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ABSTRACT 

According to the World Heart Report 2023, 85% of the total cardiovascular diseases 

associated deaths are caused by coronary artery disease and stroke that is 9.1 million 

deaths approximately. Coronary artery disease is a complex disorder that involves 

occlusion of coronary artery, inflammation, and apoptosis of the affected part of the 

heart. Moreover, there is dysregulation of the microRNAs and their associated target 

gene signaling pathways. These miRNAs may serve as the diagnostic biomarker for 

coronary artery disease. This study was aimed to investigate the use of miR-1-3p and 

miR-98-5p as the potential biomarker for coronary artery disease diagnosis. This study 

also tried to put forward a novel fluorometric strategy for miRNA quantification. We 

found an elevated expression of miR-1-3p and decreased expression of miR-98-5p in 

whole blood samples of coronary artery disease patients. Fluorescence intensity-based 

quantification of miR-1-3p also showed a remarkably increased quantity of this miRNA 

in CAD patients. To validate the expression of these miRNAs and their target genes, 

animal model studies were also conducted. Oxidants and antioxidants biochemical 

assays confirmed oxidative stress in ISO induced rats. Triglycerides and cholesterol 

levels were found to be high among the diseased group. Liver markers including 

activities of AST and ALT were also increased. In the blood and tissue samples of 

diseased model, Et-1, Bcl-2, and BAX mRNA levels were found to be significantly 

elevated while NFATc3 mRNA levels were increased in the tissue samples only. To 

confirm ET-1 as target of miR-98-5p, western blotting was performed after dosing 

miRNA-98-5p mimics. Upon administration of miRNA-98-5p mimic, Et-1, Drp-1, 

NFATc3, and BAX protein expression levels were decreased in the diseased group. 

Furthermore, the histological analysis by H&E staining depicted altered cellular 

morphology with an elevated percentage of abnormal cells in the diseased group. In 

conclusion, miR-1-3p and miR-98-5p may serve as potential non-invasive diagnostic 

biomarkers for coronary artery disease because of their regulatory roles in critical 

apoptotic and hypertrophic pathways.  
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1. Introduction 
1.1. Cardiovascular diseases 

According to a report of World Health Organization (WHO), cardiovascular diseases 

(CVDs) are an important cause of global deaths. Globally CVDs are known to cause an 

estimated death of around 17.9 million, annually. According to the statistics given by 

Centre for Disease Prevention and Control, around 6.9 million people died in 2020 due 

to heart diseases in United States. Heart diseases comprise of a group of disease 

conditions involving heart and blood vessels. According to American Heart Association 

2023 report, CVD account for 37% of deaths in people of age above 70 (Tsao et al., 

2023). Cardiovascular diseases include congenital/rheumatic heart disease, coronary 

heart disease, thrombosis, cerebrovascular disease, pulmonary embolism and other 

associated complications. Among these disorders myocardial infarction and stroke 

account for 85% of the of the CVDs associated deaths.  

1.2. Myocardial Infarction 

Myocardial infarction (MI) is said to be the acute cardiac event that is initiated by the 

obstruction of the coronary artery that eventually prevents the blood flow to the portion 

of heart. This is mostly attributed to the fats’ accumulation in the inner walls of coronary 

blood vessels. It can go undetected in some people, but it can also be a life-threatening 

event leading to sudden death (Thygesen et al., 2007). Major symptoms of MI are 

angina pectoris or the chest pain which extends to arm and neck, difficulty in breathing, 

sweating, nausea, anxiety, fatigue and abnormal heart beat (Kosuge et al., 2006). 

Various causes for MI include age, smoking, hypertension, increased low-density 

lipoproteins (LDL), increased body cholesterol and fat levels, physical inactivity, 

increased body weight, diabetes, chronic kidney disease, high alcohol consumption and 

sedentary lifestyle (Graham et al., 2007). 

1.3. Coronary Artery Disease 

Among the several causes of MI, ‘coronary artery disease’ or ‘atherosclerosis’ is 

considered the main cause contributing to 41.2% of total CVD associated deaths in 

United States (US)(Tsao et al., 2023). Coronary artery disease (CAD) is indicated by 

defects in the coronary arteries. CAD involves the atherosclerotic coronary arteries that 

cause ischemia of the heart and eventually result in the Myocardial Infarction (Malakar 

et al., 2019; Melak & Baynes, 2019). CAD is inflammatory in nature and is manifested 
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in several forms including angina (either stable or unstable), cardiac death or MI 

(Álvarez-Álvarez, Zanetti, Carreras-Torres, Moral, & Athanasiadis, 2017). 

1.3.1. Risk factors 

Risk factors for CAD include increased low-density and triglyceride rich lipoprotein 

cholesterol, physical inactivity, sleep, hypertension, smoking, and lack of exercise, 

environmental stress, age etc. (Libby, 2021; Pagan et al., 2022). These risk factors are 

involved in accumulation of ROS in the cardiac cell, eventually leading to oxidative 

stress. The oxidative stress leads to endothelial dysfunction eventually leading to the 

atherosclerosis development and MI (Senoner & Dichtl, 2019). 

 

Figure 1.1 Risk factors causing Oxidative damage to cells and eventually leading to CAD development. 

1.3.2. Oxidative stress 

Oxidative stress is the complex biological process that is described as the difference in 

the reactive oxygen species (ROS) and antioxidants levels in the body. In oxidative 

stress, increased ROS results in oxidative damage in the cells and other pathological 

effects in the body. A normal level of ROS is expressed in the cells which is important 

for many metabolic, and physiological roles (Shankar & Mehendale, 2014). 

Physiological pathways that involve ROS include redox reactions implicated in protein 

phosphorylation or dephosphorylation and other metabolic pathways linking 

carbohydrates, lipid and nucleic acids etc. for homeostatic maintenance (Rotariu et al., 

2022). Increase in oxidants in the cells is responsible for cardiovascular diseases. In the 

development and progression of CAD, oxidative stress remains the key player (Senoner 
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& Dichtl, 2019). As mentioned earlier different risk factors stimulate atherosclerosis 

following a different pathway but each of them eventually increases the oxidative stress.  

 

Figure 1.2 Oxidative Stress Condition 

1.3.3. Sources of ROS in cardiac cells  

ROS is broadly classified into two classes; one including oxygen free radicals like 

superoxide, peroxyl radicals, the second class constitute of non-radicals like hydrogen 

peroxide, hypochlorous acid etc. (Liochev, 2013).There may be multiple sources of 

ROS in cardiac cells including mitochondria, nitric oxide synthase, NADPH oxidases, 

Xanthine oxidoreductase, cytochrome P450, monoamine oxidase. Leakage of electrons 

from the electron transport chain complexes, and the mitochondrial proteins like 

monoamine oxidase, NADPH Oxidase-4 (NOX-4) are responsible for mitochondrial 

ROS (Murphy & Liu, 2022). In addition to these sources some other enzymatic 

reactions are held responsible for ROS synthesis that involved phagocytosis, oxidative 

phosphorylation and prostaglandin production (Fialkow, Wang, & Downey, 2007).  

1.3.4. Types of ROS in cardiac cells 

Various types of ROS are involved in CVDs development and progression that include 

superoxide radical and hydrogen peroxide etc. Superoxide radicals are involved in the 

synthesis of other ROS species like H2O2 and OH-. They form peroxynitrite (ONOO-) 

by reacting with the nitric oxide (Pacher, Beckman, & Liaudet, 2007). OH- is also 

generated by the electron exchange reaction between O2
- and H2O2 (Tsutsui, Kinugawa, 

& Matsushima, 2011). 
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1.3.5. Antioxidant defense system  

Many antioxidant enzymes are present in our body that work to counter the effects of 

ROS. Antioxidants sometime scavenge ROS, or they may convert ROS into other non-

toxic compounds. Antioxidants are of two types: non-enzymatic and enzymatic. The 

enzymatic antioxidants in our body comprise Superoxide dismutase (SOD), catalase 

(CAT), peroxiredoxin (Prx), and Glutathione peroxidase (GSH-Px) etc. The non-

enzymatic antioxidants comprise glutathione (GSH), ascorbate, beta-carotene, vitamin-

E etc. (He et al., 2017; Tan et al., 2023). In normal cellular conditions, these antioxidants 

are in balance with the oxidants produced by the cells hence nullifying the effects of 

ROS by their ROS scavenging activity.  

 

Figure 1.3 Classification of Antioxidants 

1.4. Major events in CAD development 

An imbalance between oxidants and antioxidants in the cardiac cells is responsible for 

various cardiovascular diseases as they promote endothelial dysfunction and lipid 

peroxidation as the primary events in CAD development. Moreover, miRNA expression 

is also dysregulated in response to oxidative stress. 

Endothelial dysfunction 

Endothelial nitric oxide synthase (e-NOS) produces nitric oxide (NO) which maintains 

the arterial endothelium and is also used by all types of blood vessels for dilation by 
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stimulation of guanylyl cyclase (GC) and increased cGMP in the smooth muscle cells 

(SMCs) (U Förstermann et al., 1994; Ulrich Förstermann & Münzel, 2006). NO- is 

responsible for inhibiting the leukocyte and platelet aggregation within the endothelium 

as well as it inhibits mitogenesis and vascular smooth muscle cells (VSMCs) 

proliferation. Due to these functions, it inhibits the development of atherosclerosis 

(Ulrich Förstermann & Münzel, 2006; Tibaut & Petrovič, 2016). NO also inhibits the 

endothelial apoptosis, adhesion molecules’ transcription thus stops the leukocytes 

infiltration in walls of blood vessels (Tibaut & Petrovič, 2016). Increased ROS 

promotes the conversion of NO in to peroxynitrite (ONOO-). This ONOO- hence affects 

the normal functioning of the endothelium leading to endothelial dysfunction (Tibaut 

& Petrovič, 2016). Oxidative stress also disturbs the cGMP signaling within the 

vascular cells (Daiber et al., 2021).  

Lipid peroxidation 

Oxidative stress is also involved in the lipid peroxidation within the cardiac cells. 

Cellular ROS including HO- and HOO. are main causes of lipid oxidation. Lipid 

peroxidation proceeds in a “chain reaction mechanism” that involves initiation, 

propagation, and termination. First, the free radical is produced by the loss of hydrogen 

from unsaturated lipid molecules. The lipid radical and oxygen react forming the 

peroxyl radical in the propagation step. This peroxyl radical then attacks other lipids to 

make more peroxyl radicals (Gianazza, Brioschi, Fernandez, & Banfi, 2019; Tsikas, 

2017). Low-density lipoprotein (LDL) oxidation is also stimulated by oxidative stress 

which has several effects on development and progression of CAD. Endothelial 

dysfunction caused due to disruption of NO by oxidative stress results in the movement 

of plasma LDL into the arterial wall. This LDL is then oxidized forming oxidized LDL 

(Ox-LDL) (Wang & Kang, 2020). Ox-LDL has multiple consequences including 

increased endothelial injury, increased inflammatory cell adhesion to macrophages as 

well as their differentiation, enhanced aggregation of platelets, enhanced inhibition of 

eNOS, and increased inflammatory cytokine release (Gianazza et al., 2019). 

Dysregulated miRNA expression 

Numerous studies associate the development of several cardiovascular diseases with 

the disturbed expression of non-coding RNAs. Micro-RNAs are a highly conserved 
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class of non-coding RNAs. They are responsible for regulating the post-transcriptional 

expression of several genes. Several roles of mi-RNA have been studied that include 

gene silencing, mRNA degradation or translation inhibition and blocking. In 

cardiovascular diseases, oxidative stress dysregulates miRNAs involved in regulating 

multiple cellular pathways hence promoting CAD development (L. F. Gebert & I. J. 

MacRae, 2019; Xu et al., 2021).  

