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Abstract

ABSTRACT

Myocardial infarction (MI), also known as heart attack, is caused by reduced or
complete cessation of blood flow to the part of myocardium. MicroRNAs (miRNAs)
are key regulators in various cellular mechanisms and have the potential to be used as
diagnostic markers in certain diseases such as MI, atherosclerosis, heart failure
coronary artery disease, hypertrophy and fibrosis. The present research was conducted
to study the early diagnostic potential of circulatory miRNAs which were dysregulated
in MI patients and isoproterenol induced MI rat model. The expression of miRNA-1
and miRNA-15a was markedly upregulated in the blood of MI patients while the
expression of miRNA-98 was significantly downregulated in MI patients’ ‘blood and
isoproterenol induced MI rats’ blood and tissue. By using bioinformatics tool,
TargetScan, it was confirmed that NFATC3, BCL2 and ET-1 were the putative targets
of miRNA-1, miRNA-15a and miRNA-98, respectively. The decreased levels of
NFATC3 and BCL2 in circulation were confirmed by qRT-PCR. In blood, the
increased level of ET-1 and its downstream targets ANP and BNP were confirmed by
qRT-PCR. The increased protein expressions of NFATC3 and ET-1 in tissue and serum
sample were evaluated by western blotting in isoproterenol induced MI rat model. The
toxic potential of isoproterénol for MI induction in rat was confirmed by disrupted heart
tissue histology, increased reactive oxygen species (ROS) and decreased antioxidative
enzymes such as super oxide dismutase (SOD), catalase (CAT), peroxidase (POD),
reduced glutathione (GSH) and ascorbate peroxidase (APX) in rat serum and tissue
homogenates samples. In serum samples, the liver function tests and lipid profiling
were.also done to check the elevated levels of enzymes in isoproterenol induced MI rat
model. Concludingly, this study provides future insights for miRNA research that will

advance the development of diagnostic markers for the early detection of MI in patients.

viil



Chapter 1 Introduction

1 INTRODUCTION

1.1 Cardiovascular Diseases

Cardiovascular system comprises of heart and blood vessels. Cardiovascular diseases
(CVDs) are heart and blood vessel abnormalities that affect the morphology and
functionality of the heart. These are the leading cause of mortality globally.
Cardiovascular disease comprises various disorders such as atherosclerosis and other
subtypes leading to myocardial infarction, cardiac ischemia, arterial thrombosis, heart
failure and arrhythmia (Corday, 2018). All these diseases represent specific cellular and
molecular feature including apoptosis, DNA damage, mitochondrial damage and

oxidative stress (Chiuve et al., 2014).

1.2 Prevalence

Cardiovascular diseases are the major causes of death worldwide. According to World
Health Organization (WHO) report, in 2019, it has been evaluated that 17.9 million
deaths were reported due to cardiovascular diseases, depicting 32% of all deaths
worldwide as shown in Figure 1.1. Out of all these deaths, 85% of cardiovascular
patients died due to stroke and heart attack. About 3/4 of deaths take place in middle-
income and low-income countries. It has been reported that in 2019, out of 17 million
deaths under the age of 70 were due to long-term diseases, 38% of deaths were caused
by cardiovascular diseases (Cardiovascular Diseases (CVDs), 2021). Out of 87% of
cardiovascular diseases deaths, 47% of deaths were due to ischemic heart disease and

40% of deaths were due to stroke (Dong Zhao, 2021).

Compared with 2010, an increase of 26.6% was estimated in 2019 in which there are
more than 523.2 million cases of CVDs (“Heart Disease and Stroke Statistics-2021
Update A Report from the American Heart Association,” 2021). In the beginning of the
20™ century, CVDs were responsible for lesser than 10% of the mortality globally.
Cardiovascular diseases cause 30% of deaths worldwide (T. A. Gaziano, 2005). The
Asian people are more vulnerable to myocardial infarction (Joshi et al., 2007; Kearney
et al., 2005). It has been estimated that myocardial infarction is 50% greater in South
Asian population than in UK (Bellary et al,, 2010). In Pakistan there is high prevalence
of myocardial infarction risk factors, a study reported that more than 30% of people

over 45 years of age are more affected by this disease (T. A. Gaziano et al., 2010).
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Figure 1.1 Comparison of CVDs with other causes of death (Adapted from Roth et
al., 2020)

1.3 Myocardial Infarction

Myocardial infarction (MI) occurs when flow of blood to the portion of heart is reduced
or completely stopped. MI may remain silent but it can lead to severe hemodynamic
deterioration and sudden death (Thygesen ef al; 2012). MI may be the first symptom
of coronary artery blockage resulting in the deprivation of oxygen in the myocardium
as shown in Figure 1.2. Protracted distress of oxygen supply to the cardiac muscle can
eventually result in cardiac cell death and necrosis (Reimer ef al, 1983). MI is cell
death of cardiac cells caused by reduced supply of oxygen, which occurred due to the

imbalance of oxygen supply and demand.

Figure 1.2 Myocardial Infarction (Thygesen et al., 2018)
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1.4 Diagnosis of Myocardial Infarction

AMI is myocardium cell death which occurred due to the acute occlusion of coronary
artery. Myocardial infarction can be diagnosed by serial electrocardiograms (ECGs),
variation in ST segment representing cardiac pathology, serum analysis of cardiac
markers and coronary angiography. Blood test serves as an important clinical way for
disease diagnosis (Cohen et al., 2018; Nakamura et al., 2018), as they are more accurate
and convenient comparative to the conventional methods such as ECG and physical

examination (Chaudhury et al., 2017; Wei et al., 2017).

Cardiac markers are the myocardial cell injury serum markers which include
myocardial enzymes such as creatine kinase myocardial band (CK-MB) and release of
cell contents such as cardiac troponin (cTn) I and T into the blood stream after cardiac
cell injury. The markers express at various stages of tissue cell injury and their
expression drop at different rates. The increase and decrease of cTn levels are linked
with the symptoms of cardiac ischemia (Thygesen et al.,2018; Weil et al., 2018). The
severity and time span of MI can be estimated by the serial testing of ¢Tn values at 0
hour, 3hours, 6hours. For the diagnosis of MI, creatine kinase MB can also be used but
it is less sensitive and precise than ¢Tn levels (Goodman et al., 2006; Thygesen ef al.,
2012). To observe the myocardial perfusion, myocardial thickness and myocardial
viability, different imaging techniques such as echocardiography, radionuclide imaging
and cardiac magnetic resonance imaging (MRI) can be used. Echocardiography can
detect ischemia induced regional wall motion abnormalities, whereas cardiac MRI can
provide accurate assessment of myocardial structure and function (Thygesen et al.,

2018).

1.5 Pathophysiology

The obstruction of epicardial coronary arteries can result in acute myocardial infarction.
The breakdown of atherosclerotic plaque formed in coronary arteries results in acute
myocardial infarction (AMI) (Ojha & Dhamoon, 2021). The obstruction results in the
reduced supply of oxygen in cardiac muscle, as a result disruption of sarcolemma and
relaxation of myofibrils take place (Reimer ef al., 1983). In the process of myocardial
infarction, these events are the first ultrastructural changes which are followed by
changings in mitochondria. The reduce supply of oxygen results in death of
myocardium which extends from sub-endocardium to sub-epicardium. Due to increased

collateral circulation, the sub-epicardium delays death (Reimer et al., 1983). The
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Chapter 1 Introduction

cardiac function is disturbed in the specific region of the heart affected by MI. There is
no regeneration capacity of the myocardium so the infarcted region restores by scar
formation. The remodeled heart is distinguished by hypertrophy and cardiac
dysfunctionality (Frangogiannis, 2015).

1.6 Risk Factors

Myocardial infarction is the growing cause of death worldwide. There are various
factors which extend the prevalence of acute myocardial infarction (AMI) such as lack
of physical activity, obesity and other metabolic diseases. There are numerous risk
factors which should be considered when treating the patients.of AMI. AMI can be
prevented by avoiding the risk factors which include smoking, hypertension, stress,
obesity and physical inactivity. The major risk factors of AMI are shown below in

Figure 1.3.

Figure 1.3 Risk Factors of Myocardial Infarction

Created with PowerPoint

1.6.1 Lack of Physical Activity
AMI is more likely to develop in people who are physically inactive with multiple
cardiac risk factors (Giri et al., 1999). According to studies, the risk of CVDs may vary

depending on the type of physical activity. Some physical activities like running,
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walking and climbing may provide protection against cardiac diseases (Rathore et al.,
2018). It has been reported that risk of MI was reduced upto 20 % to 30 % due to
physical activity (Gong et al., 2013). The relation between physical activity and AMI
was observed and it was confirmed that physical inactivity is a measure of subsequent

risk of CVDs (Rathore ef al., 2018).

1.6.2 Smoking

Smoking the strong contributor of AMI, atherosclerosis and sudden cardiac death. The
risk of CVDs increases by different mechanisms (Alemu ef al., 2011). In healthier
patients, smoking results in early ST elevation myocardial.infarction (STEMI).
Smoking increases serum low-density lipoprotein (LDL) cholesterol and triglycerides
level whereas it reduces serum high-density lipoprotein (HDL) cholesterol. The free
radical damage to LDL is enhanced by cigarette smoking, leading to agglomeration of
oxidized LDL cholesterol with the walls of arteries (Rathore et al., 2018). In smokers,
smoking causes vascular inflammation which causes high levels of C-reactive protein
(CRP) (Yusuf et al., 2004). Cigarette nicotine activates the sympathetic nervous system
(SNS) increasing heart rate and systolic blood pressure. The increased SNS activity
raises heart rate which causes coronary artery vasoconstrictor, alleviating myocardial
blood flow and increasing the demand of oxygen to the myocardium (Moliterno et al.,

1994).

1.6.3 Hypertension

The hypertension increases the risk of AMI due to fluctuations in systolic and diastolic
blood pressure (Kannel, 2000). The atherosclerotic plaque in coronary artery lead to
myocardial infarction. There is the close relationship between hyper tension and
myocardial infarction. In old age, hypertension is adverse to heart and is responsible
for 70% cardiac diseases (Kannel, 2000). High blood pressure increases shear stress on
plaque, causes severe functional effects on coronary circulation and leads to the
impairment of endothelial function (Hurtubise et al., 2016). Studies reported that the
risk of MI was reduced by controlling hypertension with the help of proper medication

and adoption of healthy lifestyle (Saleheen ef al., 2009).

1.6.4 Obesity
Obesity is the major risk factor of myocardial infarction. Studies reported that obesity

results to the greater risk of AMI (Zhu et al., 2014). Increased BMI is directly linked to



Chapter 1 Introduction

the incidence of cardiac diseases. One should take measures to control body mass index
(BMI) to prevent myocardial infarction risk. Researchers correlated obesity with AMI
and demonstrated that obesity of abdominal region elevates the possibility of AMI in

males and females of all ages and regions (Yusuf et al., 2004).

1.6.5 Diabetes

Diabetes mellitus is another risk factor for CVDs. Type 2 diabetes mellitus is a
condition when the ability of pancreatic B cells to produce insulin is affected or the cells
are unable to uptake insulin. People with diabetes have greater cardiovaseular morbidity
and mortality rates and are more at risk to develop CVDs compared to non-diabetic
subjects. In diabetic patients, coronary heart disease risk is accelerated by 2 to 4 times.
There is a higher risk of atherosclerotic plaque in arterial walls and other vascularized
areas in diabetic patients. Studies reported that there is greater risk of plaque rupture
among patients with diabetes. The risk of myocardial infarction is increased in diabetic
patients as it accelerates atherosclerotic plaque formation and severely affects the lipid
contents. Due to the high rate of fatality, myocardial infarction is often fatal in diabetic

patients than in myocardial infarction patients without diabetes.

1.6.6 Dyslipidemia

The major risk factor for myocardial infarction is the increased levels of triglycerides
and LDL cholesterol. The raised levels of LDL, cholesterol, triglycerides and low levels
of HDL are major factors for coronary atherosclerosis (Rathore et al., 2018). The
metabolic disturbance is the major cause of low HDL levels and increased triglycerides
levels, thus leading to severe consequences (J. M. Gaziano, 1999). Studies reported that
in® young. patients with AMI, there is high rate of dyslipidemia with
hypertriglyceridemia, hypercholesterolemia, increased LDL and decreased HDL (N. S.
Ali et al, 2016). The risk of myocardial infarction can be reduced by the proper
treatment of dyslipidemia (Borgia & Medici, 1998).

1.6.7 Stress

The risk factors of heart attack is depression, stress and social isolation (Huma et al.,
2012). It has been reported that psychological stress is related to high risk of coronary
heart disease and the extreme sorrow after the death of an important person may

increase the risk of myocardial infarction (Mostofsky et al., 2012). It has been assumed
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that emotional stress is associated with hemodynamic stress in the arteries and the

rupture of atherosclerotic plaque (Muller et al., 1994).

1.7 Role of Oxidative Stress in Myocardial Infarction

In cardiomyocytes, oxidative stress is defined as the imbalance between oxidants and
antioxidants that promotes the accumulation of reactive oxygen species resulting in
cellular damage (Navarro-Yepes et al., 2014). Normally, an adaptive system for the
protection of cells is initiated against the oxidative stress but when the levels of oxidants
surpasses the adaptive ability of cell, the cell will experience severe oxidative stress
(Kurian et al,, 2016). The antioxidant defense system provides protection against
oxidative stress. The antioxidant machinery includes efficient enzymes like super oxide
dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX); glutathione (GSH)
(Gill & Tuteja, 2010).

