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2. REVIEW OF LITERATURE 

2.1. ETIOLOGY OF CORONARY HEART DISEASE (CHD) 

The risk factors for the development of CHD and angina pectoris are genetic predisposition, 

age, sex and a series of reversible risk factors: The most important factors include high fat 

and cholesterol rich diets, lack of exercise, inability to retain normal cardiac function under 

increased exercise tolerance due to tobacco, smoking, excessive alcohol drinking, 

carbohydrate, fat metabolic disorders, diabetes, hypertension obesity and the use of drugs 

that produce vasoconstriction or enhanced oxygen demand. The increased cholesterol levels 

caused by the consumption of a diet rich in saturated fat stimulates the liver to produce 

cholesterol; a lipid needed by all cells for the synthesis of cell membranes and in some cells 

for the synthesis of other steroids. This is the principal reversible determinant of risk of heart 

disease .. Low density lipoproteins (LDLs, also referred to as "bad" cholesterol) transport 

cholesterol from liver to other tissues whereas high density lipoproteins (HDLs, also referred 

as "good" cholesterol) transport cholesterol from tissues back to the liver to be metabolized. 

Triglycerides are transported from the liver to the tissues mainly as very low density 

lipoproteins (VLDLs). VLDLs are the precursors of the LDLs. The LDLs are characterized 

by high levels of cholesterol; mainly in the form of highly insoluble cholesteryl esters. 

However, there is a strong relationship between high LDL levels and coronary heart disease 

and a negative correlation between HDL and heart disease. In general, for people who have 

total cholesterol levels lower than 200mg/dL, heart attack risk is relatively low. If the total 

cholesterol level is 240 mg/dL, the person has twice the risk of heart attack as someone who 

has a cholesterol level of 200 mg/dL. The cholesterol levels of 240 mg/dL are considered 

high and the risk of coronary heart disease. 

The reduction of LDL cholesterol levels lower the cardiovascular risk. During the last few 

years, there has been reliable evidence that coronary artery disease is a complex genetic 

disease. In fact, a number of genes associated with lipoprotein abnormalities and genes 

influencing hypertension, diabetes, obesity, immune and clotting systems play important 

roles in atherosclerotic cardiac disorders. Researchers have identified genes regulating 

LDL cholesterol, HDL cholesterol and triglyceride levels based on common genetic 

variation. Many genes linked to CAD are involved in determining how the body removes 
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low density lipoprotein (LDL) cholesterol fn;>m the bloodstream. If LDL is not properly 

removed, it initiates ischemia-reperfusion syndrome which is defined as myocardial injury 

caused by the restoration of coronary flow. This phenomenon has a complex 

pathophysiology and results in a paradoxical reduction of the beneficial effect of 

myocardial reperfusion. Studies suggest that ischemia-reperfusion injury may account for 

up to 50% of the final size of a myocardial infarct. 

The technique of reperfusion during acute myocardial infarction has led to a dramatic 

decrease in the morbidity and mortality associated with coronary artery disease in recent 

decades. The restoration of blood flow within the "golden hours" has resulted in a 

reduction in myocardial infarct size. Although greatly beneficial overall, the abrupt 

restoration of blood flow in the coronary arteries after occlusion was also, surprisingly, 

found to be associated with an additional and accelerated myocardial injury beyond that 

generated by ischemia alone, an observation first reported by Jennings et.al. This 

phenomenon has been called '' ischemic-reperfusion injury''. 

The process has a complex pathophysiology leading to cardiomyocyte death that is distinct 

from that associated with ischemic injury. Because of the deleterious effects of ischemia

reperfusion injury, several treatments aiming to prevent or limit this process have been 

proposed. Trimetazidine (Vastarel MR) is an antianginal drug that acts by switching the 

energy substrate from fatty acid metabolism to glucose metabolism, thus making possible 

the increased formation of ATP with a decreased need for oxygen .These properties are of 

great potential interest to the reduction of ischemic-reperfusion injury. 

2.1.1. Role of oxidative stress in cardiovascular diseases 

Several lines of evidence have demonstrated that oxidative stress plays an important role in 

the pathogenesis and development of cardiovascular diseases including hypertension, 

hypercholesterolemia, diabetes mellitus, atherosclerosis, myocardial infarction, angina 

pectoris and heart failure (Chien, 1999; Griendling and Fitzgerald, 2003; Stocker and 

Keaney, 2004; Benjamin and Schneider, 2005). The susceptibility of vascular cells to 

oxidative stress is a function of the overall balance between the degree of oxidative stress 

and the antioxidant defense capability (Fig.l). 
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Fig.l. Steady state and oxidative stress: a balance between the degree of oxidative 

stress and the antioxidant defense capability. ROS indicates reactive oxygen species. 

Protective antioxidant mechanisms are complex and multifactorial. The antioxidant defense 

systems such as Superoxide Dismutase (SOD), Glutathione Peroxidase (GPX) and 

catalase(CAT) scavenge ROSin the vasculature resulting in inhibition of Nitric Oxide (NO) 

degradation. Although SOD rapidly converts superoxide to hydrogen peroxide, hydrogen 

peroxide itself is involved in vascular remodeling, inflammation, apoptosis and growth of 

vascular smooth muscle cells as an intracellular second messenger (Fukai et al., 2000). The 

production of lipid peroxidation and protein oxidation induce over expression of redox 

genes, intracellular calcium overload and DNA fragmentation, resulting in damage of 

vascular smooth muscle cells, endothelial cells or myocardial cells. 

2.2. PATHOPHYSIOLOGY OF ISCHEMIA-REPERFUSION INJURY 

The pathophysiology of ischemia-reperfusion injury is complex. In this process, the re

oxygenation of ischemic myocardium generates a high degree of myocardial injury as a 

result ofthe generation of potent oxygen-derived free radicals. This phenomenon is known 

as the "oxygen paradox". The oxidative stress also reduces the bioavailability of nitric 

oxide which is critical to the improvement of coronary blood flow and inactivation of 
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superoxide radicals. Reperfusion is also associated with an abrupt increase and overload of 

intracellular calcium which cause hyper contracture of cardiomyocytes, leading to cell death. 

The activation and accumulation of polymorphonuclear neutrophils occur in the damaged 

myocardium and contribute to the ischemia-reperfusion injury. The neutrophils are 

important for the development of reperfusion injury, releasing oxygen free radicals, 

proteases and pro inflammatory mediators that further amplify the infiltration of neutrophils 

into the jeopardized myocardium. The other processes involving platelets and complement 

also participate in ischemia-reperfusion injury. Acting together, these effects may last hours 

or months after reperfusion and participate in sustained cardiomyocyte death. 

The exact contribution of ischemia-reperfusion injury to infarct size is difficult to determine. 

However, on the basis of the observed reduction in infarct size associated with treatments 

preventing ischemia reperfusion injury, it is postulated that up to 50% of the final size of the 

myocardial infarct is linked to the ischemia reperfusion injury. The reduction of this 

phenomenon should provide great clinical benefit, and is therefore currently the subject of 

extensive experimentation. 