1.5. Biogenesis of miRNA  

miRNA biogenesis is a multi-stage process that requires multiple proteins and cellular 

locations.  

Primary-miRNA transcription 

miRNA biogenesis is initiated with the generation of the primary miRNA transcripts 

(pri-miRNA). This step requires RNA polymerase II. These pri-miRNA are synthesized 

either by specific miRNA gene or miRNA clusters or introns of the coding genes called 

mono-cistronic or intronic respectively (Acuña, Floeter-Winter, & Muxel, 2020; Leitão 

& Enguita, 2022). 

Precursor-miRNA synthesis 

Microprocessor complex acts upon the pri-miRNA and process them into the hair-pin 

structured RNA now termed as the precursor miRNA (pre-miRNA). This step occurs 

within the nucleus. Drosha or microprocessor complex is comprised of double stranded 

RNA binding protein, Drosha, RNase III, DiGeorge syndrome critical region 8 

(DGCR8) and many other proteins. (Ha & Kim, 2014; Leitão & Enguita, 2022). 

Export of pre-miRNA to cytoplasm  

After the processing of pre-miRNA, it is moved out from the nucleus to the cytoplasm. 

This export is mediated by protein exportin-5 which first forms a complex with the 

RAN.GTP. RAN.GTP is a GTP-binding nuclear protein. The GTP bound with the 

protein gets hydrolyzed after the export that results in the disassembly of complex and 

pre-miRNA is released in the cytosol (Ha & Kim, 2014).   

Cytoplasmic processing of pre-miRNA  
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The pre-miRNA is acted upon by the cytoplasmic Dicer that is RNase III type 

endonuclease. It cleaves the pre-miRNA from its terminal loop and liberate a 21-24 

nucleotide long duplex of miRNA (Ha & Kim, 2014; H. Zhang, Kolb, Jaskiewicz, 

Westhof, & Filipowicz, 2004).  

RISC complex Assembly 

RNA induced silencing complex (RISC) formation is done by loading newly formed 

miRNA duplex on the argonaute protein (Ago). AGO consists of a single polypeptide 

chain having four domains; amino domain at N-terminal, middle (MID) domain, the P 

element induced wimpy testes domain (PIWI) and the PAZ domain (Piwi-Argonaute-

Zwille). The miRNA’s 5’ end is held between MID and PIWI domains whereas the PAZ 

domain hold 3’ end of miRNA (Treiber, Treiber, & Meister, 2019). The mammalian 

genome encode four Ago proteins but only Ago2 protein possess the slicer activity 

required for gene silencing (Park et al., 2017). 

miRNA strand cleavage 

After the RISC assembly, one miRNA strand of the loaded duplex miRNA is cleaved. 

The strand that is cleaved is called the ‘passenger’ strand while the retained strand is 

named as ‘guide’ strand. The ‘guide’ strand remains associated to the Ago proteins and 

RISC. This completes RISC assembly and stabilizes it (L. F. R. Gebert & I. J. MacRae, 

2019; Ha & Kim, 2014; Matsuyama & Suzuki, 2020; Treiber et al., 2019). 

1.6. Action of miRNA  

The miRNA mediated gene expression regulations involve miRNA target sites in the 

target mRNA. The miRNAs target those sequences in 3’ UTR of the target mRNAs 

which are complementary to their ‘seed sequences’. Initial miRNA and mRNA binding 

is done using the MID and PIWI domains of the Ago proteins and is mediated by 

complementary initial nucleotides. This binding is retained if high sequence 

complementarity is present between the seed sequence and target mRNA. The 

complementarity of target site to the 2-7 or 3-8 nucleotide is considered canonical. 

When the Ago-miRNA binds to the 3’ UTR of target mRNA it can mediate silencing 

either by mRNA decay or the translational repression (Leitão & Enguita, 2022). 



Introduction 

Investigation of the role of miRNA targeting NFAT as a biomarker of Myocardial Infarction 
8 

The miRNA can regulate gene expression by translational inhibition mRNAs having 5’ 

7-methylguanosine cap. When the miRNA binds these mRNA, it inhibits the binding 

of initiation factors of translation including eIF4E, eIF4F and eIF4G. This promotes 

target mRNA scaffold ing and hence association of ribosome initiation complex (Naeli, 

Winter, Hackett, Alboushi, & Jafarnejad). AGO2-Dicer-TRBP complex can also 

prevent the association of ribosomal subunits and mRNA (Acuña et al., 2020).  

 

Figure 1.4 Biogenesis and action of miRNA 

1.6.1. Dysregulated miRNAs in CAD 

Several miRNAs are involved in CAD development and progress by dysregulating the 

expression of various genes and disturbing their normal physiological roles. As certain 

miRNAs have dysregulated expression in the disease conditions, they can be considered 

as the potential biomarker for a particular disease. Under disease circumstances, certain 

miRNAs have dysregulated expression that results in dysregulated expression of their 

target genes. The deregulated gene expression thus results in the progression of the 

disease. miRNA-1-3p and miRNA-98a-5p are the potential miRNAs involved in CAD 

and eventually in the MI.  
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The miR-1 is found to be cardiac-specific and has shown different regulatory roles. It 

modulates the differentiation and proliferation during cardiogenesis and the growth of 

cardiomyocytes in adult heart. miR-1 also inhibits cardiac hypertrophy (Badacz et al., 

2021; Navickas et al., 2016). miR-1 inhibits the CaN/NFAT signaling pathway in the 

cardiomyocytes by downregulating the NFAT (nuclear factor of activated T cells), 

Mef2a (myocyte enhancer factor 2a) and GATA binding protein 4 (Gata 4) thus 

negatively regulates the cardiomyocyte hypertrophy. It also mediates MAPK pathway 

and hence promote angiogenesis by inhibiting Spred-1 (Gholaminejad et al., 2021). 

miR-98a-5p is studied to be involved in the ROS related apoptosis of cardiomyocytes 

(Sun et al., 2017). miR-98a-5p also has roles in cellular viability by targeting LOX-1 

(Ali Sheikh et al., 2021; Sheikh, 2020). This miRNA also targets ET-1 (endothelin-1) 

and thus mediates the endothelial cells’ proliferation (Kang et al., 2016). 

Upregulation of miRNA can downregulate its target genes in CAD. Dysfunction of 

various genes is involved in the progression of the CAD, including the genes involved 

in apoptotic signaling pathways of either the VSMCs as well as the other cells involved 

in atherosclerosis lesion like ET-1, Bcl-2, BAX, Drp-1 and NFAT-c3. 

1.6.2. Target genes  

Depending on the dysregulated expression of the miRNAs, the target genes’ expression 

is affected. In the case of CAD, various genes related to apoptosis, cellular 

differentiation, lipid transport, endothelial dysfunction etc. are dysregulated that 

eventually favors the development and progression of pathological condition.   

NFATc3 

The transcription factor family of NFAT was first identified in the T cells. NFAT was 

found to be activated by the antigen receptors that are coupled with the mobilization of 

calcium. NFAT is present initially in the cytoplasm and after receiving the calcium 

signal, it is translocated to the nucleus. For its transport into the nucleus, calcineurin 

(which is a calcium-calmodulin dependent phosphatase) dephosphorylates NFAT. Once 

in the nucleus, NFAT mediates the transcription of the cytokines in many cells that 

include T lymphocytes, fibroblasts, endothelial or macrophage (Cai et al., 2021; Harada 

et al., 2014). In macrophages, NFATc3 is involved in the expression of miR-204. miR-

204-5p downregulates the expression of scavenger receptor-A(SR-A) while miR-204-
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3p downregulates CD36 receptors in macrophages (Liu et al., 2021). The function of 

SR-A is to uptake modified lipoproteins and promote the accumulation of cholesterol 

in arterial walls. CD36 has roles in foam cell formation, macrophage migration, 

activation of inflammasome, endothelial apoptosis and thrombosis (Zhao, Varghese, 

Moorhead, Chen, & Ruan, 2018). 

Bcl-2 

Bcl-2 family members include 20 anti- and pro-apoptotic proteins that regulate 

mitochondrial apoptotic pathway. Bcl-2 protein is an anti-apoptotic protein that 

prevents apoptosis without affecting cellular proliferation (Su, Sun, Liu, Shu, & Liang, 

2018). This protein family is a major player in the apoptosis system regulating 

mitochondrial membrane permeability. This protein family members are involved also 

in various other cellular mechanisms (Warren, Wong-Brown, & Bowden, 2019). These 

family proteins are classified as either pro-apoptotic BAX, Bak, etc. or anti-apoptotic 

Bcl-2 protein. Increase in BAX/Bcl-2 ratio promotes cellular apoptosis. According to a 

study it was observed that decreasing the microRNA-34a levels facilitate endothelial 

cells growth and inhibited apoptosis in an atherosclerotic plaque (AP) by activation of 

the anti-apoptotic Bcl-2 protein. This result suggested a promising therapeutic 

possibility for atherosclerosis. APs contain a huge quantity of dead cells that makes up 

to 80% of the total structure of AP (T. Zhang et al., 2015). 

ET-1 

Endothelin-1 (ET-1) is a peptide that regulates endothelial dysfunction. Its primary roles 

include vasoconstriction and inflammation. Physiologically, ET-1 production is 

reduced in endothelial cells, but its expression is increased in the pathophysiological 

conditions in many cells including VSMCs, cardiac myocytes, endothelial cells, 

macrophages, and leukocytes. ET-1 also decreases the expression of eNOS hence 

reduces the NO synthesis. This eventually promotes the vascular dysfunction (Böhm & 

Pernow, 2007; Muniyappa, Chen, Montagnani, Sherman, & Quon, 2020). 

BAX (Bcl-2 Associated X) Protein 

BAX is an outer-mitochondrial membrane protein that is involved in regulating cellular 

apoptosis. It is a member of the Bcl-2 protein family and has a pro-apoptotic role in 

atherosclerosis (Zhou et al., 2023). Its activation by Bcl-2 protein, in response to 
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oxidative stress, increases the membrane permeability of mitochondria releasing 

cytochrome c into the cytosol (Wolf, Schoeniger, & Edlich, 2022). Apoptosis of 

macrophages, SMCs (smooth muscle cells), and ECs contribute to progression of 

arterial atherosclerosis (Warren et al., 2019). 

Drp-1 

During apoptosis, mitochondrial fission has been reported to occur. The equilibrium 

between mitochondrial fission and fusion is maintained by various proteins. Dynamin-

related protein (Drp-1) is the protein known to be involved in mitochondrial fission 

process (Karbowski et al., 2002).  Drp-1 along-with BAX mediates the mitochondrial 

membrane integrity (Chiong et al., 2011). Decreased mitofusion-2 (MFN-2) protein an 

increased Drp-1 and BAX causes the mitochondrial fragmentation and cytochrome c 

release, hence causing apoptosis (Parra et al., 2008). 

1.7. Stages of CAD development 

Development of CAD can be divided into multiple events that occur during 

atherosclerotic progression from oxidative stress till thrombosis eventually leading to 

myocardial infarction. The normal arterial wall has three layers namely, tunica intima, 

tunica media and tunica adventitia. Tunica intima is composed of monolayer ECs while 

tunica media is composed of SMCs. Different events are mentioned below.  

Endothelial dysfunction and lipid accumulation 

CAD begins with endothelial dysfunction caused due to oxidative stress. In 

physiological conditions, endothelial derived NO is responsible for maintenance of the 

endothelial integrity (Incalza et al., 2018). As the endothelium becomes dysfunctional, 

it turns ‘leaky’ at the cellular junctions and there is an accumulation of the LDL in the 

intima of the vessel (X. Zhang, Sessa, & Fernández-Hernando, 2018). These LDL 

molecules are then oxidized because of the oxidative stress which further stimulates the 

activation of endothelial layer. The activated endothelial layer has increased expression 

of chemotactic and adhesion molecules on its surface resulting in increased uptake of 

LDL molecules. This oxidation of the LDL also triggers the inflammation in the region 

(Mundi et al., 2017). 

