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1. INTRODUCTION

Despite improved clinical care, heightened public awareness, and widespread use of

health innovations, myocardial infarction remains a leading cause of death all over the

world. It is estimated that by the year A. D. 2020, up to three quarters of deaths in

developing countries would result from non-communicable diseases and in that

myocardial infarction will top the list of killers (Gupta & Gupta, 1998). With changing

life style in developing countries like India, particularly in urban areas, myocardial

infarction is making an increasingly important contribution to mortality statistics of such

countries (Farvin er al., 2004). In India, the number of patients being hospitalized for

myocardial infarction is on the increase over the past 35 years, more strikingly among

male patients. It is predicted that by the year 2020, India will have the highest incidence

of myocardial infarction in the world (Krishnaswami, 1998). There are an estimated 45

million patients of coronary heart disease in India. This increased prevalence of

myocardial infarction is contributed largely to adoption of "western“ life-style and its

accompanying risk factors such as smoking, high fat diet, obesity and lack of exercises.

Myocardial infarction (Ml) is the medical term for heart attack. "Myocardia" refers to

the heart muscle, "Infarction" means an irreversible injury to a portion of the heart tissue

resulting from lack of oxygen and blood supply, which occurs 98% of the time from a

process called atherosclerosis (commonly called "hardening of the arteries") in coronary

vessels (Ye et al., 1997). Myocardial infarction and the resultant abnormalities in cardiac

function are well recognized and it is a complex phenomenon affecting the mechanical,

electrical, structural and biochemical properties of the heart. Earlier it was felt that most

heart attacks were caused from the slow closure of artery, now it is clear that this process



can occur even in minor blockages where there is rupture of cholesterol plaque. This in

turn causes blood clotting within the artery, blocking the blood flow.

Extensive research is being carried out to understand the major factors responsible for

myocardial infarction. The relationship between lipid levels and myocardial infarction has

been studied in detail and it has contributed enormously to the literature. Higher

cholesterol level especially of low-density lipoprotein (LDL) cholesterol is a recognized

potent risk factor for heart attack (Griffln er al., 1994). Reports suggest that

hypertriglyceridemia also contribute to myocardial dysfunction regardless of cholesterol

levels (Fredrickson, 1969; Ryder er al., 1984). In addition to it, low HDL cholesterol

confers great risk compared to high serum triglycerides (Castelli, 1988). The lipid

abnormalities seen in myocardial infarction appear to correlate with changes in cellular

and cell membrane functions. The rise in the intracellular calcium efflux, an inducer of

phospholipase A2, which degrades membrane phospholipids, is also designated as a

destructive factor involved in the myocardial damage (Zhang er al., 1995). A considerable

body of clinical and experimental evidence is now emerging which suggests that reactive

oxygen-derived radicals play an important role in the pathogenesis of acute myocardial

infarction (Kukreja & Hess, 1992). Also reports indicate that reduction in free radical

scavengers and altered myocardial antioxidant status worsens myocardial injury.

Despite this complexity, impressive recent progress has been achieved in advancing

our understanding and appreciation of the cellular processes and mechanistic bases

underlying cardiac dysfunction associated with myocardial infarction and most

importantly applying this knowledge to therapeutic interventions (Karmazyn, 1996). As

myocardial injury is irreversible in nature, most of the drugs available are effective in the

prevention of spreading or dispersal of necrotic damage to the adjacent cells. Drugs
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available for the treatment of myocardial infarction includes thrombolytic agents, anti

platelet agents, the anti-coagulants, vasodilators, ACE (angiotensin converting enzyme)

inhibitors, B-blocking agents and blood-thinning agents. But all these drugs are having

their own adverse effects and limitations. Hence, it is important to search for drugs

capable of protecting myocardial cells from necrotic damage especially by strengthening

the cardiac cell membrane.

Early in this century, Thomas A. Edison predicted "the doctor of the future will give

no medicine, but will interest his patients in the care of the human frame, in diet, and in

the cause and prevention of disease." In the years ahead physicians and patients alike

have embraced Mr. Edison's prediction and looked to natural sources for healing and

wellness. Employing natural substances including vitamins, minerals, trace elements,

amino acids, fatty acids, and phytonutrients (substances derived from plant sources) in

optimal supplemental quantities can produce efficacious therapeutic results.

Much information has been disseminated in the past two decades regarding nutrition

and cardiovascular diseases, mainly myocardial infarction. There are numerous inter

connections between nutrients and biochemical pathways, which are involved in the

prevention of myocardial infarction and its treatment. Ensuring more efficient functioning

of the biochemical pathways by promoting proper diet and or supplementation can have a

significant positive impact on this multi-factorial disease process. The major

abnormalities noticed in myocardial infarction are lipidaemia, peroxidation and loss of

plasma membrane integrity. Hence the drug should possess antilipidemic,

antiperoxidative and membrane stabilizing properties. Also, it should be devoid of any

adverse side effects. So it is better to be a biological molecule. If that molecule possesses
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all the desired properties and also involved in the biochemical pathways related to

cardiovascular function, it could be of significance.

A number of scientists have been investigating the connection between micronutrients

such as vitamins, minerals, amino acids, flavanoids, coenzymes, and myocardial

infarction. For example, vitamin E is a biological molecule possessing antioxidant

(Amann er al., 1999) and membrane stabilizing (Mukherjee er al., 1997) properties but it

is not directly involved in any of the metabolic pathways related to myocardial infarction.

Though carotenoids have been found to be effective in counteracting free radical

generation in myocardial infarction condition it is not directly involved in the myocardial

function (Konovalova er a1., 1989). L-Arginine and L~lysine are found to be effective in

preventing myocardial damage a.nd ensures normal myocardial function through nitrous

oxide metabolism, but their membrane stabilizing capability is so far not clear (Ebenezar

et al., 2003"). Aspartate and glutamate have been shown to improve cardiac recovery after

hypoxia or ischemia under normothemic conditions. Although these carboxylic amino

acids have been reported to mediate the recovery of left ventricular pressure and

contractile function of the myocardium, they are poor free radical scavengers in nature.

Grape seed proanthocyanidine extract has been reported to attenuate oxidative stress and

to improve cell survival and permit recovery of contractile function in myocardium, but it

is not involved in any of the biochemical pathways of myocardium (Bagchi er al., 2000).

The pineal gland hormone, melatonin has been proved to provide protection for

myocardium by its antioxidant and membrane stabilizing properties. Since it is involved

in regulating the biological rhythm, a hormonal imbalance is often observed upon

administration of melatonin (Acikel et al., 2003).
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The consumption of diets rich in seafood is associated with a reduced risk of vascular

diseases and certain cancers. The marine polyunsaturated fatty acids (PUFA) have been

reported to exert cardioprotective effects through prostaglandin metabolism (Nair et al.,

1997). PUFA are well known for its peroxidative properties, which is highly deleterious

to the stabilization of membrane. Reports by Farvin er al. (2004) suggest that the cardio

protective effect of squalene, an antioxidant isoprenoid derived from shark liver oil is

ascribable to its membrane stabilizing property and antioxidant nature. However, at lower

supplementation rate it may lead to excess synthesis of cholesterol.

Taurine (2-aminoethanesulfonic acid), a non-protein sulfur containing amino acid, is

the most abundant free amino acid and has been shown to play several essential roles in

the human body (Lombardini., 1996). It is widely distributed in very high concentrations

in brain, heart, kidney, lens and reproductive organs (Huxtable, 1992). Some sea foods

are rich in taurine. It is involved in various important biological and physiological

functions, which include cell membrane stabilization (Heller-Stilb er al., 2002),

antioxidation (Atmaca, 2004), detoxification (Birdsall, 1998), osmoregulation (Timbrell

er al., 1995), neuromodulation and brain (Renteria er al., 2004) and retinal development

(Wright er al., 1986). Taurine makes up more than 50% of the total free amino acid pool

in the mammalian heart (Lombardini, 1996). Earlier studies (Warskulat et al., 2004)

demonstrated that pathology develops in the myocardium if the animal is depleted of

taurine stores either through a taurine deficient diet or use of taurine transport antagonists.

Pion er al. (1987) were the first to explain the role of dietary taurine deficiency associated

with a dilated cardiomyopathy observed in experimental animals. Other studies by Keith

et al. (2001) and Lake (1994) have explored the relationship between taurine deficiency

and cardiac contractility, loss of cardiac myofibrils, and arrhythmogenesis. Though there

is considerable evidence concerning the pharmacological significance of taurine in
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maintaining the integrity of organism, the protective effect of taurine in experimentally

induced myocardial infarction condition in rats have not explored in detail.

Intraperitoneal administration of isoproterenol [L-[3-(3, 4-dihydroxyphenyl)-ov

isopropyl amino ethanol hydrochloride], a [i- adrenergic agonist, produces acute

irreversible myocardial injury in rats that morphologically resembles myocardial

infarction of human beings (Ravichandran er al., 1990). It induces myocardial necrosis by

a multiple step mechanism (Chagoya de Sanchez er al., 1997). Peroxidation of

endogenous lipids has been shown to be a major factor in the cardio toxic action of

isoproterenol (Chattopadhyay er al., 2003). Isoproterenol-induced myocardial infarction

is generally attributed to the formation of the highly reactive hydroxyl radical (OH'),

stimulator of lipid peroxidation and source for the destruction and damage to cell

membranes (Farvin et al., 2004). Alterations in tissue defense systems including chemical

scavengers or antioxidant molecules and the antioxidant enzymes catalase, superoxide

dismutase, glutathione peroxidase, glutathione-S-transferase have been reported in

isoproterenol-induced myocardial infarction (Saravanan & Prakash, 2004).

In the present study, an attempt has been made to assess the preventive effects of

taurine against isoproterenol-induced myocardial infarction in rats, an experimental

animal model for myocardial infarction of human beings.

The main objectives of the work are

* To study the cardio protective effects of taurine in experimentally induced

myocardial infarction by assaying the levels of serum diagnostic marker

enzymes, troponin T, homocysteine, protein, glycoproteins and apolipoproteins.
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To evaluate the antilipidemic effect of taurine against is0proterenol—induced

myocardial infarction in rats by determining the levels of lipid components.

To study the antilipid peroxidative effect of taurine on tissue antioxidant defense

system in isoproterenol-induced myocardial infarction in rats.

To determine the membrane stabilizing action of taurine by assaying the activities

of lysosomal enzymes, membrane-bound ATPases and mineral status.

To study the effect of taurine on mitochondrial function in experimentally

induced myocardial infarction by assaying the activities of TCA cycle enzymes

and respiratory marker enzymes.

To investigate the electrophoretic pattern of serum proteins.

To study the effect of taurine on amino acid composition and fatty acid profile in

experimentally induced myocardial infarction in rats.

To study the histopathological pattern to confirm the protective action of taurine

against isoproterenol-induced myocardial infarction in rats.
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2. REVIEW OF LITERATURE

2.1 Myocardial Infarction

The term "myocardial infarction" focuses on the heart muscle, which is called the

myocardium, and the changes that occur in it due to the sudden deprivation of

circulating blood. The word "infarction" comes from the Latin "infarcire" meaning "to

plug up or cram." It refers to the clogging of the artery, which is frequently initiated by

cholesterol piling up on the inner wall of the blood vessels that distribute blood to the

heart muscle.

Coronary arteries are blood vessels that supply the heart muscle with blood and

oxygen. Coronary atherosclerosis (or coronary artery disease) refers to the

atherosclerosis that causes hardening and narrowing of the coronary arteries. Blockage

of a coronary artery deprives the heart muscle of blood and oxygen, causing injury to

the heart muscle. Diseases caused by the reduced blood supply to the heart muscle from

coronary atherosclerosis are called coronary heart diseases (CHD). Coronary heart

diseases include heart attacks, sudden unexpected death, chest pain (angina), abnonnal

heart rhythms and heart failure due to weakening of the heart muscle.

Myocardial infarction results from the blockage of artery due to atherosclerosis, a

gradual process in which plaques (collections) of cholesterol are deposited in the walls

of arteries. Cholesterol plaques cause hardening of the arterial walls and narrowing of

the inner channel (lumen) of the artery. Plaque rupture with subsequent exposure of the

basement membrane results in platelet aggregation, thrombus formation, fibrin

accumulation, hemorrhage into the plaque and varying degrees of vasospasm. This can

result in partial or complete occlusion of the vessel and subsequent myocardial ischemia
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resulting in an acute reduction of blood supply to a portion of the myocardium. Arteries

that are narrowed by atherosclerosis cannot deliver enough blood to maintain normal

function of the parts of the body they supply. The initial events occur within the few

seconds or minutes after total coronary artery occlusion and are associated with

reversible changes. Total occlusion of the vessel for more than 4-6 hours results in

irreversible myocardial necrosis, but reperfusion within this period can salvage the

myocardium and reduce morbidity and mortality.

The severity of myocardial infarction is dependent on three factors: the level of the

occlusion in the coronary artery, the length of time of the occlusion, and the presence or

absence of collateral circulation. Generally, the more proximal the coronary occlusion,

the more extensive is the amount of myocardium at risk of necrosis. The larger the

myocardial infarction, the greater is the chance of death due to a mechanical

complication or pump failure. The longer the time period of vessel occlusion, the greater

the chances of irreversible myocardial damage distal to the occlusion. The extent of

myocardial cell death defines the magnitude of the myocardial infarction.

Myocardial infarction is characterized by a reduced production of energy stores

(ATP molecules), as the myocyte shifts from aerobic to anaerobic glycolysis and

increased glycogenolysis. Enzymes that participate in the breakdown of glycogen such

as the phosphorylases are putatively released during this time. In order to conserve

energy, there is impairment or failure of the ATP-dependent ion membrane pumps

resulting in the release of intracellular electrolytes such as potassium and phosphate.

Concomitant to energy deficits is the inability of the heart to remove waste products.

This leads to accumulation and release of metabolites such as lactate and adenosine.

Low molecular weight proteins may be able to pass through reversibly injured but
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reparable membranes. If the affected artery becomes potent during the early time

intervals either spontaneously or by pharmacologic (thrombolytic therapy) or surgical

(angioplasty or bypass) means, the jeopardized myocytes can fully recover.

Prolonged or permanent occlusion, however, leads to the onset of irreversible

damage. The hallmark of irreversible damage is disruption of cellular membranes and

release of macromolecules such as enzymes and large molecular weight proteins. The

release of mitochondrial proteins in particular, is indicative of cell death and tissue

necrosis. Cardiac enzymes and proteins have the advantage of organ specificity, and

essentially are only released during irreversible damage. However, they cannot directly

pass to the vasculature, and must travel through slow lymphatic drainage. Therefore

there is a delay before they appear in the blood. In addition, proteins with low molecular

weight will appear in blood sooner than large proteins and enzymes. The size of the

protein and its distribution within the cell dictates the appearance rate. Small

intracellular proteins (e.g., myoglobin and fatty acid binding protein) appear first, while

large proteins (e.g., CK and LDH) and those that are part of the contractile apparatus

(e.g., troponin) have a delayed appearance. Strategies for development of early acute

myocardial infarction markers should be focused on proteins that are specific to the

heart.

Myocardial infarction can be subcategorized on the basis of anatomic, morphologic,

and diagnostic clinical information. From an anatomic or morphologic standpoint, the

two types of myocardial infarction are transmural and nontransmural. A transmural

myocardial infarction is characterized by ischemic necrosis of the full thickness of the

affected muscle segments, extending from the endocardium through the myocardium to

the epicardium. A nontransmural myocardial infarction is defined as an area of ischemic
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necrosis that does not extend through the full thickness of myocardial wall segments. In

a nontransmural myocardial infarction, the area of ischemic necrosis is limited to either

the endocardium or the endocardium and myocardium. It is the endocardial and

subendocardial zones of the myocardial wall segment that are the least perfused regions

of the heart and are most vulnerable to conditions of ischemia. If a large amount of heart

muscle dies, the ability of the heart to pump blood to the rest of the body is diminished,

and this can result in heart failure. The body retains fluid, and organs (for example, the

kidneys) begin to fail.

2.1.1 Symptoms

Everyone will experience different symptoms with each heart attack. Heart attacks

frequently occur from 4:00 A.M. to 10:00 A.M due to higher adrenaline amounts released

from the adrenal glands during the morning hours (Willich er al., 1992; Brezinski er al.,

1988) and include the following symptoms - a sensation in the chest that may be felt as

choking, numbness, squeezing or pressure. Chest pain behind the sternum is a major

symptom of heart attack (Manfredini er al., 2003). But in many cases the pain may be

subtle or even completely absent (called a "silent heart attack“), especially in the elderly

and diabetics (Jalal er al., 1999). Often, the pain radiates from chest to arms or shoulder,

neck, teeth, or jaw, abdomen or back, lasts longer than 20 min. Not fully relieved by rest

or nitrioglycerine, both of which can clear pain from angina, the pain can be intense and

severe or quite subtle and confusing. Other symptoms either alone or along with chest

pain include shortness of breath, cough, lightheadedness, dizziness, fainting, nausea or

vomiting sweating, which may be profuse, feeling of "impending doom", anxiety, pallor

(paleness) and restlessness.
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2.1.2 Risk factors

2.1.2.1 Smoking

Prolonged exposure to cigarette smoke, either active or passive, increases the risk of

dying from a heart attack or complications arising from atherosclerosis by three to

fivefold. Much of the ill-omened health effects related to smoking occur due to an

increase in free-radical activity. Unfortunately, as the population of free radicals

increases, vitamin C (a powerful antioxidant) decreases in the smoker. The following

reactions define the hardship cigarette smoking imposes upon the cardiovascular system,

increased heart rate (one cigarette can increase the heart rate 20-25 beats a minute) and

disrupted circulation to the legs and feet. It takes 6 h for the circulation to return to

normal after just one cigarette.

Data published in the Journal of the American Medical Association (J AMA), indicate

that the critical phase of cardiovascular disease is significantly accelerated in smokers.

The critical phase is marked by 60% coverage of arterial surfaces with atheromatous

materials. Although the ages were hypothetically assigned, a smoker with normal blood

pressure and cholesterol levels reaches the critical phase 10 years earlier than the

nonsmoker and 20 years earlier if the smoker is also hypertensive (Grundy, 1986).

2.1.2.2 Obesity

Excessive body weight is a risk factor in so many diseases that obesity itself is now

regarded as a disease. A troublesome weight problem is no longer just an annoyance but a

significant risk for heart disease, both independently and in association with other risk

factors such as diabetes, hypertension and dyslipidemia (Rao er al., 2001). The pattem of

the fat distribution is another important prognosticator of host vulnerability. Overeating in
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the absence of obesity poses a cardiac risk, as well. Reports from patients indicated that

unusually heavy meals were often consumed during a 26h period preceding a myocardial

infarction (Lopez-Jimenez et al., 2000). Other factors increasing cardiovascular risk, such

as excessive fibrinogen, elevated C-reactive protein, and insulin resistance, often shares

common denominator obesity. During the American Heart Association's 71“ Scientific

Session (in 1998), the guidelines for assessing the risks imposed by obesity (as measured

by Body Mass Index) were reported. This study was based on data from the Framingham

Heart Study (Kagan er al., 1962), Third National Health and Nutrition Examination

Survey (Thompson er al., 1998).

2.1.2.3 Diabetes

The degenerative process that accompanies diabetes significantly affects the heart.

Atherosclerosis tends to develop early, progress rapidly, and be more virulent in the

diabetic. Data released from the Framingham Study showed a 2.4-fold increase in

congestive heart failure in diabetic men and a 5.1-fold increase in diabetic women over

the course of the 18-year study (Fein er 01., 1994). Diabetics are particularly susceptible

to silent myocardial infarctions, that is, an asymptomatic attack that interrupts the blood

flow to coronary arteries. More than 80% of people with diabetes die as a consequence of

cardiovascular diseases, especially heart attacks (Whitney er al., 1998). High

homocysteine levels also play a significant role in diabetes-induced cardiovascular

disease.

In fact, hyperhomocysteinemia is considered a reliable predictor of mortality among

diabetic patients. The symptoms of hypoglycemia can mimic a heart attack, that is,

dizziness, fatigue, sweating, shakiness, lightheadedness, palpitations, and in some cases,

unconsciousness. Normal brain function requires 6 g of glucose an hour, which can be
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delivered only if arterial blood contains over 50 mg/dl of glucose (Pike & Brown, 1984).

Although hypoglycemia is not a heart attack, the stress imposed upon the heart can be

significant. Chronic hyperglycemia causes monocytes and adhesion molecules to bind to

vessel walls. In tum, cholesterol and other lipids are more easily deposited. Lipids

become disorganized, with more of the LDL cholesterol and less of the beneficial HDL

cholesterol appearing in the bloodstream (Garg & Grundy, 1990).

2.1.2.4 Hypercholesterolemia

It is established that high cholesterol levels account for about 10-15% of ischemic

strokes. When levels of HDL (high density lipoproteins, also known as good cholesterol)

are elevated, cardiovascular disease is reduced. The HDL; sub fraction is even more

correlated with cardiac protection and longevity than total HDL cholesterol (Sardesai,

1998). Typically, low triglyceride/LDL levels and high HDL levels place an individual in

a better position cardiovascularly. Elevated triglyceride levels usually modulate when less

food is consumed, particularly foods causing a rise in blood sugar levels. Too much

cholesterol is not good, but too little may not be good either. The American Heart

Association announced in 1999 (at the annual Stroke Conference) that people with

cholesterol levels less than 180 mg/dl doubled their risk of hemorrhagic stroke compared

to those with cholesterol levels of 230 mg/dL, however, the risk of a stroke escalated as

cholesterol levels exceeded 230 mg/dl. The National Cholesterol Education Program

announced that cholesterol levels of approximately 200 mg/dL appear ideal for stroke

prevention (Castelli, 1988).

2.1.2.5 Homocysteine

Homocysteine is a sulfur containing non-essential amino acid produced by the

demethylation of the essential amino acid methionine. Because of an increasing
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awareness of the risks imposed by newer risk factors, homocysteine is being factored into

the genetic equation. Hyperhomocysteinemia may arise from genetic defects of enzymes

involved in homocysteine degradation and remethylation. With a gene frequency between

one in 70 and one in 200, elevated blood levels of homocysteine may be more common

than previously thought (Berwanger er a1., 1995). Canadian researchers estimate the

inherited amino acid disorder (homocysteinemia) is present in approximately 20% of

coronary artery disease patients (Superko, I995). There are multiple mechanisms

involved in the pathogenesis of hyperhomocysteinemia, including not only

heterozygosity, but dietary factors as well (Kardaras er al., 1995).