Myocardial injury has been implicated in the pathology of peripheral vascular insufficiency 

(Muller et a/., 2002), angina (Verma et a/., 2002), myocardial infarction (Me Donough et 

a/., 1999) and stroke (Oliver eta/., 1990). Brief intermittent periods of ischemia followed by 

reperfusion at a time prior to prolonged ischemia known as ischemic preconditioning or 

immediately after a period of ischemia before the onset of reperfusion known as ischemic 

post conditioning, have been shown to reduce UR-induced myocardial injury (Murry et a/., 

1986; Zhao eta/., 2003). 

The basic mechanisms involved in the pathophysiology of UR injury and the pharmacology 

of pre-conditioning and post conditioning are discussed hereunder. 

The important consequences of ischemic reperfusion are reversible contractile dysfunction 

known as myocardial stunning and impairment of blood flow at micro vascular level known 

as no reflow with neutrophil plugging and vasoconstriction. Myocardial stunning is the 

contractile dysfunction of heart that persists after reperfusion despite the absence of 

irreversible damage and despite restoration of normal or nearly normal coronary flow (Bolli, 

1990). The impairment in resynthesis of high energy phosphates, alteration in sympathetic 
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responsiveness, damage to collagen matrix, leukocyte activation, transient calcium overload, 

decreased sensitivity of myofilaments to calcium and generation of oxygen free radicals 

have been implicated in the pathogenesis of prolonged contractile dysfunction in myocardial 

stunning (Ferrari et al., 1995). The ischemic myocardium reduces its metabolic needs and 

tends to adopt itself to survive with minimal requirements by reducing its own contractility. 

Such state is referred to as hibernating myocardium in which unlike myocardial stunning, 

the contractility is restored immediately once the blood flow is restored. The mechanisms 

responsible for the development of myocardial hibernation in which the heart reduces the 

contractile function in proportion to reduced blood flow are yet to be identified. The calcium 

responsiveness in experimental myocardial hibernation has been noted to be reduced and 

this reduction has not been related to decreased calcium sensitivity. Another important event 

of prolonged post ischemic reperfusion is no-reflow phenomenon in which no blood flow 

occurs through coronary blood vessels due to increased leukocyte-endothelial cell adhesion, 

platelet leukocyte aggregation, interstitial fluid accumulation and loss of endothelium 

dependent vasorelaxation, which all together result in mechanical blood flow obstruction 

(Maxwell and Lipp, 1997). The cellular and vascular effects due to prolonged ischemia are 

shown in Fig. 2. 
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Fig.2.The cellular and vascular effects due to prolonged ischemia 

42 



CHAPTER-2 REVIEW OF LITERATURE 

Ischemia reduces cellular oxidative phosphorylation and thus the synthesis of energy rich 

phosphates is decreased, which alter the membrane A TP-dependent ionic pump function. 

This alteration favors the entry of calcium, sodium and water into cell which ultimately 

leads to cellular swelling. The reduced mitochondrial oxidative phosphorylation results in 

loss of major source of A TP production for energy metabolism. A compensatory increase in 

anaerobic glycolysis for A TP production leads to accumulation of hydrogen ions and lactate, 

resulting in intracellular acidosis (Buja, 2005). Moreover, ischemia promotes the expression 

of pro inflammatory genes, leukocyte adhesion molecules, endothelins and thromboxane A2 

(Carden and Granger, 2000), which all together may affect the integrity of coronary vascular 

endothelium. 

Polymorphonuclear leucocytes (PMNs) are mobilized from intravascular space to the 

interstitium during hypoxia and such responses may contribute significantly to tissue 

damage during subsequent reperfusion (Collard et al., 2002; Eltzschig et al., 2003). The 

migration of PMNs through the endothelial barrier may disrupt such tissue barriers and 

create the potential for extra vascular fluid leakage and edema formation (Luscinskas et al., 

2002). The adenine nucleotide catabolism during ischemia leads to intracellular 

accumulation of hypoxanthine, which subsequently generates ROS upon reperfusion Fig.3. 
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Fig.3. Formation of RO in i chcmia- rcperfusion injury 

During ischemia, cellular A TP is degraded to form hypoxanthine. Under normal condition, 

hypoxanthine is oxidized by xanthine dehydrogenase to xanthine. but during ischemia. 

xanthine dehydrogenase is converted to xanthine oxidase. Unlike xanthine dehydrogenase, 

which uses nicotinamide adenine dinucleotide as its substrate, xanthine oxidase uses oxygen 

and therefore, during ischemia, is unable to catalyze the conversion of hypoxanthine to 

xanthine, resulting in a buildup of excess tissue levels of hypoxanthine. When oxygen is 

reintroduced during reperfusion, conversion of the excess hypoxanthine by xanthine oxidase 

results in the formation of ROS (Charl es et al.. 200 I) including superoxide anions (0 :!-). 

hydroxyl radicals (OH-). hypochlorous acid (HOCI), hydrogen peroxide (H20 2) and 

peroxynitrite. ROS directly damage cel lular membranes through lipid peroxidation. Further. 

RO stimulate leukocyte activation and chemotaxis by activating plasma membrane 

phospholipase A2 to form arachidonic acid. an important precursor for synthesis of 

eicosanoids such as thromboxane A2 and leukotriene 84. Moreover, RO stimulate 

leukocyte adhesion molecule and cytokine gene expression via activation of transcription 
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factors such as nuclear factor-kB (NF-kB). The multiple mechanisms have been postulated 

for the leukocyte-mediated tissue injury that occurs after ischemia!reperfusion. Micro 

vascular occlusion, increased vascular permeability (Bjork et al., 1982) and release of 

oxygen free radicals (Fujita et al., 1996), cytotoxic enzyme (Weiss, 1989) and inflammatory 

cytokines (Chaumoun et al., 2000) have been demonstrated to contribute to leukocyte

induced tissue injury. 1/R-induced leukocyte activation has been noted to release ROS, 

proteases and elastases, which result in increased micro vascular permeability, edema, and 

thrombosis and cell death. 

Various signaling systems such as tumor necrosis factor- a (TNF-a, Rho-kinase, NF-KB, 

Janus Kinase (JAK), poly (ADP-ribose) polymerase (PARP), p38 mitogen activated protein 

kinase (MAPK), Caspases, interleukin-1 (IL-l) and IL-6 have· peen implicated in the 

pathophysiology of 1/R injury. Further, polymorphonuclear leukocyte (PMN) and factor 

associated with neutral sphingomyelinase activation (FAN) have been noted to play a 

pivotal role in affected myocardium. Moreover, resident cardiac mast cells play a key role in 

IIR injury. The mast cells originate from pluripotent progenitor cells in bone marrow and 

are major players in the inflammation process. The degranulation of mast. cells releases 

various cytotoxic mediators, which have been noted to be involved in the pathophysiology 

of ischemia!reperfusion injury. 