Uptake of Monocytes and differentiation 
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As the chemotactic and adhesion molecules including VCAM, ICAM1, P-selectin, E-

selectin are expressed on the surface of the endothelium, they promote the adhesion and 

subsequent uptake of the monocytes by the vessel’s endothelial cells (Medina-Leyte et 

al., 2021). Once entered, they are differentiated in to macrophages and begin secreting 

macrophage-colony stimulating factor (M-CSF) (Björkegren & Lusis, 2022; Tabas & 

Bornfeldt, 2020).  

Formation of foam cells 

The differentiated monocytes (now called macrophages) also uptake the modified 

lipoproteins and become foam cells. The unmodified form of lipids cannot be engulfed 

by macrophages so lipids must be first modified or aggregated. Using the scavenger 

receptors on the surface of the macrophages or via phagocytosis, modified lipids are 

engulfed and foam cells are formed (Björkegren & Lusis, 2022; Tabas & Bornfeldt, 

2020). 

Formation of necrotic core 

These foam cells mostly undergo necrosis or apoptosis and promote the formation of 

the necrotic core. This necrotic core also contains cholesterol esters, cholesterol crystals 

and cellular debris. All of these eventually help in promoting the lesion rupture 

(Björkegren & Lusis, 2022). 

Atherosclerotic lesions 

Not only macrophages but the smooth muscle cells from the ‘medial layer’ start 

migrating into the ‘intimal layer’. Once in the intima, they also transform into 

macrophage-like foam cells and stimulate the collagen deposition forming ‘fibrous cap’ 

in the growing necrotic core. B and T cells also enter in to the lesion and promote lesion 

growth (Basatemur, Jørgensen, Clarke, Bennett, & Mallat, 2019).  

Thrombosis  

As the necrotic core has cholesterol and cholesterol esters content, the cells in the core 

die frequently. This is also coupled with the calcium deposition in intima or media layer 

of the vessel. Calcification is actually initiated and promoted by the apoptosis of the 

macrophages as well as the SMCs (Mori et al., 2018). Macrophages and neutrophils are 
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the main drivers for plaque instability. Plaque instability eventually leads to the 

endothelial erosion leading to thrombosis and eventually resulting MI (Gonzalez & 

Trigatti, 2017; Martinet, Schrijvers, & De Meyer, 2011). 

 

Figure 1.5 Development and Progression of Atherosclerosis 

1.8. ISO induced CAD leading to MI in rat model 

Isoproterenol (ISO) is a synthetic agonist of β-adrenergic receptors or β-adrenoceptors 

(Rajadurai & Stanely Mainzen Prince, 2007). It has been reported to induce MI at doses 

ranging from 85 to 340 mg per kg in rats. It is known to develop oxidative stress by 

raising free radicals and declining the anti-oxidative defense mechanisms (Mohan 

Manu, Anand, Sharath Babu, Patil, & Khanum, 2022). ISO dose also leads to apoptosis, 

hypoxia and other cardiotoxic events (Lobo Filho et al., 2011). The cardiotoxic 

conditions caused as a result of ISO induction in rats is similar to human MI and hence 

makes it a suitable model for MI studies (Hosseini et al., 2022). 
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Figure 1.6 Disruption of Cellular Pathways in ISO induced Rat model 

1.9. Diagnosis of CAD 

CAD leads to MI, which can be life threatening, if not diagnosed and treated on time. 

Earlier diagnosis of CAD provides better opportunity for the treatment of MI. For 

diagnosis of MI, several strategies and biomarkers are used. These biomarkers include 

cardiac troponins, plasma myoglobin levels, the catalytic activity of total creatine 

kinase (CK), heart-type fatty acid binding protein (hFABP), isozyme BB glycogen 

phosphorylase (GPBB) and Copeptin (Janota, 2014). Out of these biomarkers, cardiac 

troponin levels were considered as a gold-standard for MI diagnosis, but it is found to 

be elevated also in case of end stage renal disease. The levels of cardiac troponins are 

also related to time-change (Solaro & Solaro, 2020). So, it is proposed that these 

biomarkers can be a prognostic marker rather than diagnostic biomarker MI (Ellis et 

al., 2022; L. M. Li et al., 2014).  

miRNAs are considered as an early cardiac biomarker. They are comparatively more 

sensitive and specific biomarkers for cardiovascular diseases. Cardiac cells express and 

release specific miRNAs in the blood stream and their levels increase significantly in 

response to ischemia or cardiac damage (Ellis et al., 2022). miRNA levels are elevated 

in blood earlier than the cardiac troponins and hence they can be an earlier diagnostic 

biomarker for CAD leading to MI (X. Chen et al., 2015). 
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1.10. Aims And Objectives 

The aim of this study is to design a diagnostic panel for early detection of CAD 

associated MI. 

The objectives of this study include: 

• Assessment of selected miRNAs as the diagnostic biomarker for CAD detection 

in patients’ samples  

• Validation of miRNAs and their target genes expression in animal model 

• Confirmation of miRNA target genes by administering miRNA mimic  

Disclaimer: 

The data in this thesis is confidential and under patent review.  
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2. MATERIALS AND METHODS  
2.1. Study Hypothesis 

This study was conducted to assess the role of RNA interference in the progression of 

CAD leading to MI. miRNAs can play a very crucial role in the CAD development by 

regulating the expression of many genes like Drp-1, NFATc3 and Bcl-2, BAX etc. 

involved in apoptotic signaling pathways. The progression of CAD can eventually lead 

to MI. Therefore, these miRNAs can potentially help in the early diagnosis of MI. The 

purpose of this study was to investigate the diagnostic potential of miRNA-1-3p and 

miR-98a-5p along with their putative targeted genes including NFATc3, and ET-1, and 

to investigate the disrupted apoptotic signaling in CAD. The detection of CAD can help 

in the earlier treatment thus reducing the risk of myocardial infarction associated with 

CAD. The objective of this study was to design a diagnostic panel for earlier CAD 

detection using miRNAs and elucidate their putative target genes’ expression. 

2.2. Study Design 

To study the role of miRNAs and their putative downstream apoptotic signaling 

markers, blood samples from both humans and rats while heart tissue samples from rats 

were taken. For this study, Sprague Dawley rats were separated in seven groups 

including Normal, Isoproterenol (ISO), ISO+ miR-98a-5p mimic, miR-98a-5p mimic, 

ISO+ negative control (NC), NC, and vehicle. RNA extraction was done from both 

human and rat samples, followed by cDNA library synthesis and qRT-PCR for 

evaluating the expression of various miRNAs and their potential target genes. Serum 

and heart tissue homogenates samples of rats were used for biochemical analysis 

including oxidants, antioxidants, lipid, and liver function profiles. Western Blotting was 

performed to assess the expression of various apoptotic genes potentially associated 

with CAD and for target genes confirmation of miR-98a-5p. 

2.3. Ethical considerations  

After the ethical approval from the Ethical Committee, Quaid-i-Azam University, 

Islamabad, the study was conducted on both human and rat samples. All the 

experimentation was done in accordance with the Declaration of Helsinki USA and 

National Institute of Health (NIH), Islamabad, Pakistan. Sprague Dawley rats were kept 
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in the Primate Facility of Quaid-i-Azam University where they were provided with 

adequate feed and water supply. 

 

Figure 2.1 Experimental Workflow 

2.4. Sample collection  

Human blood samples were collected from the Armed Forces Institute of Cardiology, 

Military Hospital, Rawalpindi. In the control group, individuals with <50% coronary 

artery stenosis were included. For the disease group, individuals with ≥50% coronary 

artery stenosis, and Myocardial Infarction confirmed by angiography were included in 

the study after informed consent. The blood samples were saved in EDTA tubes. 

Afterwards, the blood was transferred to Eppendorf tubes and RNA Later was added to 

it. RNA later fixes the blood and degrades nucleases in the sample. The samples were 

then stored at -80℃ until further processing. 

2.5. Dose regimen and sample collection from Sprague Dawley Rats 

For conducting the experimental studies, rats of body weight 110-180 g were chosen. 

The rats were separated into groups including normal, diseased, and mimic 

administered. Rats in the normal control group received 500ul of normal saline for 14 

alternative days. Diseased rats were given 5mg/kg body weight isoproterenol 

subcutaneously for 14 consecutive days. Rats in the mimic administered group were 
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given 2nmol of miR-98-5p mimic using atelocollagen as vehicle making a total volume 

of 200 ul along with ISO dose. 

After completion of the dosing period, the rats were weighed and dissected. Blood and 

organ samples were collected from the rats. The blood was collected in the serum tubes. 

The heart was weighed and divided into five fractions, two for homogenate preparation 

and RNA extraction each and one for histological staining. For RNA extraction, the 

samples were treated with 350 µl Trizol Reagent. For homogenate preparation, the 

fractions were treated with 200 µl extraction buffer. Both samples were saved at -80°C 

until further processing. For histological investigation, a section of heart were preserved 

in 10% formalin solution.  

 

Figure 2.2 Dissection Plan 

2.6. Tissue homogenization  

 For the biochemical analysis, heart tissue was homogenized by the following 

procedure (Ishtiaq et al., 2020). 

2.6.1. Lysis buffer 

For preparing the tissue lysates, Radio-immunoprecipitation assay (RIPA) lysis buffer 

was prepared using following recipe.   

Reagents Concentration 
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Tris -HCl  10mM (at pH 8.0) 

EDTA (Ethylenediamine Tetra Acetic Acid) 1mM 

Triton X-100 1ml 

SDS 0.1% 

Sodium Chloride (NaCl) 140mM 

Sodium deoxy cholate 0.1% 

Phenyl MethylSulfonylFluoride (PMSF) 25mg/ml 

 

Out of the heart tissue fractions stored for homogenate preparation, 100 mg of the heart 

tissue was weighed. 150µl lysis buffer containing PMSF is added in the tissue. The 

tissue is first minced using the surgical blades and finally homogenized using electric 

homogenizer. After homogenizing the samples, centrifugation was done at 13000rpm 

for 10 minutes. The supernatant was taken and stored at -20°C. These homogenates will 

then be used for biochemical assays. 

2.7. Protein Quantification using Bradford Assay 

For quantifying the proteins present in the homogenates, Bradford Assay was 

performed. In order to generate a standard BSA curve, serial dilutions (5M-10M) of 

BSA were prepared and absorbance reading was recorded at 595nm by Multiskan Go 

Microplate spectrophotometer. Reagents required for Bradford Assay are: 

Reagents Concentration 

BSA serial dilutions 5-10 M 

Distilled Water  

Bradford Reagent  

Procedure 
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To make the working Bradford reagent, distilled water and Bradford Reagent was taken 

in ratio of 1:4. The calculations were done according to the number of samples and BSA 

dilutions, each in duplicate. Stock of Bradford working solution was prepared first. 

After that, 10µl of each dilution and sample is poured in separate wells of a microtiter 

plate. This is followed adding 190 µl of Bradford working solution in each well making 

a ratio of 1:9. 30 minutes incubation at room temperature was done and then the 

absorbance was recorded at 595nm by Multiskan GO spectrophotometer (Thermo 

fisher Scientific USA). Standard BSA curve was generated, and proteins are quantified 

using linear line equation. 

 

Figure 2.3 BSA Standard Curve 

2.8. Western Blotting  

Western blotting was done to analyze the protein expression in various experimental 

groups and for confirming the targets of miR-98-5p. Using the western blotting 

apparatus of Bio-Rad USA, it was done by following the Ma(2006) protocol.  

