were 

then chilled to -20 degrees Celsius in a refrigerator. 

Study

TNF-alpha Troponin ANP
Lactate 

Dehydrogenase
CRP Creatine Kinase

80 with myocardial 
infarction

80 without 
myocardial 
infarction
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3.4 Martial 

3.4.1 Devices and tools 

Origin had all the necessary gadgets and tools for this investigation. Table 2.1 shows the 

results. 

Table 3.1 Lest of devices and tools used 

NO. Devices And Instruments Origin 

1 1 mL pipette tips china 

2 Pipette Tips china 

3 Autoclave Japan 

4 Micropipettes (100-1000µL), (5-50µL), (20-200µL), (2-20µL) Slamed / Germany 

5 ELISA reader Biotech /USA 

6 Spectrometer Varian/Austria 

7 Incubator 
Fisher 

Scient./Germany 

8 ELISA washer Biotech /USA 

9 Deep Freeze Germany 

10 Water bath GFL / Germany 

11 Pipette Tips Yellow china 

12 Distiller Germany 

13 Cobas C111 Germany 

14 Gel Tubes china 

15 Eppendorf tube (1.5mL) china 

16 0.01 mL pipette tips china 

17 Pipette Tips Blue China 

18 Centrifuge Germany 
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3.5 Methods 

3.5.1 Human TNF-alpha (tumor necrosis factor alpha) ELISA kit 

Catalog No: MBS2502004  

Specification:  

• Sensitivity: 4.69pg/mL.  

• Detection Range: 7.81-500pg/mL  

• Specificity: Human TNF-alpha may be detected using this kit. Human TNF-alpha 

showed no evidence of cross-reactivity or interaction with analogues.  

• Repeatability: Coefficient of variation 

Test principle: This ELISA kit is based on the sandwich ELISA method. The Human 

TNF-alpha antibody is pre-coated on a micro ELISA plate included in this kit. Micro 

ELISA plates include wells for combining standards or samples with the appropriate 

antibody. After incubating the microplate wells with a biotinylated detection antibody 

specific for Human TNF-alpha, we use an Avidin-Horseradish Peroxidase (HRP) 

combination. All the loose stuff is flushed down the drain. The substrate solution is 

individually dispensed into each well. The blue staining in the wells is achieved with the 

addition of human tumor necrosis factor alpha, a biotinylated detection antibody, and an 

Avidin-HRP conjugate. When the enzyme-substrate reaction is stopped by adding the 

stop solution, the color becomes yellow. The optical density (OD) is measured at a 

wavelength of 450 nm 2 nm using spectrophotometry. Optical density is associated with 

the levels of human tumor necrosis factor alpha. The concentration of Human TNF-

alpha in samples may be calculated by plotting their optical densities (ODs) against 

those of the standard curve. 
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3.5.2 Human atrial natriuretic peptide (ANP) ELISA kit 

Cat No. MBS264010 

• Detection range: 1000 pg/mL-15.6 pg/mL 

• Sensitivity: The minimum detectable Human ANP up to 5 pg/mL. 

• Recovery: 70 - 110 percent. 

• Specifications: 96T. 

Test principle: As was mentioned before, this kit uses the Double Antibody Sandwich 

ELISA technique. In contrast to the anti-Human ANP monoclonal antibody used for 

capture, which is biotinylated, the polyclonal antibody used for capture is biotinylated. 

Wells in an ELISA plate allow for the addition of samples and biotinylated antibodies 

before being cleaned in PBS or TBS. Avidin-peroxidase conjugates are then added to 

the wells. TMB substrate is used to dye the wells after PBS or TBS has been used to 

remove the enzyme conjugate. TMB reacts as a consequence of peroxidase activity, 

creating a blue product that is converted to yellow by the addition of a stop solution 

(Color Reagent C). The concentration of the analyte of interest correlates positively 

with the intensity of the color. 