2.3. PRECONDITIONING 

In 1986, Murry and colleagues described an endogenous protective strategy in which 

multiple brief ischemic episodes in canine hearts limited infarct size from a subsequent 

sustained ischemic insult termed as ischemic preconditioning (!PC). The !PC has two phases 

of protection in which an early phase is lasting from few minutes to hours known as early 

preconditioning, and a late phase starts after 12 hours and lasts up to 3 days is referred to as 

delayed preconditioning (Yellon and Baxter, 1995; Bolli, 2000). 

Following the finding of !PC by Murry and colleagues, several studies have investigated the 

mechanisms involved in its organ protective effects. By determining the mechanisms by 

which !PC confers myocardial preservation may eventually lead to the development of 

therapies to reduce cardiomyocyte injury following cardiopulmonary bypass. These studies 

led to the discovery that ~reconditioning could be induced by pharmacological means (Teoh 
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et al., 2002; Kevelaitis et al., 200 I) in which drugs are administered before the ischemic 

event with an intervening washout period before ischemia known as true pharmacological 

preconditioning or without a washout period known as pharmacological pretreatment. 

The preconditioning may be triggered by substances like adenosine, bradykinin, NO, 

diazoxide, a mitochondrial ATP sensitive K+ channel (KA TP) opener, phospho kinase C 

(PKC) activators, opioids and prostaglandins ( Post and Heusch, 2002). In addition, 

anesthetics were investigated for their potential to precondition the heart before ischemia. 

All halogenated, volatile substances were found to be protective and their actions were 

comparable to that of ischemic preconditioning (Chiari et al., 2005; Przyklenk et al., 2003) 

Short periods of ischemia in remote vessels or even distant organs protected the myocardium 

from injury induced by coronary artery reperfusion. Thus, the substances must have been 

released from the remote ischemic reperfused tissue that protected the jeopardized 

myocardium. The occlusion of circumflex artery has produced the protection of myocardium 

supplied by left anterior descending coronary artery and this phenomenon is termed as intra 

cardiac preconditioning (Przyklenk et al., 1993). The short occlusions of renal artery 

(Mclahan et al., I 993; Pelletal., I 998) abdominal aorta (Weinbrenner et al., 2002; Singh et 

al., 2004) and mesenteric artery have been documented to protect myocardium against UR

induced injury. This phenomenon is termed as remote preconditioning (Heusch and Schulz, 

2002; Wang et a/., 200 I): or intra organ preconditioning or preconditioning at a distant site 

(Schoemaker, 2000). 

2.4. POSTCONDITIONING 

The brief intermittent episodes of ischemia and reperfusion, at the onset of reperfusion after 

a prolonged period of ischemia confer cardia protection; a phenomenon is termed as 

ischemic post conditioning. This concept was first introduced by Zhao et al., 2006. In a 

canine left anterior descending coronary artery ligation (LAD) model, they compared the 

protective effects of IPC to that of post conditioning. The brief ischemia and reperfusion of 

30 seconds each after prolonged ischemia significantly reduced infarct size and endothelial 

dysfunction (Zhao et al., 2006). The word post conditioning was given since the stimulus 

(10-30 seconds for 3-6 times) is applied after a period of ischemia. It has been proposed that 

passive and active phases are involved in cardia protective mechanisms of post-
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conditioning. The passive phase is initiated via stepwise reperfusion that reduces the 

delivery of oxygen radicals and mitochondrial Ca2
+ overload. 

In active phase, the reperfusion injury salvage kinases (RISK) pathways which include 

phosphatidylinositol-3-0H kinase (PI3K), akt(protein-Ser/Thr kinase) and extracellular 

signal-regulated kinase ( ERK-1/2) are activated by endogenous stimulators such as 

adenosine, opioids and some unidentified endogenous substances (Tsang et al., 2004; Yang 

et al., 2004; Morrison et al., 2007). Post-conditioning mediated activation ofPI3 kinase, Akt 

and subsequently endothelial NO synthase (eNOS) inhibit the opening of mitochondrial 

permeability transition pore (mPTP) to afford cardio protection (Fig. 4.) (Gross, 2006). 

Further, post conditioning activates p70s6K through mitogen-activated protein kinase (MEK 

Y>) and ERK Y, signaling systems that initiates protein translation to mediate cardio 

protection. It has been suggested that post conditioning mediated cardio protection is likely 

produced via the ERK 1/2 pathway rather than PI3 kinase/ Akt pathways. On the other hand, 

it has been noted that Akt and ERK activated during post conditioning do not protect 

myocardium from reperfusion injury (Schwartz and Lagranha, 2006). 
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Fig.4. Post conditioning mediated cardio protection 
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2.5. CLINICAL RELEVANCE OF PRECONDITIONING AND POST 

CONDITIONING 

Numerous in vitro findings suggest that the human myocardium can be protected by 

ischemic preconditioning. Ischemia required for the insertion of coronary artery bypass 

grafts during cardiac surgery has been shown to provide cardio protection (Jenkins et al., 

1995). The findings from many preclinical studies in which cardio protection has been seen 

in healthy animal hearts might not be reproducible in the human myocardium since human 

ischemic heart disease is frequently associated with various disorders such as diabetes 

mellitus and its complications and left ventricular hypertrophy etc or with other contributing 

factors like older age. The presence of these conditions might interrupt with the protection 

induced by ischemic preconditioning (Schulman et al., 2001; Tsang et al., 2005). The use of 

pharmacologic agents to target different components of the signaling pathway that mimic 

the protection induced by ischemic preconditioning known as pharmacologic 

preconditioning, might enable this approach to be recognized as a clinical therapy (Ramzy et 

a/.,2007; Vinten .et al., 2007). Nicorandil has cardio protective effects when given as an 

adjunctive therapy at the time of reperfusion in cardiac patients during surgery (Ono et al., 

2004; Kloner et al., 2007). 

Preclinical studies demonstrated that pharmacologic inhibition ofNa+~fr exchanger before 

myocardial ischemia could reduce infarct size through a reduction in myocardial calcium 

accumulation, to a level comparable to ischemic preconditioning (A vkiran and Marber, 

2002; Yellon and Hausenloy 2005). Adenosine has been shown to be a great promising 

cardio protective agent in different clinical settings of myocardial I/R (Quintana et al., 

2004 ). The post conditioning has been shown to be effective in patients with coronary artery 

disease. Marked improvement in coronary blood flow has been noted in post conditioned 

patients (Statt et al., 2005). Taken together, post conditioning would be a safe cardio 

protective intervention to reduce reperfusion injury in patients with ischemic heart diseases. 

49 



CHAPTER-2 REVIEW OF LITERATURE 

2.6. MOLECULAR AND CELLULAR MECHANISMS OF MYOCARDIAL 

ISCHEMIA REPERFUSION INJURY 

Reperfusion injury manifestations include reperfusion arrhythmias, endothelial cell damage 

leading to micro vascular dysfunction, myocardial stunning, myocyte death and infarction. 

Normal cardiac function is predicated on a continuous supply of oxygen and nutritive 

substances. When coronary perfusion is interrupted, profound myocardial damage can occur 

at both microscopic and macroscopic levels. Clinically, this scenario gives rise to acute 

coronary syndromes manifesting as angina, or in the most severe form, acute myocardial 

infarction. The onset of ischemia triggers homeostatic processes geared at limiting damage, 

but which may act in concert with processes associated with reperfusion, to actually 

exacerbate injury. 