Following are the steps involved in western blotting analysis: 

• Preparation of the gel  

• Sample preparation and electrophoretic separation of the proteins  

• Blocking  

• Antibody treatment 
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• Chromogenic detection 

• Preparation of the gel  

2.8.1. Preparation of the gel  

Reagents  

Reagents Separating gel (10%) Stacking gel (4%) 

Distilled Water 4ml  3500 µl 

Tris- HCl 2500 µl (1.5M at pH 8.8) 625 µl (1M at pH 6.8) 

10% SDS  0.1ml 50 µl 

Acr-Bis (30%) 3.3 ml 0.825 ml 

APS (10%) 0.1ml 50 µl 

TEMED 6 µl 6 µl 

Procedure  

After assembling the gel casting apparatus, 10% separating gel was prepared and 

poured into the gel casting tray followed by pouring isopropanol on to the gel’s surface 

for removing bubbles. This gel was then allowed to solidify after which the isopropanol 

was discarded, and the upper surface was rinsed using distilled water and dried properly 

using filter paper. Afterwards, stacking gel (4%) was made and loaded on the top of 

separating gel and the comb is placed cautiously for creating wells. This gel is allowed 

to polymerize and solidify.  

2.8.2. Sample preparation and electrophoretic separation of the proteins  

For preparation of the sample the following reagents were used. 

2X SDS- Gel Loading Buffer (100 ml) Reagents 

Reagents Concentration 
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Glycerol 0.2% 

Dithiothreitol 200mM 

Tris HCl 62.5 mM at pH 6.8 

Bromophenol blue 0.01% 

Sodium dodecyl sulfate 2% 

Procedure 

Extraction buffer, SDS loading dye and samples were mixed to make up final volume 

of 15 µl. Afterwards, sample incubation was done at 95˚C for 10 minutes in a water 

bath. The samples are then centrifuged for 1 min at 2000rpm.   

2.8.3. Sample Loading and Gel Running  

5X SDS Running Buffer (1000 ml) recipe  

Reagents Concentration 

Tris 125mM 

SDS 0.50% 

Glycine 1.25M 

800ml distilled water was added in 2ml 5X SDS Running Buffer to make 1000ml 1X 

SDS running Buffer.  

Procedure  

Using a clamping apparatus, two gel plates were clamped and placed in the gel tank. 

1X SDS gel running buffer was poured in gel tank. The comb was removed from the 

plates followed by sample loading in wells. A known protein marker (protein ladder) 

was loaded in the first gel. Electrophoresis was first started at 90V until the loading dye 

reached the separating gel. The voltage was increased to 120V until the samples are 
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fully resolved. For confirming protein expression, the gel was first stained using 

Coomassie R-250 using following reagents. 

2.8.4. Gel Staining  

Reagents  

Fixing Solution  

Reagents Concentration 

Distilled water  

Glacial acetic acid 10 % 

Methanol 50 % 

Staining Solution  

Reagents Concentration  

Distilled water  

Methanol 50 % 

Coomassie R-250 0.1 % 

Glacial acetic acid 10% 

Destaining Solution  

Reagents Concentration (%) 

Distilled water  

Methanol 40 % 

Glacial acetic acid 10% 

Storage Solution  
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5% glacial acetic acid 

Procedure  

For staining the gel, it was first removed cautiously from gel plates and placed in fixing 

solution overnight. Next day, the solution was discarded, and staining solution was 

poured on the gel and left for 20 minutes. After that, staining solution was removed, 

and de-staining solution was poured in the gel. This solution was refilled various times 

until full distaining of gel background and protein bands were observed. Gels that were 

to be transferred on to nitrocellulose membrane were not stained.   

2.8.5. Transfer of Proteins on Nitrocellulose Membrane  

Reagents  

Following reagents were required for transfer of proteins on nitrocellulose membrane. 

Transfer Buffer   

Reagents Concentration 

Distilled Water  

Methanol 20 %, 200 ml 

Glycine 14.04 g(192mM) 

Tris 25 mM 

Phosphate Buffer Saline (pH 7.4)  

Reagents Concentration 

Potassium chloride (KCl) 2.7mM 

Sodium Chloride (NaCl) 150mM 

Potassium dihydrogen phosphate (KH2PO4) 1.8 mM 
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Di sodium hydrogen phosphate (Na2HPO4) 10.1 mM 

Distilled Water  

Ponceau Stain   

Reagents Concentration 

Distilled water  

Glacial acetic acid 5 ml 

Ponceau stain 0.5 g 

Phosphate Buffer Saline (1 L, pH 7.4)  

100 µl Tween 20 in 100 ml of PBS 

TBST  

Reagents Concentration 

Tris base (1M), pH 8 50ml 

Sodium chloride (NaCl) (3M) 100ml 

Tween-20 2ml 

Distilled water  

Procedure  

Twelve equal-sized filter papers and nitrocellulose membrane (NC) were taken and 

properly soaked in transfer buffer. Nitrocellulose membrane was sandwiched between 

filters papers and gel was placed above the nitrocellulose membrane on the transfer 

apparatus. Electric current was applied at 10V for 30 minutes. Ponceau staining was 

done for confirming protein transfer. Afterward, the membrane was then washed with 

TBST.  
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2.8.6. Blocking  

Blocking Solution  

Blocking solution constituted of the 5% solution of non-fat dry milk prepared in 

phosphate buffer saline (PBS).  

Procedure  

The membrane was soaked in blocking solution for 45 minutes in order to inhibit 

nonspecific binding, and then membrane washing was done three times by TBST.  

2.8.7. Antibody Treatment  

Primary Antibodies  

Proteins Primary Antibodies 

α-tubulin Mouse monoclonal; Solis BIO 

NFATc3 Mouse monoclonal; Santa Cruz 

Drp-1 Mouse monoclonal; Santa Cruz 

BAX Mouse monoclonal; Santa Cruz 

ET-1 Mouse monoclonal; Santa Cruz 

Secondary antibodies  

Target Proteins Secondary antibodies 

α-tubulin Goat Antimouse (IGg) Abcam 

NFATc3 Goat Antimouse (IGg) Abcam 

Drp-1 Goat Antimouse (IGg) Abcam 

BAX Goat Antimouse (IGg) Abcam 

Dilution of Antibody Solution  
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                      0.01% Bovine serum albumin in TBST  

The dilutions of primary and secondary antibodies were made at ratio of 1:5000 and 

1:2000 respectively.  

Final Washing Buffer  

Reagents Concentration (mM) 

Tris HCl 50 

NaCl 150 

Distilled water  

Procedure  

Primary antibody treatment was given to nitrocellulose membrane and overnight 

incubated on the shaker at -4 ˚C.  This is followed by washing three times with TBST. 

Secondary antibody treatment was given to membrane and incubated on shaker at room 

temperature for 2 hours. The secondary antibody was discarded afterwards. Finally, NC 

was washed two times for 5 minutes using final washing buffer.  

2.8.8. Chromogenic Detection  

BCIP (5-bromo 4-chloro 3'-indolylphosphate)/ NBT (Nitroblue Tetrazolium) 

Procedure  

1000µl of substrate solution was applied on NC and left it for 30miutes. Bands were 

observed after incubation and image is taken. For densitometric analysis, Fiji/imagej 

software was used.  

2.9. Quantitative Real Time PCR Analysis  

qRT-PCR analysis was done to identify the expression of target genes in the human 

blood samples and in the rat samples. Following are the steps for PCR analysis: 

• RNA extraction from human blood samples and rat’s blood and tissue samples 
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• cDNA synthesis  

• qRT-PCR 

2.9.1. RNA extraction 

The extraction of total RNA from the blood and tissues was performed by the protocol 

mentioned in (Jan et al., 2017). 

Reagents 

Reagents 
Volume (µL) 

Trizol 
500 

Chloroform 
50 

Isopropanol 
150 

Glycogen 
1 

70% Ethanol 
500 

Diethylpyrocarbonate (DEPC)-

treated water 

10/25 

The samples including both heart and tissue samples were taken from -80℃ and 

thawed. The samples were centrifugated at 13500rpm at 4℃ for 15 minutes and 

supernatant was removed. In the pellet, 500 µL Trizol was added, and mincing was 

done with 3 ml syringe. Afterwards, 50 µL of chloroform was added and inversion 

followed by vortexing was done. The samples were then incubated for 3 minutes at 

room temperature. Then, the samples were centrifugated at 13500 rpm for 15 minutes 

at 4℃. After centrifugation, the aqueous layer was separated into the new Eppendorf 

tube. 150 µL of Isopropanol and 1 µL Glycogen were added to this layer. The samples 

were then incubated at room temperature for 5 minutes followed by 5 minutes 

incubation on ice and centrifugation was done afterwards at 13500 rpm at 4℃ for 15 

minutes. After centrifugation, supernatant was discarded. The pellet collected was 

washed with 500 µL ethanol and vortexed for 5-10 seconds. Centrifugation was 
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repeated at 13500 rpm at 4℃ for 15 minutes. At the end, Ethanol will be discarded, and 

the cuvettes are air dried. After proper drying, 10 µL DEPC treated water will be added 

to dissolve the pellet in case of blood sample and 25 µL DEPC treated water in case of 

tissue samples. 

2.9.2. RNA Quantification 

After the extraction of RNA, RNA was quantified using Nano V3.7, Thermo fisher 

Scientific (Nanodrop-1000™). Diethylpyrocarbonate (DEPC)-treated water was used 

as blank and then the samples were quantified. The A260/A280 value was considered 

for purification assessment of the RNA sample.  

2.9.3. cDNA Synthesis 

For the synthesis of cDNA from the RNA extracted, “Revert Aid First cDNA Synthesis 

Kit (Thermo Fisher Scientific, USA)” was used. This synthesis kit had following 

reagents: 

Reagents Volume 

Template RNA 
1 µg 

Random Hexamer Primer 
1 µL 

Nuclease Free Water 
 

10mM dNTP mix 
2 µL 

Revert Aid M-MuLV RT 
1 µL 

5X Reaction Buffer (RB) 
4.5 µL 

Ribolock RNase Inhibitor (RI) 
0.5 µL 

The kit components were first thawed properly and 12 µL reaction mixture was formed 

by mixing RNA template, Random Hexamer Primer and Nuclease Free Water in the 

PCR tube. After this, the PCR tubes was incubated at 65℃ for 5 minutes. After 

incubation, RB, RI, dNTPs and RT was added to make total volume of 20 µL. PCR 

tubes were then tapped to remove air bubbles followed by incubation in the 
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thermocycler. PCR cycle involved incubation at 42℃ for 60 minutes and then reaction 

termination phase at 70℃ for 5 minutes. After completion of reaction the synthesized 

cDNA was stored at -20℃ until next step. 

2.9.4. cDNA dilution 

Prior to qRT-PCR, cDNA dilutions (1:4) were prepared. The dilutions were prepared by 

taking 5 µL of cDNA stock in 20 µL of Nuclease Free water.   

2.9.5. Real Time Polymerase Chain Reaction (qRT-PCR/RT-qPCR)  

For qRT-PCR of each individual gene and mi-RNAs, 2 µL cDNA dilution was taken 

for 8 µL reaction mixture cocktail making up to the volume of 10 µL. For making the 

reaction mixture following reagents were used: 

Reagents Volume 

Nuclease Free Water 
2 µL 

Forward Primer 

(gene/miRNA specific) (FP) 

1 µL 

Reverse Primer 

(gene/miRNA specific) (RP) 

1 µL 

Eva Green dye 
2 µL 

cDNA dilution 
4 µL 

At first, the reaction mixture was prepared by adding Nuclease Free Water, FP, RP, and 

Eva Green dye in the PCR tube. 8 µL of reaction mixture and 2 µL of cDNA dilution 

were added in the PCR vials. The PCR vials were then placed in the RT-PCR machine 

for expression analysis of the selected genes/ miRNA. The program was run and saved 

on PC. After the reaction completion, Ct values were recorded for each gene or miRNA, 

and fold activity was calculated.  
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2.10. Fluorescence-based miRNA quantification 

For the quantification of miRNA in the blood of normal and CAD patients, the 

fluorometric method was employed. The qRT-PCR products of miRNA-1a-3p were 

saved at -20°C for this experiment. Four samples having mixed Ct values were pooled. 