The term oxidative stress means the imbalance between redox species. The term free
radical describes the changes in function and structure of biomolecules (Kurian et al.,
2016). Free radicals linked oxidative stress contributes in the peroxidation of lipids and
protein oxidation leads to DNA double strand breaks eventually leading to apoptotic
cell death (Navarro-Yepes et al, 2014). Accumulation of free radicals result in

increased oxidative stress in myocardial infarction (Kurian et al., 2016).

At cellular level, oxidative stress. is linked with increase in reactive oxygen species
(ROS). At suboptimal level, ROS acts as a signal in protecting the cardiac function.
While elevated ROS levels can cause physio-pathological effect by causing damage to
biomolecules such as lipids, proteins and DNA. Cardiac pathology linked with
oxidative stress is observed in ischemia/reperfusion injury, diabetic cardiomyopathy
and atherosclerosis (A. Thandavarayan et al., 2011; Keaney & Vita, 1995; Venditti et
al., 2001). Studies suggested that cytokines are generated by ROS and are involved to
induce ROS production (Meldrum et al, 1998). Hydrogen peroxide (H20O2) can
accelerate the production of myocardial tumor necrotic factor (TNF) by activating p38
mitogen activated protein kinase (MAPK) pathway and, as a result, promote myocardial

dysfunction and apoptosis (Meldrum et al., 1998; Nian et al., 2004).

The metalloproteinases are activated due to ROS and lead to the plaque rupture (Moris
et al, 2017). After MI, ROS is produced in myocardial tissue through different

mechanisms. Previous studies showed that in re-perfused tissue xanthine
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oxidoreductase (XOR) was potential source of ROS. In reduced supply of oxygen,
xanthine dehydrogenase (XDH) is changed to xanthine oxidase (XO), resulting in
superoxide formation (Berry & Hare, 2004). It has been reported that in ischemia,
adenosine triphosphate (ATP) production is in surplus resulting in increased Ca*?
levels. As a result, Ca*? dependent proteases become activated converting XDH to XO
(Engberding et al., 2004). Experimental data depicted that in cardiomyocytes Nox2
expression is upregulated after MI (Krijnen et al., 2003). Reduction in ROS levels have
pragmatic effects on left ventricular remodelling after heart attack (Engberding et al.,

2004).

In cardiac signaling, ROS acts as a secondary messenger in cardiomyocyte death where
stress stimulated transcription factors are activated by MAPK; guanosine triphosphate
(GTP) binding proteins, cytokines and protein tyrosine kinase receptor resulting in
cellular hypertrophy and cell death (Khaper & Singal, 2001; Sia et al., 2002). The
agglomeration of oxidized cellular lipids and proteins due to oxidative stress result in
myocardial cell death (Borchi et al., 2009). The mitochondrial ROS formation closely
linked with mitochondrial calcium (Ca*?) channels dysfunction and activation of
extracellular signal-regulated kinase (ERK) and Jun N-terminal kinase (JNK) signaling
pathways leading to cardiomyocyte death (Sucher et al., 2009). However, it has been
reported that the activation of antioxidant Nrf2 pathway provides cardio-protection

against cardiac pathologies by reducing oxidative stress (J. Li et al., 2009).

1.8 Isoproterenol induced Myocardial Infarction in Animal Model

Isoproterenol (ISO) binds to B-adrenergic receptor to induce myocardial infarction.
Other procedures can also be used to induce myocardial infarction including banding
of the ascending aorta (Hsu et al., 2019), coronary artery ligation (Gao et al., 2010),
all these are time consuming and complicated procedures with a high risk of mortality
and morbidity. Whereas isoproterenol is non-invasive method and at specific dose it

has low mortality rate and high reproductivity rate to induce myocardial infarction.

ISO generates cytotoxic free radicals that elevates the phospholipid membrane
peroxidation leading to ROS production and ultimately cause damage to the
myocardium. The acute myocardial infarction is linked with inflammatory response
that causes change in extracellular matrix due to the release of free radicals and

proteolytic enzymes which results in the remodelling of myocardium (Sakuma &
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Yamaguchi, 2010). ISO binds to -1 and B-2 adrenergic receptor and induces
myocardial infarction by the stimulation of secondary messengers. Upon binding of
ISO to the extracellular domain of B-1 receptor, G-a protein becomes activated and it
is dissociated from intracellular domain due to the exchange of guanosine diphosphate
(GDP) molecule into GTP molecule. The activated G-a stimulatory protein activates
adenylyl cyclase in the membrane which subsequently converts intracellular ATP into
cyclic adenosine monophosphate (cAMP) (Xiang, 2011). cAMP acts as a secondary
messenger to activate protein kinase A (PKA). In cardiac monocytes, the activated PKA
phosphorylates the calcium channels and leads to the increase in intracellular calcium
levels. PKA also stimulates the ryanodine receptors on the sarcoplasmic reticulum for
the excessive release of calcium in cytosol (Abel & Rorabaugh, 2021). Increased
intracellular calcium levels stimulate the ROS producing enzymes and upregulate the
free radical generation (Gorlach et al., 2015). PK Aralso leads to the phosphorylation of
transcription factors via the activation of MAPK signaling to promote cell growth and
survival. Signaling through extracellular signal regulated kinase (ERK) is stimulated at
the cell membrane by Ras activation, Ras directly interacts with MAPK kinase kinase
(MAPKKK) Raf, which then intéracts with MAPK kinase (MAPKK) MEK1, MEK2.
MEK1/2 directly phosphorylate ERK1.and ERK2 kinases (Molkentin, 2004).

In eukaryotes, when_ calcium “binds to calmodulin, then the structural and
conformational change take place and the protein interaction sites are exposed
(Strynadka &.James, 2003).  Calcineurin is a serine/threonine phosphatase and it is
activated by the binding of Ca*?/calmodulin with very high affinity (Stansfield et al.,
2014). The ealcineurin dependent pathway plays critical role in cardiac development
and cardiac hypertrophy response in adults (Deshpande et al., 2022). This complex
further dephosphorylates the phosphorylated nuclear factor of activated T-cells (NFAT)
in the eytosol and translocate it into the nucleus. In nucleus, NFATC3 acts along with
other transcription factors i.e., GATA4. GATA4 along with the NFATC3 and myocyte
enhancer factor-2 (MEF-2) synergistically activate the promoter of endothelin-1 (ET-
1) gene and regulate the expression of atrial natriuretic peptide (ANP) and brain

natriuretic peptide (BNP) gene (Molkentin, 2004).

1.9 Detection Strategies under Investigation
Despite advancements in cardiovascular studies and medical therapies, heart diseases

are the main cause of death globally. The new and innovative technologies are required
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for improving the diagnostic and therapeutic purposes. The pathological process
responsible for cardiac dysfunctionality is analogous to the change in gene expression
that is critical for heart functions. There are different techniques to improve
morphological and electromechanical properties of various heart disorders i.e., stem
cell derived exosomes, cell-based therapies and gene-based therapies secreting growth
factors, cytokines and miRNAs to enhance cardiac regeneration (Duelen & Sampaolesi,

2017).

1.9.1 Diagnostic Potential of MicroRNAs

In CVDs, miRNAs are used as diagnostic markers and circulating miRNAs are altered
in certain disease conditions such as MI, heart failure, coronary artery disease and
hypertrophy (Fichtlscherer et al., 2010; Gomes Da Silva & Silbiger, 2014). Under
pathological conditions, intracellular miRNAs are associated with the expression and
regulation of genes. Various studies have recognized the importance of circulatory
miRNAs, which have been stably detected as extracellular messengers in blood
circulation i-e., plasma and serum (Mitchell e al., 2008) that are involved in cell to cell
communication and their potential role as circulating biomarker for cardiac pathologies
(Reid et al., 2011; Simons & Raposo,2009). Circulatory miRNAs are found to be stable
in exosomes, micro-vesicles and apoptotic bodies as well as in combination with RNA
binding proteins (Arroyo et al, 2011) or in HDL lipoprotein conjugated complexes
(Vickers et al., 2011). The miRNAs are released in the extracellular compartments and
then finally into blood stream which have presented the probability to non-invasively
detect the circulatory miRNAs and to use them as diagnostic biomarkers (Mitchell et

al., 2008; Schulte & Zeller, 2015).

1.9.1.1 Biogenesis of miRNAs

miRNAs are key regulatory molecules that are associated with the expression and
regulation of genes by targeting various genes and inhibiting their action. Alteration in
gene expression patterns related to pathological cardiac state can lead to heart failure
(Bui et al., 2011; Clerk et al., 2007). miRNAs are small non-coding RNAs which are
~22 nucleotides in length (Ha & Kim, 2014). Mostly miRNAs bind with 3’ untranslated
region (UTR) of messenger RNA (mRNA) target to suppress its expression (O’Brien
et al.,, 2018). The biogenesis of miRNA begins with the processing of transcripts by
RNA polymerase II/III post- transcriptionally or co-transcriptionally (Ha & Kim,

10



Chapter 1 Introduction

2014). miRNAs are mostly processed from introns and relatively few from exons of
protein coding genes, while the remaining are intergenic. The non-canonical miRNA
biogenesis is Drosha/DGCR8 independent pathway. The miRNA formed by
Drosha/DGCRS8 independent pathway relate with Dicer substrates such as pre-miRNA
mirtrons, which are formed during splicing from the introns of mRNA (Babiarz et al.,
2008; Ruby et al., 2007). In case of canonical biogenesis of miRNA, RNA polymerase
II transcribes the genes of miRNAs into pri-miRNA which are then processed into pre-
miRNA by the microprocessor complex consisting of RNA binding protein DiGeorge
Syndrome Critical Region 8 (DGCRS8) and a ribonuclease III enzyme, Drosha (Denli et
al., 2004). N6- methyl adenylated GGAC and other motifs are recognized by DGCRS
while Drosha cleaves the pri-miRNA (Alarcon et al., 2015). This results in the

formation of precursor miRNA as shown in Figure 1.4.

Figure 1.4 Biogenesis of miRNA

The precursor miRNAs are exported to the cytoplasm by an exportin 5/ Ran GTP

complex which is further processed by RNase III endonuclease, Dicer (Denli et al.,
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2004; Okada et al., 2009). Finally, the terminal loop of pre-miRNA was removed and
as a result the mature miRNA was formed (Zhang et al., 2004). The name of the mature
miRNA form was determined by the directionality of the miRNA strand. The 5p strand
originates from the 5’ end of the pre-miRNA hairpin loop while the 3p strand arises
from the 3’end of the pre-miRNA loop. Both strands of the mature miRNA duplex can
be loaded into the Argonaute (AGO) family of proteins i.e., AGO1-4 in humans, in
ATP dependent manner (Yoda et al., 2010). The Argonaute protein and dicer with trans
activation response RNA binding protein (TRBP) form RNA-induced silencing
complex (RISC). Several proteins are then recruited to form RNA induced silencing
complex (RISC)in which passenger strand was removed and the other strand served as
a guide strand. The resultant miRNA-RISC complex complementarily binds to the 3’
UTR of target mRNA. The miRNA-RISC complex induces the translational inhibition

or mRNA degradation leading to post-transcriptional repression of gene (Yao, 2016).

1.9.1.2 miRNA-1 targeted pathway in ISO induced Myocardial Infarction

Many studies addressed that the circulatory miRNAs can be used as potential markers
in the diagnosis of MI (Sala et al., 2014). In AMI, there is abundance of specific cardiac
miRNAs that act as a measure of cardiac injury in circulating cardiac extracellular
vesicles (EVs). miRNA-1.is amuscle specific miRNA reported to be highly linked with
CVDs. miRNA-1 is widely reported miRNA that is found to be highly upregulated in
serum/plasma of myocardial infarction patients and has potential to be used as
diagnostic biomarker (Ai et al., 2010; Cheng et al., 2010; Kuwabara et al., 2011; Long
et al., 2012). Studies have reported that the levels of miRNA-1 are reduced in heart
tissue-while on the other hands the levels of circulatory miRNA-1 are found to be
elevated in AMI patients. In heart tissues of rats, miRNA-1 was found to be down-
regulated in response to myocardial Ischemia/Reperfusion (I/R) injury. Inhibition of
miRNA-1 was found to have cardio-protective role against I/R injury in rats via

accelerating MAPK3/PIK3/Akt signaling.

Isoproterenol binds to B-adrenergic receptor that induces MI by causing oxidative
stress, thrombosis, inflammation, Ca*™® overload and alter downstream signaling
pathways. The activation of B-adrenergic receptor elevates the concentration of cAMP
by activating adenylyl cyclase that further activates protein kinase A (PKA) which
phosphorylates calcium channels. As a result, intracellular calcium levels are elevated

followed by aberrant gene transcription due to necrosis and apoptosis (Garg & Khanna,
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2014; Mann, 1996). The Ca'?/calmodulin/calcineurin  complex further
dephosphorylates the phosphorylated NFATC3 in the cytosol and translocate it into the

nucleus.

NFATC3 is the putative target of miRNA-1-3p as shown in Figure 1.5. In nucleus,
NFATC3 acts along with other transcription factors and cofactors i.e., GATA4 and
activating protein (AP1), respectively. GATA4 along with the NFATC3 and AP1
synergistically activate the promoter of ET-1 gene and regulate the expression of atrial

natriuretic peptide (ANP) and brain natriuretic peptide (BNP) gene (Molkentin, 2004).