3.5.3 Cobas CRP test 

The premise of the test involves centrifuging a sample of capillary or venous blood to 

separate the erythrocytes from the plasma. The plasma sample is then diluted with 

HEPES buffer before being added to a reaction chamber containing CRP antibody latex 

reagent. Diluted plasma containing CRP binds to a latex particle coated with an 

antibody specific to CRP. CRP concentration is determined by measuring the degree of 

agglutination, which is proportional to the change in absorbance at 525 nm and 625 nm. 
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3.5.4 Roche troponin T 

The Roche CARDIAC POC Troponin T test works on the basis of two monoclonal 

antibodies, one gold-labelled and the other biotinylated, that recognize cardiac troponin 

T (cTnT). Antibodies in the blood combine with cTnT to create a sandwich-like 

complex. After erythrocytes are removed and the plasma flows through the detecting 

zone where the gold-labelled cTnT sandwich complexes gather, a positive signal is 

detected as a red line (the signal line) in the assay. Assay validity is shown by the 

accumulation of gold-labeled antibodies in the control line. As troponin T levels rise, so 

does the strength of the signal line. The instrument's optical system picks up on the 

presence of both lines, and the signal line's strength is then quantified. The inbuilt 

software takes the raw signal strength and displays a numerical value. 

Calculation: Each sample's concentration is determined mechanically by the 

equipment. The Roche CARDIAC POC Troponin T test provides a quantitative reading 

after a response time of 12 minutes. Furthermore, sample detection takes around 2 

minutes. 

3.5.5 Roche aspartate aminotransferase 

Cat No. 20764949322 

The principle: Procedure following the IFCC guidelines, excluding the use of pyridoxal-

5-phosphate. L-aspartate and 2-oxoglutarate undergo amino group transfer catalyzed by 

AST in the sample, resulting in oxaloacetate and L-glutamate. In the presence of malate 

dehydrogenase (MDH), the oxaloacetate interacts with NADH to produce NAD+. 

3.6 Statistical Analysis 

Data analysis was performed using SPSS26.0 software. The Excel program was used to 

draw the curves of the parameters of this study. Spearman or Pearson tests were used to 
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perform correlation analyses. Measurement data are expressed as (x ± s), and t-tests 

were used for comparisons between groups. Stepwise logistic regression analysis was 

performed to examine the relevant parameters and independent risk factors. Differences 

with the P value. 
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4. RESULTS AND DISCUSSION 

4.1 Descriptive Data 

In Table 4.1 the age and BMI of myocardial infraction patients and controls are listed 

in values of mean and standard deviation for total subjects, and males and females 

separately. 

Table 4.1 Age and BMI of myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

Age 

Total 43.81±9.34 45.51±10.89 0.291 

Male 43.08±9.20 45.03±10.80 0.387 

Female 44.55±9.53 46.00±11.09 0.532 

BMI (kg/m2) 

Total 24.77±2.53 24.86±2.30 0.814 

Male 24.79±2.59 24.99±2.14 0.703 

Female 24.75±2.50 24.73±2.47 0.967 

 

As shown in Table 4.1, the age of the total subjects (males and females) was non-

significantly (P>0.05) different in myocardial infraction patients (45.51±10.89 year) 

compared to controls (43.81±9.34 year), which is graphically demonstrated in Figure 

4.1. 
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Figure 4.1 Graphic presentation of age comparison between myocardial infraction 

patients and controls 

As shown in Table 4.1, the age of the male subjects was non-significantly (P>0.05) 

different in myocardial infraction patients (45.03±10.80 year) compared to controls 

(43.08±9.20 year), which is graphically demonstrated in Figure 4.2. 

 

Figure 4.2 Graphic presentation of age comparison between male myocardial 

infraction patients and male controls 
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As shown in Table 4.1, the age of the female subjects was non-significantly (P>0.05) 

different in myocardial infraction patients (46.00±11.09 year) compared to controls 

(44.55±9.53 year), which is graphically demonstrated in Figure 4.3. 

 

Figure 4.3 Graphic presentation of age comparison between female myocardial 

infraction patients and female controls 

As shown in Table 4.1, the BMI of the total subjects (males and females) was non-

significantly (P>0.05) different in myocardial infraction patients (24.86±2.30 kg/m2) 

compared to controls (24.77±2.53 kg/m2), which is graphically showed in Figure 4.4. 

 

Figure 4.4 Graphic presentation of BMI comparison between myocardial infraction 

patients and controls 
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As shown in Table 4.1, the BMI of the male subjects was non-significantly (P>0.05) 

different in myocardial infraction patients (24.99±2.14 kg/m2) compared to controls 

(24.79±2.59 kg/m2), which is graphically demonstrated in Figure 4.5. 

 

Figure 4.5 Graphic presentation of BMI comparison between male myocardial 

infraction patients and male controls 

As shown in Table 4.1, the BMI of the female subjects was non-significantly 

(P>0.05) different in myocardial infraction patients (24.73±2.47 kg/m2) compared to 

controls (24.75±2.50 kg/m2), which is graphically demonstrated in Figure 4.6. 