2, 4, 6, 8, and 10% dilutions of pooled samples were made by adding nuclease-free 

water to make a total 50µl volume. 5% dilutions of control and patients qRT-PCR 

products were made. In 50µl of each sample, 50µl of H2O2 was added. Afterward, the 

fluorescence intensity was measured by using BioTek Synergy HTX microplate reader 

at 485nm and 520 nm excitation and emission wavelengths respectively. miR-1-3p was 

quantified in the qRT-PCR products by using the straight-line equation of the standard 

curve shown in Figure 2.4. 

 

Figure 2.4 Standard Curve for Fluorescence Intensity based Quantification of miRNAs 

2.11. Oxidative Profiling 

For analyzing oxidative profile, Reactive Oxygen Species (ROS) and Thio-barbituric 

Acid Reactive substances (TBARs) level were investigated. 

2.11.1. Reactive Oxygen Species (ROS) Assay 

Protocol provided by (Hayashi et al., 2007) was followed for detecting ROS level in 

tissue homogenates and serum samples. 
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Reagents Concentration / Volume 

Reagent 1: N, N-Diethyl para-phenyl 

diamine (DEPPD) 
1 mg/ ml 

Reagent 2: Ferrous sulfate (FeSO4) 0.5% 

Sodium Acetate Buffer at pH 4.8 0.1 M  

Sample 6.6 μl 

Procedure 

Reagent mixture was prepared by adding reagent R1 in R2 in 1: 24 ratio and placed in 

dark for 2 minutes. In each well of microtiter plate, 186 µl reagent mix, 6.6 μl sample 

and 133.3 μl reaction buffer were loaded. Then, absorbance was recorded at 505 nm 

using multiskan GO (Thermo-Fischer scientific, USA) spectrophotometer. At the 

interval of 15 seconds, 3 readings were taken. A standard curve of H2O2 was then 

generated. 

2.11.2. Thio-barbituric acid Reactive substances (TBARs) level 

The protocol given by (Tsai et al., 2014) was used to estimate TBARs activity in 

homogenates and serum samples. 

Reagents Concentration / volume 

Tris -HCL 150 mM 

Ferrous sulphate 1 mM 

Ascorbic acid 1.5 mM 

Trichloroacetic acid 10% 

Thio-barbituric acid 0.375% 

Sample 20 μl 
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20 µl of each sample, Tris HCL, FeSO4, and ascorbic acid along with 120 µl distilled 

water was taken and incubated for 15 min at 37 ˚C in an Eppendorf.  200 µl TCA and 

TBA were then added into it followed by incubation at 100˚C for 15 min. This is 

followed by 10 minutes centrifugation at 3000 rpm. 200 µl supernatant was then picked 

and added to each well of microtiter plate. Three consecutive absorbances were 

recorded at 532 nm using multiskan GO. Using the following formula, lipid per 

oxidation level was calculated:  

𝑻𝑩𝑨𝑹𝑺 (
𝒏𝑴

𝒎𝒈
𝒐𝒇 𝒑𝒓𝒐𝒕𝒆𝒊𝒏)

= 𝑶. 𝑫 × 𝒕𝒐𝒕𝒂𝒍 𝒗𝒐𝒍𝒖𝒎𝒆 × 𝟏. 𝟓𝟔 × 𝟏𝟎𝟓 × 𝒎𝒈 𝒐𝒇 𝒑𝒓𝒐𝒕𝒆𝒊𝒏/𝒎𝒍 

2.12. Estimation of Antioxidative Profile 

2.12.1. Super Oxide Dismutase (SOD) Assay 

Using the protocol of  (Ali, Waheed, et al., 2015) SOD activity was measured using 

serum and tissue homogenates samples. 

Reagents Concentration 

Phosphate buffer saline (PBS) 50 mM at pH 7.8 

L-Methionine  9.9 mM 

NBT 57 μM 

Triton 0.025 % 

Riboflavin 0.9 μM 

Sample 5 μl 

Procedure 

1.5 ml of L-methionine, 1 ml of NBT.2HCL and 750 μl Triton x-100 was taken and the 

volume was raised up to 30 ml by adding PBS to make reaction mixture. In each well 

of micro titer plate, 250μl reaction mixture was added along with 5 μl serum sample.  
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The microtiter plate was illuminated under flourescent lamp for 7 minutes at 37 ºC. 

Finally, 2 μl of Riboflavin (chilled) was added into the wells. For initiating the reaction 

plate was incubated at 40 ºC for 8 minutes. Three readings of absorbance were recorded 

for each sample by using multiskan GO (Thermo-Fischer scientific, USA) 

spectrophotometer at 560 nm with the time interval of 1 minute.  

Percentage inhibition of NBT was calculated by formula mentioned below. 

%𝒂𝒈𝒆 𝒊𝒏𝒉𝒊𝒃𝒊𝒕𝒊𝒐𝒏 𝒐𝒇 𝑵𝑩𝑻 

= [{𝑨𝒃𝒔 𝑩𝒍𝒂𝒏𝒌 − 𝑨𝒃𝒔 𝑺𝒂𝒎𝒑𝒍𝒆} ÷ 𝑨𝒃𝒔. (𝒃𝒍𝒂𝒏𝒌)] × 𝟏𝟎𝟎 

2.12.2. Catalase Activity (CAT) Assay  

Protocol described by (Ali, Shaheen, et al., 2015) was used to estimate the activity of 

CAT enzyme using following reagents: 

Reagents Concentration / Volume 

Distilled hydrogen per oxide 5.9 mM 

Potassium phosphate buffer 50 mM at pH 7 

Samples 11.1 μl 

Procedure 

222 μl of buffer, 111 μl of H2O2 and 11.1 μl of serum sample were poured in each well 

of microtiter plate. For blank, all the reagents except sample were added. Three 

absorbance readings were recorded at 240 nm by multiskan GO spectrophotometer.  

2.12.3. Peroxidase (POD) Assay 

POD assay was performed according to the protocol mentioned by (Ishtiaq et al., 2020). 

Reagents 

Reagents Concentration / Volume 



Materials and Methods 

Investigation of the role of miRNA targeting NFAT as a biomarker of Myocardial Infarction 
35 

Phosphate buffer 50 mM, pH 5.0 

H2O2 40 mM 

Guaiacol 20 mM 

Samples 6.7 μl 

Procedure 

In each well of microtiter plate, 166.6 μl phosphate buffer, 6.7 μl (50 mM) Guaiacol 

and 6.7 μl sample were added respectively followed by vigorous shaking. Finally, H2O2 

was added. Three readings of absorbance were recorded at 420 nm with the interval of 

1 minute using multiskan GO (Thermo-Fischer scientific, USA) spectrophotometer.  

2.12.4. Ascorbate Peroxidase (APX) Assay 

This assay was performed according to the protocol mentioned by (Nakano & Asada, 

1981). 

Reagents Concentration / Volume 

Potassium phosphate buffer 50 mM, pH 7 

EDTA 5 mM 

Ascorbate 1 mM 

H2O2 1 mM 

Sample 10 μl 

Procedure 

60 μl potassium phosphate buffer, 10 μl of EDTA, 10 μl Ascorbate, 10 μl H2O2 

alongwith 10 μl of sample were taken in wells of microtiter plate. Three absorbance 

readings were recorded at 290 nm by multiskan GO spectrophotometer. Level of 

ascorbate peroxidase was estimated using following formula: 
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𝑨𝒔𝒄𝒐𝒓𝒃𝒂𝒕𝒆 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚

= 𝑨𝒃𝒔𝒐𝒓𝒃𝒂𝒏𝒄𝒆 × 𝑬𝒙𝒕𝒊𝒏𝒄𝒕𝒊𝒐𝒏 𝒄𝒐𝒆𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒕 𝒐𝒇 𝑨𝒔𝒄𝒐𝒓𝒃𝒂𝒕𝒆 

2.12.5. Reduced Glutathione Assay 

The measurement of GSH was done according to the protocol of (Jollow, Mitchell, 

Zampaglione, & Gillette, 1974). 

Reagents  

Reagents Concentration 

3,3-dithi-bis (6-nitrobenzoic acid) 

DTNB 
0.4% 

Sodium Phosphate buffer 11.356 g, 0.4 M 

Serum sample 5 μl 

Procedure 

In each well of microtiter plate 5 μl sample, 50 μl sodium phosphate and 25 μl DTNB 

were added this resulted in yellow colour. Absorbance was measured at 412 nm by 

multiskan GO spectrophotometer.  

2.13. Lipid profile 

For assessing the lipid profile triglyceride and cholesterol assays were performed. 

2.13.1. Cholesterol assay 

According to the protocol given in AMP (AMEDA Labordiagnostik GmbH; Austria) 

diagnostic kit, cholesterol assay was performed. 

Principle  

The reaction mixture containing 4-aminoantipyrine and phenol can get condensed by 

enzymes having hydrogen peroxides including peroxidase, cholesterol oxidase and 

cholesterol esterase. This results in the formation of quinonimine dye. The amount of 

cholesterol in sample is directly proportional to concentration of quinonimine dye. 
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Reagents Volume 

Cholesterol reagent 200 µl 

Sample 2 µl 

Standard 2 µl 

Procedure  

In each well of the microtiter plate, 200 µl of reagent along with 2 µl sample was added. 

In a separate well, 2 µl of standard in 200 µl of reagent was also added. Absorbance of 

sample and standard was taken at 500 nm using from multiskan GO spectrophotometer 

three times after incubating at 37 ºC for 5 minutes. Total cholesterol levels were 

estimated using the kit formula. 

total cholesterol (
mg

dL
) =

sample absorption

standard absorption
× 𝐜𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 𝐨𝐟 𝐬𝐭𝐚𝐧𝐝𝐚𝐫𝐝  

2.13.2. Triglycerides 

According to the protocol given in AMP (AMEDA Labordiagnostik GmbH; Austria) 

kit, triglycerides assay was performed using the following reagents: 

Reagents Volume 

Triglyceride reagent 200 µl 

Sample 2 µl 

Standard 2 µl 

Principle 

Triglycerides are broken down into fatty acid and glycerol. This glycerol is 

phosphorylated in the presence of ATP into glycerol-3-phosphate (G-3-P) by glycerol 

kinase (GK). This G-3-P is oxidized by glycerol phosphate oxidase enzyme in to 

dihydroxy acetone phosphate (DHAP) and H2O2. H2O2 reacts with 4-amino-antipyrine, 
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and phenol and this reaction is catalyzed by POD that eventually produces red color. 

The color intensity is directly proportional to the concentration of triglycerides in the 

sample. 

Procedure  

In each well of the microtiter plate, 200 µl of reagent along-with 2 µl sample was added. 

In a separate well, 2 µl of standard in 200 µl of reagent was also added. Absorbance of 

sample and standard was taken at 500 nm using from multiskan GO spectrophotometer 

three times after incubating at 37 ºC for 5 minutes. Total triglycerides levels were 

estimated using the kit formula. 

𝐓𝐨𝐭𝐚𝐥 𝐭𝐫𝐢𝐠𝐥𝐲𝐜𝐞𝐫𝐢𝐝𝐞𝐬 (
𝐦𝐠

𝐝𝐋
) =

sample absorption

standard absorption
× concentration of standard  

2.14. Liver function tests 

To analyze liver functions, ALT and AST assays were performed. 

2.14.1. Alanine Aminotransferase (ALT) Assay 

The protocol given by AMP (AMEDA Labordiagnostik GmbH; Austria) diagnostic kit 

was used to estimate ALT enzymes levels in serum. 