Figure 1.5 miR-1-3p targeted signaling pathway in myocardial infarction

miRNA-1-3p directly targets BCL2 in myocardial infarction (Korshunova et al., 2021)
as shown in Figure 1.4. BCL2 causes conformational change of BAK and BAX, which
causes the permeability of mitochondrial outer membrane as a result cytochrome C is
released from the mitochondria (Jung et al., 2001). Cytochrome complex (cyt c)
assembles with apoptotic protease activating factor-1 (APAF-1) leading to the

apoptosome formation which results in the activation of caspases (cas-9 and cas-3)
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ultimately causing the apoptosis of cardiomyocytes (H. Sun et al., 2006; Youle &
Strasser, 2008).

1.9.1.3 miRNA-15a targeted pathway in ISO induced Myocardial Infarction
Isoproterenol directly binds to G-protein coupled receptor (GPCR) which has three
subunits i.e., a, B, y. The a subunit of G-protein is further divided into Gos, Gog and
Goi. The Gas activates adenylyl cyclase (AC) which converts ATP into cAMP.
Increased levels of cAMP further stimulate cAMP dependent PKA which is involved
in the phosphorylation of multiple targets.

The Goq activates phospholipase (PLC) which further cleaves phosphatidylinositol 4,5-
bisphophate (PIP2) and results in the formation of inositol trisphosphate (IP3) and
diacylglycerol (DAG). IP3 triggers calcium release from endoplasmic reticulum in the
intracellular environment. Synthesis of DAG activates Protein Kinase C (PKC).
Prolonged ischemia leads to the activation of PKC resulting in the translocation of PKC
into the mitochondria where cytochrome C is released from the mitochondria resulting
in the suppression of mitochondrial functions. Mitochondrial dysfunction and elevated
levels of ROS leads to apoptosis and cardiac dysfunction (Singh et al., 2017). Ischemia
expends cellular ATP, decreases caleium efflux, reduces the uptake of intracellular
calcium by the endoplasmic reticulum (ER), thereby increasing calcium overload.
These changes go along with the opening of mitochondrial permeability transition pore
(MPTP) as a result mitochondrial membrane potential is dissipated and impairment of

ATP production occurs«(Kalogeris et al., 2012).

The activation strength B-adrenergic receptor decides the fate of cardiomyocytes from
cell survival to cell death due to the changes in BCL2 expression (Shin et al., 2014).
The high concentration range of isoproterenol activates PKA-CREB-ICER pathway
that negatively regulates BCL2 expression and promotes cell death (Shin ez al., 2014).
BCL2 inhibits cell death by preventing the oligomerization of BAK/BAX, which would
otherwise cause the release of cytochrome C from the mitochondria as shown in Figure
1.6. The binding of BCL2 will inactivate pro apoptotic genes, thereby inhibiting
apoptosis (Tzifi et al., 2012).
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Figure 1.6 miRNA-15a-5p targeted signaling pathway in myocardial infarctions

Studies reported using real time quantitative PCR (RT-qPCR) that the expression of
miRNA-15 family is upregulated in myocardial ischemia and heart failure (Liu et al.,
2012). miRNA-15a is<capable of targeting multiple genes such as BCL2, CCNDI,
MCLI1 and WNT3a. The silencing of antiapoptotic gene i.e., BCL2, by miRNA-15a can
inhibits cell growth, induce apoptotic cell death and downregulates the gene expression
of miRNA-15a (Ghaffari et al., 2021). Overexpression of miRNA-15a downregulates
BCL2 expression and promote apoptosis (Jensen et al., 2014). miRNA-15a regulate
apoptosis by down-regulating the expression of BCL2 post-transcriptionally (Cimmino
et al., 2005; Guo et al., 2009; Xia et al., 2008). BCL2 is the direct target of miRNA-
15a as shown in Figure 1.5 that causes conformational change in the expression of pro
apoptotic genes, BAK and BAX, resulting in the release of cytochrome C from the
mitochondria (Jung ef al., 2001). Cytochrome C assembles with APAF1 leading to the
apoptosome formation which results in the activation of caspases (cas-9 and cas-3)
ultimately causing the death of cardiomyocytes (H. Sun et al., 2006; Youle & Strasser,
2008).
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1.9.1.4 miRNA-98 targeted pathway in ISO induced Myocardial Infarction

The activation of GPCR by isoproterenol stimulates Gas which results in the activation
of adenylyl cyclase and is involved in the conversion of ATP into cAMP. The increased
intracellular cAMP activates cAMP dependent PKA results in the phosphorylation of
multiple targets. This causes increased intracellular calcium level by opening the
calcium channel present on the membrane and also leads to the activation of p38 MAPK
pathway. The high levels of calcium in the cytosol causes mitochondrial impairment
resulting in ROS production and decreasing the antioxidative enzymes ultimately
leading to the death of cardiomyocytes (Eltobshy ef al, 2019). Along with these
changes, the opening of MPTP results in mitochondrial membrane potential dissipation
and leads to impairment of ATP production (Kalogeris et al;;;2012). The p38 MAPK is
phosphorylated in response to oxidative stress. There is an increase generation of ROS

during hypoxic conditions.

Studies reported that to the activation of p38 MAPK depends‘on small GTPase RhoA.
The activated p38 MAPK activates GATA4 which belongs to a family of transcription
factors that contains zinc finger motifs. It is demonstrated that ERK1/2 phosphorylates
GATAA4 at serine 105 as a response to stress induced activation or agonist stimulation,
but the same phosphorylation occurs weakly through other branches of MAPK such as
JNK. The MAPK/ERK1/2 dependent phosphorylation of GATAA4 is associated with the
stress induced upregulation. of ET-1 promoter (Mutlak & Kehat, 2015). A study
reported ROCK-1 to be involved in transcription of ET-1 by GATA4 while inhibition
of the Rho/ROCK pathway leads to ERKI1/2 phosphorylation and increases
transcriptional activity of GATA4 in cardiomyocytes (Yanazume ef al., 2002). It has
been reported that ET-1 gene contains specific binding site for GATA4. Studies
conducted on rat models have also shown that the ET-1 gene promoter has particular
binding site for GATA4 (Kalogeris ef al., 2012). In myocytes, GATA4 has a key role
in the regulation of various genes like BNP, ANP, a-myosin and 3-myosin heavy chain,
muscarinic receptor, cardiac troponin C and Al adenosine receptors (Cargnello &

Roux, 2011).

In MAPK signaling cascade, various protein kinases are involved such as ERK, JNK
and p38 MAPK. Upon activation of these protein kinases, phosphorylation of
transcription factors such as MEF2, activating transcription factor 2 (ATF2), eukaryotic

initiation factor 1 (EIK1), p53, NFATC3, Max, c-Jun and c-Myc take place (Xu et al.,
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2012). On the other side, the stimulation of B-adrenergic receptor also leads to the
increased intracellular calcium level due to the influx of calcium via calcium channel.
The calcium will bind to calmodulin which is a calcium binding protein and changes
its conformation as a result calmodulin regulated phosphatase, calcineurin, is activated
(Creamer, 2020; Schulman & Anderson, 2010). The calmodulin-calcineurin complex
dephosphorylates NFATC3 and then dephosphorylated NFATC3 moves towards the
nucleus as shown in Figure 1.7. Studies revealed that NFATC3 shows specific
interaction with GATA4 and is involved in the expression of cardiac ischemia and

hypertrophy linked genes i.e., ANP, BNP and ET-1 (Molkentin, 2004).

Figure 1.7 miRNA-98-5p targeted signaling pathway in myocardial infarction

miRNA-98 directly targets at 3’UTR of ET-1 mRNA as shown in Figure 1.6. Studies
revealed that miRNA-98 acts as a potent marker for renal injury caused by cardiac
ischemia (Wang et al., 2014) and involved in the protection of endothelial cells against
cardiac ischemia induced cell death (H. W. Li et al, 2015). It is also known that

miRNA-98 plays cardioprotective role against cardiac infarction (C. Sun et al., 2017).
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Moreover, it is also involved in regulating cardiac ischemia as ET-1 is the direct target

of miRNA-98 so as a result ANP and BNP genes will be downregulated.

1.10 Aims and Objectives

v To evaluate the expression of miRNA-1, miRNA-15a, miRNA-98 to understand the
underlying molecular mechanism in circulation of myocardial infarction patients
and in vivo rat model.

v To investigate the expression of target genes of miRNAs i.e., NFATC3, ANP, BNP,
BCL2 and ET-1 in myocardial infarction patients and in vivo rat model.

v To design an early diagnostic system to assess the dysregulated levels of different

circulatory miRNAs in myocardial infarction patients.
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2 MATERIALS AND METHODS

2.1 Ethical Consideration

For the current study, myocardial infarction patients’ blood samples were taken from
Lady Reading Hospital, Peshawar and Sprague Dawley male rats were taken from the
primate facility of Faculty of Biological Sciences at Quaid-i-Azam University,
Islamabad. All the experiments were conducted by following the guidelines of National
Institute of Health (NIH) Islamabad, Pakistan under the instructions provided by the

ethical committee of Quaid-i-Azam University Islamabad, Pakistan.

2.2 Study Design

Figure 2.1 Study Design

2.3 Selection of Patients
The blood was collected from eleven patients who were diagnosed with myocardial

infarction and were under treatment at Lady Reading Hospital, Khyber Pakhtunkhwa,
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Pakistan. The questionnaires were filled by taking interviews from patients and their
guardians, individually. It comprised of various parameters such as weight, blood
pressure, family history, time since diagnosis of myocardial infarction and smoking
status of patients. The demographic data sheet consisted of gender, age, ethnicity and
marital status of patients. Other diseases like lung disease, liver disease and diabetes
were also included. Eleven healthy control subjects with the same age and social

conditions as that of patients were selected.

2.4 Blood Collection from Human

The blood was collected from the cephalic vein of patient’s forearm with the help of
sterile syringe using vein puncture method. 1 mL of blood was collected in EDTA tube
containing 2 mL TRIzol and stored in ice. Then the blood was shifted into eppendorf
and centrifuged at 13,500 rpm for 10 minutes. Upperlayer of plasma was isolated and
300 pL of TRIzol was added in whole blood samples and stored at -80 °C.

2.5 Dose Regimen

Male Sprague Dawley rats of the average weight 150 g were selected. To induce cardiac
ischemia, isoproterenol of 5 mg/kg was dissolved in 500 pL of injection water. Seven
alternative doses of isoproterenol were administered subcutaneously for 14 days (T. Ali
et al., 2019). Control group was administered with 500 uL normal saline water for 14

days, alternatively:

2.6 Tissue Collection

Once the dosage period. was completed, the experimental rats were observed, weighed
and dissected. Blood was collected from the hearts of the dissected rats into clot tubes
and centrifuged at 6000 rpm for 15 minutes. The upper layer of serum was separated
into eppendorf. Then for RNA extraction and protein analysis, heart tissues were
weighed and collected which were then divided into different fractions, some parts were
treated with TRIzol followed by RNA extraction and some were stored for tissue

homogenization. For histological analysis, remaining parts were fixed in 10% formalin.

2.7 Tissue Homogenization
Organs were homogenized and lysates were prepared by using Radio immune

precipitation assay (RIPA) extraction buffer.

Following reagents were required to make RIPA extraction buffer:
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Reagents Concentration

Tris Cl1 (pH 8.0) 10 mM

EDTA 1 mM
Triton X-100 1%

Phenyl methylsulfonyl fluoride (PMSF) 1 mM
Sodium deoxycholate 0.1%

Sodium Chloride (NaCl) 140 mM
Sodium Dodecyl Sulfate (SDS) 0.1%

Procedure

The tissues collected from the rats were weighed 100 mg. approximately and
homogenized in 350 uL of RIPA extraction buffer containing phenylmethylsulphonyl
fluoride (PMSF) by using electric homogenizer (Bio-Gen PRO200, PRO Scientific).
Then the homogenized samples were centrifuged at 13000 rpm for 10 minutes at 4 °C.
After centrifugation, supernatant was collected in separate tubes and stored at -20 °C

for further analysis.

2.8 Oxidative Profiling
To check the oxidative stress in the serum and tissue lysates samples of experimental

rats, ROS and TBARs assays were performed.

2.8.1 Reactive Oxygen Species (ROS) Assay
ROS assay was carried out according to the protocol described in (Hayashi et al., 2007).

Thisassay was performed on both serum and tissue homogenates samples.

Principle

Free radicals present in the samples interact with N, N-Diethyl para-phenylenediamine
(DEPPD) in the presence of ferrous ion leading to the formation of stable colored
cation. Greater the number of free radicals present in the sample, greater will be the

production of colored cation which is directly proportional to the absorbance measured.

Reagents required for this assay are mentioned below along with their concentrations:

Reagents Concentration Volume

Sample 6.6 uL
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Sodium Acetate Buffer pH 4.8 0.1M 1333 uL
R1: DEPPD 1 mg/mL 1/25
R2: FeSO4 0.5% 24/25
Procedure

Firstly, reagent 1 and reagent 2 were prepared by dissolving DEPPD and ferrous
sulphate in sodium acetate buffer, respectively. Then reagent mixture was prepared by
dissolving 1 volume of reagent 1 and 24 volumes of reagent 2 followed by 2 minutes
of incubation in dark. Hydrogen peroxide dilutions of 1 M to 10 M were prepared in
order to generate standard curve. 5 uL of distilled water, 5 pL. of H2O: dilution (1 M to
10 M) and 5 uL of samples were added in separate wells of microtiter plate. Then in
each well, 140 puL of sodium acetate buffer (pH 4.8) and 100 uL of reagent mixture
were added. Then the mixture was incubated for 60 seconds and absorbance was
determined at 505 nm. Three number of readings were taken after every 15 seconds by

Multiskan GO (Thermo Fisher Scientific, USA) spectrophotometer.