2.1.2.6 Stress

More than one-quarter of a million heart episodes occur annually, that is, palpitations,

angina, arrhythmias, and heart attack as a result of a stressful experience. During periods

of mental or emotional arousal, a silent ischemic attack (a decreased supply of

oxygenated blood) can occur. Unlike an angina attack, which is usually prompted by

physical exertion, more than three-fourths of silent ischemic attacks are caused by mental

arousal. There is also a definite link between the hardening of the carotid artery and

higher levels of stress (Barnett er al., 1997). A recent study of 2800 men and women over

55 years of age showed that even minor depression can increase cardiac mortality 60%,

while major depression may actually triple the rate of cardiac-related deaths (Penninx er

al., 2001). When an ailing heart is struggling to keep pace with circulatory demands it is

forced to deal with an emotional provocation. It is reported that an individual who is

prone to anger is about 3 times more likely to have a heart attack or sudden cardiac death

than someone who is the least prone to anger (Williams er al., 2000). Higher levels of

homocysteine are associated with feelings of aggression and rage in both men and women
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(Stoney er al., 2000). Under stress, the sympathetic nervous system is alerted and the

release of adrenaline increases, ultimately, one‘s breathing, heartbeat, and blood pressure

also increase.

2.1.2.7 Gender

Studies have demonstrated that heart disease is the number one killer for both men

and women (Kagan er al., 1962; Kannel er al., 1998). In both men and women, coronary

heart disease has exceeded that of other cardiovascular illnesses, such as stroke or

congestive heart failure. While coronary events occurred twice as often in men, with

advancing age the incidence of heart disease in women approaches that seen in men

(Swahn, 1998). Premenopausal women appear to be somewhat protected from

atherosclerosis due to the presence of estrogen, which lowers LDL cholesterol and raises

HDL cholesterol, reducing the risk (Wenger, 2003). Menopause appears to be the interval

associated with a significant rise in coronary events, as well as a shift to more serious

manifestations of the disease.

2.1.2.8 Heredity

The risk is higher if there is a family history of heart diseases and people with such a

history should therefore be made aware of the risk of developing heart diseases.

Geneticists are looking for mutated genes that may be expressing themselves as

contributors to coronary artery disease. For example, 50% of suppressed HDL cholesterol

can be linked to genetic factors. A gene (ABCI), when mutated, appears responsible for

increasing the risk of heart disease by lowering levels of HDL cholesterol. It is reported

that people with defects in ABCI have just as much risk for heart disease because of too

little HDL as individuals with high levels of LDL cholesterol (Marcil el al., 1999).
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2.1.2.9 Sedentary lifestyle

Scientists believe that a properly planned exercise program may be the single greatest

preventive measure against cardiovascular disease. However, it is extremely important

that the individual and the activity be properly matched. Exercise reduces blood pressure

and heart rate by influencing sympathetic neural and hormonal activity. As epinephrine

(adrenaline) and nor-epinephrine levels are decreased, one's blood pressure and heart rate

subsequently decrease (Katona er al., 1982; Duncan et al., 1985; Smith er al., 1989). A

regular exercise program reduces the risk of stroke, not only by lowering blood pressure,

but also by increasing peripheral circulation and oxygen delivery. C-reactive protein,

another of the newer risk factors for cardiovascular disease, also appears lowered by

exercise (Szymanski er al., 1994; Ford. 2002). Excessive fibrinogen, a risk factor for

cardiovascular disease, is impacted by exercise. Exercise of moderate intensity increases

fibrinolytic activity by increasing tissue plasminogen activators, which break down

fibrinogen, decreasing the risk of blood clot formation.

2.1.2.10 Newer risk factors

In the last 25 years, the incidence of coronary fatalities has decreased 33%. This is

due largely to avoiding the traditional risk factors. An auxiliary list of newer predictive

factors may significantly increase the numbers benefiting from 21st century diagnostics

and treatment (Ridker, 1999). Those with high levels of fibrinogen were more than twice

as likely to die of a heart attack, the risk of a stroke increases as well (Wilhelmsen er al.,

1984; Packard et al., 2000). Lipoprotein (a) modulates fibrinolysis, inhibits plasminogen

binding to fibrin, and may also inhibit t-Pa, a clot-dissolving substance produced naturally

by cells in the walls of blood vessels. The end result is a greater risk of blood clot

formation, and thus heart attack and stroke (Loscalzo er 01., 1990; Ridker, 2000; Caplice
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er al., 2001). Homocysteine is regarded as more dangerous than cholesterol because

homocysteine damages the artery and then oxidizes cholesterol before cholesterol

infiltrates the vessel (Braverman, 2003). It is now widely recognized by scientists as the

single greatest biochemical risk factor for heart disease, estimating that homocysteine

may be a participant in 90% of cardiovascular problems. Syndrome X represents clusters

of symptoms and includes an inability to fully metabolize carbohydrates,

hypertriglyceridemia, reduced HDL levels, smaller and denser LDL particles, increased

blood pressure, visceral adiposity, disrupted coagulation factors, insulin resistance,

hyperinsulinemia, and often, increased levels of uric acid, a forerunner to heart disease

(Reaven, 2000; Fang er al., 2000). C - reactive protein appears intricately involved in the

inflammatory process, thus proving to be a potential target for the treatment of

atherosclerosis (Pasceri er al., 2000; Alvaro-Gonzalez er 01., 2002).

2.1.3 Signs and tests

Physical examination may show rapid pulse, crackles in the lungs, a heart murmur, or

other abnormal sounds. Blood pressure may be normal, high or low. The following tests

may reveal a heart attack and the extent of heart damage:

Cardiac enzymes are muscle proteins that are released into the blood circulation by

dying heart muscles when their surrounding membranes dissolve. Such enzymes include

creatine kinase (CK), special subforms of CK, and troponin (Collinson er al., 2003). The

following tests may show the by-products of heart damage and factors indicating a high

risk for heart attack,

* Troponin T

* Creatine kinase

' Diagnostic marker enzymes
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¢ Lipid profile

¢ Homocysteine

¢ Electrocardiogram (ECG) single or repeated over several hours changes

(Kennon er al., 2003)

¢ Echocardiography

¢ Coronary angiography

* Nuclear ventriculography (MUGA or RNV)

2.1.4 Treatment

The goals of treatment are to stop the progression of the heart attack, to reduce the

demands on the heart so that it can heal, and to prevent complications. The immediate

goal of treatment is to quickly open the blocked artery and restore blood flow to the heart

muscle, a process called "reperfusion". Delay in establishing reperfusion can result in

irreversible death to the heart muscle cells and reduced pumping force of the remaining

heart muscle (Gersh, 2003; Janousek, 2003). An intravenous line will be inserted to

administer medications and fluids. A urinary catheter may be inserted to closely monitor

fluid status. Oxygen is usually given, even if blood oxygen levels are normal. This makes

oxygen readily available to the tissues of the body and reduces the workload of the heart.

Nitrates such as nitroglycerin are given for pain and to reduce the oxygen requirements of

the heart. Morphine or morphine derivatives are potent painkillers that may also be given

for a heart attack.

If the ECG recorded during chest pain shows a change called "ST-segment elevation,"

clot-dissolving (thrombolytic, blood thinning medications) therapy may be initiated as an

IV infusion of streptokinase or tissue plasminogen activator. Blood clots are a major

factor in heart attacks. Anti-clotting agents that inhibit or break up blood clots are used at
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every stage of heart disease. They are generally either anti-platelet agents or

anticoagulants. It will be followed by an IV infusion of heparin as a blood-thimiing agent

to prevent blood clots and to maintain an open artery during the initial 24~72 hours (Neri

Serneri er al., 1989). Taken orally, warfarin may be prescribed to prevent further clot

development.

Thrombolytic therapy is not appropriate for people who have had a major surgery,

organ biopsy or major trauma within the past 6 weeks, recent neurosurgery, head trauma

within the past month, history of gastrointestinal bleeding, brain tumor, stroke within the

past 6 months and current severely elevated high blood pressure. Significant bleeding can

complicate use of thrombolytic therapy. A comerstone of therapy for a heart attack is

antiplatelet medication. One antiplatelet agent widely used is aspirin. Aspirin alone has

been reported to reduce risk of death from heart attack or stroke by 25% to 50% and to

cut risk of non-fatal heart attacks by 34 % (Buerke & Rupprecht, 2000). Two other

important antiplatelet medications are ticlopidine (Ticlid) and clopidogrel (Plavix). Other

medications include [3-blockers, ACE Inhibitors and calcium channel blockers.

B-blockers reduce the oxygen demand of the heart by slowing the heart rate and

lowering pressure in the arteries. They are now well known for reducing deaths from

heart disease by reducing the workload of the heart. They include propranolol (Inderal),

carvedilol (Coreg), bisoprolol (Zebeta), acebutolol (Sectral), atenolol (Tenormin),

labetalol (Normodyne, Trandate), metoprolol (Lopressor. Toprol-XL) and esmolol

(Brevibloc) (Gottlieb & McCarter, 2001). A number of agents are available for lowering

cholesterol and other dangerous fat molecules (lipids). They include statins, fibrates and

niacin. Statins may have significant benefits for heart patients. ACE Inhibitors includes
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(Khattar, 2003; Bauersachs & Fraccarollo, 2003) ramipril, lisinopril, enalapril, or

captopril and calcium channel blockers also serves to prevent heart failure.

2.1.5 Surgery and other procedures

Emergency coronary. angioplasty may be required to open blocked coronary arteries.

This procedure may be used instead of thrombolytic therapy or in cases where

thrombolytics should not be used. Often the re-opening of the coronary artery after

angioplasty is ensured by implantation of a small device called a stent. Emergency

coronary artery bypass surgery may be required in some cases. The different types of

laboratory tests (biochemical, immunological and coagulative) now available, should

soon allow improvement in the diagnosis and therapy of ischemic coronary diseases.

2.1.6 Prevention

To prevent a heart attack:

* Control blood pressure

¢ Control total cholesterol levels.

* Stop smoking

¢ Eat a low fat diet rich in fruits and vegetables and low in animal fat.

* Control diabetes

* Lose weight if overweight.

* Exercise daily or several times a week by walking and other exercises to improve

heart fitness. (Consult your health care provider first.)

After a heart attack, follow-up care is important to reduce the risk of having a second

heart attack. Often, a cardiac rehabilitation program is recommended to return to a

"normal" lifestyle. Follow the exercise, diet, and medication regimen prescribed by the

doctor.
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2.2 Taurine

Taurine is one of the most common sulfur-containing amino acids found in nature.

This non-protein amino acid is present in high concentration in most of the tissues,

amounting to about 50-60% of the total free amino acid pool. Tiedemann & Gmelin were

the first to isolate taurine from ox bile in 1827, where it was found in high concentration

(Huxtable, 1992). Demarcay, in 1838 gave the name taurine to a similar crystalline

material obtained from ox bile. The bovine connection (Latin name "bos taurus") clearly

explains the descriptive name, "Taurine”. However, the name of taurine was credited by

Demarcay to Gmelin. In the succeeding years, intensive analytical work produced a vast

quantity of information on the distribution of taurine in animal organs.

Taurine is a conditionally essential amino acid involved in a large number of

metabolic processes. lts function in the body has been underestimated for a long time. In

recent years, it has become clear that taurine is a very important amino acid in the visual

pathways, the brain, nervous system and cardiac functions. It is a conjugator of bile acids

and hence performs key functions in cholesterol metabolism (Gaull et al., 1985).

Basically, its function is to facilitate the passage of sodium, potassium, calcium and

magnesium ions into and out of cells, and to stabilize the structural and functional

integrity of the cell membranes (Satoh, 1998). It is involved in detoxification of

xenobiotics and is also very essential for efficient fat absorption and solubilization

(Loria er a1., 1997). The requirement of this free amino acid is absolutely indispensable in

prenatal and infant development (Chesney er al., 1998). Though absence of taurine does

not results in immediate deficiency and disease, long-term deprivation can cause a

multitude of health problems. One is not stumbling into the abyss ofteleology in thinking
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that a compound conserved so strongly and present in such high amounts is exhibiting

functions that are advantageous to the life forms containing it.

2.2.1 Distribution of taurine

Taurine is a phylogenetically ancient compound with a disjunctive distribution in the

biosphere. It is present in high concentration in algae and in animal kingdom, including

insects and arthropods. It is generally absent or present in traces in the bacterial and plant

kingdoms. ln many animals, including mammals, it is one of the most abundant low

molecular~weight organic constituents. A 70-kg human contains up to 70 g of taurine.

Taurine is found in greater concentrations in all animal products. Meat, poultry, eggs,

dairy products, and fish are good sources of taurine. Table: 2.2.1 shows the level of

taurine content present in some seafood (ZhaoXi-he, 1994). In plant kingdom, taurine

occurs in traces, averaging ~0.0l umol/g fresh wt of green tissue. This is <l% of the

content of the most abundant free amino acids (Huxtable, 1992).

2.2.2 Structure of taurine

The structure of taurine was well established by Redtenbacher (1846). Taurine

(2-aminoethane sulphonic acid) is a small organic molecule consisting of hydrogen (H),

nitrogen (N), carbon (C), sulfur (S) and oxygen (O) (Fig: 2.2.1). It is structurally different

from most of the biological amino acids in following ways;

i. It is a sulfonic acid rather than a carboxylic acid

ii. It is a [3-amino acid rather than an o.-amino acid

iii. It does not have a chiral center and

iv. It does not have an L- or D-configuration.
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Table: 2.2.1 Taurine content in sea food

Sea Food Taurine content

Conch (Strombus gigas)

lnk fish

Blood Clam

Clam

Shellfish

Crab

Prawn

Sole

Crucian carp

Silver carp

Hairtail fish

Yellow croaker

-}§:t?l. .\ _._____

Values are mg/I 00g edible portion (Zhao Xi-he, 1994)

850

672

617

496

b.)
L»)
[\J

278

143

256

205

90

56

88

9|



2.2.3 Pharmacokinetics

Though taurine can be synthesized from methionine and cysteine in living beings, it is

usually derived from food sources. The average intake of taurine varies widely from 40 to

400 mg per day. Following ingestion, taurine is absorbed from the small intestine, via the

[3-amino acid or taurine transport system, which is sodium and chloride dependent carrier

system located in the apical membrane of intestinal mucosa. Intestinal health is a major

factor in the ability to absorb and provide taurine in sufficient amounts for the multitude

of biological processes in which it is involved. The absorbed taurine is transported to the

liver via the portal circulation, where much of it forms conjugates with bile acids.

Taurochoate, the bile salt conjugate of taurine and cholic acid, is the principal conjugate

formed by the action of the enzyme choloyl-CoA N-acyltransferase. The taurine

conjugates are excreted through the biliary route. Taurine that is not conjugated in the

liver is distributed from the systemic circulation to various tissues in the body. It is not

usually completely reabsorbed by the kidneys and some fraction is excreted in the urine

(Hayes & Sturman, 1981). Reports by Barada er al. (1997) indicated that the intestinal

capacity to absorb taurine decreased with aging.

2.2.4 Taurine metabolism

The body synthesizes taurine from the amino acids methionine and cysteine. Vitamin

B-6 (pyridoxal-5' phosphate) is a key cofactor in this process. From cysteine, hypotaurine

(an intermediary product in the metabolic process) is produced. Its turnover into taurine

occurs rapidly thereafter. Taurine synthesis is regulated by the enzyme cysteine sulfinic

acid decarboxylase (CSAD). CSAD is activated under conditions that promote protein

phosphorylation (a specific step in the conversion of amino acids into protein). Membrane

changes initiated via glutamate or potassium promote CSAD activity, which implies an
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Fig. 2.2.2 Metabolism of Tau rine
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anti-excitotoxic role of taurine. There is evidence that taurine is converted in to five other

compounds in biological systems. It is converted either to inorganic sulfate and

carbamyltaurine or to taurocyamine and phosphotaurocyamine. lt can also be converted in

to isothionic acid, or conjugated with bile acid which is the major route. Three different

types of reactions, transamination, oxidation and oxygenation initiate taurine degradation.

In the first two cases, sulfoacetaldehyde is an intermediate, whereas in the third case,

taurine is converted to sulfite and aminoacetaldehyde (Fig: 2.2.2).

2.2.5 Properties of taurine

2.2.5.1 Physico-chemical properties

Molecular formula C21-l7NO3 S

Molecular weight 125.15
Physical state Tetragonal needle shaped crystals.

Colour Colorless
Odor Odorless
Solubility Soluble in water (10.48 g/100ml at 25 °C) and

insoluble in absolute alcohol.

Melting point 328 °C (decomp.)
pH (0.5M in water, 25 °C) 4.5-6

Optical rotation Nil

2.2.5.2 Physiological properties

(i) Antilipidemic effect of taurine

Taurine has been reported to attenuate the elevation in total and LDL cholesterol

levels in people consuming high fat/ high cholesterol diet. Recently, physicians have
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adopted 2:l as the ideal ratio of total cholesterol to HDL and prescribed taurine to reach

that magical lipids ratio (Mizushima er al., 1996). Reports by Murakami er al. (1999)

indicate that the administration of taurine lowers serum LDL and VLDL by 44% and

elevates HDL by 25% in experimental mice. Taurine conjugates have been reported to

suppress very low-density lipoprotein (VLDL) secretion. VLDLs are produced through a

series of reactions of proteins with aldehydes. Researchers have demonstrated that taurine

exhibits a high reactivity with aldehydes, thus it acts to inhibit protein modification to

LDL. With regard to HDL, taurine enhances serum HDL concentration in a dose

dependent manner. High fat diets produce hypercholesterolemia (elevated cholesterol),

atherosclerosis, and accumulation of lipids on the aortic valve of the heart. The taurine

supplementation to the cholesterol-free diet has also been reported to produce 43%

reduction in hepatic triglycerides content (Park & Lee, 1998). The anitlipidemic and

cholesterol-lowering action of taurine may lie in its ability to promote the degradation of

potentially detrimental cholesterol to relatively harmless bile acids.

(ii) Antidiabetic effect of taurine

In both forms of diabetes, insulin dependent (Type 1) and non-insulin dependent

(Type 2), taurine exerts a multitude of beneficial actions. Supplementation of taurine has

been reported to prevent the triggering of platelet aggregation in Type l diabetes, a major

risk factor of cardiovascular diseases (Franconi er a!., 1995). Administration of taurine

has also been found to normalize the adverse blood lipid profile associated with the

diabetic condition. Reports (You & Chang, 19983) indicate that administration of taurine

can counteract the elevated plasma triglycerides and LDL cholesterol in diabetics with no

adverse effect on serum glucose levels. This effect is largely due to a correction of

vascular endothelial vasodialation characteristic of the diabetic state (Kamata et al.,
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1996). In Type 2 diabetics, the impaired glycemic control is largely due to peripheral

insulin resistance, hepatic insulin resistance, and a failure of B-cell function. Recently,

taurine as well as the more established natural agents, has found a role in correcting the

metabolic anomalies in vascular smooth muscle produced by Type 2 diabetes (McCarty,

1991).

In models of diabetic mice, researchers found that taurine supplementation yields

specific beneficial effects on levels of malondialdehyde (MDA), a marker of lipid

peroxidation resulting from free radical damage. Dietary supplementation of taurine is

able to correct abnormal elevations of MDA and thus to prevent depletion of glutathione

in diabetics (Lim er al., 1998). Diabetes is notable for its impact on eyesight and to

produce a generalized decline in the content of free amino acids in the retina and retinal

pigment epithelium of the eye. Taurine supplementation has been reported to reduce the

deleterious action of diabetes on amino acid transport systems, which results in alteration

of the cellular amino acid balance. It has also been found as an effective method for

correcting the antioxidative imbalances that produce diabetic cataracts (Obrosova et al.,

1999)

Taurine supplementation has also been reported to prevent diabetic nephropathy,

which is the leading cause of end-stage renal disease in over half of Type 1 diabetics.

Reports by Trachtman er al. (1995) indicated that taurine supplementation is able to exert

beneficial changes in the kidneys of diabetic rats, specifically reducing proteinuria and

albuminuria by nearly half. This effect is attributed to the ability of taurine to decrease

lipid peroxidation and reduce accumulation of advanced glycosylation end products

within the kidney. Nandhini el al. (2004) have reported that taurine can be used as a

therapeutic supplement for the prevention of diabetic pathology.
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(iii) Anticancer properties of taurine

Taurine has been found to inhibit tumors and extend the survival period of tumor

induced experimental mice. Zhang er al. (1997) observed that, tumor cell membrane

fluidity was much improved with taurine treatment. The calcium homeostatic mechanism

is one of the critical features involved in the anti-cancer functions of taurine (Finnegan et

aI., 1998). Also the oral administration of taurine has been found to reduce the degree of

membrane damage and to activate glutathione antioxidant system in rats exposed to

carcinogens. Reports by You and Chang, (1998b) suggested that taurine inhibited

hepatocarcinogen-induced lipid peroxidation by operating the tissue antioxidant defense

status at a higher level in the liver of experimental animals. Taurolidine, a derivative of

taurine produced a significant reduction in the growth of both tumor cells and

intraperitoneal tumors (Jacobi et al., 1997). Taurine level in serum and other tissues is a

useful marker for providing valuable prognostic information in cancer patients (Scioscia

etal., 1998; Vecer er al., 1998).

(iv) Taurine and detoxification

Taurine and to a lesser extent glycine are the major amino acids associated with the

removal of toxic chemicals and metabolites from the body (Birdsall, 1998). Low taurine

levels are important in chemically sensitive individuals, particularly to chemicals such as

chlorine, chlorite (bleach), aldehydes, alcohols, petroleum solvents and ammonia. It has

also been found that reactive unstable aldehyde compounds are formed in states of taurine

deficiency (Kozumbo et al., 1992). Reports by Timbrell er al. (1995) indicate that taurine

deficient individuals are more prone to xenobiotics-induced tissue damage. In the liver,

taurine administration has been reported to inhibit the toxic effects of high fructose

feeding, alcohol, acetaminophen, and thioacetamide in rats (Dogru er al., 2001). In
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kidneys, taurine has been proved to protect against cisplatin toxicity and to prevent salt

feeding induced renal damage in salt-sensitive rats (Saad et al., 2002). Taurine also

protected against ulcers caused by monochloramine, a toxin associated with Helicobacter

pylori infection (Kodama er al., 2000). Supplementation of taurine has been found to

inhibit intestinal endotoxin translocation and subsequent hepatic injury (Roth at al., 1997;

Wang. 1995). Accumulation of heavy metals exhibits a variety of toxic effects, and taurine

reduces the damage caused by excess levels of cadmium, copper, and lead in rats (Hwang

et al., 1998; Hwang er al., 2001; Gurer er al., 2001). Taurine also reduced the toxic effect

of oxidized fish oil in rats (Hwang er al., 2000).