Reagents Concentrations / Volume 

Reagent 1 (Tris-buffer, L-Alanine, 

Lactate dehydrogenase) 

150 mM PH 7.3, 750 mM ˃ 1.350 

U/L 

Reagent 2 (NADH, 2-Oxoglutarate, 

Biocides) 
1.3 mM, 75 mM 

Serum sample 10 µl 

Procedure 

To prepare reaction mixture, R1 and R2 were mixed in 4:1. 200 µl of reaction mixture 

was added in each well, 10 µl sample was poured and incubated for 1 min at room 
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temperature. Afterwards, absorbance was recorded at 340 nm wavelength by multiskan 

GO spectrophotometer. To calculate 3 readings, the same steps of incubation were 

repeated. Using the formula given in the kit, level of ALT in serum was calculated. 

∆𝐀

𝐦𝐢𝐧
× 𝟑𝟑𝟑𝟑 = 𝐀𝐋𝐓 𝐚𝐜𝐭𝐢𝐯𝐢𝐭𝐲(

𝐮𝐧𝐢𝐭

𝐥𝐢𝐭𝐞𝐫
) 

2.14.2. Aspartate Aminotransferase (AST) assay 

The protocol given by AMP (AMEDA Labordiagnostik GmbH; Austria) diagnostic kit 

was used to estimate AST enzymes levels in serum. 

Principle 

Aspartate amino transferase catalyzes the (amino) NH3 group transfer from L-aspartate 

to alpha-ketoglutarate and forms oxaloacetate and L-glutamate. Malate dehydrogenase 

(MDH) reduces oxaloacetate and results in oxidation of NADH to NAD+ hence 

decreasing the absorption. The activity of AST is proportional to absorption. 

Reagents 

Reagents Concentrations / Volume 

Reagent 1 (Tris-buffer, L-aspartate, 

NADPH, MDH, LDH) 

121 mM PH 7.8, 362 mM > 460 U/L, 

>600 U/L 

Reagent 2 (NADH, 2-Oxoglutarate, 

Biocides) 
1.3 mM, 75 mM 

Sample 10 µl 

Procedure 

To prepare reaction mixture, R1 and R2 were mixed in 4:1. 200 µl of reaction mixture 

was added in each well, 10 µl sample was poured and incubated for 1 min at room 

temperature. Afterwards, absorbance was recorded at 340 nm by multiskan GO 

(Thermo Fischer scientific, USA) spectrophotometer. To calculate 3 readings, the same 
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steps of incubation were repeated. Using the formula given in the kit, the activity of 

ALT in serum was calculated. 

∆𝑨

𝒎𝒊𝒏
× 𝟑𝟑𝟑𝟑 = 𝑨𝑳𝑻 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚(

𝒖𝒏𝒊𝒕

𝒍𝒊𝒕𝒆𝒓
) 

2.15. Statistical Analysis  

For statistical analysis, one way ANOVA (Analysis of Variance) proceeded by Tukey’s 

Test (t-test) was employed. p-value of ≤ 0.01 or ≤ 0.05 were considered significant, that 

were calculated by using GraphPad Prism version 10.0.0. The graphs were made using 

the Graphpad Prism software. 

2.16. Histopathology  

For microscopic analysis, tissues were fixed in fixative-form of formaldehyde 30 %, 

absolute alcohol 60 % and acetic acid 10 %-which was proceeded by dissection. At 

normal room temperature, the fixed tissues were shifted into cedar wood oil until it 

turned crystal clear. These tissue implants were then shifted into liquid wax. Bubbles 

were removed and wax was allowed to harden. A chunk of wax imbedded tissues was 

made. Using disinfected blade, the piece of paraffin wax was cut and for segmenting 

tissue is placed on wooden slab.  

2.16.1. Microtomy  

A tissue placed on wooden slab was cut off into 5µm thin slices by using microtome 

and were extended and fixed. These slices along with wax strips were transferred in 

water bath at 60˚C. This results in smooth transferred on to glass slide. Fixation of 

tissues on slide was done by liquefying the wax at 65˚C which were followed by 

incubation for 24 hours then tainted with hematoxylin.  

2.16.2. Microscopic Analysis  

At 40 X magnification, glass slides were observed using a light microscope (DIALUX 

20 EB). All the slides were observed and photographed
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3. RESULTS 
3.1.   Research Summary 

In our study, the expression of several miRNAs and genes involved in apoptotic 

signaling pathways was assessed and miRNA mimics were used for target gene 

confirmation. Biochemical assays were performed to analyze oxidative stress, lipid 

status and liver function profile in rats. qRT-PCR was conducted to validate the mRNA 

expression levels. Western blotting was conducted to validate protein level expression 

of apoptotic signaling modulators and confirm miRNA target genes in diseased model. 

Histological analysis was also performed to analyze the cellular architecture.  

3.2.  Demographic Data of Patients  

3.2.1. Gender-wise Distribution 

The CAD patients were divided in two groups based on gender as shown in Figure 3.1. 

The first group comprised male patients making 72.72%. The second group comprised 

of female CAD patients making 27.27% as shown in Table 3.1. 

Table 3.1 Gender-wise distribution of CAD Patients 

Gender Percentage 

Male 72.72% 

Female 27.27% 

 

 

Figure 3.1 Graphical Representation of Gender-wise Distribution of CAD Patients 
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3.2.2. Age-wise Distribution 

The CAD patients were distributed into four groups based on age as shown in Figure 

3.2. The first group was comprised of CAD patients with age < 20. Second group was 

consisted of CAD patients between ages 21-40. Third group was consisted of CAD 

patients between the ages of 41-60. The fourth group was comprised of CAD patients 

above age 60 as shown in Table 3.2. 

Table 3.2 Graphical Representation of Age-wise Distribution of CAD Patients 

Age Group Percentage 

< 20 9.09% 

21-40 18.18% 

41-60 27.27% 

> 60 45.45% 

Grand Total 100% 

 

 

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

3.2.3. Other Diseases in CAD Patients 

27.27% of CAD patients were suffering from diabetes and 45.45% of CAD patients were 

suffering from hypertension.  

Table 3.3 Other Diseases in CAD Patients 
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  Percentage 

Diabetes 27.27% 

Hypertension 45.45% 

 

 

Figure 3.3 Graphical Representation of other diseases in CAD Patients 

3.2.4. Smoking Status in CAD Patients 

27.27% CAD patients were smokers while others were non-smokers as shown in Table 3.4. 

Table 3.4  Smoking Status in CAD Patients 

 
Percentage 

Smokers 27.27% 

Non-Smokers 72.72% 

 

 

Figure 3.4 Graphical Representation of Smoking Status in CAD Patients 
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3.3. Relative expression analysis of miRNAs and target genes in CAD Patients 

miRNAs are used as the diagnostic biomarker for various pathologies including CVDs, 

and cancers. In this study, relative expression analysis of miR-1-3p, and miR-98-5p was 

done using RT-qPCR in control and CAD patient groups.  

3.3.1. Increased expression of miR-1-3p in CAD Patients 

miR-1-3p is reported to be elevated in CVDs including MI and cardiac ischemia. To 

validate the expression of miR-1-3p in CAD patients, qRT-PCR was used. The 

expression of miR-1-3p was analyzed using U6 as an internal control. miR-1-3p 

expression level was considerably increased in the CAD patients’ group in contrast to 

the Control group. T-test was performed to analyze the data statistically using GraphPad 

Prism 10.0.0 software. Results are depicted in Figure 3.5 as Mean ± Standard Error 

Mean (SEM), (***) at p-value <0.001. 

 

Figure 3.5 Graphical showing the Fold activity of miR-1-3p in Human Blood sample 

3.3.2. Decreased expression of miR-98-5p in CAD Patients 

miR-98-5p is reported as an important transcriptional regulator of various important 

genes involved in psychological and pathological conditions. The validation of miR-

98-5p in CAD was done using U6 as an internal normalization control, the relative fold 

activity of miR-98-5p was found to be considerably downregulated in CAD patients. 

The results with (**) at p-value <0.01 are plotted with Mean ± SEM in Figure 3.6. 
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Figure 3.6 Graphical showing the Relative fold activity of miR-98-5p in Human Blood sample 

3.3.3. mRNA expression analysis of genes as putative miRNA targets 

For evaluating the effects of miRNA expression dysregulation in CAD patients, the 

expression of their target genes by qRT-PCR was done. The results showed the role of 

miRNAs in dysregulating the physiological pathways modulators, leading to CAD 

development. 

3.3.4. Reduced expression of NFATc3 in CAD Patients 

According to the TargetScan Human database, NFATc3 was found to be the putative 

target for miR-1-3p (Figure 3.9). GAPDH was used as an endogenous control. The 

results confirmed that the relative expression of NFATc3 was significantly 

downregulated in patients with CAD. Increased expression of miR-1-3p and 

downregulation of NFATc3 expression suggests NFATc3 as a putative target gene of 

miRNA-1-3p. T-test was performed, and the results are plotted as Mean±SEM with 

(****) at p-value<0.0001. 

 

Figure 3.7 a) Target site Prediction by Bioinformatics Database b) Relative Fold Activity of NFATc3  
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3.3.5. Decreased expression of Bcl-2 in CAD Patients 

Bcl-2 is an anti-apoptotic protein involved in regulating cellular apoptosis in cardiac 

ischemia (Korshunova et al., 2021). Results showed that mRNA expression level of 

Bcl-2 was significantly downregulated in CAD patients. GAPDH was used as an 

endogenous control. The statistical analysis was performed on GraphPad Prism 10.0.0 

Software by t-test. A graph was plotted based on Mean±SEM with **** at p-value 

<0.0001 shown in Figure 3.8. 

 

Figure 3.8 Relative Fold Activity of Bcl-2 

3.3.6. Upregulated expression of BAX in CAD Patients 

BAX is an apoptotic protein and a key player in apoptotic signaling pathways involved 

in CAD development and progression. The mRNA expression level of BAX was 

assessed using GAPDH as an internal control. A remarkable increase in relative the fold 

activity of BAX was observed in CAD patient’s group suggesting the apoptosis in CAD 

patients. T-test was performed and the results are shown in figure 3.9. 

 

Figure 3.9 Relative Fold Activity of BAX 
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3.3.7. Increased expression of ET-1 in CAD Patients 

Bioinformatics analysis by using TargetScanHuman database showed ET-1 as the 

potential target gene of miR-98-5p and miR-1-3p. qRT-PCR results confirmed that ET-

1 was upregulated in CAD patients. GAPDH was used as an internal normalization 

control. The results showed a marked elevation in the ET-1 mRNA expression level in 

the CAD patients. The results are depicted graphically as Mean±SEM with ** at p-

value <0.01 in Figure 3.10. 

 

Figure 3.10 a) Target site Prediction by Bioinformatics Database b) Relative Fold Activity of Et-1 

3.4. Fluorescence-based quantification of miR-1-3p 

For the quantification of miRNA in control and patients, the fluorescence detection 

method was employed. In contrast to the control group, a remarkable increased quantity 

of miR-1-3p was present in the CAD patients. T-tests were performed and the graphical 

representation of results is in Figure 3.11. 

 

Figure 3.11 Fluorescence Intensity based Quantification of miR-1-3p 
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3.5. Evaluation of ISO induced CAD in animal model  

To validate the expression of miRNAs and their putative target genes in diseased 

conditions, animal model studies were also conducted.  

3.5.1. Assessment of Baseline Characteristics in animal model 

For the confirmation of the development of the ISO-induced MI model, the weight of 

heart (HW) to weight of body (BW) ratio and HW to tibia length (TL) ratio was 

considered. ISO-induced MI rat group showed a marked increase in HW/BW and 

HW/TL length in contrast to the control rat group. The statistical analysis was 

performed. Graphs for HW/BW and HW/TL are plotted as Mean± SEM with *** at p-

value< 0.001 and ** at p-value < 0.01 respectively (figure 3.12). 