As a result of intensive investigation over decades, a detailed understanding is now available 

of the complexity of the response of the myocardium to an ischemic insult. Myocardial 

ischemia results in a characteristic pattern of metabolic and ultra structural changes that lead 

to irreversible injury. Recent studies have explored the relationship of myocardial ischemic 

injury to the m~or modes of cell death, namely, oncosis and apoptosis. The evidence 

indicates that apoptotic and oncotic mechanisms can proceed together in ischemic myocytes 

with oncotic mechanisms and morphology dominating the end stage of irreversible injury. 

Reperfusion of ischemic myocardium leads to severe damage, which is indicated by free 

radicals, intracellular calcium overloading and loss of membrane phospholipids (Maxwell 

and Lip, 1997; Dobsak et a!., 2003). Malondialdehyde (MDA), a stable metabolite of the 

free radical-mediated lipid peroxidation cascade, is widely used as marker of oxidative 

stress. Glutathione (GSH) is an important endogenous antioxidant the levels of which are 

influenced by oxidative stress. 

Myocardial infarcts evolve as a wave front of necrosis, extending from sub endocardium to 

sub epicardium over a 3 to 4 hour period. A number of processes can profoundly influence 

the evolution of myocardial ischemic injury. Timely reperfusion produces major effects on 

ischemic myocardium, including a component of reperfusion injury and a greater amount of 

salvage of myocardium., Preconditioning by several short bouts of coronary occlusion and 

reperfusion can temporarily salvage significant amounts of myocardium and extend the 
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window of myocardial viability. Ongoing research into the mechanisms involved in 

reperfusion and preconditioning is yielding new insights into basic myocardial pathobiology. 

2.7. ENDOTHELIAL FUNCTION IN CARDIOVASCULAR DISEASES 

The vascular endothelium is involved in the release of various vasodilators, including NO, 

prostaglandins and endothelium-derived hyperpolarizing factor as well as vasoconstrictors. 

The NO plays an important role in the regulation of vascular tone, inhibition of platelet 

aggregation and suppression of smooth muscle cell proliferation. Impaired endothelium

dependent vasodilation has been found in the forearm, coronary, and renal vasculature in 

patients with cardiovascular diseases. Endothelial dysfunction is the initial step in the 

pathogenesis of atherosclerosis. ln patients with coronary artery diseases, (Suwaidi et al., 

2000), found that severe coronary endothelial dysfunction is associated with increased 

cardiovascular events. Schachinger et al., 2000 demonstrated a link between coronary 

endothelial dysfunction and subsequent cardiovascular events in patients with coronary 

artery disease. These clinical studies have shown that endothelial function can serve as an 

independent predictor of cardiovascular events. From a clinical perspective, it is important 

to select an appropriate intervention that is effective in improving endothelial function in 

patients with cardiovascular diseases. Several investigators (Ress DD et. al., 1989, Cai H et. 

al., 2000 Delles C et. al., 2002) have reported possible mechanisms of impairment of 

endothelial function in cardiovascular diseases; abnormalities of shear stress, increase in the 

amount of endogenous endothelial NO synthase (eNOS) inhibitor, asymmetrical 

dimethylarginine, increases in the amount of vasoconstrictors, such as angiotensin II (Ang 

II), endothelin-1, and nor-epinephrine, and inactivation of NO by ROS. The growing 

evidence has shown an interaction between oxidative stress and endothelial function. 

Enhanced production of ROS and an attenuated antioxidant system may contribute to 

endothelial dysfunction in cardiovascular diseases. In other words, enhanced NO 

inactivation caused by excess ROS production, rather than decreased NO production, may 

play an important role in the impaired endothelium-dependent vasodilation in cardiovascular 

diseases. These findings. suggest that a decrease in NO inactivation contributes to the 

improvement in endothelial function in patients with cardiovascular diseases. 
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2.8. MECHANISMS OF ISCHEMIC INJURY 

Early observations on the mechanisms of ischemic injury focused on relatively simple 

biochemical and physiological changes which were known to result from interruption of 

circulation. Examples of these changes are loss of high-energy compounds, acidosis due to 

anaerobic generation of lactate. Subsequent research has shown the problem to be far more 

complex than was previously thought, involving the action and interaction of many factors 

which are discussed as follows. 

2.8.1. Free Radicals 

The radicals which have unpaired electrons and potent ability of oxidation are called as free 

radicals. The sources and metabolism of reactive oxygen species (ROS) are as follows. 

ROS includes superoxide anion (02 
•. ), hydrogen peroxide (H20 2), hydroxyl radical (OH), 

hypochlorous acid (HOC!), nitric oxide (NO), and peroxynitrite (ONOO-). Amongst these 

0 2 
·, OH and NO are classified as free radicals whereas H20 2, HOC!, and ONOO- are 

classified as non-free radicals that also have the ability to oxidize. The sources of ROS are 

a variety of cell types such as vascular smooth muscle cells, endothelial cells, and 

mononuclear cells. Potential sources of ROS production include nicotinamide-adenine 

dinucleotide phosphate (NADPH) oxidase, xanthine oxidase, NO synthase, mitochondrial 

electron transport, cyclooxygenase, glucose oxidase, and lipooxygenase (Fig. 5). These 

various oxidase enzymes produce superoxide. The antioxidant enzyme superoxide 

dismutase (SOD) rapidly dismutates superoxide to H20 2• Then H20 2 is eliminated by 

glutathione peroxidase (GPX) and catalase to water. 
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Fig.S. Metabolism of reactive oxygen species. 

NADPH indicates nicotinamide adenine dinucleotide phosphate; NO, nitric oxide; 0 2, 

oxygen; 0 2·· superoxide anion; e, electron; SOD, superoxide dismutase; H20 2, hydrogen 

peroxide; H20, water; OONO-, peroxynitrite; OH, hydroxyl radical; GSH,glutathione; 

GSSG, disulfide of glutathione ,GPX, glutathione peroxidase. 

During ischemia, the hydrolysis of A TP via 'AMP leads to an accumulation of hypoxanthine. 

The increased intracellular calcium enhances the conversion of xanthine dehydrogenase 

(XD) to xanthine oxidase (XO). Upon reperfusion and reintroduction of oxygen, XO may 

produce superoxide and xanthine from hypoxanthine and oxygen. Even more damaging free 

radicals could conceivably be produced by the metal catalyzed Haber-Weiss reaction as 

follows: 

02- + H20 ----Fel+ ------> 02 + OH-+ OH-

Iron, the transition metal needed to drive this reaction, is present in abundant quantities in 

bound form in living systems in the form of cytochromes, transferrin and hemoglobin. 