 

Figure 4.6 Graphic presentation of BMI comparison between female myocardial 

infraction patients and female controls 
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4.2 C-Reactive Protein 

In Table 4.2 the CRP levels of myocardial infraction patients and controls are listed 

in values of mean and standard deviation for total subjects, and males and females 

separately. 

Table 4.2 CRP level in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

CRP (mg/L) 

Total 7.11±2.30 15.90±9.75 <0.001 

Male 7.53±2.35 11.70±5.83 <0.001 

Female 6.70±2.19 19.84±11.26 <0.001 

 

As shown in Table 4.2, the CRP level of the total subjects (males and females) was 

significantly (P<0.05) different (higher) in myocardial infraction patients 

(15.90±9.75 mg/L) compared to controls (7.11±2.30 mg/L), which is graphically 

demonstrated in Figure 4.7. 

 

Figure 4.7 Graphic presentation of CRP comparison between myocardial infraction 

patients and controls 
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As shown in Table 4.2, the CRP level of the male subjects was significantly (P<0.05) 

different (higher) in myocardial infraction patients (11.70±5.83 mg/L) compared to 

controls (7.53±2.35 mg/L), which is graphically demonstrated in Figure 4.8. 

 

Figure 4.8 Graphic presentation of CRP comparison between male myocardial 

infraction patients and male controls 

As shown in Table 4.2, the CRP level of the female subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (19.84±11.26 mg/L) 

compared to controls (6.70±2.19 mg/L), which is graphically demonstrated in Figure 

4.9. 

 

Figure 4.9 Graphic presentation of CRP comparison between female myocardial 

infraction patients and female controls 
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4.3 Troponin t 

In Table 4.3 the troponin t levels of myocardial infraction patients and controls are 

listed in values of mean and standard deviation for total subjects, and males and 

females separately. 

Table 4.3 troponin t level in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

Troponin t (ng/L) 

Total 6.23±2.74 79.40±21.61 <0.001 

Male 6.98±3.11 84.08±23.59 <0.001 

Female 5.49±2.10 74.73±18.57 <0.001 

 

As shown in Table 4.3, the troponin level of the total subjects (males and females) 

was significantly (P<0.05) different (higher) in myocardial infraction patients 

(79.40±21.61 ng/L) compared to controls (6.23±2.74 ng/L), which is graphically 

demonstrated in Figure 4.10. 

 

Figure 4.10 Graphic presentation of troponin t comparison between myocardial 

infraction patients and controls 
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As shown in Table 4.3, the troponin level of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (84.08±23.59 ng/L) 

compared to controls (6.98±3.11 ng/L), which is graphically shown in Figure 4.11. 

 

Figure 4.11 Graphic presentation of troponin t comparison between male myocardial 

infraction patients and male controls 

As shown in Table 4.3, the troponin level of the female subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (74.73±18.57 ng/L) 

compared to controls (5.49±2.10 ng/L), which is graphically shown in Figure 4.12. 

 

Figure 4.12 Graphic presentation of troponin t comparison between female 

myocardial infraction patients and female controls 
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4.4 Tumor Necrosis Factor Alpha 

In Table 4.4 the TNFalpha levels of myocardial infraction patients and controls are 

listed in values of mean and standard deviation for total subjects, and males and 

females separately. 

Table 4.4 TNFalpha level in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

TNFalpha (pg/mL) 

Total 78.53±32.30 253.95±119.48 <0.001 

Male 79.22±34.61 236.24±111.23 <0.001 

Female 77.83±30.24 271.67±126.10 <0.001 

 

As shown in Table 4.4, the TNFalpha level of the total subjects (males and females) 

was significantly (P<0.05) different (higher) in myocardial infraction patients 

(253.95±119.48 pg/mL) compared to controls (78.53±32.30 pg/mL), which is 

graphically demonstrated in Figure 4.13. 

 

Figure 4.13 Graphic presentation of TNFalpha comparison between myocardial 

infraction patients and controls 

0

50

100

150

200

250

300

350

400

Control MI Patients

T
N

F
α



37 
 

As shown in Table 4.4, the TNFalpha level of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (236.24±111.23 pg/mL) 

compared to controls (79.22±34.61 pg/mL), which is graphically demonstrated in 

Figure 4.14. 

 

Figure 4.14 Graphic presentation of TNFalpha comparison between male 

myocardial infraction patients and male controls 

As shown in Table 4.4, the TNFalpha level of the female subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (271.67±126.10 pg/mL) 

compared to controls (77.83±30.24 pg/mL), which is graphically demonstrated in 

Figure 4.15. 