(v) Antioxidant effect of taurine

Free radicals are particularly detrimental to tissues which contain high concentration

of lipids (fat molecules) like LDL, which free radical atoms readily attack. Physicians

now regularly recommend the use of antioxidant vitamins (A, beta-carotene, C and E) and

the mineral selenium as counter-measures to free radicals. Recently, the value of taurine

as a potent antioxidant has been discovered. If present in sufficient concentration, taurine

protect against oxidative cellular damage (Aruoma er al., 1988). Reports indicate that

taurine administration effectively counter the stimulation induced by excitatory agents in

cerebella neurons. Taurine modulates cell viability, which is an important alternate

protective mechanism to offer protection against free radical damage. The antioxidant

properties of taurine are also seen in its ability to inhibit neutrophil burst and subsequent

oxidative stress, which results in reperfusion injury to heart tissue (Raschke er al., 1995).

Taurine prevents the inactivation of superoxide dismutase by H202 (Pecci er al., 2000). It

also acts as an antioxidant by preventing changes in the levels of non-enzymatic free

radical scavengers (Tadros er al., 2005).
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(vi) Role of taurine on cellular tonicity

Tonicity (synonymous with osmolarity) is a term that describes the status of cell fluid

volume in relation to its external medium. Taurine plays an important role in maintaining

the delicate balance of tonicity in animal cells (Pasantes-Morales er al., 1998). Cells

demonstrate an ability to change their concentration of taurine, in response to how

plumped or shrunken in volume they become. Taurine, as an important amino acid

osmolyte, helps to regulate osmolarity without causing additional perturbations of cellular

tonicity. When cells are hypo-osmotic during hyponatremia, they would normally swell

and could lyse if the hyponatremic state continued. Taurine is thus extruded to help

prevent such severe osmolar changes. In hypernatremia, cells are usually shrunken or

"cremated" and have a reduced fluid volume, taurine uptake is thus increased to help

regulate osmolarity and avert severe osmolar changes associated with possible cell death

(Trachtman er al., I990). Under hyper osmolar conditions, net taurine production

increases in cells so that they may maintain high intracellular levels. The pathway for

taurine efflux also serves to conduct ions (potassium and chloride) from the cells as well.

When researchers cultured astrocyte cells under hypo-osmolar conditions, the cells lost

88% of their taurine contents (in addition the amino acids alanine and aspartate) while

restoring their normal volume (Olson, 1999). This study suggests that loss of taurine is a

major factor in the process of volume regulation.

(vii) Cytoprotective effect of taurine

Taurine is able to resist the action of free radical damage that would otherwise be

caused by radioactive substances (Song er al., 1998“). its suppression of transcription

counters the production of collagen and elevations of hydroxyproline in pulmonary tissue,

serving to protect against radiation-related pulmonary injury. Taurine has been found to
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attenuate apoptosis due to oxidative stress and endothelial cell necrosis is halted with

similar efficacy (Wang er al., 1996). It is also found that taurine is effective in inhibiting

liver fibrosis in experimental model (Refik Mas er al., 2004). Reports by Hilgier er al.

(I999) indicated that taurine‘s role in cell volume regulation and neuro-protection may be

particularly valuable in those suffering from hepatic encephalopathy. Supplementation of

taurine ameliorates ischemic damage of the liver by increasing its biliary, serum and liver

calcium concentrations (Ono er al., 1998). Taurine supplementation has benefit as an

adjunct therapy in fatty liver associated with simple obesity (Obinata et a1., 1996). The

protective action of taurine against cyclosp0rineA-induced hepatotoxicity suggested that

taurine may find clinical application against a variety of toxins during occurrence of

cellular damage as a consequence of reactive oxygen species (Hagar er al., 2004). These

functions are due, in large part, to its antioxidant activity and regulation of intracellular

calcium flux, which has great implications for the therapeutic value of taurine

(Wang er al., 1996).

(viii) Anti-inflammatory effect of taurine

In inflammatory disease, plasma taurine becomes depleted, signifying a greater

demand by the body in this state. Taurine prevents the tissue damage resulting from

inflammation. The mechanism involves taurine monochloramine, a product formed

through a series of reactions based in the leukocytes (white blood cells)

(Nag! er aZ., 1998). In a dose-dependent manner, taurine monochloramine inhibits the

production of substances that promote inflammation, such as nitric oxide, prostaglandin

PGE2, and tumor necrosis factor. Thus, taurine itself counters the inflammatory response

by reducing the expression of nitric oxide synthase and cyclooxygenase-2 (COX-2), not

unlike the role of the new COX-2 specific inhibitor drugs celecoxib and rofecoxib (Barua
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(Colombo er al., 1996). Both taurine and niacin are reported to down-regulate genetic

actions that express lung fibrosis (Giri er 01., 1994). Taurine and niacin completely or

partially, ameliorated pulmonary fibrosis of a chemical origin (Gurujeyalakshmi er al.,

1998; Wang er al., 1992). Taurine exerted a protective antioxidant effect in the prevention

of damage from acute ozone exposure, especially in the bronchioles (Gordon er al.,

I998)

(x) Taurine in kidney function

Taurine is necessary for the proper functioning of the kidney as an organic osmolyte.

Absence of taurine resulted in diminished renal function such that the process of

excretion of unwanted substances from the blood is grossly impaired. Depending on the

concentration of the final urine emerging from the kidney, the medulla area will

deliberately modify its own tonicity. When the fluid in medulla is hypertonic, its cells

accumulate taurine and similar osmolytes, thus exerting a conservatory effect (Trachtman

ct al., 1992). Thus, the kidney exercises self-preservation by modulating the volume of its

cells to promote its functions. This osmotic response results from an increased activity of

specific sodium-coupled transporters. Supplementation of taurine prevented glomerular

hypertrophy, diminished glomerulosclerosis, tubulointerstitial fibrosis and diabetic

nephropathy by reducing renal oxidant injury possibly through its antioxidant effects

(Chiba er al., 2002; Sener er al., 2005).

(xi) Taurine and membrane stabilization

Taurine's ability to stabilize cell membranes may be attributed to several events.

Taurine has been shown to regulate osmotic pressure in the cell, maintain homeostasis of

intracellular ions, inhibit phosphorylation of membrane proteins, and prevent lipid

peroxidation. As an osmotic regulator, it has been suggested that taurine, along with
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glutamic acid, is instrumental in the transport of metabolically-generated water from the

brain (Van Gelder, 1990). Taurine acts as an antioxidizing agent and a membrane

stabilizer to maintain the functions of membrane-bound protein enzymes. It is of

particular value to the preservation of erythrocytes. Nandhini & Anuradha, (2003) have

reported that taurine lowers glucose-induced lipid peroxidation, protein glycosylation and

Na+/Kl and Ca2+ -ATPase activities in red blood cells. It is suggested that the effect of

taurine on lipid peroxidation could be due to its antiacidotic action as well as to its

membrane stabilizing activity.

(xii) Taurine in fetal development

Taurine is critical during fetal development to produce normal fetal B-cell function

(Cherif er al., 1998). According to Dhillon er al. (1998), the decrease in taurine levels in

whole blood is speculated to assist with the maturation and efficiency of auditory

synapses in full-term infants (Tyson er al., 1989). Reduction in the activity of placental

taurine transporters resulted in low plasma taurine concentrations, with subsequently

compromised availability of the amino acid for cellular processes (Norbreg er al., 1998).

Taurine is now added to many infant formulas to provide improved nourishment because

of its ability to improve fat absorption in pre-term infants and in children with cystic

fibrosis and its beneficial effects on auditory response development (Gaull, 1989).

(xiii) Effect of taurine on alcoholism

Some of the most novel applications for taurine result from studies of its role in

alcoholism. Taurine can either promote or repress the reward effects associated with

alcohol consumption, the delineating factor being the amount of alcohol consumed. In a

study designed to assess the preference of rats to alcohol coupled with an odor stimulus,

the group that did not receive supplemental taurine became conditioned for either a
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iignificant aversion for the stimulus (prompted by high doses of alcohol) or no reaction

{prompted by lower doses). When ethanol in a 2.0 g/kg dose was given to rats pretreated

with oral taurine, they responded with a reduced aversion for a particular odor stimulus

when paired with alcohol consumption. This may provide important insight into the

modulation of the reward effect of alcohol (Quertemont er al., 1998). Previous studies had

found that while taurine does not interact with alcohol to produce an effect on alcohol

consumption, its major metabolite taurocholic acid is responsible for the metabolic

conversion of alcohol (Spanagel & Zieglgansbereger, 1997). Alcohol-induced fatty liver

was prevented in animals receiving taurine supplementation. The protective effect of

taurine is attributed to the potential of taurine conjugated bile acids (particularly

taurocholic acid) to inhibit adverse enzymatic functions associated with alcohol

consumption (Kerai er al., 1998).

(xiv) Taurine in vision

In the healthy eye, taurine is found in very high concentration. Nutritional factors

including taurine are now recognized as important factors in the reversal of retinitis

pigmentosa (Allen & Lowry, 1998). Fletcher & Kalloniatis (1997) suggest that amino

acid neurochemistry may have an underlying metabolic role in the onset and progress of

retinitis pigmentosa. A combination of taurine with vitamin E, vitamin C, and alpha lipoic

acid has been shown to protect against radiation-associated protein leakage and may

become important for the prevention of damage to the vision of people involved in

radiation associated occupations (Bantseev er al., 1997). Taurine is important for the

regeneration of damaged cells in the retina. Taurine activity implies a critical and

changing role in the development of vision (Nag er a!., 1998).
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(xv) Anti-aging properties of taurine

Dawson er al. (1999) reported that the impairment in spatial learning ability of older

rats was correlated to the reduction in taurine in the striatum of the brain and decline in

taurine levels of the spleen, kidney, eye, cerebellum, and serum are associated with age in

rats. Taurine administrated to experimental animals has been able to increase the level of

acetylcholine in the brain, which is abnormally low in Alzheimers disease (Tomaszewski

ct al., 1982; Csernansky et al., 1996). Taurine, along with magnesium, may target the

channels of energy metabolism to reduce the risk of Alzheimer's (McCarty el al., 1998).

Taurine also improved the mechanical threshold for contraction, shifting it toward the

nonnal value (Pierno er al., 1998). The observed age related decline in taurine in L

cysteinesulfinic acid decarboxylase and cysteine dioxygenase activities in F344 rat

hepatic tissue suggests that the observed decrease in tissue taurine levels might be

associated with a reduction in taurine biosynthesis (Eppler & Dawson, 1999).

(xvi) Taurine and dermatological disorders

Psoriasis of a chronic, plaque-type nature has been correlated to marked depression of

neutrophil taurine levels. Stapleton er al. (1996) and Yamaguchi er al. (1998) have

demonstrated that the taurine conjugated bile acid taurine ursodeoxycholic acid exerted a

growth suppressive effect on keratinocytes, and thus its presence may be of importance in

skin conditions. Previous reports (Degim et al., 2002; Farriol et al., 2002) indicate that

administration of taurine improves recovery from burn-injured skin and a topical taurine

gel accelerates wound healing in mice. As an osmolyte, taurine helps maintain hydration

inthe epidermis when it is exposed to a dry environment (J aneke et al., 2003).
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(xvii) Antimicrobial effect of taurine

The taurine derivative N-chlorotaurine is a weak oxidant produced by leukocytes in

response to bacterial and fungal exposures and it destroys pathogens incurred as a result

of inflammatory reactions (Nagl et al., 1998). This may become an important addition to

the list of substances that are useful as antiviral agents. By virtue of its detergent activity,

taurolithocholic acid 3-sulfate demonstrates excellent anti-pathogen activity against

chlamydia, herpes simplex (types 1 and 2), gonorrhea, and human immunodeficiency

virus. lt is also less cytotoxic than other agents used. Taurolithocholic acid 3-sulfate may

be a valuable topical microbiocidal agent against sexually transmitted diseases (Herold er

al., l999).The amino acid taurine, down regulates polymorphonuclear neutrophil cell

death and preserves function in the urine, suggesting taurine as a therapuetic option for

urinary tract infection (Condron er al., 2004). Taurolin, a derivative of taurine is a potent

chemotherapeutic agent that mobilizes anti-microbial activity against bacteria, yeast, and

mycetes (fungi). J urewitsch et al. (1998) reported that low daily doses of taurine instilled

in conjunction with the parenteral infusion has been shown to successfully reduce

catheter-related bloodstream infections.

(xviii) Other properties

Nitric oxide and nitric oxide generating compounds (L-arginine, potassium, anti

oxidants and fish oil) promote N—methyl-D-aspartate activity and releases taurine

(Albrecht, 1998). Taurine modification of the polyurethane heart valves, improves their

durability by promoting and prolonging the flexing capacity over long-term usage

(Bemacca er al., 1998). The taurine-conjugated bile salt taurochlorate, exerting a

detergent-like activity, markedly inhibits occlusive action encountered in enteral feeding

(Yeoh et al., 1996). A hormone called glutataurine was discovered in the parathyroid
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gland of rats. Feuer et al. (1983) found that this peptide had highly selective action on

adrenal hormones. which are involved in the body’s response to stress. Glutataurine has

vitamin A-like effects and it antagonizes cortisone and thyroxine and increases the

development of the thymus. Lampson er al. (1983) have found that taurine increases some

of the effects of insulin.

2.3 Isoproterenol

2.3.1 Chemistry

Chemically, isoproterenol is an L-B-(3,4-dihydroxyphenyl)-or-isopropyl amino

ethanol hydrochloride with a molecular formula of C|1H17NO3.HCl. Its molecular weight

is 247.7. The hydrochloride salt of isoproterenol is a white to off-white crystalline powder

ofmelting point 170-171 °C. It is soluble in water and ethanol (Fig: 2.3.1).

2.3.2 Mechanism of action and biological effects of isoproterenol

Isoproterenol is a synthetic B-adrenergic agonist and have been used for the induction

of myocardial infarction. The pathophysiological changes associated with myocardial

infarction induced by isoproterenol mimics to a greater extent with those occurring in

humans (Ravichandran er al., 1990). Isoproterenol is a B- adrenergic receptor agonist that

increases cytosolic cAMP. In the case of B-adrenergic agonist action, the circulating

hormones or drug is the first “messenger”, interacting with [5-adrenergic receptor on the

extemal surface of the target cells (Rendon & Lopez, 2001). The drug hormone receptor

complex activates the enzyme adenyl cyclase on the internal surface of the plasma

membrane of the target cells. This accelerates the intracellular formation of cyclic

adenosine monophosphate (cyclic AMP), the second “messenger” which then stimulates
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or inhibits various metabolic or physiological processes (Robison er al., 1968; Motulsky

&lnsel, 1982).

Isoproterenol induces MAP (mitogen activated protein) kinase activation and

cardiomyocyte hypertrophy through two different G proteins, Gs and Gi. cAMP

dependent protein kinase A (PKA) activation through Gs phosphorylates B-AR, leading to

the coupling of the receptor from Gs to Gi. The activation of MAP kinase through GBr,

Sre family tyrosine kinase leads to the formation of She-Grb2-Sos complex, Ras and Raf

Ikinase (Yamazaki & Yazaki, 2000). Thus isoproterenol increase the activities of Raf-I

kinase and MAP kinase, which accelerate phenylalanine incorporation into proteins

(Yamazaki er al., 1997), leading to cardiomyocyte hypertrophy (Zou er al., 1999).

It has been shown that isoproterenol induces myocardial cell injury similar to that

reported for myocardial infarction, myocardial ischemia, cardiac stress and Chagasic

cardiacmyopathy (Rona er al., 1983; Cebelin & Hirsch, 1980). Several studies have

investigated the molecular and cellular mechanism of isoproterenol-induced cell injury of

the myocardium (Chagoya De Sanchez er al., 1997; Curti er al., 1990; Capozza er al.,

1992; Rendon & Lopez, 2000; Kondo er al., 1987). Among these, the investigation by

Chagoya De Sanchez er al. (1997) establishes a long-term, integrated model of

isoproterenol-induced myocardial cell damage encompassing structural, biochemical and

physiological aspects.

The enhanced adenylate cyclase activity as result of isoproterenol induction increases

cAMP formation, which in turn would have lead to the higher lipid accumulation in the

myocardium (Subhash er al., 1978). Isoproterenol is reported to increase lipolysis (Mohan

& Bloom, 1999) and this may play a role in isoproterenol-induced myocardial necrosis.

Hypertriglyceridemia and high levels of ester cholesterol in serum and heart tissue are the
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major factors responsible for the altered cardiovascular functions during isoproterenol

induced myocardial infarction (Freedmann er al., 1988). Accelerated degradation of

membrane phospholipids by phospholipase and lysophospholipase has also been

proposed to be related to membrane dysfunction and irreversible ischemic injury

(Farber & Young, 1981). The administration of isoproterenol increases the activities of

myocardial cholesterol ester synthetase and triglyceride lipase with simultaneous decline

in the activities of cholesterol ester hydrolase and lipoprotein lipase.

Accumulation of ester cholesterol occurs when the rate of esterification by cholesterol

ester synthetase exceeds the rate of hydrolysis, which in turn results in myocardial

membrane damage. Peroxidation of endogenous lipid is a major factor in the cytotoxic

action of isoproterenol (Namikawa er al., 1992). A growing body of evidence is emerging

which suggests that reactive oxygen-derived free radicals play a crucial role in the

pathogenesis of isoproterenol-induced myocardial infarction (N irmala & Puvanakrishnan,

1994).

2.3.3 Ultrastructural features in isoproterenol-induced myocardial infarction

Histopathological studies of the heart show that, isoproterenol results in extensive

‘necrosis extending from the apex to the left ventricle and into the portion of right

‘ventricle and the severity is proportional to its dosage. Myocardial infarction induced by

isoproterenol results in the loss of normal convergence of the cardiac cell plates to the

ventral veins. Neighboring myocytes shows nuclear and cytoplasmic variations in size

lnd shape. Cells with swollen or even “ballooned “cytoplasms are frequent. Various sizes

lfnecrotic foci of cardiac cells appear, and infiltration of mesenchymal cells to these

leas is seen (Fukuda, 2002). Most of the myocytes are eosinophilic in their cytoplasm

pthe nuclear chromatins appear to be irregularly arranged and endoplasmic reticulum
3
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Z
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particularly clumped (Meyer er al., 2001). Periportal fields show enlargement and show

inflammatory infiltration (Cortinovis et al., 1993). The rough surfaced endoplasmic

reticulum is dilated and detached ribosomes are seen (Takahama & Barka, 1967). The

nucleolus appears to be fragmented and dispersed (Alliende & Esponda, 1988). Ballooned

cardiac cells and free acidophilic bodies resembling “multivesicular bodies” frequently

appear. Moreover, in a few cells, concentric whorls of endoplasmic reticulum appear and

numerous vesicles of smooth-surfaced endoplasmic reticulum containing small lipid

droplets within their cistemae and U—shaped forms of mitochondria are frequently seen

(Lewczuk & Przybylska-Gornowicz, 1997).

2.3.4 Structural and functional changes induced by isoproterenol in heart

Myocardial infarction induced by isoproterenol has been reported to show many

metabolic and morphologic aberrations in the heart of experimental animals. It induces

myocardial necrosis by a multiple step mechanism (Wexler, 1973; Ravichandran er al.,

1991). isoproterenol has been reported to cause oxidative stress in the myocardium,

which results in infarct like necrosis of heart muscle (N irmala & Puvanakrishanan, 1994).

Administration of isoproterenol induces a significant elevation of the ST-segment

elevation with an enhancement in ventricular wall motion (Yamamoto & Katori, 1995). It

also elevates mean heart rate with an imbalance in autonomic regulation of cardiac

automaticity, which accounts for the 27% incidence of arrhythmias in rats (Rote &

Connor, 1992). A progressive enlargement of the LV cavity that is out of proportion to

mass, similar to that observed in discrete myocardial infarction also commonly occurs in

isoproterenol-induced myocardial necrosis (Teerlink er al., 1994). A drastic decrease in

left ventricular pressure and shortening of the aiterio-ventricular interval also occur

(Chagoya De Sanchez er aZ., 1997).
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lnjection of isoproterenol stimulates the development of left ventricular hypertrophy

(LVH) with an increase in relative left ventricle weight, LV protein content and LV beta

myosin heavy chain levels. The severity of isoproterenol-induced myocardial fibrosis is in

correlation with a high LV ACE activity and ACE mRNA levels, which in tum lead to the

parallel development of LVH (Ocaranza er al., 2002). It also increases heart rate by 60%

and lowers the blood pressure, resulting possibly in a functional ischemia (Chagoya de

Sanchez er al., 1997). The enhancement in heart rate is achieved by shortening the action

potential duration (Dorian et al., 2002). There is some functional alterations also induced

in the isolated mitochondria such as decrease in oxygen consumption, respiratory

quotient, ATP synthesis, protein synthesis and, membrane potential. In isoproterenol

induced myocardial infarction, the energy imbalance is reflected by a decrease in energy

charge and in the creatine phosphate/creatine ratio.

2.3.5 Metabolic changes during isoproterenol-induced myocardial infarction

The isoproterenol-induced alterations in experimental animals includes increase in

heart weight, marked electrocardiographic changes, increase in the level of serum marker

enzymes and lipid peroxides and decrease in the levels of antioxidants (Manikandan

er al., 2002). lsoproterenol administration produces a marked increase in CPK, LDH,

phospholipase and significant decrease in cardiac glycogen, ATP, creatine phosphate and

phospholipid level (Kaul & Kapoor, 1989).

Injection of isoproterenol administration causes a dose dependant increase of

lysosomal enzyme activity in vitro and in vivo (Macickova er aZ., 1999). The increase in

the serum lysosomal hydrolase activities in isoproterenol treated rats is mainly due to the

decreased stability of the membranes, which is usually reflected by the lowered activity of

cathepsins D in mitochondrial and microsomal fractions (Nirmala & Puvanakrinan,
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1996a). During isoproterenol-induced myocardial infarction the cytoplasm of cardiac

myocytes becomes more acidic due to lactate accumulation. The infiltration of

inflammatory cells at the infarct regions and altered lysosomal fragility are responsible

for the increased activity of these enzymes (Ravichandran er al., 1991).