Anaerobic conditions have long been known to release such normally bound iron. Indirect 

experimental confirmation of the role of free iron in generating free-radical injury has come 

from a number of studies which have confirmed the presence of free-radical breakdown 

products such as conjugated dienes and low molecular weight species of iron. 
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During reperfusion and re"oxygenation, significantly increased levels of several free-radical 

species that degrade cell ahd capillary membranes have been postulated; 02-, OH-, and free 

lipid radicals (FLRs). The super oxide ion may be formed by the previously described 

actions of XO and/or by release from neutrophils which have been activated by leukotrienes. 

Th~ re-oxygenation also restores A TP levels and this may in turn allow active uptake of 

calcium by the mitochondria, resulting in massive calcium overload and destruction of the 

mitochondria. 

2.8.2. Calcium 

Normally, calcium is present in the extracellular milieu at a concentration of 10,000 times 

greater than the intracellular concentration. This 1 0,000; 1 differential is maintained by at 

least the following four mechanisms; 

i. Active extrusion of calcium from the cell by an A TP-driven membrane pump. 

n. Exchange of calcium for sodium at the cell membrane driven by the intracellular to 

extracellular differential in the concentration of Na+ as a result of the cell 

membrane's Na+- K+ pump. 

iii. Sequestration of intracellular calcium in the endoplasmic reticulum by an A TP

driven process. 

IV. Accumulation of intracellular calcium by oxidation-dependent calcium sequestration 

inside the mitochondria. 

The loss of cellular high-energy compounds during ischemia causing the loss of the Na + -K+ 

gradient, virtually eliminates three of the four mechanisms of cellular calcium homeostasis. 

This, in turn, causes a massive and rapid influx of calcium into the cell. Mitochondrial 

sequestration, the remaining mechanism, causes overloading of the mitochondria with 

calcium and diminished capacity for oxidative phosphorylation. Elevated intracellular Ca ++ 

activates membrane phospholipases and protein kinases. A consequence of phospholipase 

activation is the production of free fatty acids (FFA's) including the potent prostaglandin 

inducer, arachidonic acid, (AA). The degradation of the membrane by phospholipases almost 

certainly damages membrane integrity, further reducing the efficiency of calcium pumping 

and leading to further calcium overload and a failure to regulate intracellular calcium levels 
' 
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following the ischemic episode. Additionally, FFAs almost certainly have other degradative 
' 

effects on cell membranes. The production of AA as a result of FF A release causes a 

biochemical cascade ending with the production of thromboxane and leukotrienes. Both 

these compounds are profound tissue irritants which can cause platelet aggregation, clotting, 

vasospasm, and edema, with resultant further compromise to restoration of adequate cerebral 

perfusion upon restoration of blood flow. 

2.8.3. Mitochondrial Dysfunction 

Calcium loading and free-radical generation are no doubt maJor contributors to the 

mitochondrial ultra structural changes which are known to occur following cerebral 

ischemia. In addition to the structural alterations observed, there are biochemical 

derangements such as a marked decrease in adenine nucleotide translocase and oxidative 

phosphorylation. There is also an accumulation of FFAs, longchain acylCoA, and long

chain camitines. Of these alterations, the accumulation of long-chain acylCoA is perhaps 

most significant, since intramitochondrial accumulation of long chain acylCoA is known to 

be deleterious to many different mitochondrial enzyme systems. 

2.8.4. Lactic Acidosis 

Lactic acidosis does apparently contribute to the pathophysiology of ischemia while it is 

clearly not the sole or even the major source of injury in ischemia. It has been shown, for 

instance, that lactate levels above a threshold of 18 - 25 micromol/g result in currently 

irreversible injury. Decrease in pH as a consequence of lactic acidosis has been shown to 

injure and inactivate mitochondria. Lactic acid degradation of NADH (which is needed for 

A TP synthesis) may also interfere with adequate recovery of A TP levels post ischemically. 

Lactic acid can also increase iron de compartmentalization, thus increasing the amount of 

free-radical mediated injury. 

2.8.5. Neutrophil Activation 

Since the late 1960s, polymorphonuclear leukocytes (PMNLs) and monocytes/ macrophages 

have been implicated as significant causes of pathology in ischemia. During the last decade 

there has been a veritable explosion of research documenting the role of PMNLs in 

reperfusion injury. Most of the initial work done in this area focused on PMNL-mediated 
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reperfusion injury to the myocardium, establishing that PMNL activation and subsequent 

plugging and degranulation (resulting in release of oxidizing compounds) is responsible for 

the no-reflow phenomenon following myocardial ischemia. In particular, the work of Engler 

has demonstrated that PMNL activation is responsible for plugging at least 27% of 

myocardial capillaries and is further responsible for the development of edema and 

arrhythmias upon reperfusion 

To what extent leukocyte plugging occurs in the brain following global ischemia remains 

controversial. Recent study answered the question of how rapidly leukocyte plugging 

occurs following ischemia. It was noted that no leukocyte plugging after 3 hours of 

reperfusion following a 40-minute ischemic episode. However, it is clear from a growing 

body of work that neutrophils are a major mediator of ischemic injury in a variety of organ 

systems and that their acute activation is responsible for many of the effects of ischemia 

observed in the brain and other body tissues, including the loss of capillary integrity and the 

degradation of ultra structure upon reperfusion. 

2.8.6. TNF -a 

Recent studies have focused their attention on the role of the proinflammatory cytokine 

tumor necrosis factor (TNF) in the development of heart failure. In addition, both in vivo 

and in vitro studies demonstrate that TNF effects cellular and biochemical changes that 

match those seen in patients with congestive heart failure. Furthermore, in animal models, 

the development of the heart failure phenotype can be abrogated at least in part by anti 

cytokine therapy. Based on information from experimental studies, investigators are now 

evaluating the clinical efficacy of novel anti cytokine and anti-TNF strategies in patients 

with heart failure. 

Healing of myocardial infarcts depends on an inflammatory cascade that ultimately results 

in clearance of dead cells and matrix debris and formation of a scar. Myocardial necrosis 

activates complement, Nuclear Factor (NF)-KB and Toll-like Receptor (TLR)-dependent 

pathways, and generates free radicals, triggering an inflammatory response. Chemokines and 

cytokines are markedly induced in the infarct and mediate recruitment and activation of 

neutrophils and mononuClear cells. Extravasation of platelets embedded in a mesh of cross 

linked fibrin. This provisional matrix provides a scaffold for migration of cells into the 
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infarct. Monocytes differentiate into macrophages and secrete fibrogenic and angiogenic 

growth factors inducing formation of granulation tissue, containing myofibroblasts and 

neovesse!s. Repression of pro inflammatory cytokine and chemokine synthesis, mediated in 

part through Transforming Growth Factor (TGF)-~ and Interleukin (IL)-1 0, is critical for 

resolution of the inflammatory infiltrate and transition to fibrous tissue deposition. Infarct 

myofibroblasts deposit extracellular matrix proteins and a collagen-based scar is formed. As 

the wound matures, fibroblasts undergo apoptosis and neovessels regress, resulting in 

formation of a scar with a low cellular content containing dense, cross-linked collagen. The 

pathologic and structural changes associated with infarct healing directly influence 

ventricular remodeling and affect prognosis in patients with myocardial infarction. 