 

Figure 3.12 a) Heart weight to Body weight ratio of rats b) Heat weight to Tibia length ratio of Rats 

3.5.2. Oxidative Stress Profiling for Pathological Confirmation 

For confirming the pathological development in the ISO-induced rat group in contrast 

to the control group, oxidative stress profiling was done by performing various oxidants 

and antioxidant biochemical assays.  

3.5.2.1. Assessment of oxidants level in animal model 

For oxidants profiling of rats, ROS and TBARs assays were performed on the serum 

and homogenates of control and ISO treated rats’ heart tissue. The ISO-treated rats 

showed a notable increase in ROS levels. The ROS levels are plotted as Mean±SEM in 

figure 12. Moreover, lipid peroxidation due to high ROS levels in the ISO group was 

also confirmed by the TBARs assay. A significant elevation of TBARs level was 

observed in the ISO group in contrast to the Control group. The results for the TBARs 

level are depicted in figure 3.13. 
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3.5.2.2. Evaluation of antioxidants enzyme activity in animal model  

To confirm the oxidative stress, the antioxidant profiling was done by evaluating the 

activities of POD, SOD, GSH, CAT and APX antioxidants. These antioxidants have the 

potential to scavenge potential ROS present within the cell. Under diseased conditions, 

heart tissue serum as well as homogenates have shown a remarkable decrease in the 

activities of these antioxidant enzymes thereby increasing oxidative stress. In our study, 

ISO-induced group showed a significant decrease in the activities of antioxidant 

enzymes. The results are indicated in figure 3.14 as Mean±SEM. 

 

Figure 3.13 a) ROS levels in Rat Serum and Tissue Homogenates b) TBARs level in Rat’s Tissues  

 

Figure 3.14 Antioxidants Profile a) SOD activity level, b) CAT activity level, c ) POD activity level, d) GSH activity 
level  e)APX activity level 
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3.5.3. Assessment of liver function tests in animal model 

To assess liver functioning and liver damage in normal and diseased rats, liver function 

tests were performed. ALT and AST levels were evaluated in the serum of normal and 

diseased rats. All the results were statistically analyzed. Both AST and ALT levels were 

found to be remarkably elevated in the diseased rats. Increased ALT and AST serum 

levels showed liver damage in ISO-induced rats’ groups. The results are depicted 

graphically in Figure 3.15. 

 

Figure 3.15 Graphical Representation of Liver Function Tests a) ALT level (unit/min) b) AST level (unit/min) 

3.5.4. Evaluation of lipids level in animal model 

In CAD, increased peripheral lipids play a pioneer and important part in the 

development and progression of the disease. To confirm the correlation of lipids with 

the disease, and lipid metabolism with CAD, triglycerides and cholesterol levels were 

assessed using biochemical assays. The results are statistically analyzed by performing 

t-tests. The results showed a significant increase in the levels of TGs and cholesterol in 

the serum of ISO rats. Increased levels are indicative of an association between lipid 

metabolism and cardiotoxicity. The results are shown as Mean±SEM in Figure 3.16. 

 

Figure 3.16 Graphical Representation of Lipid Profile a) Triglycerides level (mg/dl) b) Cholesterol level (mg/dl) 
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3.5.5. Analysis of mRNA/miRNA expression in animal model 

3.5.5.1. Increased miR-1-3p expression in ISO induced animal model  

The level of miR-1-3p expression in heart tissue of rats was assessed. Using U6 as an 

endogenous control, the results of qRT-PCR were analyzed. Statistical analysis using t-

tests showed that the ISO group has a decreased expression level of miR-1-3p in the 

heart tissue samples. The results are depicted in figure 3.17. 

 

Figure 3.17 Relative fold activity of miR-1-3p in Rat Heart tissue sample 

3.5.5.2.  Decreased miR-98-5p expression in ISO induced animal model 

The expression level of miR-98-5p in Rat’s blood and heart tissue were evaluated by 

qRT-PCR. Using U6 as an endogenous control, the results were evaluated. The T-test 

was performed using GraphPad Prism. The relative fold activity of miR-98-5p was 

found to be significantly decreased in blood as well as in the heart tissue of rats.  The 

results are depicted in Figure 3.18 as Mean±SEM. 

 

Figure 3.18 Relative fold activity of miR-98-5p in Rats Blood and Heart Tissues 
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3.5.5.3. Dysregulated NFATc3 expression in ISO-induced animal model 

As a potential target of miR-1-3p and having a role in pathogenesis, NFATc3 relative 

fold activity was validated in both blood and heart tissue sample. A remarkable decrease 

in the relative fold activity of NFATc3 was observed in blood samples while an 

increased level was observed in heart tissue samples. The t-test was performed and the 

results are plotted as Mean±SEM in Figure 3.19. 

 

Figure 3.19 a) Target site Prediction by Bioinformatics Database b) Relative Fold Activity of NFAT-c3 in Rat's Tissues 

3.5.5.4. Upregulated Et-1 expression in ISO-induced Rat’s Tissues 

Et-1 was predicted as a potential target of miR-98-5p and miR-1-3p by the 

bioinformatics tool. The mRNA expression levels of Et-1 were assessed in both the 

blood and heart tissue of rats. The results showed an elevated level of Et-1 in both the 

blood and heart tissue of the ISO-induced rats. Increased Et-1 showed endothelial 

dysfunction in the ISO group. The results are depicted in Figure 3.20 as Mean±SEM at 

* with p-value <0.5. 

 

Figure 3.20 a Target site Prediction by Bioinformatics Database b) Relative Fold Activity of ET-1 in blood and heart 
tissue of rats 
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3.5.5.5. Downregulated Bcl-2 expression in ISO-induced Rat’s Tissues 

The relative fold activity of Bcl-2 was assessed as a downstream modulator of NFATc3 

and an anti-apoptotic marker. Both the tissues including the blood and heart tissue 

depicted a remarkable decrease in the relative fold activity of Bcl-2. Graphs are plotted 

after performing t-test on the data of both groups and are plotted in Figure 3.21. 

 

Figure 3.21 Relative Fold Activity of Bcl-2 in Rat's Tissues 

3.5.5.6. Upregulated Bax expression in ISO-induced Rat’s Tissues 

The relative fold activity of Bax was assessed as a pro-apoptotic marker. The heart 

tissue depicted a remarkable increase in the relative fold activity of Bax suggesting 

apoptosis. Graphs are plotted after performing t-test on the data and are presented in 

Figure 3.22. 

 

Figure 3.22 Relative Fold Activity of Bax in Rat's heart tissue 

3.5.6. Evaluation of Protein Expression Analysis in ISO induced rat model 

Western Blotting was performed to analyze the level of apoptotic protein expression 

included in and the validation of protein expression dysregulated by miRNAs.  
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3.5.6.1. Increased NFATc3 protein expression in ISO group  

NFATc3 is a major potential target of miR-1-3p. NFATc3 protein level were evaluated 

by western blotting. Densitometric analysis was done using ImageJ software. α-tubulin 

was used as a normalization control. The results showed a remarkably increased relative 

expression of NFATc3 in the ISO-induced rat model. The groups of ISO+miR-98-5p 

mimic and miR-98-5p mimic showed a relative decrease in the expression of NFATc3. 

This showed that a dose of miR-98-5p mimic can also reduce NFATc3 expression. The 

results are plotted after performing One-way ANOVA and Multiple Comparisons in 

GraphPad Prism 10.0.0 and are depicted as Mean±SEM in Figure 3.23. 

 

Figure 3.23 a) Western Blot image for NFAT b) Graphical Representation of NFATc3 protein expression  

3.5.6.2. Upregulated BAX protein expression in ISO group 

BAX is an important player in apoptotic pathways. Western Blotting was performed to 

validate the relative protein level of BAX in control, disease, and miRNA-mimic 

groups. Densitometric analysis was followed by statistical analysis using t-test. The 

results depicted a significant elevated in the relative protein expression level of BAX 

in the ISO group. This suggested increased apoptosis in cardiomyocytes in the case of 

ISO-induced MI. In contrast to ISO group, the levels of BAX in ISO+miR-98-5p mimic 

and miR-98-5p mimic groups were found to be significantly downregulated. This 

showed that miR-98-5p mimic is involved in regulation of the apoptosis signaling in 

cardiomyocytes. The results are depicted in figure 3.24 as Mean±SEM. 
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Figure 3.24 a) Western Blot image for BAX b) Graphical Representation of BAX protein expression 

3.5.6.3. Upregulated Drp-1 protein expression in ISO group 

Drp-1 is a marker of mitophagy and mitochondria-associated apoptosis. The expression 

of Drp-1 was validated by western blotting. A significant increase in protein expression 

of Drp-1 was observed in the ISO group, indicating mitochondria-associated apoptosis. 

The expression of Drp-1 in miR-98-5p mimic groups was found to be significantly 

diminished. The results are shown as Mean±SEM in Figure 3.25.  

 

Figure 3.25 Western Blotting for Drp-1 a) Western blot image b) Graphical representation of Drp-1 protein 
expression level 

3.5.6.4. Upregulated Et-1 protein expression in ISO group 

Et-1 is the direct putative target of miR-98-5p and is reported to be involved in the 

initial stages of CAD development. The expression of Et-1 was found to be drastically 

increased in case of ISO group. ISO+mimic and mimic groups have shown a 

remarkable decrease in Et-1 levels. This showed that miR-98-5p mimics reduced the 

expression of Et-1. The results are indicated in Figure 3.26 as Mean±SEM. 
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Figure 3.26 a) Image of the Western Blot b) Graph showing ET-1 protein expression. 

3.5.7. Histological investigation of Rat’s Heart tissue 

After H&E staining of rat’s heart tissue, the microscopic analysis was performed. The 

cells in ISO group showed altered morphology with an increase in cell size showing 

hypertrophic cells. The cardiac muscle fibers were found to be distantly spaced in ISO 

in comparison to the control group. The percentage abnormal cells was observed to be 

elevated in ISO gro. (Figure 3.27) 

 

Figure 3.27 a) Images of Control and ISO rats hearts b) H&E staining images of control and ISO rats c) Graphical 
Representation of Percentage Abnormal cells in Normal control and ISO hearts 

 



Discussion 

Investigation of the role of miRNA targeting NFAT as a biomarker of Myocardial Infarction 
57 

4. DISCUSSION 

According to the World Heart Report 2023, 85% of the total CVDs associated deaths 

are caused by CAD and stroke. 9.1 million deaths are reported due to ischemic heart 

disease or CAD by the World Heart Federation (World Heart Report 2023). CAD is 

said to be the primary disease that eventually leads to MI. Early diagnosis of CAD may 

enable better management of this disease. The diagnostic strategies that are currently 

being used have various problems associated with them. miRNAs can provide a better 

diagnostic option and can be used as an earlier biomarker for CAD. We conducted our 

study on both human and animal models. Our study involves the elucidation of miR-1-

3p and miR-98-5p levels in CAD patients. miR-1-3p is previously reported to be 

involved in atherogenesis and prognosis of CAD (Badacz et al., 2021) while miR-98-

5p was not extensively studied in CAD. This study confirmed the differential 

expression of both miRNAs in the control and patient samples using qRT-PCR. The 

current study also tried to put forward a strategy to quantify the miRNAs in disease and 

control samples by measuring fluorescence intensity. We also elucidated the expression 

of several proteins involved in apoptotic signaling pathways and confirmed the miR-

98-5p targets by using miRNA mimic. 