2.8.2 Thiobarbituric Acid Reactive substances (TBARs) Assay
TBARs activity was measured in the samples as per the protocol mentioned in (Tsai et

al., 2014).

Principle

Malondialdehyde (MDA) is formed as result of peroxidation of lipids. MDA interacts
with Thiobarbituric acid(TBA) and results in the formation of colored product.
Production of colored product is directly proportional to the levels of MDA in the

samples which is an indication of thiobarbituric acid reactive substances.

Following reagents were required for TBARs assay:

Reagents Concentration Volume

Sample 20 uL
Tris HCI1 150 mM 8.33 uL
Ferrous Sulphate (FeSO4) 1 mM 8.33 uL
Ascorbic acid 1.5 mM 8.33 uL
Trichloroacetic acid (TCA) 10% 83.3 uL
Thiobarbituric acid (TBA) 0.375% 83.3 uL
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Distilled water 50 uL

Procedure

8.33 uL of sample was added in eppendorf tube followed by the addition of 8.33 pL of
Tris HCL, 8.33 pL of ferrous sulphate and 8.33 pL of ascorbic acid, respectively. 50
pL of distilled H2O was added in the mixture and plate incubated at room temperature
for 15 minutes. After the completion of incubation period, 83.3 puL of TCA and 83.3
puL of TBA was added in the mixture. Then the eppendorfs containing mixture were
placed in water bath at 95 °C for 10 minutes and centrifuged at 3000 rpm for 10 minutes.
After that, 250 uL of supernatant was collected and added in the well of microtiter plate.
Absorbance was determined at 532 nm by Multiskan GO_(Thermo Fisher Scientific,
USA) spectrophotometer. Three readings were taken after every 15 seconds and the

level of lipid peroxidation was calculated by the formula given below:

TBARS (nM/mg of protein) = O.D * Sample volume *1.56 * 105 * Total volume *
protein (mg/mL)

2.9 Anti-Oxidative Profile
In the serum and heart homogenate samples of experimental rats, the anti-oxidant levels

were checked by performing SOD, CAT, POD, APX and GSH assays

2.9.1 Super Oxide Dismutase (SOD) Assay
Anti-oxidative profiling was performed to measure SOD activity in the homogenates

and serum samples according to the protocol described in (Ishtiaq ef al., 2020).

Principle

SOD converts free radicals into H>O» and molecular oxygen. The activity of SOD can
be measured by the ability of free radicals to interact with nitro-blue tetrazolium (NBT)
and the conversion of yellow colored tetrazolium into blue colored product, formazan.
Absorbance of the end product is measured at 560 nm. Greater the intensity of
absorbance, lesser will be the activity of SOD. Riboflavin acts as a reaction initiator

whereby L-methionine acts as an electron donor.

Following reagents were required for SOD assay:
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Reagents Concentration Volume
Sample 5uL
Potassium Phosphate Buffer; pH 7.8 50 mM 26.75 mL
L-Methionine 9.9 uM 1.5 mL
NBT 57 uM 1 mL
Triton X-100 0.025% 750 uL
Riboflavin 0.9 uyM 3 ul

Procedure

1.5 mL L-methionine, 750 pL Triton X-100 and 1 mL NBT were mixed together to
prepare 3.25 pL of reagent mixture followed by the addition 0f26.75 mL of potassium
phosphate buffer resulting in 30 mL reagent mixture. In each well of the 96 well
microtiter plate, 5 pL of sample and 250 pL of the reagent mixture were added. Reagent
mixture except sample was taken as blank in one of the wells of the plate. Fluorescent
light was given to illuminate the microtiter plate at room temperature for 7 minutes
followed by 5 minutes of incubation at 37 °C. Then 3 uL of riboflavin was added to
each well followed by 8 minutes of incubation at 40 °C. After incubation, three readings
were recorded with a gapof 1 minute at a wavelength of 560 nm by Multiskan GO
(Thermo Fisher Scientific, USA): spectrophotometer. NBT inhibition value was

calculated by the formula given below:

(AbSo Blank — Abs. Samp]e) / (AbS. Blank) *100

2.9.2 Catalase Activity (CAT) Assay
CAT assay was performed to measure free H>O; present in the sample as per the

protocol described in (T. Ali et al., 2019).

Principle

Catalase enzyme functions to convert H>O> into water and oxygen. Activity of the
enzyme can be measured by measuring the levels of unconverted H,O- in the sample.
Reagents and unconverted H>O> interact to form a product whose absorbance can be
measured at 240 nm. Greater the intensity of absorbance, lesser will be the activity of

enzyme.

Following reagents were required for CAT assay:
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Reagents Concentration Volume

Sample 8.09 uL

Potassium Phosphate Buffer; pH 7.0 50 mM 161 puL
H>0» 5.9mM 80.90 uL

Procedure

161 pL of potassium phosphate buffer, 80.90 uL of H>O> and 8.90 uL of sample were
added in each well of the 96-well microtiter plate. Mixture of all reagents except sample
was taken as blank in one of the wells of the microtiter plate. Absorbance was measured
at 240 nm by Multiskan GO (Thermo Fisher Scientific, USA) spectrophotometer. Three

readings were recorded with a gap of 30 seconds.

2.9.3 Peroxidase (POD) Assay

Principle
Peroxidase enzyme converts H>O; into water and oxygen. Activity of the enzyme can
be measured by measuring the levels of H>O» in the sample. Interaction of reagents with

H>O»> results in the formation of a product whose absorbance was measured at 420 nm.

Following reagents were required for POD assay (T. Ali et al., 2019):

Reagents Concentration Volume
Sample 8.33 uL
Potassium Phosphate Buffer; pH 5.0 50 mM 208.3 uL
Guaiacol 20 mM 8.33 uL
H>0, 40 mM 25 uL

Procedure

208.3 pL of potassium phosphate buffer, 8.33 uL of guaiacol and 8.33 pL of sample
were added in each well of the 96-well microtiter plate. 25 pL of H>O, was added at
the end. Mixture of all reagents except sample was added as blank in one of the wells
of the plate. Absorbance was determined at 470 nm. Three number of readings were
recorded with an interval of 1 minute by Multiskan GO (Thermo Fisher Scientific,

USA) spectrophotometer.
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2.9.4 Ascorbate Peroxidase (APX) Assay
APX assay was performed as per the protocol described in (T. Ali et al,, 2019)

Principle

Ascorbate peroxidase reduces hydrogen peroxide into water and oxygen. H>O> uses
ascorbic acid as its substrate. Another end product of this reaction is mono-
dehydroascorbic acid (MDHA). MDHA is reduced to ascorbate by a reductase enzyme

which leads to the reduction in absorbance measured at 290 nm.

Following reagents were required for APX assay:

Reagents Concentration Volume
Sample 15 uL
Potassium Phosphate Buffer; pH 7.0 50 mM 150 pL
EDTA 1 mM 15 pL
Ascorbate S mM 15 uL
H>0O» I mM 15 uL

Procedure

105 pL of potassium phosphate buffer, 15 uL of ascorbate, 15 pL. of EDTA and 15 pL.
of H,O» was added in one of the wells of 96-well microtiter plate which was considered
as blank. In other wells, 15-uL of sample, 90 uL of potassium phosphate buffer, 15 puL
of ascorbate, 15 uL of EDTA and 15 pL of H2O>. Absorbance was determined at 290
nm by Multiskan GO (Thermo Fisher Scientific, USA) spectrophotometer. Three
readings were recorded and the enzyme activity was measured by using following

formula:

Ascorbate Activity = Absorbance * Extinction co-efficient of ascorbate

2.9.5 Reduced Glutathione (GSH) Assay

Principle
5,5’-dithiobis-2-nitrobenzoic acid (DTNB) oxidizes GSH, as a result a yellow colored
product, 5’-thio-2-nitrobenzoic acid (TNB), whose absorbance can be measured at 412

nm.

Following reagents were required for GSH assay:
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Reagents Concentration Volume
Sample 15.62 uL
DTNB 0.4% 78.12 L
Sodium Phosphate Buffer 04M 156.25 pL
Procedure

15.62 pL sample was added in each well of the of 96-well microtiter plate followed by
the addition of 156.25 pL of buffer and 78.12 uL of DTNB. Appearance of yellow color
was an indication that GSH was present in the sample. Absorbance was measured at

412 nm by Multiskan GO (Thermo Fisher Scientific, USA) spectrophotometer.

2.10 Liver Function Tests
The important markers to check the functionality of liver are alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) enzymes. ALT and AST assays were

performed to check the levels of these enzymes.

2.10.1 Alanine Aminotransferase (ALT) Assay

AMP Diagnostics Kit protocol was used to measure the level of ALT enzyme in the

serum samples.

Following reagents of kit were used for ALT assay:

Reagents Concentration Volume
Sample 10 uL
Reagent 1 (Tris-buffer, L- Alanine, 150mM, 750mM/L, >1.350 45
Lactate Dehydrogenase) pH 7.3 U/L
Reagent 2 (NADH, 2- Oxoglutarate,
1.3 mM, 75mM 1/5
Biocides)

Procedure

Reagents from the kit were mixed to prepare the reaction mixture. Four volumes of R1
and one volume of R2 were mixed depending upon the number of samples. 10 pL of
serum sample was added in each well of the 96-well microtiter plate followed by the
addition of 200 pL of reagent mixture. Mixture was incubated for 1 minute at room

temperature. Absorbance was recorded at 340 nm by Multiskan GO (Thermo Fisher
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Scientific, USA) spectrophotometer. Three readings were taken with a gap of 60

seconds. ALT levels were calculated by using the kit formula mentioned below:
ALT Activity (unit/L) at 37 °C = AA / min * 3333
2.10.2 Aspartate Aminotransferase (AST) Assay

AMP Diagnostics Kit protocol was used to check the levels of AST enzyme in serum

samples.

Following reagents of kit were used for AST assay:

Reagents Concentration Volume
Sample 10 uL
Reagent 1 (Tris-buffer, L-aspartate, 121 mM, 362 mM/L;>460 45
MDH, LDH) pH 7.8 U/L; >600 U/L
Reagent 2 (NADH, 2- Oxoglutarate,
o 1.3 mM/L 1/5
Biocides)

Procedure

Reagents from the kit were mixed to prepare the reagent mixture. Depending upon the
number of samples, reagent 1 and reagent 2 were mixed at the ratio of 4:1. In each well
of 96-well microtiter plate, 10 uL of serum sample and 200 pL of reagent mixture were
added. Plate was incubated at room temperature for 1 minute. Three readings were
taken with a gap of 60 seconds at a wavelength of 340 nm by Multiskan GO (Thermo
Fisher Scientific, USA) spectrophotometer. The level of AST in serum samples was

calculated by using the kit formula mentioned below:
AST Activity (unit/L) at 37 °C = AA / min * 3333

2.11 Lipid Profile

Lipid profiling was done by performing cholesterol and triglycerides assays.

2.11.1 Cholesterol Assay

AMP Diagnostics Kit protocol was used to perform cholesterol assay

Principle
Enzymes such as peroxidase, cholesterol oxidase and esterase contain H>O», which

when interact with 4-aminoantipyrine and phenol present in the reaction mixture, result
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in the formation of quinonimine dye which is directly proportional to cholesterol

present in the samples.

Following reagents of kit were used for cholesterol assay:

Reagents Volume
Sample 2 ulL
Standard 2 uL

Cholesterol reagent 200 puL

Procedure

2 uL of standard was added in one of the wells of 96-well microtiter plate. 2 pL of
serum samples were added in the remaining wells of microtiter plate. 200 uL of reagent
was added in all the wells of the plate. The mixture was incubated for 5 minutes at room
temperature. Then the absorbance was recorded at 500 nm. Three readings were taken
by using Multiskan GO (Thermo Fisher Scientific, USA) spectrophotometer. The

amount of total cholesterol was calculated by using the formula given below:
Cholesterol (mg/dL) = Sample aps / Standard aps * Concentration of Standard

2.11.2 Triglycerides Assay

Levels of triglycerides were measured in the serum samples by following the protocol

mentioned in AMP Diagnostics Kit.

Following reagents of the kit were required for triglycerides assay:

Reagents Volume
Sample 2 uL
Standard 2 ulL

Triglyceride reagent 200 pL

Principle

Triglycerides are converted into fatty acids and glycerol. The phosphorylated glycerol,
is oxidized into dihydroxyacetone phosphate and H>O» by oxidase enzyme. When H>O»
interacts with 4-aminoantipyrine and phenol present in the reaction reagent mixture,

red colored product is formed which shows the triglycerides present in the sample.
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Procedure

2 pL of standard was added in one of the wells of 96-well microtiter plate. 2 uL of
serum samples were added in the remaining wells of the microtiter plate. 200 uL of
reagent was added in all the wells of the plate. The mixture was incubated for 5 minutes
at room temperature. Then the absorbance was determined at 500 nm. Three readings
were taken by Mutiskan GO (Thermo Fisher Scientific, USA) spectrophotometer. The

number of total triglycerides were calculated by using the formula given below:

Total Triglycerides (mg/dL) = Sample aps / Standard .ns * Concentration of
Standard

2.12 Bradford Assay for Quantification of Protein

Bradford assay was used to quantify proteins in tissue homogenates and serum samples.
10 M stock solution of bovine serum albumin (BSA) was prepared and diluted with
distilled water. For the generation of standard curve, 1 M to 10 M dilutions were
prepared. Absorbance of proteins and BSA dilutions were measured at the wavelength
of 595 nm by Multiskan GO (Thermo Fisher Scientific, USA) microplate

spectrophotometer.