Understanding the mechanism involved in the regulation of the post-infarction inflammatory 

response, and the spatial and temporal parameters of wound healing is necessary in order to 

identify specific molecular targets for therapeutic intervention. 

2.8.7. Opportunities for Intervention 

1. Numerous studies have suggested a cardia protective effect for a variety of 

calcium channel blockers administered post-insult. 

n. Free radical damage: Free radicals have long been understood to be a major 

source of ischemic pathology. Similarly, there have been a number of studies 

which suggest that free radical associated ischemic injury can be reduced greatly 

or eliminated by pre or post insult treatment with nutritional antioxidants such as 

vitamin E, selenium, vitamin C, and beta carotene. Theoretical considerations 

also suggested other possible therapeutic agents such as those known to elevate 

neuronal (intracellular) glutathione levels for protection from ischemic injury. 

m. Phospholipase activation has been implicated as a significant source of injury in 

both cold and warm ischemia. The phospholipase inhibitor quinacrine has 

reduced cold ischemic injury in an organ preservation model as well as 

myocardial reperfusion injury. 
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iv. Inhibition of tile inflammatory cascade and the adhesion and degranulation of 

polymorphonuclear lymphocytes by both drug treatment and by their removal via 

filtration have been shown to lessen reperfusion injury in the heart. 

2.9. INTERNATIONAL STATUS ON CVD 

CVD is a leading cause of mortality and is responsible for one third of global death. The 

majority of the estimated 32 million heart attacks strokes that occur every year are caused by 

one or more CVD risk factors such as hypertension, diabetes smoking, high levels of blood 

lipid and physical inactivity. In China, the corresponding figure is 35% an estimated 16.7 

million or 29.2% of total global death result from the various form of cardiovascular disease. 

More than 50% of death and disability from heart disease and strokes which together kill 

more than 12 million people per year. An estimated 16.7 million of 29.2% of total global 

deaths result from the various forms of cardiovascular disease (CVD). 

Cardiovascular disease (CVD) has been the dominant cause of death in Australia for many 

decades, with coronary heart disease (CHD) and stroke ranking high among leading causes 

of death. CVD accounts for more than 46,000 deaths annually in Australia, and 3.7 million 

Australians have a long-term cardiovascular disease (AIHW 2008). There is some evidence 

from the United Kingdom and the United States that CHD mortality rate declines have 

accelerated in some older age groups but slowed in some younger age groups in the recent 

past (Allender et al., 2008, Ford & Capewell 2007 and O'Flaherty et al., 2008). An 

estimated 17.5 million people died from cardiovascular disease in 2005, representing 30% of 

all global deaths. Of these deaths, 7.6 million were due to heart attacks and 5.7 million due 

to stroke. About 80% of these death occurred in low and middle income countries. If current 

trends are allowed to continue, by 2015 an estimated 20 million people will die from 

cardiovascular disease (WHO, 2005) 

2.10. NATIONAL STATUS ON CVD 

CVD is the number one cause of mortality in India today. Previously, CVD was considered 

to be a result of an urban lifestyle; however, many recently published studies have indicated 
' 

that CVD is also on the rise in rural areas. (Patil et al., 2004; Goel et al., 2003) The 

prevalence of CVD is four-fold higher in urban India and two-fold higher in rural India than 
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in the United States (Goel et al., 2003). Apart from current lifestyle factors, there is an 

additional 3-4-fold risk from genetic and ethnic factors for heart disease. Certain ethnic 

groups in India, like the Jains, Marwaris, Banias and other communities belonging to the 

states of Rajasthan, Gujarat, Haryana and Punjab, are genetically predisposed to central 

obesity. (Dwivedi, 2004) They are at a higher risk of developing CVD. The picture is even 

gloomier for migrant Indians. (Hoogeveen et al., 2001) 

A new research publication in The Lancet 2008 finds that India will bear 60% of the world's 

heart disease burden in the next two years. In addition, researchers have determined that 

compared to people in other developed countries, the average age of patients with heart 

disease is lower among Indian people and Indians are more likely to have types of heart 

disease that lead to worse outcomes. The leading cause of death in the world is ischemic 

heart disease, a condition characterized by reduced blood supply to the heart that is usually 

due to coronary artery disease. In 200 I alone, some 7 .I million deaths were attributed to 

ischemic heart disease, 80% of which were in relatively poor countries. Medical and public 

health professionals expect that in developing countries, there will be a 137% and 120% 

increase in the disease for males and females, respectively, whereas these predictions lie in 

the 30% to 60% range for· developed countries. 

As per WHO report the morbidity and mortality due to cardiovascular diseases in India will 

reach an epidemic proportion by the middle of this century. In India, approximately 53% of 

CVD deaths are in people younger than 70 years of age. The prevalence of CAD in urban 

North India varies from 7% to 10% compared to 3% in USA and <I% in Japan. The CAD 

rates in South India are two folds higher than in North India, with Kerala reporting 14% in 

urban and 7% in rural Cardiovascular diseases particularly IHD, have become a worldwide 

health problem affecting all economic groups of the society and are responsible for 35% of 

all deaths in the world. The mortality due to CVD ranges from 16% to 50% in the 

developing and developed countries. Since 78% of all deaths of the world occur in the 

developing countries, 85% of the global death and disease burden from CVD is borne by 

low and middle income countries. In India app 53% of CVD deaths are in people younger 

than 70years of age. By 2020 CVD will be the leading cause of death in developing 

countries like India. 
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2.11. PHARMACOLOG,Y OF PYRAZOLONES 

The various pharmacological aspects of pyrazolone derivatives and its role on various 

mediators which are associated with CVS are described as follows. 

2.11.1. Cardioprotective activity 

Edaravone (3-methyl-1-phenyl-2-pyrazolone), a strong free radical scavenger (Fig.6.) is 

used for treatment of patients with acute brain infarction. Edaravone has been developed by 

Mitsubishi-Tokyo Pharmaceuticals Inc (Tokyo, Japan). Edaravone has preventive effects on 

myocardial injury follo~ing ischemia and reperfusion in patients with acute myocardial 

infarction. Antioxidant actions of edaravone include enhancement of prostacyc!in 

production, inhibition of lipoxygenase metabolism of arachidonic acid by trapping hydroxyl 

radicals, inhibition of alloxan-induced lipid peroxidation, and quenching of active oxygen, 

leading to protection of various cells, such as endothelial cells, against damage by reactive 

oxygen species (ROS). The novel free radical scavenger edaravone may represent a new 

therapeutic intervention for endothelial dysfunction in the setting of atherosclerosis, chronic 

heart failure, diabetes mellitus, or hypertension. In addition, edaravone improves endothelial 

function in smokers through an increase in nitric oxide (NO) bioavailability. 

This focused on clinical findings and on putative mechanisms underlying the beneficial 

effects of the antioxidative agent edaravone on the atherosclerotic process in patients with 

cardiovascular diseases. 