0

50

100

150

200

250

300

350

400

Control MI Patients

T
N

F
α



38 
 

 

Figure 4.15 Graphic presentation of TNFalpha comparison between female 

myocardial infraction patients and female controls 

4.5 Arterial Natriuretic Peptide 

In Table 4.5 the ANP levels of myocardial infraction patients and controls are listed 

in values of mean and standard deviation for total subjects, and males and females 

separately. 

Table 4.5 ANP level in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

ANP (pg/mL) 

Total 4.38±3.10 6.18±5.30 0.010 

Male 4.40±2.76 6.67±5.68 0.026 

Female 4.36±3.44 5.70±4.91 0.162 

 

As shown in Table 4.5, the ANP level of the total subjects (males and females) was 

significantly (P<0.05) different (higher) in myocardial infraction patients (6.18±5.30 
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pg/mL) compared to controls (4.38±3.10 pg/mL), which is graphically demonstrated 

in Figure 4.16. 

 

Figure 4.16 Graphic presentation of ANP comparison between myocardial infraction 

patients and controls 

As shown in Table 4.5, the ANP level of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (6.67±5.68 pg/mL) 

compared to controls (4.40±2.76 pg/mL), which is graphically demonstrated in 

Figure 4.17. 

 

Figure 4.17 Graphic presentation of ANP comparison between male myocardial 

infraction patients and male controls 
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As shown in Table 4.5, the ANP level of the male subjects was non-significantly 

(P>0.05) different in myocardial infraction patients (5.70±4.91 pg/mL) compared to 

controls (4.36±3.44 pg/mL), which is graphically demonstrated in Figure 4.18. 

 

Figure 4.18 Graphic presentation of ANP comparison between female myocardial 

infraction patients and female controls 

4.6 Creatine Kinase 

In Table 4.6 the CK activity of myocardial infraction patients and controls are listed 

in values of mean and standard deviation for total subjects, and males and females 

separately. 

Table 4.6 CK activity in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

CK (U/L) 

Total 87.70±25.45 407.89±108.79 <0.001 

Male 94.99±24.08 397.26±99.24 <0.001 

Female 80.40±24.97 418.51±117.87 <0.001 
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As shown in Table 4.6, the CK activity of the total subjects (males and females) was 

significantly (P<0.05) different (higher) in myocardial infraction patients 

(407.89±108.79 U/L) compared to controls (87.70±25.45 U/L), which is graphically 

demonstrated in Figure 4.19. 

 

Figure 4.19 Graphic presentation of CK comparison between myocardial infraction 

patients and controls 

As shown in Table 4.6, the CK activity of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (397.26±99.24 U/L) 

compared to controls (94.99±24.08 U/L), which is graphically demonstrated in 

Figure 4.20. 
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Figure 4.20 Graphic presentation of CK comparison between male myocardial 

infraction patients and male controls 

As shown in Table 4.6, the CK activity of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (418.51±117.87 U/L) 

compared to controls (80.40±24.97 U/L), which is graphically demonstrated in 

Figure 4.21. 

 

Figure 4.21 Graphic presentation of CK comparison between female myocardial 

infraction patients and female controls 
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4.7 Lactate Dehydrogenase 

In Table 4.7 the LDH activity of myocardial infraction patients and controls are 

listed in values of mean and standard deviation for total subjects, and males and 

females separately. 

Table 4.7 LDH activity in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

LDH (U/L) 

Total 169.41±52.67 231.72±89.58 <0.001 

Male 164.83±42.35 244.63±112.66 <0.001 

Female 173.99±61.50 218.82±56.73 0.001 

 

As shown in Table 4.7, the LDH activity of the total subjects (males and females) 

was significantly (P<0.05) different (higher) in myocardial infraction patients 

(231.72±89.58 U/L) compared to controls (169.41±52.67 U/L), which is graphically 

demonstrated in Figure 4.22. 

 

Figure 4.22 Graphic presentation of LDH comparison between myocardial infraction 

patients and controls 
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As shown in Table 4.7, the LDH activity of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (244.63±112.66 U/L) 

compared to controls (164.83±42.35 U/L), which is graphically demonstrated in 

Figure 4.23. 

 

Figure 4.23 Graphic presentation of LDH comparison between male myocardial 

infraction patients and male controls 

As shown in Table 4.7, the LDH activity of the female subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (218.82±56.73 U/L) 

compared to controls (173.99±61.50 U/L), which is graphically demonstrated in 

Figure 4.24. 