A considerable body of clinical and experimental evidence now exists suggesting the

involvement of free radical mediated oxidative process in the pathogenesis of

isoproterenol-induced myocardial infarction (Nirmala & Puvanakrishnan, 1996b).

Alterations in tissue defense systems including chemical scavengers or antioxidant

molecules and the enzymes catalase, superoxide dismutase, and glutathione peroxidase

have been reported in isoproterenol-induced myocardial infarction (Sathish er a1., 2003”;

Sasikumar & Devi, 2000). The administration of isoproterenol produces necrotic lesions

in the myocardium and increases lipid peroxidation in the cardiac tissue, which plays a

significant part in the pathogenesis of myocardial infarction (Noronha-Dutra er al., 1985;

Singal er 01.. 1982 &l983). A significant depletion of cardiac glutathione (GSH) has been

reported in isoproterenol-induced myocardial infarction in rats (Nirmala &

Puvanakrishnan, 1996“; Hagar, 2002). Depletion of GSH is known to result in enhanced

lipid peroxidation and excessive lipid peroxidation can cause increased GSH consumption

and increase the susceptibility of the myocardial cells to reactive oxygen metabolites

(Meister, 1988). GSH and GSH-dependent antioxidant enzyme systems are directly

related to the pathogenic mechanism of isoproterenol-induced myocardial infarction

(Remiao er al., 2000).

There is an early degradation of collagen immediately occurring after isoproterenol

induced myocardial infarction (Ravichandran & Puvanakrishnan, I993). Ornithine

decarboxylase (ODC) is an initial rate-limiting enzyme in the synthesis polyamines
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(putrescine, spermidine and spermine). They play a role in cell growth and differentiation.

Isoproterenol induces an increase in ODC activity and putrescine and spermidine level in

the heart. These polyamines are one of the intracellular factors that contribute to cardiac

injury (Tipnis et al., 2000). Elevation in the level of metallothionein production is

induced in heart cells during experimentally induced myocardial condition for the

protection of myocardial cells from injury (Namikawa er al., 1993). The cardiotoxic

effect of isoproterenol is associated with calcium overload. Injection of isoproterenol

leads to an increase in Ca and water content and to a reduction in the levels of Zn, Cu and

Mg in heart cells (Namikawa er al., 1991 & 1993; Brembilla er al., 1993).

2.3.6 Cardioprotective agents and isoproterenol-induced myocardial infarction

Studies of Remla er a1. (1991) on the effect of coconut oil and safflower oil on lipids

in isoproterenol-induced myocardial infarction indicates that safflower oil exerts better

protection than coconut oil by reducing the levels of cholesterol and triglycerides in heart

and aorta. AO-8, a poly herbal formulation has been reported to prevent isoproterenol

induced myocardial infarction in experimental animals by counteracting the

isoproterenol-induced free radical formation by its antioxidant property and membrane

stabilizing action (Mitra er al., 1999). on-Tocopherol intake has been reported to be

cardioprotective against experimentally induced myocardial infarction by inhibiting lipid

peroxidation and by maintaining the tissue antioxidant status normal levels (lthayarasi er

01., 1996).

Reports by Manjula er al. (1992) have shown that, aspirin treatment counteracts the

effects of isoproterenol on lipid peroxide formation and associated enzymes changes in

serum and heart. Earlier the administration of potassium channel opener cromakalim has

been reported to have less myocardial degenerative changes on histopathological
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examinations when compared with those treated with isoproterenol alone (Aghi et al.,

1992). Nirmala & Puvanakrishnan (1 996") have studied the protective effect of curcumin

against isoproterenol-induced myocardial infarction. The curcumin administration

reduces the myocardial damage caused by isoproterenol by maintaining the levels of

lysosomal enzymes at near normal. Hashimoto & Ogawa (1981) have stated that

premeditation of sulfmpyrazone and propranolol reduce cardiac necrosis and hypertrophy

induced by isoproterenol, but aspirin did not have such cardioprotective effects.

Studies by Djandjighian er al. (2000) on the hemodynamic and anti adrenergic effects

of dronedarone and amiodarone in animals with a healed myocardial infarction indicate

that both dronedarone and amiodarone significantly reduces the exercise-induced

tachycardia and at the highest dose, decreases the isoproterenol-induced tachycardia. The

administration of Ca2+ sensitizer levosimendan has been reported to exert dose- and time

dependent positive inotropic and lusitropic effects on the post-ischemic myocardium,

lending support to the hypothesis that Ca2+ desensitization of myofibrils is involved in

myocardial stunning (Kristof er al., 1999).

Karthekeyan er al. (2003) have shown that, chronic administration of alcoholic extract

of Terminalia arjuna prevents the isoproterenol-induced myocardial ischemic reperfusion

injury by a dose dependent modulating effect on the antioxidant milieu of the heart. It is

reported to enhance myocardial endogenous antioxidants without producing any cytotoxic

effects. Dantrolene, a blocker of sarcoplasmic reticulum Ca2+release channel has a

significant effect in the protection of heart against myocardial infarction induced by

isoproterenol on the rat myocardium (Acikel er aZ., 2005). Vimal & Devaki (2004) have

reported that oral treatment of marmesinin exerts protective action against isoproterenol

induced myocardial injury. It inhibits the release of enzymes from nuclear, mitochondrial,
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lysosomal and microsomal fractions which could be due to the stabilizing effect of

marmisinin on the membrane.

Pretreatment with an ethanolic extract of calotropis procera significantly reduced the

elevated marker enzyme levels in serum and heart homogenate in isoproterenol-induced

myocardial infarction (Ahmed er al., 2004). Garlic oil is reported to produce a marked

reversal of the metabolic changes related to myocardial infarction induced by

isoproterenol, by modulating the lipid peroxidation and enhancing antioxidant and

detoxifying enzyme systems (Saravanan & Prakash, 2004). Reports by Sathish et al.

(20033 & 2003°) have shown that the pretreatment with nicorandil and amlodipine could

preserve lysosomal integrity and hence established the cardioprotective effect of the

combination against isoproterenol-induced myocardial infarction. Yogeetha er al. (2006)

have reported the protective effect of ferulic acid and ascorbic acid on lysosomal

hydrolases and membrane-bound phosphatases during isoproterenol-induced myocardial

necrosis in rats. Farvin er al. (2006) have shown that cardioprotective effect of squalene is

probably related to an inhibition of lipid accumulation by its hypolipidemic properties

and/or its antioxidant properties. Kumar & Anandan (2007) have reported that treatment

with glutamine exerted protective action against isoproterenol-induced myocardial injury

by decreasing lipid peroxidation and enhancing antioxidant status.

46



gaaaaaaaaaaaaaaaaaaaaaaaaaaawaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaag

&&fi%&&%&&%fifi%&%&fi%&&fi&fi%fifi&fi&&&fifififi&&fi&&fifi&%fi&%fi?6
%
&
%
%
%
fi
fi
&

$$$$$$$$$$$$$$$$$$$$$fififififififlfififififififi$$$$%$$$$$$$$$$$$$$$$$

‘ ...  _;  ,-,---4-,_ \ , -1. -< -..,. . , .-,. >. ->\>- - ;- < - ~.> \ __ . .. 1> 1 . . >- A- - .- - . . ., \ >: '~_ .. .< , _, -; . ; \ \. \ ,._ . , ~ .,..~. . . ,.- . .- . .~, - < 1-. - . . .. , , .,., , -< -, \.  ., . ., ~ -.. . .1 _< .. ;. .,. .,, .\ .. <- ~ -< ,- :1. . . .. . ~o, ».- ,> -. , >. -> < ~;-- ,. - - < .-»~ ~ ~- ~ _ -. >, .> 11.: -- 0 < \: .11 .> .0 ~ 1- - - s -1 ~,-‘ .; I: . .- .. . . . .. >,, ., .‘ VI ,. , ,. . .> . . -.., >. .. ..» ..< < ‘>1 ,¢- >- <~ 1- ° <~-; ;_~'..__-,:' 1- '  T" . " ." 1." ”' .>"'  .~'.’° .»"  .,-' >.L'~ ~i$‘ -<~-' -->1-‘ 1»?. 1§' .  1 : .vT .1’ . . \ 4. .. ,. . \ - > » >. . . ,3 .,‘ ‘ . J . -< »><- 4 1- : 1- 1 -- I_ \ ..,. I 2? .2. L.5 .‘ , I\\I -. > .- - <' _ _.‘ ." .f _: .;.’ .. \_  ; _ __ . _\;: _:_: ..: .: ..:," .. ..,' ..:,

fififififi&fifi&fififi&%&fi&fifififififi&%fi%%fi&fifi%fi%&fififi%%fi%&&&&&g



3. MATERIALS AND METHODS

3.1 Chemicals

Taurine, epinephrine, tetraethoxypropane, amino acid standards and isoproterenol

were obtained from M/s. Sigma Chemical Company, St. Louis. MO, USA. All the other

chemicals used were of analytical grade.

3.2 Animals

Wistar strain male albino rats, weighing 100-120 g were used. They were housed

individually in polypropylene cages under standard environmental conditions and allowed

free access to food and water. The experiment was carried out according to the guidelines

of Committee for the Purpose of Control and Supervision of Experiments on Animals

(CPCSEA), New Delhi, India, and approved by the Institutional Animal Ethics

Committee.

3.3 Induction of myocardial infarction

The myocardial infarction was induced in experimental rats by injecting isoproterenol

(llmg/100g body weight/day), i.p. for 2 days (Anandan el al., 2003).

3.4 Experimental protocol

Seven days after acclimatization, the rats were divided into four groups of 6 rats each

and housed individually in polypropylene cages. Group l rats served as the control and

were intraperitoneally injected with physiological saline for 15 days. Group ll animals

were intraperitoneally (i.p.) injected with taurine (l00mg kg" body wt day", dissolved in

physiological saline) for 15 days. Group Ill rats injected with physiological saline for 15

days and administrated isoproterenol [llmg (dissolved in physiological saline) l00g'l
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body wt day” , i.p.] for 2 days for the induction of myocardial infarction. Group IV

animals were injected with taurine at the above dosage for 15 days and then injected with

isoproterenol [1 lmg l00g'l body wt day'1 , i. p] for 2 days.

At the end of the experimental period, i.e., 24 h after last injection of isoproterenol,

the experimental animals were sacrificed, and blood was collected with and without

anticoagulant for the separation of plasma and serum respectively. The heart tissue was

excised immediately and washed with chilled isotonic saline. One portion of tissue was

fixed in 10% buffered formalin for histopathological observations. Some amount of tissue

was used for amino acid and fatty acid compositional analysis. Accurately weighed heart

tissue was homogenized in ice-cold 0.1 M Tris-HCl buffer, pH 7.2 and centrifuged.

The plasma, serum and tissue homogenate were used for various biochemical analyses.

3.5 Histopathological studies

The slices of the heart were fixed in 10% neutral buffered formaldehyde. Fixing

prevent autolysis and putrification of tissues. Then they were dipped in different

concentration of alcohol in ascending order and finally in absolute alcohol (10 min each)

for removing water. They were then kept in methyl benzoate until it sank and dipped in

benzene for removing alcohol. The tissues were then infiltered with molten paraffin

(60-70 °C) for 1 h and 15 min. A boat was made filled with molten paraffin and the

tissues were placed in it. The paraffin was then cooled until it hardened, enclosing the

tissue.

Using a rotary microtome, section of 4 to 5 u paraffin infiltered tissues were made.

The tissues were de-paraffinised with xylene and treated with 100%, 90% and 70%

alcohol (10 min each) for removing undesirable pigment and other materials. The sections

were then stained with haematoxylin and counter stained with eosin and dehydrated with
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70%, 90% and 100% alcohol for 10 min each. The sections were mounted using

dibutylpthalate in xylene and examined under microscope.

3.6 Diagnostic markers

3.6.1 Assay of alanine aminotransferase (EC 2.6.1.2)

The activity of alanine aminotransferase (ALT) was determined by the method of

Mohur & Cook (1957).

Reagents

l. Substrate: (0.1 M phosphate buffer, pH 7.4, 0.2 M DL-alanine, 2.0 mM

2-oxoglutarate): 1.5 g dipotassium hydrogen phosphate, 0.2 g potassium dihydrogen

phosphate, 30 mg 2-oxoglutaric acid and 1.78 g DL-alanine were dissolved in distilled

water. The pH was adjusted to 7.4 with 1 N NaOH and made up to 100 ml.

2. 2, 4-dinitro phenyl hydrazine (DNPH) reagent: Dissolved 200 mg of DNPH in 85 ml

of concentrated hydrochloric acid and made up to a liter with distilled water.

3. Sodium hydroxide: 0.4 N

4. Standard pyruvic acid: 11.01 mg of sodium pyruvate was dissolved in 100 ml of

distilled water and this was prepared freshly for the calibration curve.

Procedure

To 1.0 ml of the buffered substrate, 0.1 ml sample was added and incubated at 37 °C

for 30 min. The reaction was arrested by adding 1.0 ml of DNPH and left aside for 20 min

at room temperature. Color developed by the addition of 10 ml of 0.4 N NaOH was read

at 540nm in a Shimadzu UV-1601 spectrophotometer against the reagent blank.

The enzyme activity was expressed as it mol pyruvate liberated /h/l (plasma).
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3.6.2 Assay of aspartate aminotransferase (EC 2.6.1.1)

The activity of aspartate aminotransferase (AST) was assayed by the method of

Mohur & Cook (1957).

Reagents

l. Phosphate buffer: 0.15 M, pH 7.5.

2. Substrate: 300 mg of L-aspartic acid and 50 mg of on-ketoglutaric acid were dissolved

in 20-30 ml of the phosphate buffer and added 10% sodium hydroxide to bring the pH

to 7.5 and was made up to 100 ml with phosphate buffer.

3. 2, 4-dinitro phenyl hydrazine (DNPH) reagent: Dissolved 200 mg of DNPH in 85 ml

of concentrated hydrochloric acid and made up to a liter with distilled water.

4. Sodium hydroxide: 0.4 N

5. Standard pyruvic acid: 11.01 mg of sodium pyruvate was dissolved in 100 ml of

distilled water and this was prepared freshly for the calibration curve.

Procedure

To 1.0 ml of the buffered substrate, 0.1 ml of the sample was added and incubated for

one hour at 37 °C. Then 1.0 ml of DNPH reagent was added and left for 20 min. At the

end of incubation, 10 ml of 0.4 N NaOH was added and the colour developed was read

at 540nm in a Shimadzu UV-1601 spectrophotometer after l0 min. The standards were

also treated similarly.

The enzyme activity was expressed as |.t mol pyruvate liberated /h/l (plasma).
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3.6.3 Assay of lactate dehydrogenase (EC 1.1.1.27)

The lactate dehydrogenase (LDH) activity was assayed according to the method of

King (1965) with slight modification. The amount of pyruvate formed in the forward

reaction was measured colorimetrically.

Reagents

1

2

3

4

5

6

Substrate : 2.76 g of lithium lactate was dissolved in

125 ml of glycine buffer containing 75 ml of 0.lN sodium hydroxide to adjust the

pH 10. This was prepared just prior to use.

0.1 MGlycine buffer : 7.5 g of glycine and 5.85 g of sodium

hydroxide were dissolved in one liter of distilled water.

Sodium hydroxide : 0.4N
NAD+ : 5.0 mg was dissolved in 1.0 ml of distilled

water. This was prepared just before use.

2, 4-dinitro phenyl hydrazine (DNPH) reagent: Dissolved 200 mg of DNPH in

85 ml of concentrated hydrochloric acid and made up to a liter with distilled

water.

Standard pyruvate solution 11.01 mg of sodium pyruvate was

dissolved in 100 ml of distilled water and this was prepared freshly for the

calibration curve.

Procedure

To 1.0 ml of the buffered substrate, 0.1 ml of the sample was added and the tubes

+
were incubated at 37 °C for 15 min. After adding 0.2 ml of NAD solution, the incubation

was continued for 30 min and then 1.0 ml of DNPH reagent was added. And the tubes
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were incubated at 37 “C for l5 min. Then 7.0 ml of 0.4 N NaOH was added and the

colour developed was read at 540 nm in a Shimadzu UV- 1601 spectrophotometer against

the reagent blank. Suitable aliquots of the standards were also treated in the same manner.

The enzyme activity was expressed as it mol pyruvate liberated /h/l (plasma).

3.6.4 Assay of creatine phosphokinase (EC 2.7.3.2)

The assay of creatine phosphokinase (CPK) was done by the method of Okinaka er al.

(1961) with slight modifications.

Reagents

1

2

3

4

5

6

7

8

9

Tris buffer : 100 mM, pH 7.4
Magnesium acetate solution : 25 mM

Creatine phosphate : 12 mM
Adenosine -5-diphosphate (ADP) : 4 mM

Cysteine : l50 mM
p- Chloromercuric benzoate (PCB) : 30 mM

Zinc sulphate solution : 50 g Zinc sulphate in l liter of distilled

water

Barium hydroxide 15OmM : l0 g Ba(OH); was boiled in 100 ml

distilled water for few min, cooled and filtered. Took 5.0 ml zinc sulphate solution

in a conical flask and added 20 ml distilled water and titrated with barium

hydroxide using phenolphthalein as indicator until a light rose colour end point.

Adjusted the volume of barium hydroxide to 5 ml.

Alkali solution 60 g NaOI-l and 128g anhydrous sodium

carbonate were dissolved in l liter of distilled water.

52



10. on-Naphthol solution : 160 mg of on-naphthol was dissolved in

10 ml of alkali solution. Freshly prepared before use. Filtered if not clear.

l1.Diacetyl stock solution : 1.0 ml of diacetyl first was dissolved in

small quantity of methanol and made the volume to 100 ml with distilled water.

Kept in a brown bottle at 4 "C

12. Working solution of diacetyl : Diluted the stock solution into 1 to 20 with

distilled water. Prepared freshly before use.

13. Standard creatine solution (6 mM) : 89.5 mg Creatine hydrate was dissolved in

100 ml distilled water. 1.0 ml of the solution was made up to 5.0 ml with distilled

water.

Procedure

0.2 ml of the sample was added to the test tubes containing 0.2 ml manganese

solution, 0.1ml cysteine, and 0.25 ml creatine phosphate, mixed and incubated at 37 °C

f0r5 min. Added 0.25 ml ADP and incubated 37 °C for 30 min. After incubation 0.5 ml

of PCB, 0.5 ml Ba(OH) 2 , 0.5 ml zinc sulphate solution were added and mixed well after

each addition, centrifuged at 4000 rpm for 5 min. 1.0 ml of the supernatant was taken and

added 2.5 ml of on-naphthol, 0.5 ml of diluted diacetyl solution and 6.0 ml of distilled

water. lncubated 37 OC for 1 hr, shaken intermittently in 15 min. Read the OD at 52011111

using a Shimadzu-UV-1601 spectrophotometer. Standard and blank were also treated in

the same way.

The enzyme activity was expressed as it mol creatine liberated /h/l (plasma).
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3.6.5 Assay of alkaline phosphatase (EC 3.1.3.1)

Alkaline phosphatase was assayed by the method of King (1965) using disodium

phenyl phosphate as the substrate.

Reagents

1. Carbonate- bicarbonate buffer : 0.1M pH 10.0

2. Substrate : 0.01 M disodium phenyl phosphate
solution.

3. Folin’s phenol reagent : This was diluted 1:2 with double distilled

water before use.

4. Sodium carbonate : 15%

5. Magnesium chloride : 0.1 M

6. Standard phenol solution : A solution of distilled crystalline phenol

in water, containing 50 ug/ ml was prepared.

Procedure

The incubation mixture contained the following components in a final volume of

3.0 ml - 1.5 ml of carbonate- bicarbonate buffer, 1.0 ml of substrate and 0.1 ml of

magnesium chloride and requisite amount of the enzyme source (0.2 ml serum). The

reaction mixture was incubated at 37 °C for 15 min. The reaction was terminated by the

addition of 1.0 ml of Folin’s phenol reagent. If turbidity appeared, the tubes were

centrifuged. Controls without enzyme sources were also incubated and the enzyme source

was added after the addition of Folin’s phenol reagent. The 1.0 ml of 15% sodium

carbonate solution was added and incubated for a further 10 min at 37 °C. The blue colour

developed was read at 640 nm using a Shimadzu-UV-1601 spectrophotometer against a

blank. The standards were also treated similarly.
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The activity of the enzyme is expressed as umol phenol Iiberated/ h/l (plasma); it mol

phenol liberated/ mg protein (tissue).

3.6.6 Assay of acid phosphatase (EC 3.1.3.2)

Acid phosphatase was assayed by the method of King (1965) using disodium phenyl

phosphate as the substrate.

Reagents

1. Citrate buffer 1 0.1 M pH 4.9
2. Substrate : 0.01 M Disodium phenyl phosphate

solution.

3. Folin’s phenol reagent : This was diluted 1:2 with double distilled

water before use.

4. Sodium carbonate : 15%

5. Standard phenol solution : A solution of distilled crystalline phenol in

water, containing 50ug /ml was prepared.

Procedure

The incubation mixture contained the following components in a final volume of 3.0

ml. 1.5 ml of citrate buffer, 1.0 ml of substrate, 0.3ml of distilled water and requisite

amount of the enzyme source (0.2 ml serum). The reaction mixture was incubated at 37

1°C for 15 min. The reaction was terminated by the addition of 1.0 ml of F olin’s phenol

reagent. If turbidity appeared, the tubes were centrifuged. Controls without enzyme

isources were also incubated and the enzyme source was added after the addition of
1

iF0lin’s phenol reagent. 1.0 ml of 15% sodium carbonate solution was added and

iincubated for a further 10 min at 37 °C. The blue colour developed was read at 640 nm
>

‘housing a Shimadzu-UV-1601 spectrophotometer against a blank. The standards were also

gtreated similarly.
s
1
t

.

i
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E1‘ The activity of the enzyme is expressed as umoles of phenol 1iberated/ h/l (plasma);
I

5 .

Fpmol phenol liberated/ mg protein (tissue).
l

F

F.

F.

13.6.7 Estimation of Troponin T

Troponin was estimated by Immunoassay. Electrochemiluminescence immunoassay

“ECLlA” on Roche Elecsys 1010/2010 and Modular Analytics E170 (Elecsys module)

immunoassay analyzers was used.

3.6.8 Estimation of Homocysteine

Homocysteine Microtiter Plate Assay package (Diazyme Laboratories) was used for

the analysis. Homocysteine Microtiter Plate Assay is an ElA- like assay for the

determination of tHcy in blood.