Reagents

Following reagents were used for Bradford assay:

Reagents Concentration Volume
BSA dilutions IM-10M 5uL
Distilled water 5ulL
Bradford Reagent 200 pL
Procedure

Bradford reagent mixture was prepared by mixing 1 volume of reagent with 4 volumes
of distilled water. After the preparation of reagent mixture, 5 uL of BSA dilutions (1 M
to 10 M) and 5 pL sample were added in each well of the 96-well microtiter plate. 200
pL of Bradford reagent mixture was added in each well followed by 30 minutes
incubation in dark at room temperature. After 30 minutes, absorbance was measured at
a wavelength of 595 nm by Multiskan GO (Thermo Fisher Scientific, USA)
spectrophotometer. Three readings were recorded and a standard curve of BSA serial

dilutions was plotted by using linear line equation as shown in Figure 2.2.
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Figure 2.2 Standard Curve of BSA

2.13 Western Blotting
To identify the expression of proteins in different samples, western blotting was

performed. For this technique, (Ma et al., 2005) protocol was followed.
Following steps are involved in western blotting:

e Gel preparation

e Gel electrophoresis

e Transfer of protein from gel onto nitrocellulose (NC) membrane
e Blocking

e Treatment with primary and secondary antibodies

e Detection

2.13.1 Gel Preparation and Gel Electrophoresis

SDS gel was prepared from the reagents mentioned below:

Separating Gel (12%)

Reagents Volume

Distilled water 4125 uL

Tris HCI (1.5 M; pH 8.8) 3125 uL
SDS (10%) 125 uLL

Bis-acrylamide (30%) 5000 pLL
APS (10%) 125 uL
TEMED 7.5 uL
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Stacking Gel (4%)

Reagents Volume
Distilled water 4187.5 uL
Tris HCI (0.5 M; pH 6.8) 625 uL
SDS (10%) 62.5 uL
Bis-acrylamide (30%) 875 uL
APS (10 %) 75 uL
TEMED 93 uL

Procedure

First of all, spacer plate and cover glass were placed on top of each other and secured
in gel cassette to set the gel casting apparatus. Distilled water was added to check the
leakage, then the plates were dried with filter paper. Separating gel (12%) was prepared
by mixing all the reagents and poured in between the gel plates. After that isopropanol
was added on the surface of separating gel to remove the bubbles. The separating gel
was solidified at room temperature for about 40 to 45 minutes. After gel solidification,
isopropanol was discarded and the polymerized gel was washed with distilled H>O for
three times and then dried with the help of filter paper. In the next step, stacking gel
(4%) was prepared by mixing all the reagents and was poured on the top of separating
gel followed by the insertion of comb to create wells in the gel. Then the stacking gel
was solidified at room temperature for about 30 minutes. After solidification, the
cassettes were separated from the gel casting apparatus and were placed onto clamping

apparatus in running buffer.

2.13.2 Sample Preparation
Reagents

For the preparation of sample following reagents were required:

2X SDS Gel Loading Buffer

Reagents Concentration
Dithiothreitol 200 mM
Glycerol 0.2%
Tris HCI; pH 6.8 62.5 mM
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SDS 2%
Bromophenol blue 0.01%

Procedure

For loading of samples in the wells, samples (30 pg protein) were mixed with 5 pL of
SDS loading dye and running buffer was added in a way to make total volume of 15
pL. Samples were incubated in water bath at 95 °C for 10 minutes followed by 1 minute

of centrifugation at 2000 rpm.

2.13.3 Sample Loading and Gel Running
Reagents
SDS Running Buffer 5X, pH 8.3

Reagents Concentration
Tris base 125 mM
Glycine 1.25%
SDS 0.50%

Procedure

Firstly, SDS running buffer 1X was prepared by adding 200 mL of SDS running buffer
5X in 800 mL of distilled water. Gel plates were placed inside the clamping apparatus
and 1X running buffer was poured into the tank. Ladder was loaded in the first well and
other samples were loaded in the separate wells. Initially, the gel was run at 90 volts for
45 minutes till the dye reached the separating gel, then the voltage was changed to 120
volts till the loading dye reached the end of the plates. Finally, the voltage was changed

to 150 volts for 5 minutes.

2.13.4 Gel Staining
Reagents

For gel staining solutions, following reagents were required:

Solutions Reagents
50% Methanol
Fixing Solution 10% Glacial acetic acid
Distilled water
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0.1% Coomassie R-250

50% Methanol
Staining Solution
10% Glacial acetic acid

Distilled water
40% Methanol

Destaining Solution 10% Glacial acetic acid
Distilled water

Storage Solution 5% Glacial acetic acid

Procedure

Gel was carefully taken out from the cassette and soaked in the fixing solution followed
by overnight incubation at room temperature with continuous shaking. After fixing the
gel, the fixing solution was replaced by staining solution and gel was stained for 20
minutes with continuous shaking. Then staining solution was discarded and the gel was
shifted in destaining solution for half an hour which was restored several times until the
background became clear. Gel was stored in storage solution and the bands were seen.
Staining of gel was not required for the gel which was processed for the transfer of

proteins onto nitrocellulose membrane.

2.13.5 Transferring Proteins onto Nitrocellulose Membrane
For the transfer of protein from gel onto nitrocellulose membrane, transfer buffer,

ponceau stain and Trisbuffered saline with 0.1% Tween-20 (TBST) were required.

Transfer Buffer

6.05 g of Tris base was dissolved in 50 mL of distilled H>O to prepare 1 M solution.
From 50 mL of Tris base solution, 25 mL of solution was taken followed by the addition
of 14.4 g of glycine and 200 mL of absolute methanol. Finally, the volume was raised

to 1000 mL by the addition of distilled H2O.

Reagents Concentration Volume
Tris base IM 25 mL
Glycine 192 mM 144 ¢
Methanol Absolute 200 mL
Distilled water Raise volume upto 1 L
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Ponceau Stain
0.5 g of ponceau stain was dissolved in 5 mL of glacial acetic acid and volume was

raised to 500 mL by the addition of distilled H>O.

Reagents Volume
Ponceau stain 05¢g
Glacial acetic acid S5mL
Distilled water

Tris buffered saline with Tween (TBST)

6.057 g of Tris base was dissolved in 50 mL of distilled H>O and its pH was maintained
at 8.0. 3 M NaCl was prepared by adding 8.775 g of salt in 50 mL of distilled H>O.
Then 25 mL of Tris base solution was taken and added in 50 mL of NaCl solution

followed by the addition of 1 mL Tween-20. Finally, the volume of the solution was

raised to 1000 mL by the addition of distilled H>O.

Reagents Concentration Volume
Tris base; pH 8 IM 25mL
NaCl IM 50 mL
Tween-20 I mL
Distilled water Raise volume upto 1 L
Procedure

For transfer of gel onto nitrocellulose membrane, 12 filter papers were cut into equal
sizes. Six filter papers were soaked in transfer buffer and were placed on blotting
apparatus. In the next step, nitrocellulose membrane was soaked in transfer buffer and
was placed on previously arranged filter papers followed by the placement of gel on
top of nitrocellulose membrane. Then six more filter papers were soaked in transfer
buffer and were placed on top of the gel creating a sandwich like arrangement in which
nitrocellulose membrane is embedded in between filter papers and gel. 10 volts of
voltage was applied for about 40 minutes. To confirm protein transfer onto
nitrocellulose membrane, ponceau staining was performed followed by membrane

washing by TBST.
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2.13.6 Blocking

Preparation of Blocking Solution

5% of blocking solution was prepared by adding 0.5 g of skimmed milk or BSA in 10
mL of TBST.

Procedure
Nitrocellulose membrane was soaked in 5% of blocking solution to block all those sites
on membrane where non-specific binding could occur. After soaking the membrane for

45 minutes, nitrocellulose membrane was washed with TBST for three times.

2.13.7 Antibody Treatment

Primary Antibody
Target Proteins Primary Antibodies
GAPDH SC+332233 Santa Cruz Biotechnology
NFATC3 SC-8405 Santa Cruz Biotechnology
Et-1 MA3-005 ThermoFisher Scientific
Secondary Antibody
Secondary Antibody
Goat Antimouse (IgG) ThermoFisher

Dilution of Antibody

Primary and secondary antibodies were diluted in 5% of BSA solution at the ratio of

1:2000.and 1:7000, respectively.

Procedure

Nitrocellulose membrane was incubated overnight at 4 °C. After 24 hours, membrane
was washed with TBST for three times. The membrane was then incubated
continuously on shaker with secondary antibody for two hours at room temperature.

After incubation of secondary antibody, membrane was washed with TBST.

2.13.8 Detection
Chromogenic detection method was used in this protocol. For the detection of the
signal, 5-bromo-4-chloro-3-indolylphosphate (BCIP) / Nitro Blue Tetrazolium (NBT)

was used as a substrate.
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Procedure
Nitrocellulose membrane was treated with 1 mL of NBT substrate followed by 30
minutes of incubation in dark. After that, bands were observed and photographs were

taken. Densitometric analysis was done by using ImagelJ software.

2.14 Expression Analysis of miRNAs and Genes

To analyze the expression of miRNAs and the targeted genes, qRT-PCR was
performed. Firstly, RNA was extracted from the blood and tissue samples which was
used as a template for cDNA synthesis followed by Quantitative Real Time PCR (qRT-
PCR) (Ishtiaq et al., 2020).

2.14.1 RNA Extraction from Human Blood

Following reagents were required for this protocol:

Reagents Volume
TRIzol 500 pL
Chloroform 50 uL
Isopropanol 150 uL
Glycogen 1 uL
Ethanol (70%) 500 uL
DEPC treated water 10 uL

Procedure

500 pL of TRIzol' were.added to 1 mL of blood sample and was properly minced with
syringe. Then the samples were vortexed for 20 seconds. Then 50 pL of chloroform
was added. The samples were vigorously shaken then incubated for 3 minutes at room
temperature. For phase separation, samples were placed in centrifuge at 13,500 rpm for
15 minutes keeping the temperature at 4 °C. After this, two layers were formed. Upper
aqueous layer was separated and the pellet was discarded. Then 150 uL of isopropanol
and 1 pL of glycogen were added to the aqueous layer. Samples were incubated for 5
minutes at room temperature and then transferred onto ice for another 5 minutes. Again,
samples were placed in centrifuge at 13,500 rpm for 15 minutes at 4 °C. Then
supernatant was discarded and the pellet was washed with 500 pL of 70% ethanol.
Samples were vortexed to dissolve the pellet in ethanol and again placed in centrifuge

at13,500 rpm for 15 minutes at 4 °C. Supernatant was discarded and to completely
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remove ethanol droplets, the pellet was air dried for 10 minutes. Then10 uL of DEPC
water was added and vortexed. Quantification of RNA was done by using UV/VIS
NanoDrop-1000™ (Nanodrop, V3.7, Thermo Fisher Scientific, USA).

2.14.2 RNA Extraction from Rat Tissue

Following reagents were required for this protocol:

Reagents Volume
TRIzol 500 uL
Chloroform 50 uL
Isopropanol 150 uL
Ethanol (70%) 500 uL
DEPC treated water 25 uL

Procedure

After the dissection of rats, different organs such as heart, kidneys and liver were
collected. The organs were divided into four equal parts. Two parts of heart were finely
minced in 300 puL of TRIzol. Then the minced samples were vortexed and 200 puL of
TRIzol was added and then sample was minced with the syringe. Then the samples
were vortexed for 20 seconds. Then 50 pL of chloroform was added. The samples were
vigorously shaken'then incubated for 3 minutes at room temperature. For phase
separation, samples were placed in centrifuge at 13,500 rpm for 15 minutes keeping the
temperature at 4 °C. After this, two layers were formed. Upper aqueous layer was
separated and the pellet was discarded. Then 150 puL of isopropanol and 1 pL of
glycogen were added to the aqueous layer. Samples were incubated for 5 minutes at
room temperature and then transferred onto ice for another 5 minutes. Again, samples
were placed in centrifuge at 13,500 rpm for 15 minutes at 4 °C. Then supernatant was
discarded and the pellet was washed with 500 pL of 70% ethanol. Samples were
vortexed to dissolve the pellet in ethanol and again placed in centrifuge at13,500 rpm
for 15 minutes at 4 °C. Supernatant was discarded and to completely remove ethanol
droplets, the pellet was air dried for 10 minutes. Then10 pL of DEPC water was added
and vortexed. Quantification of RNA was done by using UV/VIS NanoDrop-1000™
(Nanodrop, V3.7, Thermo Fisher Scientific, USA).
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2.14.3 cDNA Synthesis
“Revert Aid First Strand cDNA Synthesis Kit” (Thermo Fisher Scientific, USA) was
used for the synthesis of cDNA. Following reagents were used in cDNA synthesis kit:

Reagents Volume
Template RNA 1 ng/s pg
Random Hexamer Primer 1 uL
Reaction Buffer (5X) 4.5 uL
Ribolock RNase Inhibitor 0.5 uL
dNTP mix (10 mM) 2'uL
RevertAid M-MuLV RT 1 uL

Nuclease Free Water

Procedure

Components of the kit were thawed properly and a mixture of 12 pL was prepared by
mixing template RNA, nuclease free water and random hexamer primer in polymerase
chain reaction (PCR) tubes. Then PCR tubes were incubated for 5 minutes at 65 °C.
After incubation, the PCR tubes were placed on ice and the remaining components of
the kit were added in each tube. 4.5 uL of Reaction Buffer, 2 pL of deoxynucleotide
triphosphates (ANTPs) mix, 0.5 uL of Ribolock RNase Inhibitor and 1 pL of RevertAid
M-MuLV Reverse Transcriptase was added to the previously prepared 12 pL. mixture
to make total volume of 20-uL. Then the mixture was mixed by tapping the tubes and
incubated in thermocyeler at 42 °C for 1 hour followed by the termination of reaction

at 70 °C for 5 minutes. The cDNA formed was stored at -80 °C.