 

Figure 4.24 Graphic presentation of LDH comparison between female myocardial 

infraction patients and female controls 
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4.8 Aspartate Aminotransferase 

In Table 4.8 the AST activity of myocardial infraction patients and controls are listed 

in values of mean and standard deviation for total subjects, and males and females 

separately. 

Table 4.8 AST activity in myocardial patients and controls 

VARIABLES CONTROL 

MYOCARDIAL 

INFRACTION 

PATIENTS 

P-VALUE 

LDH (U/L) 

Total 19.18±4.87 70.74±14.93 <0.001 

Male 17.98±3.49 68.52±9.15 <0.001 

Female 20.37±5.73 72.97±18.91 <0.001 

 

As shown in Table 4.8, the AST activity of the total subjects (males and females) 

was significantly (P<0.05) different (higher) in myocardial infraction patients 

(70.74±14.93 U/L) compared to controls (19.18±4.87 U/L), which is graphically 

demonstrated in Figure 4.25. 

 

Figure 4.25 Graphic presentation of AST comparison between myocardial infraction 

patients and controls 
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As shown in Table 4.8, the AST activity of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (68.52±9.15 U/L) 

compared to controls (17.98±3.49 U/L), which is graphically demonstrated in Figure 

4.26. 

 

Figure 4.26 Graphic presentation of AST comparison between male myocardial 

infraction patients and male controls 

As shown in Table 4.8, the AST activity of the male subjects was significantly 

(P<0.05) different (higher) in myocardial infraction patients (72.97±18.91 U/L) 

compared to controls (20.37±5.73 U/L), which is graphically shown in Figure 4.27. 

 

Figure 4.27 Graphic presentation of AST comparison between female myocardial 

infraction patients and female controls 
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4.9 Correlation 

Table 4.9 demonstrates the observed correlations among the used variables in this 

study by the mean of Pearson’s factor. 

Table 4.9 Correlations of the variables used in the study 

VARIABLE 
TNFalpha ANP CK 

r P r P r P 

ANP -0.133 0.238 - - -0.219 0.051 

CK 0.244* 0.029 -0.219 0.051 - - 

Age 0.150 0.183 -0.018 0.871 0.135 0.231 

BMI -0.160 0.156 0.014 0.899 -0.011 0.924 

CRP 0.205 0.068 -0.062 0.584 0.054 0.635 

Troponin t 0.034 0.766 -0.185 0.100 0.518* 0.0001 

LDH 0.156 0.168 0.165 0.144 -0.018 0.876 

AST -0.115 0.310 0.055 0.627 -0.081 0.476 

 

The patients who suffer from myocardial infraction disease were exhibited a positive 

correlation between TNFalpha and CK, and between Troponin t and CK, as shown in 

Figure 4.28. 

 

Figure 4.28 Correlation of variables in myocardial patients of this study 
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4.10 Receiver Operating Characteristics 

Table 4.10 demonstrates the observed sensitivities among the used variables in this 

study by the mean of area under the curve (AUC). 

Table 4.10 Correlations of the variables used in the study 

Variables AUC SE P-VALUE 

TNFalpha 0.971 0.011 0.0001 

ANP 0.597 0.046 0.035 

CK 1.00 <0.001 0.0001 

 

In order to determine the sensitivities of TNFalpha, ANP and CK, the ROC analysis 

was used. TNFalpha has shown excellent sensitivity for the prognosis of myocardial 

infraction disease, ANP was failed in the prognosis of myocardial disease, while CK 

activity was shown very excellent sensitivity in the prognosis of myocardial 

infraction disease as shown in Figure 4.29. 

 

Figure 4.29 ROC analysis diagram of TNFalpha (blue), ANP (pink), and CK (green) 

in the prognosis of myocardial infraction disease. 
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5. DISCUSSION 

Myocardial infraction was investigated for the fluctuations of systemic creatine kinase, 

tumor necrosis factor alpha, troponin t, and other biomarkers for the sensitivity of its 

diagnosis and the physiological effects. Wide spectrum of participants was included in 

this study (160 subject) with comparable age and BMI.  