3.7 Protein, Amino acid and Glycoprotein Components.

3.7.1 Estimation of protein

The protein content in the sample was estimated by the method of Lowry er al. (1951)

Reagents

1. Alkaline copper reagent

i. Solution A: 2% sodium carbonate in 0.1 N sodium hydroxide solution.

ii. Solution B: 0.5% Copper sulfate in water.

iii. Solution C: 1% sodium potassium tartarate in water.

2. 50 ml of solution A was mixed with 0.5 ml of solution B and 1 ml of solution C

just before use.

3. F0lin’s phenol reagent: Diluted 1:2 with double distilled water before use.
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4. Standard bovine serum albumin (BSA): dissolved 100 mg of BSA in 100 ml of

distilled water in a standard flask.l0 ml of the stock was diluted to 100ml to get a

working standard of 100 ug/ml.

Procedure

Pipetted out 0.1ml of sample and standard BSA in the range of 20-100 pg into test

tubes and the total volume was made up to 1.0 ml with distilled water. The blank

contained 1.0 ml of distilled water. Exactly 4.5 ml of alkaline copper reagent was added

to all the tubes and left at room temperature for 10 min after which was added 0.5 ml of

Folin’s phenol reagent. The blue colour developed was read after 20 min at 640 mn

against the reagent blank, in a Shimadzu-UV-1601 spectrophotometer.

The protein values are expressed as mg/dl (plasma); mg / g (tissue).

3.7.2 Electrophoretic separation of plasma proteins

Plasma proteins were separated by SDS-PAGE technique as described by Laemmli

((1970).

It is based on the principle that, in the presence of 10% SDS and 2- mercaptoethanol,

proteins dissociate into their sub units and bind large quantities of the detergent which

mask the charge of the proteins and giving a constant charge to mass ratio. So that the

proteins move according to their molecular weight in an electric field. In this

discontinuous buffer system, the separating (resolving gels) and stacking gels are kept in

the Tris-glycine electrode buffer. During electrophoresis, the leading ion is chloride while

the trailing ion is glycine. In this experiment, 7.5% gel concentration is used for the

effective separation.
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Fvagents1 Tris-HCI

Tris HCI

3 SDS

Ammonium per sulphate (APS) :

Acrylamide/Bis ( 2.67 % C premix) :

Sample buffer :

Distilled water

Tris-HCl 0.5 M, pH 6.8

Glycerol

l0%SDS

2-Mercapto ethanol

1% Bromophenol blue

Electrode buffer :

Tris base

Glycine

SDS

0.5M pH68

1.5M pl-I88

10%

10%

30 %

3.8 ml

l ml

0.8 ml

1.6 ml

0.4 ml

0.4 ml

9g

43.2g

3g

These reagents are dissolved in 600 ml of distilled water

Working solution: Dilute 100 ml from stock to 500 ml with distilled water

1. Separating gel (7.5%)

Distilled water : 4.05 ml
Tris-HCl 1.5M : 2.5 ml
l0%SDS : 100 ul



Acrylamide

TEMED

APS 100/0

2. Stacking gel (4%)

Distilled water

Tris-HCl 0.5M

10%SDS

Acrylamide

TEMED

APS 10%

E4.)
U.)

ii.

10 pl

50 pl

6.l ml

2.5 ml

100 pl

1.33 ml

10 pl

50 pl

Procedure

Taken 0.1 ml of the suitably diluted plasma into a microfuge tube and added 0.1 ml of

the sample buffer, heated in a boiling water bath for 4 min, cooled and kept at 4 °C in

refrigerator.

The separating gel was prepared without TEMED and APS. Evacuated for 15 min to

remove air bubbles. Added TEMED and APS with intermittent shaking after each

addition immediately transferred the solution to the electrophoretic apparatus (BIORAD

Mini-PROTEAN II cell). Added a little water on the top of the gel to level it and kept for

45 min. Prepared stacking gel in the same way. Kept the comb over the apparatus, tilted it

to 45°, poured the gel slowly, and pressed the comb slowly and evenly. Kept for 45 min.

and marked the wells. After removing the comb, the whole apparatus was transferred to

the sandwich clamp assembly in to the imier cooling core. Rinsed the apparatus and wells

with electrode buffer and filled the lI1l'l6l‘ chamber of the apparatus completely and the
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outer chamber to the optimum level. Injected 10 |.Ll of the sample into the wells. The

electrode lid was placed at proper position and connections were established. The power

of 200V was supplied. Electrophoresis was carried out for 45 min approximately until the

dye reaches the bottom. Subsequently, the gel was removed and is placed in a big

petridish containing the stain, Coomassive blue. Kept for 30 min, and transferred the gel

into 7% acetic acid for destaining. 7% acetic acid was changed intermittently till the gel

got completely destained.

3.7.3 Extraction of gycoconjugates

100 mg of the tissue was weighed and the lipids were extracted using chloroform 

methanol method by homogenization in a Potter- Elvehjem homogenizer with a Teflon

pestle. The extraction was repeated thrice with fresh aliquots of the solvent mixture. The

lipid extract was filtered through a fat free Whatmann No: 4lfilter paper into a separating

funnel. The defatted tissue in the filter paper was dried and used for the estimation of

hexose and sialic acid.

3.7.3.1 Estimation of Hexose

Hexose was estimated by the method of Niebes (1972).

Reagents

l. Sulphuric acid: Water mixture : (3:2,v/v)

2. 800 mg of orcinol dissolved in 50 ml of 1 N H2804

3. Orcinol-sulphuric acid mixture : 1.0 ml of reagent (2) was mixed with 7.5 ml of

reagent (1). This mixture was prepared fresh at the

time of assay.
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4. Standard hexose : Equal quantities of galactose and mannose were

dissolved in water to give a concentration of

l00pg/ml.

Procedure

An aliquot of the delipidised sample was treated with 1.0 ml of 0.1 N NaOH. Blank

contained 1.0 ml of 0.1 N NaOI-I .The tubes were cooled by placing in an ice-bath and 8.5

ml of orcinol-sulphuric acid mixture was added slowly and mixed well. The tubes were

stoppered, incubated at 80 °C for 15 min in a water bath. Cooled and the color was

allowed to develop in the dark for 25 min. The intensity was measured at 540 mn using a

Shimadzu-UV-1601 spectrophotometer. Standard solutions containing 20 to 100 pg were

treated similarly and hexose concentration was estimated.

The concentration of hexose was expressed as mg/g heart tissue.

3.7.3.2 Estimation of Sialic acid.

Sialic acid was estimated by the method of Warren (1979).

Reagents

1. Sodium metaarsenite 1 A 10% solution was prepared in 0.5 M

sodium sulphate in 0.1 N I-IZSO4.

2. Sodium metaperiodate : 0.2 M solution in 9 M phosphoric acid.

3. Thiobarbituric acid reagent : 0.6% solution was prepared in 0.5 M sodium

sulphate

4. Acidified butanol : 5 ml of con HCl in 95 ml of n-butanol.
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5. Standard sialic acid : 10 mg of N-acetyl neuraminic acid was

dissolved in 100 ml of distilled water.

-6. Working standard : lml of the stock was diluted to 10 ml using

distilled water.

Procedure

An aliquot of the delipidised sample was hydrolyzed with 0.1 N H2804 at 80 °C for 1

hour. 0.2 ml of the hydrolysate was mixed with 0.lml of meta periodate and the solution

was kept at room temperature for 20 min. 1.0 ml of sodium meta arsenite was added and

shaken well so that the yellow brown colour disappeared. 3.0 ml of thiobarbituric acid

reagent was added and heated in a boiling water bath for 15 min. After cooling, 4.0 ml of

acidified butanol was added, shaken well and the colour was extracted into butanol phase.

The butanol phase was transferred to another set of tubes and the colour intensity was

measured at 530 nm using a Shimadzu-UV-1601 spectrophotometer. The blank

containing 0.2 ml of 0.1 N H2804 and standard sialic acid solutions were treated

Similarly.

Sialic acid is expressed as mg/g tissue.

3.7.4 Free amino acids

Total amino acids and free amino acids in the serum and heart tissue were determined

as per the procedure of lshida er ai. (1981).

Reagents

l. 10% :TCA
2. HCI : 6 N
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3. HCl :0.05 M
4. Buffer A : Dissolved tri sodium citrate (58.8 g) in 21 of

double distilled water, add 210 ml ethanol of 99.5%, and adjust the pH to 3.2 by

adding 60% perchloric acid and make up to 3 l using double distilled water.

5. Buffer B : Dissolved tri sodium citrate, 58.8 g and boric acid,

12.4 g in double distilled water, adjust the pH to 10 by adding 4 N NaOH, and make

up the volume to 11 using double distilled water.

6. Phthaladehyde (OPA) Buffer : Dissolved 122.1 g of Na2CO3, 40.7 g of I-l3BO3

and 56.4 g of K2804 in double distilled water and make up the volume to 3L.

7. Phthalaldehyde solution (OPA) : Dissolved 400 mg OPA, 7 ml ethanol, 1 ml of

2-Mercaptoethanol and 2 ml of 30% w/v Brij-35 in 500 ml OPA buffer.

8. Sodium hypochlorite solution : 4% w/v Sodium hypochlorite in OPA buffer. ie.,

0.3 ml Sodium hypochlorite in100 ml OPA buffer.

Procedure

Preparation of Trichloroacetic acid extract:

Weighed the sample accurately (l00mg) and extracted with 10% trichloroaceticacid

by grinding in mortar. Filtered the content quantitatively through Whatman filter paper

No: 1 and made up the filtrate to 1 ml. Used the TCA extract to measure free amino acids.

Pipetted out about 1.0 ml TCA extract accurately and bring the pl-1 to below 3.0 with

Na0H and made up to definite volume with buffer.

Filtered the sample thus prepared again through a membrane filter of 0.45 um and

injected 20 pl of this to an amino acid analyzer (HPLC- LC 10 AS) equipped with cation

exchange column packed with a strongly acidic cation exchange resin i.e., styrene di vinyl
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benzene co polymer with sulphonic group. The column used was Na type i.e., ISC- O7/S

1504 Na having a length of 19 cm and diameter 5mm.

The instrument was equipped with Shimadzu FL 6A fluorescence detector and

Shimadzu CR 6A Chrompac recorder. The mobile phase of the system consists of two

buffers, Buffer A and buffer B. A gradient system can be followed for the effective

separation of amino acids. The oven temperature can be maintained at 60 °C. The total

run was programmed for 60 min. The amino acid analysis can be done with non

switching flow method and fluorescence detection after pOSt-—CO]Llmn derivatization with

0-phthalaldehyde. In the case of proline and hydroxyl proline, imino group is converted

to amino group with hypochlorite.

Run an amino acid standard (Sigma chemical Co., St. Lousis, USA) also to calculate

the concentration of amino acids in the sample. Calibration of equipment using standards

needs to be done before the start of analysis. The amount of each free amino acid is

expressed as percentage of total amino acids.

3.8 Lipids

3.8.1 Extraction of total lipids

The total lipid content of the tissues was estimated by the method of Folch er al.

(1957).

Reagents

l. Chloroform-Methanol mixture (211 v/v)

Procedure

' A weighed amount of the tissue was subjected to lipid extraction using ch1oroform—

methanol mixture (2:1). The extraction was repeated twice with fresh aliquot of
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chloroform-methanol mixture. The lipid extracts were transferred to a separating funnel

and added 20% of water into it and left overnight. Next day the lipid extracts were

drained through filter paper containing anhydrous sodium sulphate and was collected in

round bottom flask and was evaporated to dryness in a flash evaporator. The lipid in the

round bottom flask was made up to 10 ml by using chloroform. From this 1.0 ml was

taken into a pre-weighed vial and allowed to dry in warm temperature to constant weight

and total lipid content were calculated from the difference in weight. Sample rnade up to

l0 ml was used for the estimation of various lipid components viz., cholesterol,

triglycerides, free fatty acids and phospholipids after evaporating the solvent in air at

room temperature.

3.8.1.1 Estimation of total cholesterol

The total cholesterol present in plasma and heart was estimated according to method

of Parekh & Jung (1970) with slight modifications.

Reagents

l. FeCl3 stock solution : 10 g FeCl3 in 100 ml acetic acid.

2. FeCl3 - HZSO4 reagent : 2.0 ml of FeCl3 stock solution was diluted

to 200 ml with conc. H2804.

3. 33% KOH (w/v) : 10 g of KOH was dissolved in 20 ml

distilled water.

4. Alcoholic KOH solution : 6.0 ml of 33% KOI-I was made up to 100

ml with distilled ethanol. This solution is prepared fresh before use.

5. Standard cholesterol solution (stock) : lmg /ml in chloroform.
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Q. Sodium metaperiodate reagent : To 77 g of anhydrous ammonium acetate in

700 ml distilled water, added 60 ml glacial acetic acid and 650 mg of sodium

metaperiodate and was dissolved and diluted to 1 litre with distilled water.

E4. Acetyl acetone reagent : To 0.75 ml of acetyl acetone, 20 ml of
0‘ isopropanol was added and mixed well.
i5. Stock solution : 200 mg of tripalmitin was dissolved in 25

ml chloroform.

i6. Working standard : 1.0 ml of the stock solution was diluted to
E

l0ml with chloroform. Concentration 800

pg/ml.

'1

lPr0cedure

0.2 ml of the lipid sample was taken into a test tube and evaporated off the

chloroform, added 4.0 ml isopropanol. It was mixed well and added 0.4 g of activated

silicic acid, shaken in a vortex mixer for 15 min and centrifuged at 4000 rpm for 5 min.

To 2.0 ml of the supernatant and standards ranging from 20-100 pg made up to 2.0 ml

with isopropanol, 0.6 ml of saponifying reagent was added and incubated at 60-70 °C for

I5 min. After cooling, 1.0 ml sodium metaperiodate solution was added and mixed. To

this, Sml acetyl acetone was added, mixed and incubated at 50 °C for 30 min. After

cooling, the colour developed was read at 405mn in a Shimadzu-UV-1601 spectrophoto

meter.

The value oftriglyceride was expressed as mg/dl (plasma); mg/g (heart tissue).
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3.8.1.3 Estimation of free fatty acids

Free fatty acid in the sample was estimated by the modified method of Horn &

Menahan (1981) with colour reagent of Itaya (1977).

Reagents

1. Activated silicic acid.

2. Chloroform, heptane, methanol (CHM) : It was prepared by mixing chloroform,

heptane and methanol in the ratio of 200: 150: 7(v/v).

3. Copper-triethanolamine solution : 50 ml of 0.1 M copper nitrate and 50 ml of

2 M triethanolamine were mixed with 33 g of sodium chloride. The pH of the solution

was adjusted exactly to 8.1.

4. Diethyldithiocarbomate (DDC) solution : 0.1% DDC in butanol was prepared freshly.

5. Standard stock : A solution containing 2 mg per ml of

palmitic acid was prepared in CHM solvent.

6. Working standard : The stock was diluted to 1:10 in CHM

solvent to give a concentration of 200 pg

per ml.

Procedure

To 0.1 ml ofthe lipid sample, 6.0 ml of CHM solvent and 200 mg of silicic acid were

added. The mixture was shaken well, centrifuged at 4000 rpm for 5 min and 3.0 ml of the

supernatant was taken. Standard solution in the range of 25-100 ug were taken and made

up to 3.0 ml with CHM solvent. The blank contained 3.0 ml of CHM solvent. To all these

tubes, 2.0 ml of copper triethanolamine solution was added and then mixed on a

mechanical shaker for 10 min. The tubes were centrifuged at 4000 rpm for 5 min. 2.0 ml
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of the supernatant was taken, 1.0 ml of DDC solution was added and shaken well. The

colour intensity was read immediately at 430 nm in a Shimadzu-UV-1601

spectrophotometer.

Values were expressed as mg/dl (plasma); mg/g (tissue).

3.8.1.4 Estimation of phospholipids

Phospholipid content of the sample was estimated by the method of Fiske &

Subbarow (1925) as inorganic phosphorus liberated after Bartlette’s perchloric acid

digestion (1959).

Reagents

1. Ammonium molybdate reagent : 2.5 g of ammonium molybdate was

dissolved in 100 ml of water.

2. Aminonaptho sulfonic acid (ANSA) : 0.5 g of 1,2,4 aminonapthosulfonic acid

was dissolved in 195 ml of 15% sodium metabisulfite and 50 ml of 20% sodium

sulfite was added for complete solubilisation. The solution was filtered and stored in a

brown bottle.

3. Perchloric acid

4. Stock standard solution 35.1 mg of potassium dihydrogen

phosphate was accurately weighed, dissolved and made upto 100 ml with double

distilled water to give a final concentration of 80 pg phosphorus per ml.

5. Working standard : 1 ml of the stock was diluted to 10 ml to

give a cone. of 8 pg phosphorus per ml.
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Procedure

0.1 ml of the lipid sample was taken into a test tube and evaporated off chloroform.

Added 0.5 ml of perchloric acid, and kept for digestion in a sand bath till the colour of the

solution becomes clear. The solution was made up to 3.0 ml with double distilled water,

and 1.0 ml of aliquot was taken. The tubes were made up to 4.0 ml with double distilled

water. To all the tubes, 0.5 ml of ammonium molybdate reagent was added. After 10 min,

added 0.5 ml of ANSA to all tubes. Aliquots of the standards and blank were carried

through the same procedure. The blue colour developed was read after 20 min, at 620mn

in a Shimadzu-UV-1601 spectrophotometer.

The phospholipid content of plasma was expressed as mg /dl (serum); mg/gm (tissue).

3.8.2 Lipoprotein fractionation

Addition of heparin-manganous chloride to plasma caused the precipitation of VLDL

and LDL. The supernatant represented the HDL fraction. To another aliquot of plasma,

addition of sodium dodecyl sulphate resulted in aggregation of VLDL. The cholesterol

content of each fraction was carried out in the following manner.

Total plasma cholesterol — (HDL+LDL) cholesterol = VLDL cholesterol

3.8.2.1 Estimation of high density Iipoprotein fraction

Total HDL was separated by the method of Burstein & Scholnick (1972).

Reagents

Heparin-Manganous chloride reagent: 3.167 gm of manganous chloride was added to

1.0 ml of heparin containing 20,000 units/ml. This was made up to 8.0 ml with water.
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Procedure

0.1 ml of plasma was added to 9 pl of heparin-manganous chloride reagent and mixed

well. The solution was allowed to stand at 4 °C for 30 min. The supernatant represented

HDL fraction. Aliquots were taken from HDL fraction for the estimation of cholesterol.

3.8.2.2 Estimation of low density lipoproteins

This differential analysis was made by the method of Brustein & Scholink (1972)

using sodium dodecyl sulphate.

Reagent

Sodium dodecyl sulphate 1 10% in 0.15 M sodium chloride pH 9.0

Procedure

To 0.1 ml of plasma, 75 pl of sodium dodecyl sulphate solution was added, which

was taken in a poly carbonate centrifuge tube. The contents were swirled briefly and

packed for 2 h in a water bath at 35 °C. The contents were centrifuged in a refrigerated

centrifuge at 10,000g for 30 min. VLDL got aggregated as a pellicle at the top. The

supematant was a mixture containing HDL and LDL cholesterol was estimated in 0.05 ml

aliquot of the supernatant as described above.

3.8.2.3 Estimation of Lipoprotein (a)

Lipoprotein (a) was determined by using immunoturbidimetric test kit from DiaSys

Diagnostic Systems GmbH, Germany and Photometric measurement of antigen antibody

reaction.
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Reagents

l. Tris buffer : 80 mM, pH 7.5
2. Antiserum N-Morpholine ethanesulfonic acid : 4 mM

Procedure

7.5 pl of sample and 7.5ul of distilled water were taken and added 250 pl of Tris

buffer. The mixture was incubated at 37 °C for 3-5 min. The absorbance of the mixture

was measured at 340 nm (Al). To the above mixture 50 pl of antiserum was added and

incubated for 5 min at 37 °C and read at 340 nm (A2). Standards were also treated in

same manner and the amount of Lp (a) present in the sample was calculated by

comparing the sample and standard.

AA = [(A2-Al) Sample] - [(A2-A1) Blank]

The values were expressed as mg/dl.

3.8.2.4 Estimation of apolipoprotein AI

Apolipoprotein AI was detennined by using immunoturbidimetric test kit from

DiaSys Diagnostic Systems GmbH, Germany and Photometric measurement of antigen

antibody reaction.

Reagents

I. Tris buffer : 100 mM pH 7.5

2. Antiserum : Antihuman apolipoprotein AI antibody

Procedure

The estimation of apolipoprotein AI was carried out in a sophisticated semi auto

analyzer by the addition of the following reaction mixtures. 250 pl of Tris buffer was
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taken in a test tube and add 50 pl of antilipoprotein antibody. The reaction was started by

the addition of 3 ul of sample. The mixture was read at 560 nm in a Shimadzu-UV-1601.

Standards also treated in same manner and used for the calibaration setup.

The values are expressed as mg/dl

3.8.2.5 Estimation of apolipoprotein B

Apolipoprotein B was determined by using immunoturbidimetric test kit from DiaSys

Diagnostic Systems GmbH, Germany and Photometric measurement of antigen antibody

reaction.

Reagents

l. Tris buffer : 100 ml\/I pH 7.5

2. Antiserum : Anti human apolipoprotein B antibody

Procedure

The estimation of apolipoprotein B was carried out in a sophisticated semi auto

analyzer by the addition of the following reaction mixtures. 250 ul of Tris buffer was

taken in a test tube and add 50 ul of antilipoprotein antibody. The reaction was started by

the addition of 3 pl of sample. The mixture was read at 560 nm in a Shimadzu-UV-1601.

Standards also treated in same manner and used for the calibration setup.

The values are expressed as mg/dl

3.8.3 Analysis of fatty acid composition (FAME)

Fatty acids were analyzed according to the method of AOAC (1975). Lipid content of

the tissues was estimated by the method of Folch er al. (1957). Methyl esters of fatty

acids from animal and vegetable origin having 8-24 atoms are separated and detected by
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gas chromatography. Method is not applicable to epoxy, oxidized or polymerized fatty

acids (Metcalfe er al., 1966).