2.14.4 Quantitative Real Time Polymerase Chain Reaction (QRT-PCR)

For qRT-PCR, firstly cDNA dilutions were prepared. 5 L of cDNA was added in 20
nL of nuclease free water to make cDNA dilution. For each reaction, 8 uL of reaction
mixture was prepared and 2 pL of cDNA dilution was added in each PCR vial making
total volume of 10 pL. Following components were required to make reaction mixture

for qRT-PCR:
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Reagents Volume
cDNA 2 uL
Forward Primer (gene specific) 0.37 uL
Reverse Primer (gene specific) 0.37 uL
Eva Green 2 uL
Nuclease Free Water 5.26 uL

Procedure

Firstly, reaction mixture was prepared by mixing 5.26 uL of nuclease free water, 0.37
uL of gene or miRNA specific forward primer, 0.37 pL of gene or miRNA specific
reverse primer and 2 pL of Eva green dye. 2 pL of cDNA dilution was added in PCR
vials and then 8 pL of reaction mixture was added resulting intotal volume of 10 pL.
PCR vials were placed in the wells of RT machine and expression analysis of particular
gene or miRNA was done by running the program designed and saved in MyGoPro.
After the reaction was completed, Ct values were recorded. miRNA U6 was taken as
an endogenous control and change in fold activity of miRNAs was calculated.
Expression of GAPDH in each group was taken as an internal control and fold activity

of genes was calculated.

2.15 Histological analysis
After dissection, tissues were fixed in fixatives i.e., 10% formalin, 60% absolute alcohol
and 10% acetic acid, to-analyze the cellular architecture of tissues under light

microscope (DIALUX 20 EB).

2.16 Statistical Analysis
For statistical analysis, all experimental data were evaluated by applying t-test using
GraphPad Prism 9.0.0 software which showed that statistics were significant at p value

< 0.01 or <0.05. GraphPad Prism 9.0.0 software was used to plot the graphs.
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3 RESULTS

3.1 Demographic Data Analysis of Myocardial Infarction Patients

3.1.1 Gender-wise Distribution
The myocardial infarction patients were divided into two groups on the basis of gender
as shown in Figure 3.1. The first group comprised of 8 MI male patients (72.72%). The

second group comprised of 3 MI female patients (27%) as shown in Table 3.1.

Table 3.1 Gender-wise Distribution of M1 Patients

Gender No of Patients Percentage
Male 8 72:72%
Female 3 27.27%

Gender-wise Distribution

Female
27%

Male
73%

= Male = Female

Figure 3.1 Graphical Representation of Gender-wise Distribution of MI Patients

3.1.2 Age-wise Distribution

The myocardial infarction patients were distributed into four groups on the basis of age
as shown in Figure 3.2. The first group comprised of MI patients in below 20 age group
with 1 patient (9%). The second group comprised of MI patients between 21-40 age
group with 2 patients (18%). The third group comprised of MI patients between 41-60
age group with 3 patients (27%). The forth group comprised of MI patients in above 60
age group with 5 patients (45%) as shown in Table 3.2.
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Table 3.2 Age-wise Distribution of MI Patients
Age Group No of Patients Percentage
<20 1 9.09%
21-40 2 18.18%
41-60 3 27.27%
> 60 5 45.45%
Grand Total 11 100%

Age-wise Distribution
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Figure 3.2 Graphical Representation of Age-wise Distribution of MI Patients

3.1.3 Other Diseases in Myocardial Infarction Patients

It was recorded that no patient suffered from asthma and lung disease. All the patients
of myocardial infarction were not diagnosed with liver disease. About 27.27% of MI
patients were suffering from diabetes as shown in Table 3.3. It was also recorded that
45.45% of myocardial infarction patients were suffering from hypertension. 45.45% of

myocardial infarction patients showed high blood pressure as shown in Figure 3.3.

Table 3.3 Other Diseases in MI Patients

Other Diseases No of Patients Percentage
Diabetes 3 27.27%
Hypertension 5 45.45%
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Blood Pressure 5 45.45%
Other Diseases
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Figure 3.3 Graphical Representation of other diseasesin MI patients

3.1.4 Smoking status of Myocardial Infarction Patients
27.27% of myocardial infarction patients were smokers as shown in Figure 3.4 while

others were non-smokers as shown in Table 3.4.

Table 3.4 Smoking status of MI Patients

No of Patients Percentage
Smokers 3 27.27%
Non-Smokers 8 72.72%
Smoking Status

Smokers
27%

Non-Smokers
73%

= Smokers = Non-Smokers

Figure 3.4 Graphical Representation of Smoking Status of MI Patients
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3.1.5 Time since diagnosis of Myocardial Infarction in Patients

Out of total 11 patients of myocardial infarction, 3 patients (27.27%) were diagnosed
between 3-15 days ago, 2 patients (18.18%) were diagnosed between 2-6 months ago,
1 patient (9.09%) was diagnosed 8 months ago and other patients (45.45%) were

diagnosed 2-6 years ago as shown in Figure 3.5.

Table 3.5 Time since diagnosis of MI in Patients

Time since Diagnosis No of Patients Percentage
<15 Days 3 27.27%
< 6 Months 2 18.18%
> 6 Months 1 9.09%
> 2 Years 5 45.45%

Figure 3.5 Graphical Representation of Time since Diagnosis

3.1.6 Family History of Myocardial Infarction Patients
Out of 11 patients, 5 myocardial infarction patients (45.45%) were recorded with a

family history of cardiac diseases.

3.2 Expression of miR-1-3p in Myocardial Infarction Patients’ Blood
To validate the expression of miRNA-1-3p in the blood samples of control and MI
patients, qRT-PCR was used. U6 was taken as endogenous control and relative fold

activity was calculated for miRNA-1-3p. The expression of miRNA-1-3p was
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significantly upregulated (relative fold change of 58.97) in the blood samples of MI

patients as compared to that of control blood samples as shown in Figure 3.6.

MI Patient
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of miRNA-1
)
o

Figure 3.6 Graphical Representation of miRNA-1 Expression in Patients’ Blood

(*) Significant in comparison to Control at p value < 0.05

3.3 Expression of miR-15a-5p.in Myocardial Infarction Patients’ Blood

To validate the expression of miRNA-15a-5p in the blood samples of control and MI
patients, qRT-PCR was used. U6 was taken as internal control and relative fold activity
was calculated for miRNA-15a-5p. The expression of miRNA-15a-5p was significantly
upregulated (relative fold change of 11.48) in the blood samples of MI patients as
compared to that of control blood samples as shown in Figure 3.7. For statistical

analysis, t-test was applied by using GraphPad Prism software 9.0.0.
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Figure 3.7 Graphical Representation of miRNA-15a Expression in Patients' Blood

45



Chapter 3 Results

(**) Significant in comparison to Control at p value < 0.01

3.4 Expression of miR-98-5p in Myocardial Infarction Patients’ Blood

miRNA-98-5p plays important role in the regulation of cardiovascular diseases. To
validate the expression of miRNA-98-5p in the blood samples of control and MI
patients, qRT-PCR was used. U6 was taken as internal control and relative fold activity
was calculated for miRNA-98-5p. The expression of miRNA-98-5p was significantly
downregulated (relative fold change of 0.03797) in the blood samples of MI patients as
compared to that of control blood samples as shown in Figure 3.8. For statistical

analysis, t-test was applied by using GraphPad Prism software 9:0.0.
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Figure 3.8 Graphical Representation of miRNA-98 Expression in Patients' Blood

(****) Significant in comparison to Control at p value < 0.0001

3.5 < Expression of NFATC3 in Myocardial Infarction Patients’ Blood

By using TargetScan it was confirmed that NFATC3 is the target of miRNA1-3p as
shown in Figure 3.9. The expression analysis of NFATC3 was done by qRT-PCR.
GAPDH was used as a control and relative fold activity of NFATC3 was calculated.
The expression of NFATC3 was significantly downregulated (relative fold change of
0.00549) in the blood samples of MI patients as compared to that of control blood
samples as shown in Figure 3.10. For statistical analysis, t-test was applied using

GraphPad Prism software 9.0.0.
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Figure 3.9 Putative miRNA-1-3p Target Binding Sites Predicted by TargetScan
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Figure 3.10 Graphical Representation of NFATC3 Expression in MI Patients' Blood

(****) Significant in comparison to Control at p value < 0.0001

3.6 __Expression of BCL2 in Myocardial Infarction Patients’ Blood

By using TargetScan it was confirmed that BCL2 is the target of miRNA15a-5p as
shown in Figure 3.11. The expression analysis of BCL2 was done by qRT-PCR.
GAPDH was used as control and relative fold activity of BCL2 was calculated. The
expression of BCL2 was significantly downregulated (relative fold change of
0.005239) in the blood samples of MI patients as compared to that of control blood
samples as shown in Figure 3.12. For statistical analysis, all the data was analyzed by

t-test using GraphPad Prism software 9.0.0.
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Figure 3.11 Putative miRNA-15a-5p Target Binding Sites Predicted by TargetScan
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Figure 3.12 Graphical Representation of BCL2 Expression in MI Patients' Blood

**%%) Sionificant in comparison to Control at p value < 0.0001
g p p

3.7 Expression of ET-1 in Myocardial Infarction Patients’ Blood

Endothelin-1 (ET-1) is a vasoconstrictor, involved in the regulation of different
signaling pathways in cardiovascular diseases. In cardiomyocytes, ET-1 is the target of
MAPK signaling pathway. In cardiovascular diseases, particularly myocardial
infarction, the expression of ET-1 is dysregulated. By using TargetScan it was
confirmed that ET-1 is the putative target of miRNA98-5p as shown in Figure 3.13.
The expression of ET-1 is significantly increased by the ERK dependent activation of
GATAA4 in myocardial infarction. The expression analysis of ET-1 was done by qRT-
PCR. GAPDH was used as a control and relative fold activity of ET-1 was calculated.
The expression of ET-1 was significantly upregulated (relative fold change of

15.72378) in the blood samples of MI patients as compared to that of control blood
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samples as shown in Figure 3.14. For statistical analysis, t-test was performed by using

GraphPad Prism software 9.0.0.

Figure 3.13 Putative miRNA-98-5p Target Binding Sites Predicted by TargetScan
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Figure 3.14 Graphical Representation of ET-1 Expression in MI Patients' Blood

(**) Significant in.comparison to Control at p value < 0.01

3.8 Expression of ANP in Myocardial Infarction Patients’ Blood

ANP controls the blood volume and blood pressure in normal and pathological
conditions. The expression analysis of ANP was done by qRT-PCR. GAPDH was used
as control and relative fold activity of ANP was calculated. The expression of ANP was
significantly upregulated (relative fold change of 94.48367) in the blood samples of MI
patients as compared to that of control blood samples as shown in Figure 3.15. All the

data was statistically analyzed by applying t-test using GraphPad Prism software 9.0.0.

49



Chapter 3 Results

MI Patient
140 *

{120 I
100
=T
| M
s )
o 2-
s
C1 ‘

Figure 3.15 Graphical Representation of ANP Expression in MI Patients' Blood

(*) Significant in comparison to Control at p value < 0.05

3.9 Expression of BNP in Myocardial Infarction Patients’ Blood

The increased levels of BNP reflect the extent of myocardial infarction. The expression
analysis of BNP was done by qRT-PCR. GAPDH was used as control and relative fold
activity of BNP was calculated. The expression of BNP was significantly upregulated
(relative fold change of 3.708269) in the blood samples of MI patients as compared to
that of control blood samples.as shown in Figure 3.16. All the data was statistically

analyzed by t-test using GraphPad Prism software 9.0.0.
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Figure 3.16 Graphical Representation of BNP Expression in MI Patients' Blood

(*) Significant in comparison to Control at p value < 0.05
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3.10 Expression of miR-15a-5p in Rats’ Blood and Tissue

The expression analysis of miRNA-15a-5p was done by qRT-PCR in rat tissue sample
and blood sample of ISO induced MI group and control group. U6 was used as internal
control and relative fold activity of miRNA-15a-5p was calculated. The circulatory
levels of miRNA-98-5p were significantly upregulated (relative fold change of 3.456)
in the rat blood of ISO induced MI group as compared to that of control group as shown
in Figure 3.17. Likewise, in rat tissue of ISO induced MI group, the expression of
miRNA-15a-5p was significantly upregulated (relative fold change of 3.16) as
compared to that of control group as shown in Figure 3.17. For statistical analysis, t-

test was applied using GraphPad Prism software 9.0.0.