Fig.6. Struc~ure of3-methyl-1-phenyl-2-pyrazolone (Edarvone) 
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' 
2.11.2. Benefits of edarvone (pyrazolone) for cardiovascular diseases 

It is expected that edaravone has beneficial effects on coronary artery and myocardial cells 

after ischemic and post-ischemic myocardial injury in patients with ischemic heart diseases, 

including acute myocardial infarction and angina pectoris. Some animal studies using acute 

myocardial ischemia-reperfusion models have suggested protective effects of edaravone on 

myocardial damage. Y anag isawa et a!., 1994 showed that intravenous infusion of edaravone 

at a dose of 3 mg/kg attenuates the loss of myocardial creatine kinase activity from the left 

ventricular free wall in rats subjected to coronary artery occlusion for l 0 minutes followed 

by reperfusion for 24 hours and reduced infarct size by approximately 50% compared with 

that in the control vehicle group. Minhaz et al., 1996 reported that edaravone attenuated the 

myocardial necrotic area by approximately 50% in isolated reperfusion rat heart subjected to 

coronary artery occlusion. 

This beneficial effect was related to reduction in myocardial damage. Also, in rabbit hearts 

subjected to ischemic reperfusion, a bolus infusion of edaravone reduced the necrotic area 

(Wu et al., 2000). It has been reported that edaravone at a dose of 15 mmol reduced the 

death of isolated adult rabbit ventricular cells by approximately 40% compared with that in 

the control vehicle group (Yamawaki et al., 2004). 
' 

Tsujita et al., 2004 investigated the effects of edaravone on left ventricular function and 

infarct size using a randomized, placebo-controlled, open-label protocol in 80 patients with 

acute myocardial infarction. Intravenous administration of edaravone at a dose of 30 mg for 

l 0 minutes before myocardial reperfusion decreased serum concentrations of creatine 

kinase-MB isoenzymes, a surrogate point of infarct size, and improved left ventricular 

ejection fraction in patients with acute myocardial infarction compared with those in the 

placebo group (Fig.7). 

These findings suggested that edaravone has cardioprotective effects. This drug had shown 

protective effect on post ischemic injury in the coronary vasculature and myocardium in 

patients with cardiovascular diseases though a decrease in oxidative stress .. In other post 

ischemic reperfusion models, the usefulness of edaravone for organ protection has been 
I • 

reported. 
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Fig.7. Effects of edaravone on peak CK-MB and ejection fraction in patients with acute 

myocardial infarction 

Edaravone improves gastrocnemius and tibialis anterior muscles injury in a rat ischemic 

limb model and prevents kidney post ischemic reperfusion injury in rats(Masaki et al., 1996) 

and lipopolysaccharide-induced liver damage in rats (Kono et al., 2003) . These findings 

suggest that edaravone may have beneficial effects on ischemia-reperfusion injury in various 

muscles, vessels, and tissues in different organs. 

2.11.3 Putative mechanisms underlying antioxidant action of edaravone 

After ischemia-reperfusion, large amounts of ROS are produced from vascular smooth 

muscle cells, endothelial cells, and mononuclear cells. It has been shown that edaravone 

reduces or restores the amount of ROS increased by post ischemic reperfusion and prevents 

impairment of the antioxidant defense system (Tosaka et al., 2002; Yamaguchi et al., 2003). 

Scavenging ROS by edaravone may play a key role in preventing post ischemic reperfusion 

injury in various types of cells and tissues. The reported antioxidant actions of edaravone 

include 

i. 

u. 

Enhancement of ~rostacyclin production, 
I 

Inhibition of lipdxygenase metabolism of arachidonic acid by trapping hydroxyl 
' 

radicals 
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iii. Inhibition of alloxan-induced lipid peroxidation, 

tv. Quenching of reactive oxygen,leading to protection of various cells, such as 

endothelial cells, against damage by ROS (Kawai et al., I997). 

The putative mechanism underlying the antioxidant action of edaravone is as follows 

(Yamamoto et al., 1996) (Fig.S.): an electron transfer from an edaravone anion to peroxyl 

radical yields an edaravone radical and peroxyl anion, and this reaction breaks the chain 

oxidation of lipids. Then, edaravone peroxyl radical transforms to 4, 5-dione by elimination 

of a hydrogen atom and one electron. Finally, 2-oxo-3-(phenylhydrazono )- butanoic acid 

(OBP) is produced by the hydrolysis of 4,5- dione. 

It is thought that edaravone exists near the cell membrane or perhaps on the cell membrane. 

Edaravone has a low molecular weight (MW 174.2), is both lipid-soluble and water-soluble, 

and has good cell membrane permeability (Yamamoto et al., 1996). It has been confirmed 

that edaravone has the ability to pass through the blood-brain barrier in dogs. Edaravone 

directly prevents hydroxyradical-induced injury of cultured bovine aortic endothelial cells. 

In addition, edaravone stimulates the conversion of arachidonic acid to prostacyclin and 

inactivates ROS, resulting in protection of endothelial cells. 

Interestingly, edaravone induced endothelial NO synthase (eNOS) in the ischemic spinal 

cord in rabbits, preventing spinal cord damage (Takahashi et al., 2004), and it also restored 

the reduced expression of eNOS, mRNA and protein in the rabbit artery following 

irradiation (Zhang et al., 2003). 

Yoshida et al 2005 recently reported that edaravone enhances the expression of eNOS and 

restores the reduction in eNOS by oxidized low-density lipoprotein in endothelial cells. 

These findings suggest that edaravone prevents the cell damage induced by oxidative stress 

through not only direct ROS scavenging effect but also restoration of reduced eNOS 

expression. 
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Fig.S. Putative mechanisms of antioxidant actions of edaravone. OPB indicates 2-oxo-

3-(phenylhydrazono)-butanoic acid. ( Hirokawa, T., Sugawara, K., Tanaka, T.: Japan 

Patent 04091441A2 (2004) 

The novel free radical scavenger edaravone may represent a new therapeutic intervention for 

endothelial dysfunction in the setting of atherosclerosis, chronic heart failure, diabetes 

mellitus, or hypertension through its free radical scavenging and antioxidant actions. The 

role of edaravone in CVD is shown in the Fig.9. 
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Fig.9. Putative mechanisms of edaravone-induced improvement in endothelial 

dysfunction in patients with cardiovascular disease 

Pyrazolone derivatives reported to possess wide spectrum of activities. Recent research 

report shows that Pyrazolone could be' useful in treatment of cholesterol ester storage 

disease and the treatment of conditions such as thrombosis and myocardial infarction, 

vasospastic disorders and bronchospasm or in reperfusion salvage therapy. But the literature 

and reported research articles have limited information on myocardial ischemic reperfusion 

injury. 
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2.11.4. Free radical scavenging activity 

Recent research evidences that pyrazolones are reported as free radical scavangers. 

Pyrazolone derivatives, pertaining to the first groups of compounds such as Dipyrone 

aminopyrine, isopropylantipyrine and antipyrine used as analgesic, antipyretic, and anti

inflammatory therapeutic drugs (Fig.lO.). 