Reagents

1. Boron trifluoride reagent

2. Methanolic sodium hydroxide solution

3. Petroleum ether

4. Sodium sulphate

Procedure

Added sample (lipid of known weight) to a flask followed by 6 ml methanolic NaOH

and boiling chip. Attach condenser, and reflux until fat globules disappear (usually

5-10 min). Add 6-7 ml BF; solution from bulb or automatic pipette through condenser and

continue -boiling for 2 min. Remove heat, then condenser, and add 15 ml saturated NaCl

solution. Stopper flask and shake vigorously 15 s while solution is still tepid. Transfer

-aqueous phase to 250 ml separator. Extract with two 30 ml portions of petroleum ether

t(b.p 60-80 °C). Wash combined extracts with 20 ml portions H20, dry over anhydrous

Na;SO4, filter and evaporate solvent under stream of nitrogen on steam bath.

Methyl esters of the fatty acid thus obtained were separated by gas liquid

chromatography (Varian CP 3800. U.S.A) equipped with a capillary column (Elite 225,

30m long and 0.25mm diameter) and a flame ionization detector in the presence of

hydrogen and air. The carrier gas was nitrogen and the flow rate was 0.5ml/min the

chromatograph temperature started at I50 °C and was increased 4 °C/min until a

temperature of 250 °C was obtained. Fatty acids separated were identified by the

comparison of retention times with those obtained by the separation of a mixture of
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standard fatty acids. Measurement of peak areas and data processing were carried out by

Star WS software package. Individual fatty acids were expressed as weight percentage of

total fatty acids.

3.9 Lipid peroxidation and tissue antioxidant status

3.9.1 Estimation of lipid peroxides (LPO) in plasma

Serum lipid peroxide content was estimated by the method of Yagi (1976).

Reagents

1. Sulphuric acid : 0.085 N
Y2. Phosphotungstic acid : 10%
.

L

TBA reagent ; Mixture of equal volumes of 0.67 % TBA
aqueous solution and glacial acetic acid.

n-Butanol

irocedure

0.1 ml of serum was mixed with 4.0 ml of 0.085 N sulphuric acid and shake gently.

‘lo this 0.5 ml of phosphotungtic acid was added and stirred well. The contents were

kntrifuged for 10 min. The supernatant was discarded and the pellet was suspended in 2

ill 0.085 N sulphuric acid and 0.3 ml of 10% phosphotungtic acid. The mixture was

pntrifuged for l0 min. The pellet obtained was suspended in 4.0 ml of distilled water and

l.0ml of TBA reagent. The tubes were kept in a boiling water bath for one hour. After

:00ling 5.0 ml of n-butanol was added to each tube and the color obtained in butanol
7'.
if

lhase was read at 532 nm in a Schimadzu-UV-1601 spectrophotometer.

The serum lipid peroxide content was expressed as nmoles of malondialdehyde/ml.
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i3.9.2 Estimation oflipid peroxides in tissue (LPO)

Lipid peroxides content was determined by thiobarbituric acid reaction as described

I?-by Ohkawa er al. (1979).
L

Reagents

Acetic acid 20% : 20 ml of glacial acetic acid dissolved in
100 ml distilled water.

.2. Thiobarbituric acid : 0.8% in 20% acetic acid.

-3. Sodium dodecyl sulphate : 8.1%

4. Standard : 41.66 mg of Tetraethoxy propane (TEP)
dissolved in 100 ml distilled water. 1.0 ml of above was made up to 100 ml with

distilled water.

Procedure

To 0.2 ml of sample, 1.5 ml of 20 % acetic acid, 0.2 ml of SDS and 1.5 ml of TBA

were added. The mixture was made up to 4.0 ml with distilled water and heated in a

boiling water bath for one hr. After cooling the mixture was centrifuged at 3000 g for 10

min. Supernatant was taken and absorbance was read at 532 nm in a Shimadzu-UV-1601

spectrophotometer.

The lipid peroxides content was expressed as n mol malondialdehyde/mg protein.

,3.9.3 Determination of total reduced glutathione (GSH)

The total reduced glutathione was determined by the method of Ellman (1959). The

method is based on the reaction of reduced glutathione with 5, 5’-dithiosbis

_(2-nitrobenzoic acid) (DTNB) to give a compound that has absorbance at 412 mn.
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Reagents

l. DTNB : 0.6 mM in 0.2 M Phosphate buffer pH 8.0
2. Phosphate buffer : 0.2 M, pH 8.0.
3. Trichloroacetic acid : 5%

4. Standard 61.4 mg of reduced glutathione was
dissolved in 100 ml 0.02 M EDTA. 0.1 ml of this is made up to l0 ml with 0.02 M

EDTA.

5. Working standard : 2.0 ml of the above was made up to 10 ml.

Procedure

0.5 ml of heart homogenates was precipitated with 0.lml of 5 % TCA and made up

the volume to 1.0 ml using distilled water. The contents were mixed well for complete

precipitation of proteins and centrifuged at 4000 rpm for 15 min. To an aliquot of clear

supernatant, 0.2 M phosphate buffer was added to make a final volume to 2.5 ml, added

50 pl of DTNB reagent just before reading. The absorbance was read at 412 nm against a

blank containing TCA instead of sample, series of standards treated in a similar way were

also run to determine the reduced glutathione content.

The amount of glutathione was expressed as nmol/g wet tissue.

3.9.4 Estimation of glutathione peroxidase (EC 1.11.1.9)

Glutathione peroxidase activity was determined by the non-enzymatic method of

Paglia & Valentine er al. (l 967).

Reagents

l. Phosphate buffer : 0.4 M pH 7.0
2. EDTA : 0.4 mM
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3. GSH : 2 mM
4. NaN3; : 10 mM
5. TCA : 10%
6. DTNB : 0.6 mM in 0.4 M phosphate buffer
7. H20; : l mM was prepared freshly from

commercial 3O%solution.

8. GSH standard : 61.4 mg GSH was dissolved in 100 ml

i distilled water. l.0ml of this solution was made up to l0 ml with distilled water.

*9. Working standard : 2 ml of the stock was made up to 10 ml

_ with distilled water.
Procedure
i
s

0.2 ml of tissue homogenate was added to a mixture containing 0.2 ml of buffer, 0.2

ml of EDTA, 0.1 ml of sodium azide, mixed well and added 0.2 ml reduced glutathione

0.1 ml of hydrogen peroxide. lncubated in a water bath at 37 °C for 10 min. At the

and of incubation period, 0.5ml of 10%TCA was added and centrifuged at l0000 rpm for

i5 min. 1.0 ml of the supernatant was taken into a separate test tube and added 0.1 ml

FDTNB. Immediately read the OD at 412 nm using a Shimadzu-UV-1601 spectrophoto

peter.

The enzyme activity was expressed as n mol glutathione oxidized/min/mg protein.

5.9.5 Assay of glutathione-S-transferase (EC 2.5.1.18)

>

I

\

Glutathione-S-tranferase activity was determined by the method of Habig et af.

[l974).

L

1
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Reagents

l. Phosphate buffer : 0.3 M, pH 6.5
2. I-Chloro-2, 4-Dinitrobenzene (CDNB) : 30 mM

3. Reduced glutathione (GSH) : 30 mM.

Procedure

The reaction mixture containing 1.0 ml of buffer, 0.1 ml of CDNB and 0.1 ml of

tissue homogenate was made up to 2.5 ml with water. The reaction mixture was pre
l



ilcubated at 37 °C for Smin. 0.1 ml of GSH was added and the change in the absorbance

was measured at 340 nm in a Shimadzu-UV-1601 spectrophotometer, using UV PC

Software package for enzyme kinetics.
lr
=4»

or The enzyme activity was expressed as u mol CDNB conjugate formed/min/mg

protein.

}.9.6 Assay of catalase (EC 1.11.1.6)
1;’

Catalase was assayed according to the method of Takahara er al. (I960).
i

V.

‘.

Pcagents
1

»

P

I. Phosphate buffer : 50 mM, pH 7.0

E. Hydrogen peroxide : 30 mM solution in the above buffer.
i

I

Procedure
i
»

E

1 To 2.4 ml of the phosphate buffer, 0.1 ml of the enzyme source was added and the
F

eaction was started by the addition of 1.0 ml of H20; solution. The decrease in
g.

bsorbance was measured at 240nm using a Shimadzu-UV-1601 spectrophotometer, UV
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PC Software package for enzyme kinetics. The enzyme blank was run simultaneously

with 1.0 ml of distilled water instead of hydrogen peroxide.

The enzyme activity was expressed as n moles of H202 decomposed per minute per

mg protein.

3.9.7 Assay of superoxide dismutase (EC 1.15.1.1)

The superoxide dismutase was assayed according to the method of Misra & Fridovich

(1972) based on the oxidation of epinephrine-adrenochrome transition by the enzyme.

Reagents

1. Carbonate-bicarbonate buffer : 0.1 M pH 10.0.

2. Epinephrine : 3 mM
{Procedure

y Taken 100 pl of sample into the cuvette and add 1.4 ml buffer and 0.5 ml epinephrine

imixed well and immediately read the change in optical density at 480 nm using
i..
.

E.

r

i+;Shimadzu-UV-1601 spectrophotometer, UV PC Software package for enzyme kinetics.

'IfirI\?<'

I

1

One unit of SOD activity was the amount of protein required to give 50% inhibition
F

!
!

{of epinephrine auto oxidation.

?3.l0 Determination of the total, protein and non-protein sulihydryl content

L Total protein and non-protein sulphhydryl contents were estimated according to the
1

>

imethod of Sedlak & Lindsay (1968). This method is based on the development of a

iyellow colour when DTNB is added to compounds contained sulthydryl groups to form
CI>:
\.

f2-nitro 5- mercaptobenzoic acid.
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Procedure

Reagents Blank(ml)
Total sulfhydryl content (TSH)Homogenate _
Tris-HCl buffer (0.2M;pH 8.2) with 2mM EDTA L5

DTNB (99 mg/ 25 ml methanol) 0.1Methanol 7.9
Distilled water 0.5

System(ml)

0.5

1.5

0.1

7.9

Vortexed and centrifuged at 3000 g for 10 min. Read at 412 nm. Standards (100 it g

i_GSI-I/ml) were also treated in a similar way.

Non-protein sulfhydryl content (NPSH)l-lomogenate _Distilled water 4.0
TCA (50%) 0.5
Centrifuged at 3000 g for 10 min. Both supernatant and pellet were savedSupernatant 
Tris-HCl buffer (0.4M;pH 8.0) with 2mM EDTA 2.0

DTNB (99 mg/ 25 ml methanol) 50i11

1.0

3.5

0.5

l.O

2.0

50nl

Read at 412 nm. Standards (100 ll g GSH/ml) were also treated in a similar way.

% Protein sulfhydryl content (PSH)

T The above pellet As such1

H

I

l

l.

As such

Tris-HCI buffer (0.2M;pl-I 8.2) with 2mM EDTA 1.5 1.5

DTNB (99 mg/ 25 ml methanol) 0.] 0.1E. Methanol 8.4 8.4
ti
l
I
,.

§Vo11exed and centrifuged at 3000 g for l0 min. Read at 412 nm. Standards (100 ti g

iGSl-I/ml) were run in a similar pattern.l 8 l



The total, protein and non- protein sulihydryl contents are expressed as n mo]/g wet

tissue.

3.11 Membrane-bound ATPases

3.11.1 Estimation of inorganic phosphorus

Inorganic Phosphorus was estimated by the method of Fiske & Subbarow (1925). The

method is based on the formation of phoshomolybdic acid by the reaction between a

phosphate and molybdic acid and its subsequent reduction to a dark blue

phosphomolybdic acid, the intensity of which is proportional to the phosphate ion

concentration.

Reagents

l. Ammonium molybdate reagent : 2.5 g of ammonium molybdate was

dissolved in 100 ml of 3 N sulphuric acid.

2. Amino naphthol sulphonic acid (ANSA) : 0.5 g of ANSA was dissolved in 195 ml of

15% sodium metabisulphite and 5.0 ml of 20% sodium sulphite was added for

complete solubilization. The solution was filtered and stored in a brown bottle.

3. Standard Phosphorus 35.1 mg of potassium dihydrogen

phosphate was accurately weighed, dissolved and made up to 100 ml with distilled

water.

4. Working standard : 1.0 ml of the stock was diluted to 5.0 ml

using distilled water.

Procedure

To suitable aliquots of the supematant, 1.0 ml of ammonium molybdate reagent was

ldded. 0.4 ml of ANSA was added after 10 min incubation at room temperature.
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Standards and blank were also treated in the above manner. The blue colour developed

was read after 20 min at 640 nm in a Shimadzu-UV-1601 Spectrophotometer.

The values were expressed as ug /mg protein.

3.11.2 Assay of Na+/Ki"-dependent ATPase (EC 3.6.3.9)

Na+/K+-dependent ATPase activity was measured from the amount of Pi released

according to the method of Bonting (1970).

Reagents

l. Tris buffer : 184 mM, pH 7
2. Magnesium Sulphate : 50 mM

3. Potassium Chloride : 50 mM

4. Sodium Chloride : 600 mM

5. EDTA : 1.0 mM
6. ATP :40 mM
7. TCA : 10%
; Procedure

One ml of Tris-buffer and 0.2 ml each of the above assay reagents were mixed

itogether. So the assay medium, in the final volume of 2.0 ml contained, 92 mM Tris

uffer, 5 mM magnesium sulphate, 60 mM sodium chloride, 5 mM potassium chloride,

ill] mM EDTA and 4.0 mM ATP. After 10 min equilibration at 3'7 °C in an incubator,

‘pm; v~|r-_u:—-

reaction was started by the addition of 0.2 ml of the enzyme solution. The assay medium

was incubated for 30 min and at the end of the incubation period. The reaction was

.—r-

>'
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Reagents

1. Tris-HCl buffer : 0.125 M, pH 8.0
2. Calcium chloride : 0.05 M
3. ATP : 0.01 M
4. TCA : 10%
Procedure

Tris-HCI buffer 0.1 ml, calcium chloride 0.1 ml, ATP solution 0.1 ml and distilled

water 0.1 ml were taken in test tubes. 0.1 ml of enzyme preparation was added and the

tubes were incubated at 37 °C for 15 min. The reaction was arrested by the addition of 1.0

ml of 10% TCA to the incubation mixture. 0.1 ml enzyme source was added to the control

tubes. The contents were centrifuged at 4000 rpm for 5 min. The supernatant was used for

the estimation of inorganic phosphorous.

The enzyme activity was expressed as |.t mol Pi liberated liberated/min/ mg protein.

3.12 Estimation of minerals using Atomic Absorption Spectrophotometer

Minerals were estimated according to the method of the AOAC (1980).

Reagents

1. Nitric acid

2. Perchloric acid

3. 1&2 in 9:4

Stock solution of sodium, potassium and calcium were prepared by diluting

concentrated solution of 1000 mg/l (Merck).
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Procedure

Samples size of lg of heart tissue and 1 ml serum were used for the experiment. To

the sample containing flask, 7ml of nitric acid and perchloric acid (9:4) mixture was

added, covered with a watch glass and left at room temperature over night. The sample

was then digested using a microwave digester (Milestone ETHOS PLUS lab station

Closed Vessel Microwave Digestion System). The completely digested samples were

allowed to cool at room temperature, filtered (glass wool) carefully transferred into a

clean 50 ml volumetric standard flask and then diluted to the mark with ultra pure water

(Milli Q, Millpore). The digested samples were analyzed using Varian Spectra-220 AA,

Atomic Absorption Spectrophotometer equipped with a deuterium back ground corrector

for the determination of minerals viz sodium, potassium and calcium.

3.13 Estimation of ATP content

ATP content was estimated by the method of Ryder (1985) using Shimadzu LC

10 AT vp, HPLC System.

Reagents

1. Perchloric acid : 0.6 M
2. KOI-I : 2 M
3.KOH : 1 M
4. Mobile phase : Phosphate buffer solution prepared by

mixing 0.04 M KHQPO4 (5.4436 g/l) and 0.06 M KZHPO4 (10.4508 g/I) in 1:1

proportion and is filtered through 0.45 um filter paper.

Procedure

A 0.5 g portion of the heart tissue was homogenised with 2.5 ml of chilled 0.6 M

perchloric acid and centrifuged at 10,000 rpm at 4 °C for 20 min. The supernatant was
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neutralised to pH 6.8 using 1 M and 2 M KOH (visualized by formation of KCI

precipitate). Measured the total volume. After standing at 0 °C for 30 min, it was

filtered through a syringe filter of pore size 0.45pm and was analysed by Shimadzu

LC AT vp, HPLC, using Photo Diode Array detector.

50 pl of the sample was injected in to the HPLC. The method utilized a simple

reverse phase (C13RP), Hypersil C18, Column (4.6mm I.Dx250mm). Phosphate

buffer (0.04 M KHZPO4 and 0.6 M KZHPO4 in 1:1 proportion) was used as mobile

phase at a flow rate of 1.5 ml/min. The peaks obtained from the sample were

identified by comparing with the peak of chromatogram of the mixed standard

solutions. The quantification of each nucleotide breakdown products was done by

comparing the peak area of the samples with peak area of the standard corresponding

to the sample.

The ATP content was expressed as n mol/ g wet tissue.

3.14 Isolation of heart mitochondrial and lysosomal fractions

Mitochondrial and lysosomal fractions of the heart tissue were isolated by the method

of Plummer (1998).

Reagents

\

E.

Tris HCI : 50 mM, pl-I 7.4 containing 0.25 M Sucrose

l and 1m.M EDTA.
l.

lfroccdu re
l
.\

V
B

Y

?

|

E‘ Immediately after sacrifice, the heart was removed and all the blood vessels and
; .
I
|

F
¢

P

honnective tissues were trimmed off. Wash the tissue free of blood in ice-cold sucrose
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neutralised to pH 6.8 using l M and 2 M KOH (visualized by formation of KCI

precipitate). Measured the total volume. After standing at 0 °C for 30 min, it was

filtered through a syringe filter of pore size 0.45pm and was analysed by Shimadzu—

LC AT vp, HPLC, using Photo Diode Array detector.

S0 ul of the sample was injected in to the HPLC. The method utilized a simple

reverse phase (C1gRP), Hypersil C18, Column (4.6mm I.Dx250mm). Phosphate

buffer (0.04 M KHZPO4 and 0.6 M KQHPO4 in lzlproportion) was used as mobile

phase at a flow rate of 1.5 ml/min. The peaks obtained from the sample were

llentified by comparing with the peak of chromatogram of the mixed standard

lolutions. The quantification of each nucleotide breakdown products was done by

iomparing the peak area of the samples with peak area of the standard corresponding

n the sample.

The ATP content was expressed as n mol/ g wet tissue.

L14 Isolation of heart mitochondrial and lysosomal fractions

my Mitochondrial and lysosomal fractions of the heart tissue were isolated by the method

if Plummer (1998).
E‘

Reagents
I

2 Tris HCl : 50 mM, pH 7.4 containing 0.25 M Sucrose
'1l and lmM EDTA.
l

Procedure
r

5 Immediately after sacrifice, the heart was removed and all the blood vessels and
1

pnnective tissues were trimmed off. Wash the tissue free of blood in ice-cold sucrose,
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lightly blot and place in a tared beaker to weigh. Cut the heart in to small fragments and

homogenize in buffer containing 0.25 M sucrose and lmM EDTA. Centrifuge the

suspension in a refrigerated centrifuge.

The homogenate was centrifuged at 2000 rpm for 10 min. The supernatant was

transferred in to test tubes. The pellet was dissolved in sucrose buffer. Centrifuged for 10

min at 2000 rpm. The supernatants were pooled and centrifuged for l0 min at 7400 rpm,

the pellet collected represents mitochondrial fraction. The supernatant was again

centrifuged for l0 min at 11400 rpm and the pellet was collected (lysosomal fraction).

Each fraction should be resuspended in sucrose and the washings combined with the

supematants. This has the advantage of producing purer fractions. Carefully resuspend

the mitochondrial pellet in about 2m] of sucrose, and lysosomal pellet in lml of sucrose

and used as the enzyme source and store on ice until required.

3.14.1 Mitochondrial and respiratory marker enzymes

3.14.1.1 Assay of Isocitrate dehydrogenase (EC 1.1.1.42)

The enzyme activity was assayed according to the method of Bell & Baron (1960).

Reagents

l. Tris-HCI buffer : 0. l M, pH 7.5
2. Substrate : 0. l M trisodium DL-Isocitrate in 0.9% saline

3. Manganous chloride : 0. 015 M in 0.9% saline

4. NADP : 0. 001 M in 0.9% saline
5. EDTA 15%
6. Sodium hydroxide : 0. 4 N
7. 2,4 dinitrophenyl hydrazine (DNPH) : 0. 001 M in IN HCl
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8. Standard Solution : 15 mg of on-ketoglutarate (potassium salt) in

50 ml of buffer.

Procedure

Buffer, 0.4ml was taken in a test tube and 0.2 ml of substrate, 0.3 ml of manganous

chloride and 0.2ml of the mitochondrial suspension were added. A control tube was also

prepared simultaneously, 0.2 ml 0f co-enzyme solution was added to the test tube and 0.2

ml of saline was added to the control tubes. After mixing well, both the tubes were

incubated for 60min, 1.0 ml of DNPH was added to both the tubes, followed by 0.5 ml of

EDTA. The tubes were kept at room temperature for 20 min and 10ml of 0.4 N NaOH

iwas added to the tubes. A blank was run simultaneously. The colour intensity was

imeasured at 390 nm in a Shimadzu- UV-1601 spectrometer. A standard curve was

iprepared using or-ketoglutarate.

The activity of isocitrate dehydrogenase is expressed as u mol ot-ketoglutarate

‘liberated! mg protein.

3.14.1.2 Assay of Succinate dehydrogenase (EC 1.3.99.1)

This enzyme activity was estimated accordingly to the method of Slater & Bonner

{(1952). The rate of reduction of potassium ferricyanide was measured in the presence of

Fsufficient potassium cyanide to inhibit cytochrome oxidase by following the rate of

Idecrease in the optical density at 420 nm.

‘Reagents

31. Phosphate buffer : 0.3 M pH 7.6
o

l2. Sodium salt of ethylene diaminetetra acetate (EDTA) : 0.03 M solution.
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3. Potassium cyanide : 0.03 M solution.
4. Sodium Succinate : 0.4 M solution.
5. Bovine serum albumin : 3% solution
6. Potassium ferricyanide : 0.075 M solution

Procedure

In a spectrophotometric cuvette, 1.0 ml of phosphate buffer, 0.1 ml of EDTA, 0.1 ml

of bovine serum albumin, 0.3 ml of sodium succinate, 0.2 ml of potassium ferricyanide

and 0.1 ml of potassium cyanide were added and the total volume was made up to 2.8 ml

with double distilled water. The reaction was started by the addition of 0.2 ml of

mitochondrial suspension. Changes in optical density at 420 nm were recorded in a

Shimadzu- UV-1601 spectrophotometer using UV PC Software package for enzyme

ikinetics.
>

I .