Figure 3.17 Graphical Representation of miRNA-15a Expression in Rat Blood and

Tissue

(*) Significantin comparison to Control at p value < 0.05

(**) Significant in comparison to Control at p value < 0.01

3.11 Expression of miR-98-5p in Rats’ Blood and Tissue

The expression analysis of miRNA-98-5p was done by qRT-PCR in rat tissue sample
and blood sample of ISO induced MI group and control group. U6 was used as internal
control and relative fold activity of miRNA-98-5p was calculated. The circulatory
levels of miRNA-98-5p were significantly downregulated in the rat blood (relative fold
change of 0.04184) and rat tissue (relative fold change of 0.01647) of ISO induced MI
group as compared to that of control group as shown in Figure 3.18. For statistical

analysis, t-test was applied by using GraphPad Prism software 9.0.0.
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Figure 3.18 Graphical Representation of miRNA-98 Expression in Rat Blood and

Tissue

(****) Significant in comparison to Control at p value < 0.0001

3.12 Expression of NFATC3 in Rats’ Blood and Tissue

The expression analysis of NFATC3 was done by qRT-=PCR in rat tissue sample and
blood sample of ISO induced MI group as well as control group. GAPDH was used as
control and relative fold activity of NFATC3 was calculated. Compared to that of
control group, the circulatory levels of NFATC3 were significantly downregulated
(relative fold change of 0.26983) in.the rat blood of ISO induced MI group as shown in
Figure 3.19. Contrarily, the expression of NFATC3 was significantly upregulated
(relative fold change of 7.408) in the tissue samples of ISO induced MI group as
compared-to that of control group as shown in Figure 3.19. For statistical analysis, t-

test was applied by using GraphPad Prism software 9.0.0.
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Figure 3.19 Graphical Representation of NFATC3 Expression in Rat Blood and

Tissue

(**) Significant in comparison to Control at p value < 0.01

3.13 Expression of BCL2 in Rats’ Blood and Tissue

The expression analysis of BCL2 was done by qRT-PCR in rat tissue sample and blood
sample of ISO induced MI group as well as control group. GAPDH was taken as control
and relative fold activity of BCL2 was calculated. Compared to that of control group,
the circulatory levels of BCL2 were significantly downregulated (relative fold change
of 0.279087) in the rat blood of ISO induced MI group as shown in Figure 3.20.
Uniformly, the expression of BCL2 was significantly downregulated (relative fold
change of 0.068872) in the tissue samples of ISO induced MI group as compared to that
of control group as shown in Figure 3.20. For statistical analysis, t-test was applied by

using GraphPad Prism software 9.0.0.

Figure 3.20 Graphical Representation of BCL2 Expression in Rat Blood and Tissue

(*) Significant in comparison to Control at p value < 0.05

(**) Significant in comparison to Control at p value < 0.01

3.14 Expression of ET-1 in Rats’ Blood and Tissue

The expression analysis of ET-1 was done by qRT-PCR in rat tissue sample and blood
sample of ISO induced MI group as well as control group. GAPDH was used as control
and relative fold activity of ET-1 was calculated. Compared to that of control group,

the circulatory levels of ET-1 were significantly upregulated in the rat blood (relative
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fold change 0£2.039359) and rat tissue (relative fold change 0f2.65543) of ISO induced
MI group as shown in Figure 3.21.

Figure 3.21 Graphical Representation of ET-1 Expression in Rat Blood and Tissue

(*) Significant in comparison to Control at p value < 0.05

3.15 Expression of ANP in Rats’ Blood and Tissue

The expression analysis of ANP was done by qRT-PCR in rat tissue sample and blood
sample of ISO induced MI group as well as control group. For normalization, GAPDH
was used as control and relative fold activity of ANP was calculated. Compared to that
of control group, the circulatory levels of ANP were significantly upregulated in the rat
blood (relative fold change of 5.009637) and rat tissue samples (relative fold change of
10.65654) of ISO induced MI group as shown in Figure 3.22. For statistical analysis, t-
test was performed by using GraphPad Prism software 9.0.0.
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Figure 3.22 Graphical Representation of ANP Expression in Rat Blood and Tissue
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(*) Significant in comparison to Control at p value < 0.05

3.16 Expression of BNP in Rats’ Blood and Tissue

The expression analysis of BNP was done by qRT-PCR in rat tissue sample and blood
sample of ISO induced MI group as well as control group. GAPDH was used as control
for normalization and relative fold activity of BNP was calculated. Compared to that of
control group, the circulatory levels of BNP were significantly upregulated (relative
fold change of 8.681822) in the rat blood of ISO induced MI group as shown in Figure
3.23. Uniformly, the expression of BNP was significantly upregulated. (relative fold
change of 7.832541) in the tissue samples of ISO induced MI group as compared to that
of control group as shown in Figure 3.23. For statistical analysis, t-test was ‘performed

by using GraphPad Prism software 9.0.0.

Figure 3.23 Graphical Representation of BNP Expression in Rat Blood and Tissue

(*) Significant in comparison to Control at p value < 0.05

3.17 Protein Expression Analysis of NFATC3

To check the protein expression level of NFATC3, western blotting was performed on
serum samples and tissue homogenate samples of ISO induced MI group as well as
control group. GAPDH was used as a control for normalization. Compared to that of
control group, the expression of NFATC3 was significantly downregulated in the serum
samples of ISO induced MI group as shown in Figure 3.24. The densitometric analysis
was performed to quantify the protein expression level of NFATC3 in serum samples
as shown in Figure 3.25 respectively. The results were statistically analyzed by t-test

using GraphPad Prism software 9.0.0.
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Figure 3.24 Expression Analysis of NFATC3 in Serum Samples
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Figure 3.25 Graphical Representation of Expression of NFATC3 in Serum Samples

(**) Significant in comparison to Control at p value < 0.01

3.18 Protein Expression Analysis of ET-1

To check the protein expression level of ET-1, western blotting was performed on
serum samples and tissue homogenate samples of ISO induced MI group as well as
control group. GAPDH was used as a control for normalization. The protein expression
of ET-1 was significantly upregulated in the serum samples of ISO induced MI group
as compared to that of control group as shown in Figure 3.26. Similarly, significant
increase in the protein expression of ET-1 was observed in tissue homogenate samples
of ISO induced MI group in comparison to that of control group as shown in Figure3.28.
The densitometric analysis was performed to quantify the protein expression level of
ET-1 in both serum and tissue homogenate samples as shown in Figure 3.27 and Figure
3.29, respectively. For statistical analysis, t-test was performed by using GraphPad

Prism software 9.0.0.
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Figure 3.26 Expression Analysis of ET-1 in Serum Samples
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Figure 3.27 Graphical Representation of Expression of ET-1 in Serum Samples

(***) Significant in comparison to Control at p value < 0.001

Figure 3.28 Expression Analysis of ET-1 in Tissue Homogenate Samples
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Figure 3.29 Graphical Representation of Expression of ET-1 in Tissue Homogenate

Samples

(**) Significant in comparison to Control at p value < 0.01

3.19 Effects of Isoproterenol on Baseline Characteristics

Isoproterenol was used to induce myocardial infarction in rats in the experimental
group, as a result different signaling pathways are activated which lead to the apoptosis
of cardiomyocytes. The tibia length, body weight, heart weight and the weight of other
organs were measured. The analysis of these characteristics revealed increased heart
size of isoproterenol treated rats as shown in Figure 3.30. The comparative analysis was
performed in which a_ significant increase in heart weight to body weight ratio was
observed inISO induced myocardial infarction experimental group than that of control
group as shown in-Figure 3.31. Similarly, an increase in heart weight to tibia length
ratio'was observed in ISO induced myocardial infarction experimental group as
compared to the control group, shown in Figure 3.32. These observations suggested
that isoproterenol induced myocardial infarction in experimental groups. For statistical

analysis, t-test was performed by using GraphPad Prism software 9.0.0.

Figure 3.30 Comparative analysis of Heart size in Experimental Groups
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Figure 3.31 Graphical Representation of Heart Weight/Body Weight

(***) Significant in comparison to Control at p value < 0.001
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Figure 3.32 Graphical Representation of Heart Weight/Tibia Length

(**) Significant in comparison to Control at p value < 0.01

3.20 Effects of Isoproterenol on Cellular Organization

To check the induction of myocardial infarction in experimental groups, histological
analysis was performed. Hematoxylin and Eosin staining (H&E) revealed the disturbed
cellular organization, increase nuclei number, disruption of cell membrane, increase
nucleus to cytoplasm ratio, enlarged size of cardiomyocytes, increase cell surface area
and asymmetrical arrangement of cardiac myofibrils in isoproterenol induced MI rat
model which confirms the cardiac cell injury and damage as shown in Figure 3.33. The

arrow head shows the abnormal cells. However, in comparison to the control group, the
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cellular architecture was intact, nuclei number and nucleus to cytoplasm ratio were

normal as shown in Figure 3.33.

Figure 3.33 Histological Analysis of Heart in Isoproterenol induced MI Rat Group

3.21 Assessment of Oxidativess Stress Profile in Experimental Groups

3.21.1 Analysis of ROS in Serum and Tissue Homogenate samples

Compared to that of normal control group (0.07672+0.01240), the serum level of ROS
was increased significantly in isoproterenol group.(0:1307+0.01351) as shown in
Figure 3.34, which showed the toxic effects of isoproterenol. The ROS assay was also
performed on tissue homogenates of the experimental groups. Compared to that of
normal control group (0.1123+0.04330). the tissue homogenate level of ROS was
increased significantly in isoproterenol group (0.1495+0.02656) as shown in Figure
3.34. For statistical analysis, t-test was performed by using GraphPad Prism software
9.0.0. The values are provided as Mean + SEM, (***) at p value < 0.001 and (**) at p

value < 0.01.

Figure 3.34 Graphical Representation of ROS Level in Serum and Tissue

Homogenate Samples
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(***) Significant in comparison to Control at p value < 0.001

(**) Significant in comparison to Control at p value < 0.01

3.21.2 Analysis of TBARs in Serum and Tissue Homogenate samples

The isoproterenol induced lipid peroxidation in the experimental groups which was
determined by TBARs assay. TBARs are the by-product which are produced during
lipid peroxidation and lead to oxidative stress. The administration of isoproterenol
results in the significant increase in the levels of TBARs compared to that of control.
Compared to that of control group (10471+22.061783), the serum level of TBARs was
significantly increased in isoproterenol group (38517+8.52319) as shown in Figure
3.35, which showed the lipid damage due to isoproterenol. The TBARs assay was also
performed on tissue homogenates of the experimental groups. Compared to that of
control group (5517+16.162973), the tissue homogenate level of TBARs was
significantly increased in isoproterenol group (19817+4.62155) as shown in Figure
3.35. By using GraphPad Prism software 9.0.0, t-test was applied for statistical analysis.
The values are provided as Mean = SEM, (**) at p value < 0.01 and (****) at p value

<0.0001.

Figure 3.35 Graphical Representation of TBARs Level in Serum and Tissue

Homogenate Samples

(**) Significant in comparison to Control at p value < 0.01

(****) Significant in comparison to Control at p value < 0.0001
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3.22 Assessment of Antioxidant levels in Experimental Groups

3.22.1 Analysis of SOD Activity in Serum and Tissue Homogenate samples
Superoxide dismutase (SOD) detoxifies the oxidative stress and provides protection
against ROS damage. The increased production of free radical species results in the
reduced level of antioxidant enzyme, SOD, resulting in myocardial damage in
isoproterenol induced rats. Compared to that of normal control group (18.48+0.01656),
the serum level of SOD was decreased significantly in isoproterenol group
(16.47+0.06467) as shown in Figure 3.36. The SOD assay was also performed on tissue
homogenates of the experimental groups. The tissue homogenate level of SOD was
decreased significantly in isoproterenol group (17.33+£0.0151) compared to that of
normal control group (22.71£0.04053) as shown in Figure 3.36. T-test was applied by
using GraphPad Prism software 9.0.0. The values are provided-as Mean = SEM, (***)
at p value <0.001 and (****) at p value < 0.0001.

Figure 3.36 Graphical Representation of SOD Activity in Serum and Tissue

Homogenate Samples

(***) Significant in comparison to Control at p value < 0.001

(****) Significant in comparison to Control at p value < 0.0001

3.22.2 Analysis of CAT Activity in Serum and Tissue Homogenate samples

Catalase (CAT) enzyme act as a scavenger for reactive oxygen species and provides
protection from oxidative stress. In ISO-induced MI models there is a reduction in the
activity of antioxidant enzyme, CAT, due to increase in oxidative stress. The serum

level of CAT was downregulated significantly in isoproterenol group (0.1129+0.03021)
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compared to that of normal control group (0.1455+0.0137) as shown in Figure 3.37.
The CAT assay was also performed on tissue homogenates of the experimental groups.
The tissue homogenate level of CAT was reduced significantly in isoproterenol group
(0.05368+0.04101) compared to that of normal control group (0.1552+0.03939) as
shown in Figure 3.37. For statistical analysis, t-test was applied by using GraphPad
Prism software 9.0.0. The values are provided as Mean = SEM, (***) at p value <0.001.