The level of CRP was increased significantly in both males and females with 

myocardial infraction. It has been used extensively as indicator for increased 

inflammatory processes and cardiovascular problems (McFadyen et al. 2020), and has 

been suggest for the diagnosis of myocardial infraction (Zebrack et al. 2002). Acute 

myocardial infarction causes an inflammatory response that continues for weeks or 

months; individuals with big infarcts and significant baseline inflammation seem to 

have a more severe mid-term inflammatory response (Rencuzogullari et al. 2019). Thus, 

it leads to an increase in the level of circulating CRP. Mastella et al. have reported that 

CRP increases the damage of myocardial and it corresponds with the decrease of high-

density lipoprotein (Mastella et al. 2009).  

Furthermore, both CK and troponin t were increased significantly and correlated to each 

other in myocardial infraction patients. According to Al-Mahdawi's research (Al-

Mahdawi, 2008), myocardial patients had significantly higher CK activity compared to 

the control group and to patients with other cardiovascular disorders. Consistent with 

these findings, Ewadh et al. (2006) found an elevation in total CK and CK-MB activity 

in patients with myocardial disease. Measurements of cardiac troponin taken during the 

plateau period (48-72 hours following the beginning of MI symptoms) are correlated 

with infarct size as indicated by magnetic resonance imaging (Jenča et al. 2021). Kasar 

et al. have reported significant increase of troponin t in the circulation occurring in 

myocardial infraction patients. The authors have stated that troponin t is a reliable 

biomarker for the diagnosis and monitoring myocardial infraction patients from time of 

symptoms onset to the recovery time (Kasar et al. 2022). 
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The level of ANP was increased significantly in male (but not female) myocardial 

infraction patients. Natriuretic peptides have been linked to heart dysfunction and 

infarct size. The pattern of the increase in natriuretic peptides is also connected with 

negative outcomes, not only its absolute level. Patients with myocardial infarction may 

see an increase in brain natriuretic peptide levels, with some experiencing a monophasic 

pattern with a peak 16 hours after admission and others experiencing a biphasic pattern 

with a second peak 5 days later (McFadyen et al. 2020). Arakawa et al. (1994) have 

reported significant increase of BNP in the circulation of myocardial infraction patients 

(Arakawa et al. 1994). Muders et al. have reported significant increase of ANP in 

myocardial infraction patients. The authors have shown that the increase of plasma ANP 

level related to enhancing left ventricular dysfunction (Muders et al. 1997).  

The patients with myocardial infraction have shown significant increase of TNFalpha, 

and also it was positively correlated with CK. The correlation between these two 

biomarkers may indicate a strong relationship between TNFalpha and myocardial 

infraction. Have reported that TNFalpha can raise during myocardial infraction leading 

to enhancing the inflammatory processes (Frangogiannis et al. 2002). Have reported 

that TNFalpha level and expression were increased significantly in myocardial 

infraction patients, and it can lead to heart failure in these patients (Kaur et al. 2006). 

Have shown that TNFalpha has significant role in the pathophysiology and worsening 

of myocardial infraction patients by increasing the inflammatory pathways (Tian et al. 

2015). 

At last, the activities of both LDH and AST were increased in myocardial infraction 

patients. Sobel and Shell have reported significant increase in the activity of LDH in 

myocardial infraction patients (Sobel and Shell, 1972). Have reported significant 

increase of LDH activity in the serum of myocardial infraction patients (Al-Salih et al. 

2010), which agreed with the current results. Al-Mahdawi reported significant increase 

in the activity of LDH and AST in myocardial patients compared to the control of its 

study (Al-Mahdawi, 2008). 
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6. CONCLUSIONS AND RECOMMENDATION  

6.1 Conclusions 

1) Myocardial infraction patients have shown significant increase of CRP in both 

males and females. 

2) The level of ANP was increased only in male myocardial infraction patients, 

indicating a probable gender related effect. 

3) TNFalpha was increased significantly in myocardial infraction patients, and 

correlated strongly with CK activity which suggest a strong influence of TNFalpha 

on the pathophysiology of myocardial infraction. 

4) Troponin t level and CK activity were both increased in myocardial infraction 

patients and prove their sensitivity in the prognosis of this disease. 

5) The activities of LDH and AST were increased significantly in myocardial 

infraction patients compared to controls. 

6) TNFalpha can be used as an excellent sensitive biomarker for myocardial infraction 

prognosis, while ANP has failed to become one. 

6.2 Recommendations 

1) Continuous prognosis of the inflammatory condition in myocardial infraction 

patients from the onset of the symptoms to weeks after this period. 

2) Studying the effect of TNFalpha in heart failure patients and its correlation with 

serum vitamins. 

3) Evaluating the level of ANP at different time intervals in myocardial infraction 

patients.    
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