The activity of succinate dehydrogenase is expressed as per u mo] succinate oxidizedl

mg protein.

!.l4.l.3 Assay of Malate dehydrogenase (EC 1.1.37)

This enzyme activity was assayed by the method of Mehler er al. (1948). The activity

Ictermination is based on the measurement of the rate of oxidation of NADH in the

Iresence of the enzyme and excess of oxaloacetate.

ieagents

l. Tris- HCI : 0.25 M, pH 7.4
lL NADH : 0.015 M

7- 5-w. V

Oxaloacetate : 0.0076 M, pI—I 7.4
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Procedure

To 0.3 ml of buffer 0.1 ml of NADH and 0.1 ml of oxaloacetate were added and the

total volume was made to 2.9 ml with water. The reaction was started by adding 0.1 ml of

mitochondrial suspension. The change in optical density was measured at 340 mn in a

Shimadzu- UV-1601 spectrophotometer using UV PC Software package for enzyme

kinetics.

The activity of malate dehydrogenase was expressed as p. mol NADH oxidized/mg of

protein.

3.14.1.4 Assay of NADH dehydrogenase (EC 1.6.99.3)

The activity of NADH dehydrogenase was assayed according to the method of

Minakami er al. (1962).

Reagents

l. Phosphate buffer : 0.1 M, pH 7.4.
2. NADH : 0.1% solution
3. Potassium ferricyanide : 0.03 M solution

Procedure

The reaction mixture contained l.Oml of phosphate buffer, 0.1 ml of potassium

ferricyanide, 0.1 ml of NADH and 1.6 ml of distilled water in a total volume of 3.0 ml.

The temperature was brought to 30 "C and NADH was added just before the addition of

the sample. A suitable aliquot of mitochondrial solution was added and change in

absorbance was measured at 420 mn in a Shimadzu-UV-1601 spectrophotometer, using
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UV PC Software package for enzyme kinetics. A control containing all the reagents

except NADH was also treated similarly.

The activity of NADH-dehydrogenase is expressed as per u mol NADH oxidized/mg

of protein.

3.14.1.5 Assay of (1-ketoglutarate dehydrogenase (EC 1.2.4.2)

(I969). It is based on the calorimetric determination of ferrocyanide produced by the

This enzyme activity was estimated according to the method of Reed & Mukherjee

decarboxylation of or-ketoglutarate with ferricyanide as electron acceptor.

Reagents

l

2

3

4

5

6

7

8

9

Phosphate buffer : 0.1 M, pH 6.0

Thiamine pyrophosphate _: 0.002 M

Magnesium sulphate : 0.003 M

or-ketoglutarate(Pottassium salt) : 0.05 M

Potasium ferricyanide : 0.25 M
TCA : 0.25 M
SDS (Dupanol) : 4%
Ferric ammonium sulphate — dupanol reagent : To 1.7 g of ferric ammonium

sulphate was added 10 ml of water and filtered. To this filtrate a solution of 1.5 g of

dupanol in 20 ml of water was added. Then 27 ml of 85% phosphoric acid was added

and diluted to 140 ml with water.

Standard potassium ferrocyanide : 0.01%
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Procedure

To 0.15 ml of phosphate buffer 0.lml each of thiamine pyrophosphate, magnesium

sulphate, and potassium ferrocyanide was added. The total volume made up to l.2ml with

water. Exactly 0.2 ml of the mitochondrial suspension was added to the test. A control

was prepared simultaneously without the addition of mitochondria. The tubes were

incubated at 30 °C for 30 min. After this period, 1.0 ml of 1O%TCA was added to the

control tubes. The aliquots of the supernatant after centrifugation were pipetted out into

test tubes for the colour reaction. To these tubes, 0.lml of potassium ferricyanide was

‘added and the volume was made up to 2.4 ml with water. 1 ml of 4% dupanol and 0.5ml
'>

iof ferric ammonium sulphate dupanol reagent were added and the tubes were incubated at
\1

‘*—:w"1|j-rftrrrfi‘

5°C for 30 min. The colour intensity was measured at 540 nm in a shimadzu UV-1601
~l. . . . .
lspectrophotometer. A standard potassium ferrocyanide solution II1 the range of 10 pg to

“F50 pg was run simultaneously.

The activity of oi-ketoglutarate dehydrogenase is expressed as n mol potassium

fficrrocyanide liberated/ mg protein.
n

\

i

$14.2 Mitochondrial lipid peroxidation and antioxidant status

£14.21 Determination of lipid peroxides

The heart mitochondrial lipid peroxide content was determined by the thiobarbituric

Fid reaction as described by Ohkawa er al. (1979) [Section 3.10.2].

P.l4.2.2 Assay of superoxide dismutase
'

The mitochondrial superoxide dismutase activity was assayed by the method of Misra

iiiridovich (1972). One unit of SOD activity is the amount of protein required to give
l

Fl‘/o inhibition of epinephrine autoxidation [Section 3.10.7].
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3.l4.2.3Assay of catalase

The mitochondrial catalase activity was assayed by the method of Takahara, (1960).

The enzyme activity was expressed as u mol H202 consumed/min/mg of protein [Section

3.10.6].

3.14.2.4 Determination of mitochondrial GSH

GSH content in heart mitochondria was determined according to the method of

Ellman (1959). The amount of glutathione is expressed as n mol/g tissue [Section 3.10.3].

3.14.2.5 Assay of glutathione peroxidase

The mitochondrial glutathione peroxidase activity was assayed by the method of

Habig er al. (1974). The enzyme activity is expressed as nmol glutathione

oxidized/min/mg protein. [Section 3.10.4]

3.14.2.6 Assay of glutathione-S-transferase

The mitochondrial glutathione-S-transferase activity was assayed by the method of

Pagila & Valentine (1967). The enzyme activity is expressed as n mol CDNB conjugate

formed/min/protein [Section 3.10.5].

3.14.3 Lysosomal marker enzymes

3.14.3.1 Assay of |3- glucosidase (EC 3.2.1.21)

|3- glucosidase was assayed according to the method of Conchie er al. (1967) based on

the principle that 0- glucosidase acts on P- nitrophenyl- 0- D-glucopyranoside and liberate

P-nitrophenol, which was measured at 4l0nm in alkaline pH.

94



Reagents

l. Substrate : 10 mM, p-nitro phenyl B-D-glucopyranoside
in buffer

2. Phosphate buffer : 0.1 M Citrate-0.2 M phosphate, pH 4.5

3. Glycine-NaOH buffer : 0. 4 M pH-10.4

4. Standard : 6 mM, p- nitrophenol
5. Working standard : 1 ml diluted to 10 ml using distilled water.

Procedure

To 0.5m] of substrate and 0.3ml of citrate buffer in a test tube, 0.2m] of the enzyme

solution was added, shaken gently and incubated at 37 °C for lh. 3ml of glycine —NaOH

buffer was added for reaction termination. Mixed and read at 410 mn using shimadzu

Ul/-1601 spectrophotometer.

The activity of [3- glucosidase is expressed as |J. mol p- nitro phenol liberated/mg

protein.

3.14.3.2 Assay of |3- galactosidase(EC 3.2.1.23)

2 B- galactosidase was assayed according to the method of Conchie et al. (1967) based

on the principle that [3- galactosidase acts on p- nitrophenyl- B- D-glucopyranoside and

liberate P-nitrophenol, which was measured at 410 nm in alkaline pH.

Reagents

ll. Substrate : 2 mM , p-nitro phenyl B~D-galactopyranoside
in buffer

2. Phosphate buffer : 0.1M Citrate-0.2 M phosphate, pH 4.5
,.

3. Glycine-NaOH buffer : 0.4 M pH-10.4
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4. Standard : 6 mM, p- nitrophenol
5. Working standard : 1 ml diluted to l0 ml using distilled water

Procedure

To 0.5 ml of substrate and 0.3 ml of citrate buffer in a test tube, 0.2ml of the enzyme

solution is added, shaken gently and incubated at 37 °C for lh. 3ml of glycine —NaOH

buffer is added for reaction termination. Mixed and read at 4l0nm.

The activity of 0- galactosidase is expressed as umol p- nitrophenol liberated! mg

protein.

3.14.3.3 Assay of acid phosphatase (EC 3.1.3.2)

Acid phosphatase was assayed by the method of King, (1965) using disodium phenyl

phosphate as the substrate [Section 3.6.6].

3.15 Statistical Analysis

Results are expressed as mean i SD. Multiple comparisons of the significant ANOVA

were performed by Tukey’s multiple comparison test. A p-value <0.05 was considered as

statistically significant. All data were analyzed with the aid of statistical package program

SPSS 10.0 for Windows.
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4. RESULTS AND DISCUSSION

One of the most attractive approaches to disease prevention involves the use of

natural antioxidants to protect tissue against ischemic injury. Taurine, the major

intracellular free [3-amino acid, is well known to be an endogenous antioxidant molecule

and a membrane-stabilizing agent. The focus of the current study is to evaluate the effects

of taurine for its cardioprotective property in isoproterenol-induced myocardial infarction

in rats by virtue of its membrane-stabilizing, antioxidant and antilipidemic properties.

4.1 Effect of taurine on diagnostic markers of myocardial infarction

Cardiac biomarkers are protein components of cell structures released into the blood

stream when myocardial injury occurs and they can be measured in the systemic

circulation. Elevation of cardiac markers in plasma is one of the criteria being used for the

diagnosis of acute myocardial infarction. The optimal and ideal cardiac marker should be

present in high concentration in myocardium and should be absent from non-myocardial

tissues. It should be rapidly released into the blood stream at the time of myocardial

injtuy and there should be a direct relation between the plasma level of the marker and the

extent of myocardial injury. The marker should persist in plasma for a sufficient length of

time to provide a convenient diagnosis time, and the measurement of the marker should

be easy, inexpensive and rapid. ln this regard, the plasma diagnostic marker enzymes are

of particular interest because of their catalytic activity and tissue specificity. Troponin

and homocysteine are the other newly emerged diagnostic markers, which are widely

used because of their high sensitivity, specificity and reliability.
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4.1.1 Diagnostic marker enzymes

There was a significant (p< 0.001) increase noticed in the levels of diagnostic marker

enzymes [AST, ALT, LDH, CPK, ACP and ALP] in plasma of Group III isoproterenol

administrated rats compared to Group I normal control animals (Fig 4.1.1- 4.1.6), which

is indicative of the severity of isoproterenol-induced necrotic damage to the myocardial

membrane. This observation is in accordance with earlier studies (Farvin et al., 2004;

Suchalatha & Shyamala Devi, 2004), which indicated that of all the macromolecules

leaking from the damaged cardiac tissue, these enzymes because of their tissue specificity

and catalytic activity are the best markers of myocardial infarction. The use of myocardial

specific enzymes as an index of acute myocardial infarction is equally reliable both in

experimental and clinical investigations (Wexler, 1978). Earlier reports by Manjula er al.

(1992) have shown that the amount of marker enzymes present in plasma is directly

proportional to the number of necrotic cells present in the cardiac tissue. The release of

these marker enzymes reflects a non-specific aberration in the structural and functional

integrity of myocardial membrane in response to isoproterenol.

ln the present study. prior administration of taurine resulted in a significant (p< 0.001)

reduction in the levels of these marker enzymes in plasma of Group IV rats compared

with Group III isoproterenol-administrated rats, indicating the cytoprotective action of

taurine (Endo er al., 2002; Schaffer er al., 2003). It probably did so by its membrane

stabilizing action (Redmond er al., 1998). Timbrell er aZ. (1995) reported that taurine

exerted membrane stabilization against carbon tetrachloride, hydrazine and 1, 4

naphthoquinone-induced necrotic damage by modulation of calcium levels and

osmoregulation. Reports by Balkan er al. (2005) indicated that pretreatment with taurine

and betaine significantly ameliorated the lipopolysaccharide-induced necrotic release of

98



fieax

c,d,e
.--' __C'-   In i - -' \;\_'v¢s“-,6‘?-' A+B
;é;;;;'-=z,..:;.-"  _  .- ~.-J~.‘_J-2_'-z‘_'.cv~-:_~ A'~.. ,. . i -. ~ .>.<~.=~_,

7      .~  »   i "0 rotercno    i    . .. ;  t.   ' i i ‘
1..-¢_-J.'~-_“' .4 ._\ _.w ‘;_ I _\_,_ _v ‘pr. 1_". 4 7 ‘~ . -H‘ .1-V '- ‘;T ' "-‘ "'-,:.'» .,\.ti._\.._\’...=£.“ =..:-.;_¢~.__._' .~;' -_.__._._-n'__._-‘_i-.._‘_=*-._s.._._;-..;>».-_.._~  '.*_;.~1.

- Cf '¢‘_;:_ _1__ 1‘ ~ » '.‘ u__,1'.,.- ,v 4. »1,,w,0 ,-/,1~_.._»>-. _i~$s\v~,q;~\---:_»j_~-_launne A       ~~_. --_\  -4 -<\‘- --3-~n,~5 -,
1;:-.2. .=..»_<r . ;:i_f5»» S‘ ~= ~<-4 ail

I

‘>1’; ‘.:"-‘_-»‘1'..-‘.1?-';‘" “'   .=.Control i ‘~"?¢~*?>'  ~~- a  3
f’f.r~_',-;_.*J‘,v ,_-_ j -_\V...j >_  Ii-""1-,_.|  M

1"f"‘ *1 1 * s* F i lO 100 200 300 400 500

Experimental groups
'5'

P
U‘

p mol pyruvate liberated/h/I

Fig 4.1.4 Level of lactate dehydrogenase in plasma of control and experimental
groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days.

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean i SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

‘p<0.00l significantly difl'erent compared with Group I control animals

bp<0.00l significantly different compared with Group II taurine-administered animals

°p<0.00l significantly different compared with Group HI isoproterenol-induced myocardial infarcted tats

dp<0.05 significantly different compared with Group I control animals

°p<0.05 significantly difierent compared with Group II taurine-administered animals.



Experimental groups

Fig 4.1.5 Level of acid phosphatase in plasma of control and experimental groups

Q c,d,e‘MB’I a b°P’°‘°'°"°' (B)
Taurine (A)

Control <’ ' GT GIG ‘Glii ” +O 0.2 0.4 0.6 0.8 1
um

of rats

(A): Taurine, 100mg kg" body wt day'l, i.p. for 15 days.

(B): Isoproterenol, l l

Results are mean :1: SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test

mg 100g" body wt day", i.p. for 2 days

"p<0.00l significantly diflerent compared with Group I control animals

bp<0.00l significantly different compared with Group 11 tauiine-administered animals

°p<0.00l significantly different compared with Group HI isoproterenol-induced myocardial mfarcted rats

dp<0.0l significantly difl'erent compared with Group H control animals

°p<0.05 significantly different compared with Group I control animals



l a,b,c
(A+B) F _  a y. §

- Isopr0tercnol(B) ll A  _ a

Experimenta group

Q)

F
U‘

Taurine(A) , t a l1 ,
Control '__  at l

f* l' "ac"--~Tmw""-* *"e1"" 1 1 "ca * y
Ol(X)2(X)3(I)4(X)5006007008(X)

IU/I

Fig 4.1.6 Level of alkaline phosphatase in plasma of control and
experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for l5 days.

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean 1 SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly difiercnt compared with Group I oontml animals

°p<o.o01 significantly different compared with Group H tauiine-administered animals

°p<0.00l significantly difl‘erent compared with Group Ill isoprotcnenol-induced myocardial infarcted rats



5.14%

diagnostic marker enzymes into the blood stream from hepatic tissue by maintaining the

tissue antioxidant defense system at near normal status. Pushpakiran er al. (2004) also

observed that simultaneous administration of taurine along with ethanol pQ ' R- \r -‘
. A ---_,__..-\\

leakage of marker enzymes into circulation by its bioprotective effect.  /I  =.-B ji
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Troponins are proteins of the troponin regulatory complex involved in cardiac

contractility with high myocardial tissue specificity that overcomes the fundamental

limitations of other available biomarkers of myocardial necrosis. In the present study,

there was a significant (p< 0.001) increase in the level of troponin T in plasma of Group

Ill isoproterenol-administrated rats compared to Group I normal control animals

(Fig 4.1.7). This is in accordance with the earlier reported studies (Padma er al., 2006“;

Acikel er al., 2003). Reports by O’Brien et al. (1997) have shown that troponin T is not

only a sensitive but also a specific biomarker for detection of cardiac injury in laboratory

animals. Because of its high sensitivity and specificity to cardiac tissue, cardiac troponin

has emerged as the preferred diagnostic tool and standard for assessing myocardial

necrosis. They are the most cardiac specific currently available biochemical markers for

the diagnosis of myocardial injury (Jaffe er al., 2000).

In the present study, prior administration of taurine significantly (p< 0.001) decreased

the isoproterenol-induced release of troponin T from myocardium into the blood stream in

Group IV animals, demonstrating its protective action on the cell membrane. It probably

did so by maintaining the delicate balance of tonicity in cells of the myocardium. Taurine

concentration is a major factor involved in the processes of cell volume regulation

(Trachtman er a!., 1990). Cell volume affects the most basic processes of cell function

and as such it exerts an important role in the onset, severity, and outcome of myocardial
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infarction. Earlier reported studies (Trachtman et al., 1992; Pasantes-Morales et al., 1998)

indicated that taurine administration was capable of averting severe osmolar changes

associated with possible cell death. Reports by Song er al. (1998a) showed that

supplementation of taurine exerted membrane protective action against radiation-induced

pulmonary fibrosis. Administration of taurine has been reported to inhibit the production

of tumor necrosis factor-alpha, malondialdehyde, cardiac troponin T, angiotensin II and

high calicumion level of myocardiocytes in severely burned rats (Wan & Li, 2005).

4.1.3 Homocysteine

Homocysteine is a non-essential, thiol containing and potentially cytotoxic 4-carbon

<1-amino acid formed during methionine metabolism through the demethylation of

methionine (Christensen et al., 1991). Long-term elevation of homocysteine has been

identified as independent risk factor for acute myocardial infarction (Mayer et al., 1996;

Stampfer er al., 1992). In the present study, a significant (p< 0.001) elevation in the level

of homocysteine was noted in plasma of Group III isoproterenol-administered rats

compared to Group I control animals (Fig 4.1.8). This is in accordance with earlier

reported studies (Senaratne er al., 2000; Hagar, 2002), which indicated that even mild

hyperhomocysteinemia was associated with an increased risk of cardiovascular diseases

independently of classical risk factors.

Homocysteine has been reported to induce atherosclerosis either by impairing

coronary microvascular dilator function (Tawakol er al., 2002), or by stimulating smooth

muscle proliferation (Tang er al., l998) and platelet activation and thrombogenesis

(Rodgers & Kane, 1986). Both in vivo and in vitro studies suggest that homocysteine is a

potent inducer of inflammatory processes in endothelial cells at the level of gene

expression (Roth er al., 2001; Shai er al., 2004). Elevated level of homocysteine has also
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Fig. 4.1.9 Effect of taurine on diagnostic markers of myocardial infarction



been reported to be associated with increased interleukin production in monocytes and

endothelial dysfunction (Van Aken er al., 2000). It is also involved in up regulation of

vascular cell adhesion molecules (Silverman er al., 2002) and promotion of vascular

smooth muscle cell growth (Woo er al., 1997; Tsai er al., 1994).

In the present study, it is observed that prior administration of taurine significantly

(p< 0.001) reduced the level of homocysteine in plasma of Group IV rats compared to

Group III myocardial infarction induced rats. It probably did so either by inhibiting the

production of monocyte or macrophage-derived interleukins which triggers firm adhesion

of rolling monocytes to vascular endothelium, a necessary prelude to the initiation of

atherosclerosis (Geng er al., 2005; Ding er al., 1996), or by regulating the formation of

homocysteine from methionine. Reports by Chang et al. (2004a) indicated that taurine and

homocysteine had opposite effects in myocardial mitochondria with regard to

Ca2+ATPase activity and the generation of hydrogen peroxide and superoxide anions.

Earlier Minor er al. (1996) observed that taurine reduced experimental liver injury after

cold ischemic preservation and a period of rewarming prior to reperfusion by modulating

vascular endothelial function. Investigations by Casey er al. (2006) also indicated that

taurine effectively attenuated acute hyperglycaemia-induced endothelial cell apoptosis,

leucocyte-endothelial cell interactions and cardiac dysfunction in experimental animals.

4.2 Histopathological observations

Plates 4.2.1-4.2.4 show the histology of heart tissue of normal and experimental

groups of rats. Microscopical examination of heart tissue sections of Group I normal

control animals revealed normal myofibrillar architecture with straiations, branched

appearance and continuity with adjacent myofibrils (Plate 4.2.1). But a number of

significant histopathological alterations were noticed in the heart tissue sections of
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Plate 4.2.1 The architecture of normal cardiac tissue in control rat (Group I)



Plate 4.2.2 The cardiac tissue in rat pre-treated with taurine indicating no significant
changes in architecture in comparison to the normal condition (Group II)



Plate 4.2.3 The architecture of cardiac tissue in the myocardial stress induced rat
showing rupture of cardiac muscle fibers with inflammatory cells

(Group III)



Plate 4.2.4 The architecture of cardiac tissue in rat pre-treated with taurine prior to
induction of myocardial stress by isoproterenol, which shows no rupture

of cardiac muscle and no inflammatory cell (Group IV)



Group III isoproterenol-injected rats as compared to the normal cardiac architecture of

Group I control animals (Plate 4.2.3). Administration of isoproterenol-induced

pathological alterations in the myocardial tissue of Group III animals such as mild to

diffused cloudy swelling, focal vacuolar degeneration and occasional pericentral

infiltration of round cells, hyperemia and sinusoidal distension. Also in some cases

occurrence of cellular hyperplasia, central necrosis and fibroplasias in portal areas were

noted. This pathological aberration is probably related to a decline in oxygen supply with

paramount rise in wall-stress. These observations concur with previous reported studies

(Benjamin etal., 1989; Jalil etal., 1989).