Figure 3.37 Graphical Representation of CAT Activity in Serum and Tissue

Homogenate Samples

(***) Significant in comparison to Control at p value < 0.001

3.22.3 Analysis of POD Activity in Serum and Tissue Homogenate samples
Peroxidase (POD) enzyme is an antioxidant enzyme which helps the body to scavenge
from hydrogen peroxide during oxidative stress. In ISO-induced MI models there is a
reduction in the activity of antioxidant enzyme, POD, due to increase in oxidative
stress. Compared to that of normal control group (9.364+0.0873), the serum level of
POD was decreased significantly in isoproterenol group (6.633+0.08986) as shown in
Figure 3.38. The POD assay was also performed on tissue homogenates of the
experimental groups. Compared to that of normal control group (13.08+0.16205), the
tissue homogenate level of POD was decreased significantly in isoproterenol group
(9.552+0.55339) as shown in Figure 3.38. For statistical analysis, t-test was applied by
using GraphPad Prism software 9.0.0. The values are provided as Mean = SEM, (**) at
p value <0.01.
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Figure 3.38 Graphical Representation of POD Activity in Serum and Tissue

Homogenate Samples

(**) Significant in comparison to Control at p value < 0.01

3.22.4 Analysis of GSH Level in Serum and Tissue Homogenate samples
Compared to that of normal control group (0.5257+0.13336), the serum level of GSH
was decreased significantly in isoproterenol diseased group (0.1970+0.02215) as
shown in Figure 3.39. In case of tissue homogenates, compared to that of normal control
group (0.6135+0.04529), the level of GSH was decreased significantly in isoproterenol
diseased group (0.5264+0.01501) as shown in Figure 3.39. For statistical analysis, t-
test was applied by using GraphPad Prism software 9.0.0. The values are provided as
Mean = SEM, (¥%*) at p value < 0.001 and (**) at p value < 0.01.

Figure 3.39 Graphical Representation of GSH Level in Serum and Tissue

Homogenate Samples
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(***) Significant in comparison to Control at p value < 0.001

(**) Significant in comparison to Control at p value < 0.01

3.22.5 Analysis of APX Level in Serum and Tissue Homogenate samples
Ascorbate peroxidase (APX) is a key antioxidant that helps in scavenging the free
radicals like hydrogen peroxide (H20») in the cell. In ISO-induced MI models there is
a reduction in the activity of antioxidant enzyme, APX, due to increase in oxidative
stress and free radical production. Compared to that of normal control group
(0.4292+0.04588), the serum level of APX was decreased significantly in isoproterenol
diseased group (0.2618+0.0428) as shown in Figure 3.40. The APX assay was also
performed on tissue homogenates of the experimental groups. Compared to that of
normal control group (1.413+0.08293), the tissue homogenate level of APX was
decreased significantly in isoproterenol diseased group (1.083+0.01744) as shown in
Figure 3.40. The statistical analysis of all the data was performed by t-test using
GraphPad Prism software 9.0.0. The values are provided as Mean = SEM, (***) at p
value < 0.001.

Figure 3.40 Graphical Representation of APX Level in Serum and Tissue

Homogenate Samples

(***) Significant in comparison to Control at p value < 0.001
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3.23 Assessment of Liver Function Test in Experimental Groups

3.23.1 Analysis of ALT levels in Serum samples
Compared to that of control group (158.3+£1.3726), the serum levels of APX were
increased significantly in isoproterenol diseased group (776.0+3.53948) as shown in

Figure 3.41. The values are provided as Mean + SEM, (**) at p value <0.01.
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Figure 3.41 Graphical Representation of ALT Level in Serum

(**) Significant in comparison to Control at pvalue < 0.01

3.23.2 Analysis of AST levels in Serum samples

Compared to that of control group (130.9+£3.40999), the serum levels of APX were
increased significantly in isoproterenol diseased group (381.6+0.47841) as shown in
Figure 3.42. By using GraphPad Prism software 9.0.0, the statistical analysis was
performed by t-test. The values are provided as Mean = SEM, (**) at p value < 0.01.
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Figure 3.42 Graphical Representation of AST Level in Serum
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(**) Significant in comparison to Control at p value < 0.01

3.24 Assessment of Lipid Profiling in Experimental Groups

3.24.1 Analysis of Cholesterol levels in Serum samples

Lipid profile analysis was performed by measuring the cholesterol level in the serum
samples of the experimental groups. The increased levels of cholesterol in serum is
closely related to cardiac injury. Compared to that of control group (0.1709+0.0944),
the serum levels of cholesterol were significantly increased in isoproterenol diseased
group (0.9146+0.00692) as shown in Figure 3.43. By using GraphPad Prism software
9.0.0, t-test was applied for statistical analysis. The values are provided as Mean +

SEM, (***) at p value < 0.001.
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Figure 3.43 Graphical Representation of Cholesterol Level in Serum

(***) Significant in comparison to Control at p value < 0.001

3.24.2 Analysis of Triglycerides levels in Serum samples

To assess the levels of triglyceride in circulation, the triglyceride assay in the serum
samples of the experimental groups was performed. Compared to that of control group
(0.09691+0.08265), the serum levels of triglyceride were increased significantly in
isoproterenol diseased group (0.7344+0.0801) as shown in Figure 3.44. By using
GraphPad Prism software 9.0.0, t-test was applied. The values are provided as Mean +
SEM, (**)at p value <0.01.
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4 DISCUSSION

Cardiovascular disease is a broad term used for different cardiomyopathies. Among
cardiac diseases, acute myocardial infarction is the growing cause of death with the
prevalence leading to three million people worldwide (Mechanic et al., 2022). AMI is
the important cause of increased morbidity and mortality (Severino et al., 2020). MI
occurs in patients with coronary artery obstruction causing irreversible damage to heart
leading to cardiac injury (Mechanic et al, 2022). MicroRNAs are evolving as
significant players in gene expression and regulation under various physiological and
pathological conditions (Bhaskaran & Mohan, 2014). Under various
pathophysiological conditions, the levels of miRNAs are highly dysregulated therefore
various studies are under investigation about their potential to.act as biomarkers for
cardiac diseases. The current study was performed to assess the diagnostic potential of
dysregulated expression of miRNAs including miRNA-1, miRNA-15a and miRNA-98
in circulation of myocardial infarction patients and isoproterenol induced myocardial
infarction rats and molecular mechanisms of underlying miRNAs targeted signaling
pathways. Moreover, the expression of transcription factor NFATC3, anti-apoptotic
gene BCL2, vasoconstrictor ET-1 and stress responsive genes ANP and BNP were
checked in myocardial infarction patients’ blood and isoproterenol induced myocardial
infarction rats’ blood and tissue. Studies reported that miRNAs bear the required criteria
of an ideal biomarker as-they are highly distinct, highly sensitive and can be easily
found in circulation (Condrat et al, 2020). In order to investigate the potential of
miRNAs as biomarker in myocardial infarction, the expression levels of different
miRNAs were assessed including miRNA-1-3p, miRNA15a-5p and miRNA-98-5p in
circulation. The levels of oxidative and antioxidative enzymes were observed in

isoproterenol induced myocardial infarction rat tissue and serum.

Previous studies reported that miRNA-1 and miRNA-133 were shown to be
upregulated in the peripheral blood of type 2 diabetes patients, and this overexpression
was linked to an increased risk of CVDs (Al-Kafaji ef al., 2021; Al-Muhtaresh et al.,
2019). As no previous study reported the diagnostic potential of miRNA-1-3p in
circulation of MI patients, therefore, in our study we investigated the levels of miRNA-
1-3p in MI patient’s blood which were found to be significantly upregulated as
compared to that of control group. The TargetScan analysis suggested that 3> UTR of
NFATC3 has 8-mer binding site of miRNA-1. No previous study reported the
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expression of NFATC3 in MI patients. In our study, we found that the expression of
NFATC3 was significantly downregulated as compared to that of control group in the
blood of MI patients and in vivo rat model. In contrast the expression of NFATC3 was
upregulated in heart tissue of isoproterenol induced MI rat model in comparison to that
of normal control group. The decreased protein expression of NFATC3 was also
evaluated in serum samples of isoproterenol induced MI rat model. Our findings
suggested that miRNA-1-3p may serve as diagnostic marker for the early detection of

MI by regulating NFATC3 signaling nexus.

miRNA-15 targets BCL2 and inhibition of miRNA-15 in ischemic condition promotes
cell survival as well as provides protection against ischemic injury (Hullinger et al.,
2012). Studies reported that miRNA-15a-5p is upregulated in myocardial fibrosis
patients (He ef al., 2021). Keeping in view the role of miRNA-15a-5p in myocardial
fibrosis patients, we investigated the level of miRNA-15a-5p in MI patients’ blood and
isoproterenol induced MI rats’ blood and tissue which was found to be significantly
upregulated in comparison to control groups, respectively. TargetScan analysis
suggested that 3’UTR of BCL2 has'8-mer binding sites of miRNA-15a-5p. In current
study, we also checked the expression of BCL2 which was found to be downregulated
in MI patients’ blood and isoproterenol induced MI rats’ blood and tissue as compared
to that of control. Our findings suggested the early diagnostic potential of miRNA-15a-

5p in myocardial infarction patients.

miRNA-98 negatively regulates myocardial infarction induced cardiac cells apoptosis
(C. Sun et al., 2017). In our study, we investigated that the expression of miRNA-98-
S5p was-downregulated in both MI patients’ blood and in vivo rat model. TargetScan
analysis suggested that 3’UTR of ET-1 has 8-mer binding sites of miRNA-98-5p. In
our study, we examined that the expression of ET-1 was increased in MI patients’ blood
and isoproterenol induced MI rat’s blood and tissue as compared to that of control. At
protein level, we also evaluated that the expression of ET-1 was upregulated in both
serum and tissue homogenates of isoproterenol induced MI rat model. We also checked
the downstream targets of ET-1 such as ANP and BNP in MI patients’ blood and
isoproterenol induced MI rats’ blood and tissue and it was revealed that in comparison
to control groups, the expression of ANP and BNP were upregulated in MI patients’
blood and isoproterenol induced MI rats’ blood and tissue revealing to ANP/BNP

signaling nexus in MI.
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In current study, the histological analysis of heart tissues depicted the increased number
of abnormal and inflammatory cells along with separated muscle fibers. The increased
number of abnormal cells are the key indications of isoproterenol induced cardiac
apoptosis (Khalil ez al., 2015; Patel et al., 2010). In our study, a significant increase in
the heart weight of isoproterenol diseased group was observed which resulted in
increased heart weight to body weight ratio in isoproterenol induced MI group as
compared to that of control group which confirms the induction of MI. In our study,
increased heart weight to tibia length ratio was observed in ISO induced MI group as

compared to that of normal control group.

ROS is the major contributor of oxidative stress and lead to the pathogenesis of
cardiovascular diseases. Activation of B-adrenergic receptors by isoproterenol (Peoples
et al., 2019), causes toxicological alterations and is a primary contributor to heart
diseases (Burgoyne et al, 2012). Previously our research group has reported the
increased ROS levels in cardiac hypertrophy animal model (T. Ali et al., 2019). In our
study, increased ROS production in serum and homogenate samples of heart tissue was
observed in isoproterenol induced MI group as compared to that of normal control
group. Isoproterenol generates free radicals that causes lipid peroxidation and results in
irreversible damage to myocardial membrane (Lobo et al, 2017). In our study,
increased level of TBARs in serum and homogenate samples of heart tissue was
observed in isoproterenol-induced MI group as compared to that of normal control

group, which confirms the oxidative stress induction by isoproterenol.

The imbalance between ROS production and antioxidant enzymes level leads to various
cardiac pathologies. The elevated levels of free radicals are neutralized by various
antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), peroxidase
(POD), ascorbate peroxidase (APX) and reduced glutathione (GSH) (Rajput et al.,
2021). SOD and CAT scavenge ROS and provide defence against superoxide anion
(Hasanuzzaman et al., 2020). SOD catalysis the dismutation of superoxide radical into
molecular oxygen and hydrogen peroxide. CAT further catalysis the degradation of
hydrogen peroxide into molecular oxygen and water, consequently, completing the
process initiated by SOD (Meng et al., 2014). In our study, decreased levels of SOD
and CAT enzymes in serum and homogenate samples of heart tissue were observed in

isoproterenol induced MI group as compared to that of normal control group.
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Reduced glutathione (GSH), peroxidase (POD) and ascorbate peroxidase (APX) were
also assessed to check the oxidative stress induced by isoproterenol. Previously our
research group has reported that oxidative stress leads to the alteration of GSH/GSSH
ratio and increased lipid peroxidation (Ishtiaq et al, 2020). In our study, decreased
levels of GSH, POD and APX enzymes in serum and homogenate samples of heart
tissue were observed in isoproterenol induced MI as compared to that of normal control
group.

Under hypoxic conditions, the supply of oxygen to the cells is restricted which causes
cell damage and increases membrane permeability, thus, resulting in the leakage of
cytosolic enzymes in the circulation (Priscilla & Prince, 2009). In the present study,
increased levels of cytosolic ALT and AST enzymes in serum samples were observed
in ISO induced MI group as compared to that of normal control group. Lipids are the
regulators of cardiac functions as they are involved in cell membrane structure and
cellular signaling (Horn & Jaiswal, 2019). In the current study, increased levels of
cholesterol and triglycerides in serum samples were observed in isoproterenol induced

MI group as compared to that of normal control group.
Conclusion and Future Perspective

AMI is the major cause of death worldwide and its mortality and morbidity rates are
increasing day by day. The current study well defines the diagnostic potential of cardiac
specific miRNAs as an early detection marker of AMI in patients. MicroRNAs such as
miRNA-1, miRNA-15a and miRNA-98 were found to be dysregulated in myocardial
infarction patient’s blood and in vivo rat model. The current study highlighted the
molecular. mechanism of cardiac specific miRNAs targeted NFATC3/ANP/BNP
signaling nexus which may provide better understanding for different diagnostic and
therapeutic strategies. The potential to use miRNAs as diagnostic marker is still under
investigation. Our study provides suggestions for future miRNA research that will

advance the development of diagnostic markers and therapeutic tools for AMI.
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