Dipyrone Aminopyrine 

Jsopmpylanlipyrinc Antipyrine 

Fig.lO. Structure of pyrazolone derivatives 

The therapeutic activity of antipyrine was increased by an introduction of an isopropyl group 

on C-4 to produce isopropyl antipyrine, which improved the antipyretic and analgesic 

properties, while maintaining the anti-inflammatory activity. The introduction of a 

dimethylamino group on C-4 of the antipyrine molecule resulted in aminopyrine. 

A disadvantage of aminopyrine is its relative insolubility in water. The search for more 

soluble compounds Jed to the production of the sodium salt of antipyridinyl methyl 

aminomethane sulfonic acid (dipyrone) (Brogden, 1986). The pharmacological mechanism 

of action of pyrazolones is that it involves the inhibition of cycloxygenase isoenzymes, 

platelet thromboxane synthesis, and prostanoids synthesis. The risk of agranulocytosis 

associated with the use of pyrazolone drugs at therapeutic doses and for short periods of 

time has been considered to be very low. However, little or no attention at all has been 

devoted to the possible hindrance of neutrophil burst and scavenging of neutrophil generated 
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reactive oxygen species (ROS) by these compounds. The studied pyrazolones was capable 

of scavenging 0 2 
• or H20 2; while dipyrone was shown to be the most reactive against 

ROOS. 

2.11.5. Role of pyrazolones for cerebrovascular diseases 

Experimental studies have shown beneficial effects of edaravone on post ischemic 

reperfusion injury (Nakamura et al., 2003; Takashi et al., 2004; Nakajima et al., 2005 ; 

Otani et al., 2005 ; Ikeda et al., 2002 ). Edaravone has been shown to ameliorate infarct size 

and brain edema in embolization and transient focal, global, and hemispheric ischemia 

models in adult rats (Takashi et al., 2004., Jin et al., 2002; Nakajima et al., 2005 ) and to 

attenuate the hypoxic-ischemia encephalopathy in neonatal rats (Ikeda et al., 2002). 

In Japan, edaravone was approved in April 2001 for treatment of acute brain infarction and 

subarachnoid hemorrhage in the acute phase. Several investigators have reported that 

edaravone has beneficial effects on prevention of brain damage in patients with stroke 

(Ogasawara et al., 2004). Although the usefulness of edaravone for treatment of mild to 

moderate stroke in the acute phase has been established, it is unclear whether edaravone is 

effective against brain damage in patients with severe stroke. 

2.11.6. TNF a and cytokine inhibition 

The over expression of cytokines such as TNF-a. and IL-16, has been implicated in a 

number of serious inflammatory disorders. Consequently, agents that inhibit the 

production of TNF- a can decrease levels of these pro-inflammatory cytokines and 

thereby reduce inflammation and prevent further tissue destruction in diseases such as 

rheumatoid arthritis (RA), osteoarthritis (OA), and Crohns disease. The efficacy of 

inhibitors against the overall cascade that leads to TNF-a. production and have been 

identified p38 MAP kinase as one of the critical targets of inhibition. 

Hence monocyclic and bicyclic pyrazolone derivatives have been synthesized and screened 

for cytokine inhibitory action. 4-Aryl-5-pyrimidyl based cytokine synthesis inhibitors that 

contain a novel monocyclic, pyrazolone heterocyclic core (Fig.11.). One of the compounds 

was found to be efficacious in the rat iodoacetate (RIA) in vivo model of the pyrimidyl 

based cytokine synthesis inhibitors that contain a novel monocyclic, pyrazolone heterocyclic 
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core were described (Jennifer et al., 2005) as cytokine synthesis inhibitors. Many other 

small molecules TNF- a production inhibitors have been reported containing a common 4-

aryl- 5-pyrimidinyl based motif fused to a 5- or 6-membered heterocyclic core. A 

prototypical pyridyl imidazole-based inhibitor, although numerous structural classes, for 

example, pyrroles, pyrimidines, pyridines, pyrimidones, indoles, heteroindoles, ureas and 

various fused bicyclic heterocycles containing a variety of functionality have been reported 

to inhibit cytokine activity. 

Fig.U. Structure of pyrimidine fused pyrazolones 

2.11. 7. Map kinase inhibition 

Researchers from Merck reported studies on pyrazolones and other heterocycles as 

inhibitors of MAP p38 kinase (Fig.12.). Two monocyclic pyrazolones showed with good 

p38a-kinase inhibition, but weak whole cell assay activities. The alkyl substitution of both 

pyrazolone ring nitrogen atoms could facilitate cell membrane permeability and improve 

cellular cytokine synthesis inhibition profile. 

68 



CHAPTER-2. 

N 
}-R 

N 
H 

-o- 0 

R= ~ \ 

F 

1'<::: 
N 

Fig.12. p38a-kinase/TNF -u synthesis inhibitors 

REVIEW OF LITERATURE 

R=t-0-cl 

All compounds were tested for the inhibition ofTNF- u production using lipopolysaccharide 

stimulated human monocyclic cells based on a monocyclic pyrazolone scaffold at nanomolar 

activity in whole cell assay and reported to inhibit TNF- u. 

2.12. CURRENT AND FUTURE DEVELOPMENTS ON CVS 

The treatment of IHD involves expensive and chronic drug therapy or equally expensive 

interventional procedure such thrombolytic therapy and surgical recannulation, which has its 

own drawbacks in the form of reperfusion injury. The etiopathogenesis of this phenomenon 

is complex and multi-factorial of which oxygen free radical (OFR) has been identified as the 

major contributor. Efforts to control OFR induced damage, using modem pharmacological 

agent have met with little success. More importantly, the results of such will provide us with 

better cost effective and socially acceptable therapeutic options for a disease, which 

threatens to be the number one killer disease in this century. 

The various drugs, which have so far been tried out are calcium antagonists, beta blockers 

and free radical scavenger. Although these drugs provide significant benefit in acute 

conditions and in secondary prevention, they are not advisable or acceptable for chronic use 

as primary preventive measures in large number of patients, who possess a high level of risk 

of having acute ischemic episodes, later in life. Moreover, chronic use of various drugs in 

the treatment of IHD showed major limitations due to various side effects. Under such 

circumstances, other options need to be explored which will help in circumventing this 

problem. 
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In this literature review, we indicated the possibility that pyrazolone has beneficial effects 

on not only myocardial and vascular injury following ischemia and reperfusion in patients 

with acute myocardial infarction, but also in atherosclerosis in the chronic phase. Due to the 

lack of clinical studies using pyrazolone it remains unclear whether pyrazolone treatment is 

beneficial for patients who have excess oxidative stress and whether pyrazolone reduces the 

mortality rate of these patients. It is expected that pyrazolone will be useful for treatment of 

various diseases in which oxidative stress may be involved in the pathogenesis. Awareness 

of the rising incidence of ischemic heart disease (IHD) in India, coupled with prohibitive 

cost of treatment, particularly for developing country generated urgency for the rapid 

development of an novel synthetic molecule with less side effects in the amelioration of 

IHD, hence the present .study is aimed at evaluate the cardio protective effect of pyrazolone 

derivatives. 
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