In the current study ISO was used for the establishment of the MI rat model and 

performed biochemical assays for confirmation of the disease model.  HW/BW and 

HW/TL were assessed as an index of MI. An increase in these ratios was observed in 

the case of ISO rats suggesting cardiovascular disease conditions. This increase in 

HW/BW and HW/TL ratios was in accordance with previous studies where they have 

been linked to cardiac hypertrophy and MI conditions (Ali et al., 2019; Feng et al., 

2019). 

To validate oxidative stress, we performed oxidants and antioxidant profiling using the 

blood and heart tissue of rats. The ROS levels and TBARs depicted the presence of 

oxidative species in cells and the lipid peroxidation products levels respectively in 

tissues. We found the levels of both ROS and TBARs to be elevated in both blood and 

heart tissue of ISO group suggesting increased ROS leading to the oxidized lipid 

accumulation in the tissues. The oxidative stress was further validated by investigating 

the activities of antioxidant enzymes in both heart and tissue samples. SOD is the 

primary defense against oxidants (Ighodaro & Akinloye, 2018). The level of SOD 
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activity was found to be downregulated in the ISO group. CAT and GSH catalyze the 

conversion of H2O2 to H2O. The activity of CAT and GSH were found to be 

downregulated in case of ISO group suggesting an increased H2O2 accumulation in the 

tissues. Moreover, APX and POD also catalyze the conversion of ROS into less toxic 

metabolites (Sharma, Jha, Dubey, & Pessarakli, 2012). The activity levels of APX and 

POD were found to be significantly downregulated in the diseased group. Overall, a 

marked decline in the activities of antioxidant enzymes was observed in ISO group and 

the level of ROS was found to be elevated that eventually lead to the oxidative stress 

and lipid peroxidation in the cells. Previously, several studies showed role of increased 

oxidative stress during cardiovascular and cardiometabolic pathologies (Cervantes 

Gracia, Llanas-Cornejo, & Husi, 2017; Singh & Jialal, 2006). 

ISO induction is reported to cause the changes in lipid metabolism (Khan, Sharma, 

Bhandari, Ali, & Haque, 2018). To assess changes in lipid metabolism, lipid profiling 

was done by assessing levels of triglycerides and cholesterol. A significant elevation in 

the triglycerides and cholesterol levels in the blood of the ISO group. This finding is in 

accordance with the previously reported study that suggests that ISO-induced rats have 

increased lipid biosynthesis and decreased fatty acid oxidation resulting in increased 

triglycerides and cholesterol levels (Mehmet et al., 2022). Moreover, hyperlipidemia 

and hypercholesterolemia are risk factors for CVDs and hence confirmed diseased 

model.  

Liver injury markers including ALT and AST were also assessed. The levels of ALT 

and AST activities were elevated in ISO treated rat’s group. It has previously been 

reported that patients with acute or chronic heart failure conditions have an elevated 

level of liver enzymes (Al-U'datt et al., 2023). In our studies, elevated levels of ALT 

and AST enzyme activities suggest a cardiac hepatic relationship and confirm the 

disease model establishment. 

For elucidating the diagnostic role of miRNAs in CAD, the circulatory levels of 

miRNAs were assessed. Our results demonstrated that the circulatory levels of miR-1-

3p were remarkably increased in the CAD patient’s blood in contrast to the control 

individuals. This suggests the role of miR-1-3p as a putative diagnostic biomarker for 

CAD. Previously, miR-1-3p is reported to have roles in angiogenesis, and cardio-

genesis (Kaur et al., 2019). The plasma level of miR-1-3p is reported to be elevated in 
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MI (Li, Dong, Wang, & Wu, 2014). We also assessed the circulatory levels of miR-98-

5p, and it was found that the circulatory level of this miRNA was significantly 

downregulated in CAD in contrast to controls. Previously, miR-98-5p is reported to be 

involved in endothelial dysfunction and in cerebrovascular diseases (Tong, Tan, Lim, 

Tien, & Wong, 2022; Zheng, Zhang, Liang, & Li, 2021). Consistent results were found 

in the case of ISO and control rat groups, with a decreased level of miR-98-5p in the 

whole blood and heart tissue of ISO rats. Moreover, the tissue levels of miR-1-3p were 

found to be diminished as reported previously in the autopsy samples of MI hearts 

(Boštjančič, Zidar, Štajer, & Glavač, 2009). This suggested that ISO has induced MI in 

rats subsequently changing the miRNA levels in contrast to normal controls. 

To further confirm the diagnostic potential of miRNA-1-3p, we quantified the miRNA-

1-3p in blood samples of controls and CAD patients using a fluorometer. The 

fluorescence intensity of miR-1-3p was increased in CAD patients suggesting a higher 

quantity of miR-1-3p in CAD patients. Previously, no study has been reported to 

quantify miRNAs by measuring the fluorescence intensity. Thus, we attempted to 

provide a novel strategy to quantify miRNAs in human whole blood samples.  

The miRNAs play the role in disease etiology by targeting the different mRNAs. So, to 

confirm the role of miRNAs in CAD, the mRNA expression levels of the target genes 

NFATc3, ET-1, Bcl-2, and BAX was assessed in whole blood samples of humans and 

rats. In circulation, miRNAs are present in various forms including exosomal vesicles, 

or bound to AGO2 proteins (O'Brien, Hayder, Zayed, & Peng, 2018). Dysregulated 

expression of miRNAs in blood results in the dysregulation of their target genes’ mRNA 

levels. Herein, we assessed the circulatory mRNA level expression of NFATc3 and Et-

1 in control and disease group. NFATc3 levels were observed to be significantly 

downregulated in the blood samples of both ISO-rats and CAD patients. This result 

supports the finding that NFATc3 can prevent foam cell formation in macrophages (Liu 

et al., 2021). None of the previous studies reported NFATc3 levels in the whole blood. 

ET-1 showed increased relative expression in the whole blood of ISO-treated rats as 

well as in CAD patients suggesting endothelial dysfunction in CAD leading to MI. ET-

1 levels were previously reported to be elevated in serum samples of CAD patients in 

comparison to control population (Lin et al., 2023) and in diseased rats (Fan et al., 

2020). The relative expression of Bcl-2 and BAX were also assessed as a marker of 

apoptosis. Bcl-2-an antiapoptotic protein-is found to be downregulated in CAD patients 
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and ISO rats. BAX showed an elevated expression in the whole blood of CAD patients 

and ISO group. Increased expression of BAX and downregulation of Bcl-2 depicted 

increased apoptosis in these groups that is also linked to MI and CAD in various 

previous studies (Mohammadi et al., 2021).  

Moreover, we also assessed the expression of miRNAs and mRNA expression level of 

genes in the heart tissues of rats. The levels of miR-98-5p were observed to be decreased 

in ISO treated rats. On the contrary to circulatory levels of miR-1-3p, its level was 

found to be reduced in the heart tissue. Moreover, the levels of NFATc3, BAX, Bcl-2, 

and ET-1 were also assessed. A significant upregulation of NFATc3, ET-1, and BAX 

was observed in the ISO-induced rats while a remarkably reduced expression of Bcl-2 

was observed in the case of diseased rat heart tissue. Increased level of NFATc3 

suggests cardiac hypertrophic development. No previous study has reported mRNA 

level of NFATc3 in the heart tissue of rats. Increased ET-1 suggests endothelial 

dysfunction and increased ROS accumulation in the cardiomyocytes causing CAD 

development and eventually leading to MI. Previously ET-1 levels are reported to be 

elevated in ISO-induced rats (Aliska, Katar, Endo Mahata, Pratiwi, & Nuranisyah, 

2022). Moreover, a disrupted BAX/ Bcl-2 ratio in favor of BAX suggests apoptosis in 

the cardiac cells that promote MI as reported previously (Abukhalil et al., 2021). 

For validating the targets genes of miR-98-5p, western blotting was also performed. 

Increased expression of ET-1 protein was observed in ISO group in contrast to the 

control.  After miR-98-5p mimic administration, a reduction in the protein expression 

of ET-1 was observed.  This confirms ET-1 as the main target of miR-98-5p. As ET-1 

is involved in endothelial dysfunction, oxidative stress, cardiac hypertrophic 

conditions, mitochondrial damage, and apoptosis, its downstream modulators including 

NFATc3, Drp-1, and BAX were also assessed. NFATc3 levels were elevated in the 

diseased group in comparison to the control group suggesting cardiac hypertrophic 

events. Rats having miR-98-5p mimic dose have shown a decreased expression of 

NFATc3 indicating the role of miR-98-5p in controlling cardiac hypertrophy 

development. Moreover, concomitant dosing of miR-98-5p mimic and ISO to the rats 

have also shown a substantial decrease in the protein expression level of BAX and Drp-

1 suggesting a reduction in mitochondrial apoptotic pathways within these diseased 

rats. No previous study has reported the impact of miR-98-5p mimic dosage on protein 

expression in ISO-induced MI rats. 
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Conclusively, various risk factors result in ROS accumulation in the cells which has 

several consequences. Increased ROS causes oxidation of LDL in the cells, decreased 

production of NO, and increased production of Et-1 which eventually results in 

endothelial dysfunction (Crea, Montone, & Rinaldi, 2022). Our study suggested a link 

between miRNA expression and CAD development. Increased levels of miR-1-3p in 

blood resulted in the decreased NFATc3 level so it can’t be able to transcribe miR-204 

and prevent foam cell formation as reported previously. Decreased level of miR-98-5p 

caused an elevation in ET-1, in both blood cells and cardiac muscle cells, promoted the 

endothelial dysfunction and NO degradation, hence promoting vasoconstriction. The 

dysfunctional endothelium has an increased expression of cell adhesion molecules (V-

CAM, I-CAM), monocyte adhesion molecules, E-selectin and P-selection that promote 

platelet and monocytes adhesion and engulfment (Melo et al., 2004). These monocytes 

with an increased Et-1 and decreased NFATc3 eventually develop foam cells and 

differentiate into macrophages in the presence of oxidative stress and oxidized-LDL. 

This increased oxidative stress also results in mitochondrial dysfunction leading to the 

opening of the mitochondrial membrane permeability channels resulting in the Ca+2 

release in the cytosol. Increased Ca+2 levels result in activation of calcium-calmodulin 

phosphatase that dephosphorylates NFATc3 and allows its nuclear localization. 

Moreover, in contrast to the circulatory levels of miR-1-3p the tissue levels of this 

miRNA were found to be downregulated that resulted in the increase in NFATc3 levels. 

Increased NFATc3 hence will promote the cardiac hypertrophic genes expression and 

NOX hence promoting oxidative stress (P. Zhang et al., 2023). NOX disrupts the 

BAX/Bcl ratio favoring apoptosis (P. Zhang et al., 2023).  The presence of ox-LDL and 

increased ET-1 will cause the increased expression of LOX-1 receptor that will promote 

the apoptosis by downregulating the antioxidant Bcl-2  and increasing cytochrome-c 

release (J. Chen et al., 2004; D. Li & Mehta, 2009). Calcineurin also dephosphorylates 

DRP-1 and activates it. Activation of DRP-1 allows the VSMC proliferation and 

migration and mitochondrial fission process (Rogers et al., 2017). This recruitment of 

Drp-1 facilitates the recruitment of BAX and hence promote mitochondrial fission 

associated apoptosis (Maes, Grosser, Fehrman, Schlamp, & Nickells, 2019). Our study 

elucidated the interplay of apoptotic pathways and miRNAs expression for CAD 

development and confirmation of target genes by using miR-98-5p mimics.  To the best 

of our knowledge, no previous study has reported miRNAs as the biomarkers of CVDs. 

Keeping in view the differential expression of miRNAs in CAD patients, this study put 
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forward the miRNA-1-3p and miR-98-5p as the potential diagnostic biomarkers for 

CAD. However, further clinical trials are required to develop these miRNAs as 

diagnostic biomarkers that may open up new avenues of research for better disease 

diagnosis and management.
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