Histology of the heart tissue sections of Group IV taurine-administered rats

(Plate 4.2.4) showed normal architecture of myofibrillar striations, branched appearance
I

:»al'ld continuity with adjacent myofibrils compared to the altered cardiac architecture of
>

v

lGroup III isoproterenol-injected animals. The morphology of cardiac muscle fibers was

4-well preserved and found to be comparable to that of normal control rats, indicating the

icytoprotective action of taurine. Previous reports by Zeybek er al. (2006) showed that

supplementation of taurine prevented watcr avoidance stress-induced morphological

idegeneration changes in gastrointestinal tract and liver by its potent free radical
v .

iscavenging ability. Reports by Hagar er al. (2006) indicated that supplementation of
v

taurine attenuated hypertension and renal dysfunction and ameliorated nephritic

morphological changes induced by cyclosporine-A in rats. Previously Tadros et al. (2005)

lrcported that taurine significantly ameliorated the morphometrical and histopathological
b

l

A

ffiberrations in an experimental animal model of Huntington's disease due to its antioxidant
r.


effect and y-amino butyric acid agonistic action. I-Iistopathological studies by Cetiner
l

r

ital. (2005) showed that taurine protected against methotrexate-induced oxidant organ

lnjury and inhibited leukocyte apoptosis in experimental rats. In the present study, the
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histological examinations of the heart tissue of normal rats receiving taurine (Group II)

alone did not show any significant changes when compared with that of normal control

rats, showing that it dose not per se have any adverse effects (Plate 4.2.2). The

histopathological observations carried out in the heart tissue of control and experimental

groups of rats confirmed the cytoprotective action of taurine in experimentally induced

myocardial infarction condition.

4.3 Effect of taurine on protein metabolism

Protein synthesis and protein degradation are highly regulated cellular processes

essential for cell viability. Alteration in steady state protein metabolism is an important

factor in regulating cellular homeostasis in response to oxidative damage in myocardial

infarction condition. In the present investigation, there was a significant (p< 0.01)

increase in the levels of protein and glycoprotein components in plasma with a

concomitant decline in their levels in heart tissue of Group III isoproterenol-administered

rats compared to Group I normal control animal (Fig 4.3.1, 4.3.2). This is in accordance

with the earlier reported study (Dudnakova er al., 2002), which indicated that the increase

observed in the protein content in plasma of isoproterenol-administered rats is, at least in

part, due to leakage of enzymes and protein-bound components from the damaged

myocardium into the systemic circulation.

Reduced incorporation of amino acids into tissue proteins may be responsible to a

significant extent for decline noticed in the level of protein synthesis in isoproterenol

induced myocardial infarction condition. Hexose and sialic acid are incorporated into

polypeptide chain while they are still attached to ribosomes (Marshall er al., 1991;

Robinson er al., 1995). The reduction in the hexose and sialic acid content observed in

heart tissue of isoproterenol-induced myocardial infarction might be due to inhibition of
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Fig 4.3.2 Level of protein in heart tissue of control and experimental groups of rats
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“p<0.00l significantly different compared with Group I control animals

bp<0.00l significantly different compared with Group II taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats

dp<0.0l significantly different compared with Group II taurine-administered animals

°p<0.05 significantly difierent compared with Group I control animals
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Fig 4.3.5 Effect of taurine on protein metabolism



administration protected proteins and lipids from ethanol-induced oxidative damage by its

antiperoxidative property.

4.4 Effect of taurine on free amino acids

In the present study, significant alterations in the levels of free amino acids (taurine,

aspartate, glutamate and arginine) were observed in heart tissue of Group III myocardial

infarcted rats compared to Group I control rats. This is in agreement with earlier reports

by Sulieman er al. (1997), which showed that myocardial ischemic arrest induced by cold

crystalloid cardioplegic solution decreased intracellular concentrations of glutamate, ATP

and aspartate in the hearts of patients undergoing coronary artery surgery. In sepsis,

virtually all amino acid levels were decreased by 10-30%, whereas cystine and

phenylalanine were significantly elevated (Vente er al., 1989).

4.4.1 Taurine

Taurine is the principal intracellular free amino acid present in the tissues of animal

species. In the present study, there was a significant (p< 0.001) decrease in myocardial

taurine content in Group III myocardial infarction induced rats compared to Group I

normal rats (Fig 4.4.1). This is in agreement with earlier reports by Stapleton er al.

(1996), which showed that both plasma and intracellular taurine were decreased in certain

pathologic conditions. Pion er al. (1987) reported that myocardial concentrations of

taurine were directly related to its plasma concentrations and low concentrations were

found to be associated with myocardial failure in cats.

The rats pretreated with taurine showed significant (p< 0.001) increase in cardiac

taurine content in Group IV rats as compared to Group III rats. This is in agreement with

an earlier study (Chen er al., 2004), which indicated that taurine supplementation resulted
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Fig 4.4.1 Level of taurine in heart tissue of control and experimental groups of rats

(A): Tatuine, 100mg kg" body wt day", i.p. for l5 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean :t SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly difierent compared with Group I control animals

bp<0.00l significantly different compared with Group H taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats



in increased taurine content both in serum and liver of experimental animals. Takahashi

er a1. (2003) reported that both myocytes and non-myocytes expressed an identical taurine

transporter with a Michaelis-Menten constant of 20-21 uM and that a higher taurine

content in myocytes may be associated with a higher V[max]. Hence, it is possible that

supplementation of taurine may preserve the cellular taurine content for other biological

processes through the modulation of taurine transporters, as observed in the present study.

The biological processes in which taurine involved are cell membrane stabilization

(Heller-Stilb et al., 2001), antioxidation (Atmaca, 2004), detoxification (Birdsall 1998),

osmoregulation (Timbrell er al., 1995), neuromodulation and brain (Renteria er al., 2004)

and retinal development (Wright er al., 1986). Studies by Oudit et al. (2004) showed that

treatment with taurine reduced iron-mediated myocardial oxidative stress and preserved

cardiovascular function and improved survival rate in iron-overloaded mice.

4.4.2 Aspartate

Aspartate is one of the metabolites of the tricarboxylic acid cycle and is involved in

energy production. The significant (p< 0.001) decline observed in the level of aspartate in

heart tissue of isoproterenol-administered Group III rats compared to Group I control rats

(Fig 4.4.1) might be due to its loss into extracellular space from the infarcted

myocardium. Level of aspartate has been reported to decrease in human hearts subjected

to cardioplegic arrest followed by reoxygenation (Pisarenko er al., 1988 & 1995). These

findings suggested that the myocardial levels of amino acids were closely associated with

its energy state following ischemia and thus may affect the recovery of cardiac

contractility. Although such decrease in this amino acid concentration has been primarily

attributed to metabolism, they might also partly due to loss into extracellular space.

Ischemia resulted in a large increase in perfusate levels of glutamate, aspartate, glycine,
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Fig 4.4.2 Level of aspartate in heart tissue of control and experimental groups of rats
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(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean A: SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test

"p<0.00l significantly different compared with Group I control animals

bp<0.00l significantly different compared with Group H taurine-administered animals

°p<0.00l significantly difierent compared with Group HI isoproterenol-induced myocardial mfarcted rats



phosphoethanolamine, serine, alanine, taurine and glutamine in an experimental model to

study the release of amino acids during ischemia, anoxia and hypoglycemia (Song et al.,

1996; Song er a1., 1998b; Li & Jefferson, I977). Buyukuysal (2004) reported that

ischemia-induced increases in glutamate, taurine and GABA outputs from rat striatal

slices were accompanied with a similar amount of decline in their tissue levels.

Prior treatment with taurine prevented the isoproterenol-induced decrease in aspartate

level in Group IV rats compared to Group III rats. This may be due to its involvement in

cell volume regulation. Taurine is reported to regulate osmolarity without causing

additional perturbations of cellular tonicity (Trachtman et al., 1990). Taurine, betaine, and

inositol were recently identified as osmolytes in cells associated with cell volume

regulation and cell function (Wettstein & Haussinger, 2000). Molchanova er al. (2006 &

2007) reported that taurine attenuated aspartate release by regulation of mitochondrial

Ca2+sequestration by activation of a chloride channel and also suppressed the synaptic

release of aspartate evoked by the voltage-gated sodium channel opener veratridine.

Taurine supplementation reduced reoxygenation injury in cold and warm ischemia in rat

liver (Wettstein & Haussinger, 2000).

4.4.3 Glutamate

Glutamate is involved in several classical biochemical pathways including tricarbo

xylic acid cycle, ammonia detoxification and gluconeogenesis and plays an important role

as a chemical transmitter of excitatory signals. In the present study, there was a

significant (p< 0.001) decrease noted in the level of glutamate in heart tissue of Group III

rats compared to Group I control rats (Fig 4.4.2). This is in line with earlier reports

(Li & Jefferson, 1977; Pisarenko er al., 1990; Dohovics er al., 2003), which showed that

B-adrenergic agonist, isoproterenol administration increased the loss of glutamate,
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Fig 4.4.3 Level of glutamate in heart tissue of control and experimental groups of rats
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aspartate, serine and isoleucine from the pool of free amino acid in perfusate and muscle.

The reversal of Na+ dependant transporters during isoproterenol-induced ischemia might

have also contributed to amino acid efflux accompanied by a similar amount of decline in

their tissue levels (Buyukuysal, 2004). Loss of the plasma membrane integrity as a result

of enhanced phospholipase A2 activity by isoproterenol may also allow amino acids to

diffuse down their concentration gradients into the extracellular space (Backstrom er al.,

2003)

In the present study, the prior treatment with taurine ameliorated the isoproterenol

iinduced decrease in glutamate level in Group IV rats compared to Group III rats. Neutral

;and acidic amino acids are taken up into cells by Na+ dependant co-transport systems
K

§(Collarini & Oxender, 1987). Since transport of taurine is mediated through Na+
>

>

ldependant symport system (Suleiman, 1992), administration of taurine facilitated the
If.

transportation of amino acids and maintained their levels at near normal. Goldstein &

Davis (1994) reported that different chemical classes of organic osmolytes shared a

common volume-sensitive transporter. Reports by Dawson er al. (2002) showed that

taurine supplementation significantly increased plasma glutamate levels in exercised rats.

Molchanova er al. (2006) reported that taurine reduced glutamate release under ischemic

conditions by affecting the depolarization-evoked component. Taurine supplementation

attenuated glutamate excitotoxicity through both the enhancement of mitochondrial

function and the regulation of intracellular (cytoplasmic and intra-mitochondrial) calcium

homeostasis (El Idrissi, 2006). El Idrissi & Trenkner (2004) reported that taurine

counteracted glutamate-induced mitochondrial damage and cell death as a result of its

involvement in calcium regulation.
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Fig 4.4.4 Level of arginine in heart tissue of control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterencl, llmg 100g" body wt day", i.p. for 2 days

Results are mean i SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

°p<0.00l significantly difierent compared with Group I control animals

"p<o.oo1 significantly different compared with Group n taurine-administered animals

°p<0.0l significantly different compared with Group III isoproterenol-induced myocardial infarctcd rats

dp<0.0l significantly different compared with Group I control animals

°p<0.05 significantly difierent compared with Group II taurine-administered animals



4.4.4 Arginine

Arginine is a conditionally essential amino acid involved in various metabolic

functions in the body. It is the only substrate required for synthesis of nitric oxide (NO)

by the action of the enzyme NO synthase (NOS) (Morris, 1992). In the present study, a

significant (p< 0.001) elevation in the level of arginine was observed in heart tissue of

Group III isoprotereno1-administered rats as compared to that of Group I normal rats

(Fig 4.4.2). This is in accordance with an earlier study (Gustafsson & Brunton, 2000)

which indicated that iNOS (inducible nitric oxide synthase) mediated nitrative stress

played a pivotal role in isoproterenol-induced myocardial apoptosis and cellular injury

lsoproterenol-mediated B-AR stimulation has been reported to result in a phenotypic

upregulation of iNOS in the heart and to enhance the release of pro-inflammatory

mediators, which trigger increased NO production through arginine metabolism (Hu,

er al., 2006). Though NO is short-lived and relatively unreactive radical, it combines with

superoxide to form potent oxidant -ONOO- (peroxynitrite), which plays a significant role

in iNOS-mediated postischemic cells damage (Arstall er al., 1999). Under pathological

conditions, where iNOS expression is increased and NO production is increased,

significant amount of peroxynitrite is formed (Xia et al., 1996).

In the present study, prior administration of taurine maintained the cardiac arginine

content at near normalcy in Group IV rats compared to Group III rats. It probably did so

by blocking the availability of NO radicals by inhibiting iNOS activity (Gurujeyalakshmi

er al., 2000). Studies by Barua er ai. (2001) showd that taurine chloramine inhibited

inducible nitric oxide synthase and tumor necrosis factor-ot gene expression in activated

alveolar macrophages, leading to a decrease in the production of peroxynitrite radicals.

Eby & Halcomb (2006) also reported a hypothesis for nitric oxide stabilization of the
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sinus node and the elimination of cardiac arrhythmias using oral taurine and L-arginine

with case histories.

4.5 Effect of taurine on lipid metabolism

Lipids play an important role in cardiovascular disease, not only by way of

hyperlipidemia and the development of atherosclerosis leading to myocardial infarction, but

also by modifying the composition, structure and stability of cellular membranes.

Hypercholesterolemia, high concentration of low-density lipoprotein cholesterol,

hypertriglyceridemia and low high-density lipoprotein are accepted as independent risk

factors for atherosclerotic cardiovascular disease and mortality (Wood er al., 1998; Gotto

etal., 2000). Gudbjarnason er al. (1968) observed increased lipid synthesis in infarcted tissue

when compared to non-infarcted tissue. Significant changes in the fatty acid composition of

serum triglycerides, cholesterol ester and phospholipids were also reported in acute

myocardial infarction condition (Padma et al., 2006*’). During myocardial infarction, the

cardiac cells become fibrotic leading to excess accumulation of fat, as observed in the present

study. The pathogenesis is multifactorial, reflecting complex biosynthetic, enzymatic and

catabolic derangement in lipoprotein metabolism.

4.5.1 Cholesterol, triglycerides and free fatty acids

High levels of circulatory cholesterol and its accumulation are well associated with

cardiovascular damage (Joan er aI., 1984). High levels of LDL-cholesterol and VLDL

cholesterol have shown a positive correlation with myocardial infarction, where as high

levels of HDL-cholesterol have a negative correlation (Buring er aI., 1992). Plasma

concentration of atherogenic LDL-cholesterol is regulated by the production of rate of VLDL

and the utilization of LDL-cholesterol by LDL receptors. The protective role of HDL

cholesterol is attributed to its involvement in reverse cholesterol transport, its antioxidant and
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(B): Iscproterenol, llmg 100g" body wt day", i.p. for 2 days
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bp<0.00l significantly different compared with Group II taurine-administered animals
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Experimental groups
<7‘

Fig 4.5.3 Level of LDL-cholesterol in plasma of control and experimental groups of rats

c,d(A+B>
|

a,b

Taurine (A)
€<I11T<>l

oproterenol (B)

I I I ”
O 50 100 150 200

mg/dl

(A): Taurine, 100mg kg" body wt day", i.p. for l5 days

(B): Isoproterenol,

Results are mean ;t SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test

llmg 100g" body wt day", i.p. for 2 days

“p<0.00l significantly different compared with Group I control animals

bp<0.0()l significantly different compared with Group 11 tauiinc-administered animals

°p<0.00l significantly different compared with Group HI isoproterenol-induced myocardial mfarcted rats

"p<0.0l significantly difierent compared with Group H tauiine-administered animals



nta groups
W

(A +B)

op roterenol (B)

Taurinc (A)

la‘ . _ 4- . _ , -1 -1. . ‘ . ._ 4| ‘. . .V » .I I I,  .'.. '_'_‘ V1.1.-4 ' - v\ ~ ~‘>. , , . .‘A .. ‘. . ‘.. .. _',‘.,,u . .,. ‘ , A 1,‘ 4 . \
‘.‘,'1 ‘-. _'~. t. ? - ‘. 1‘! .' _. . '~)1 1 . ~ - t‘, J ,,.1. . Al. ... i, ‘ ._... 4 4 . -,r - r‘; . -<. . , _ . 4\<.  ‘4 .‘. 'l t al .A -‘l, . . 5‘1.‘ .

- . < l4___>< .0 V Q:
. l
"st

.?ii

—1 ‘Lb
.. aw

_.

Experlme

-1

. »
1

Q'I ~ Uiv .

, . '4, .
,»

_ .I I 4, _
.

. .
1 .

“4 .
.

. .. .Ll ‘ .l‘- .r‘ . .
3 . .

l

t.)

. .
. _.

v vi

Control 11 7 T 1 I F I I * 1
0 5 10 I5 20 25 30 35 40

mg/cl

.4-Q >4 ¢_. L4 »~_u

Fig 4.5.4 Level of HDL-cholesterol in plasma of control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for l5 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean =|= SD for 6 animals; Oneway ANOVA; Tukey’s multiple comparison test.

‘p<0.00l significantly different compared with Group I control animals

"p<0.00l significantly different compared with Group H taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats

dp<0.00l significantly different compared with Group H taurine-administered animals



4.5.18 Effect of taurine on cholesterol metabolism



anti-thrombotic properties (Barter et al., 2003). In the present study, there was a significant

(p< 0.001) elevation noticed in the levels of cholesterol, triglycerides and free fatty acids in

plasma and heart tissue of Group Ill rats as compared to Group I control rats, which is an

indication of severity of isoproterenol-induced hyperlipidemic condition (Fig 4.5.1- 4.5.8).

The level of LDL cholesterol was significantly (p< 0.001) higher in Group III myocardial

infarction induced rats, whereas HDL cholesterol levels were significantly lower compared to

Group I animals. There was an increase in the mobilization of LDL-cholesterol from the

blood into the myocardial membranes, resulting in abnormal cholesterol deposition in the

myocardium. These findings are in accordance with earlier reported studies (Sreepriya er al.,

1998; Sangeetha & Quine, 2006), which showed that the free fatty acids liberated from

adipose tissue enters into the myocardium, and the process is proportional to the free fatty

acid concentration in the coronary sinus. Though heart utilize free fatty acids for its energy

requirements, the excess free fatty acid may be used for the synthesis of triglycerides which

ultimately leads to hypertriglyceridemia condition, as observed in the present study.

In the present study, prior treatment with taurine significantly (p< 0.001) prevented the

isoproterenol-induced elevation in total cholesterol, triglycerides and free fatty acids in

plasma and heart tissue of Group IV rats as compared to that of Group III rats. It also

maintained the level of LDL-cholesterol and HDL-cholesterol in plasma at a concentration

comparable to that of Group I rats. Earlier reports (Chen et al., 2004) indicated that taurine

supplementation was effective in lowering plasma total cholesterol, VLDL cholesterol and

LDL cholesterol levels in experimental animals. In the present study, a slight reduction in the

level of total cholesterol and LDL-cholesterol were also observed in Group II taurine

administrated normal rats, establishing the anticholesterolemic property of taurine. The

hypolipidemic property of taurine has already been reported in hi gh-fat diet fed experimental
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Fig 4.5.6 Level of free fatty acids in heart tissue of control and expenmental groups of rats
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animals (Murakami et al., 1999). The cardioprotective effect of taurine is related to its ability

to inhibit the increased accumulation of lipids both in systemic circulation and in

myocardium by its antilipidemic property. This is probably achieved by its involvement in

bile acid conjugation reactions. Nandhini er al. (2002) reported that taurine prevented the

elevated levels of free fatty acids in rats fed high fructose-diet.

Previous reports (Lin er al., 1996; Mochizuki et al., 1998) indicated that taurine-bile acid

conjugates suppressed VLDL secretion and enhanced plasma HDL concentration in a dose

dependent manner. LDL-receptors play an important role in the regulation of plasma LDL

cholesterol levels (Brown & Goldstein, 1986). Earlier reports by Stephan er al. (1987)

indicated that supplementation of taurine increased the expression of LDL-receptors in cells.

Hence, it might be the mechanism of action of taurine in exerting hypolipidemic activity in

experimentally induced myocardial infarction condition.

4.5.2 Phospholipids

There was a significant (p< 0.001) depletion noticed in the levels of phospholipids in

heart tissue of Group III animals compared of Group I rats (Fig 4.5.9 & 4.5.10). This is in

line with earlier reported studies (Kaul & Kapoor, 1989; Kumar er al., 2001; Sreepriya er al.,

1998), which indicated that ischemic injury related alterations in lipid composition of

myocardial tissue appeared to occur due to destruction of myocardial membrane lipid bi

layer. Hence, the significant elevation noticed in the levels of free fatty acids in plasma and

heart tissue of isoproterenol-induced rats might be due to enhanced breakdown of membrane

phospholipids both in adipose tissue and myocardium by the lipolytic action of

phospholipase A; (Van Bilsen er al., 1989; Nalbone er al., 1990), which could be very likely

the biochemical basis for the irreversible cell injury and ischemia. Previous studies (Mohan

& Bloom, 1999; Vimal & Devaki, 2004) suggested that high lipid accumulation and
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Fig 4.5.10 Level of phospholipids in heart tissue of control and experimental groups of rats
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increased lipid peroxidation in the myocardium might be the key events that determine

isoproterenol-induced myocardial infarction. Further support for this conclusion comes from

reports by Cao er a1. (1996) which have shown that heart has less antioxidant protection than

the liver, lung, or kidneys and therefore it may provide conditions conducive to free radical

mediated necrotic damage, as observed in the present study.

The results of the current investigation showed that prior administration of taurine

significantly (p< 0.001) prevented the isoproterenol-induced degradation of membrane

phospholipids in heart tissue of Group IV rats compared to Group Ill rats, establishing its

membrane stabilizing effect. lt probably did so by decreasing isoproterenol-induced

calcium overload in the myocardium. Previous reported studies (Kramer er al., 1981;

Schaffer er al., 1995) indicated that taurine modulated the calcium-mediated cell death by

its antioxidant and membrane stabilizing properties. It is possible that lipid peroxides and

the spontaneous oxidation products of isoproterenol (Yates er al., 1981) by their action on

the sarcolemma may cause leakiness and contribute to a second phase of calcium

accumulation (Dhalla er al., 1996). This presumption is further supported by studies

carried out in cultured cardiomyocytes in which inhibition of fatty acid accumulation by

phospholipase inhibitors protected the cell membranes from calcium overload and

morphological change (Jones er al., 1989). Furthermore, the protective effect of

phospholipase inhibitors apart from blocking calcium influx may also be due to their

antioxidant activity and altered myocardial utilization of fuel from fatty acids to

carbohydrates (Freedman et al., 1991; Jenkins er al., 1992). Hence, it is postulated that

like wise taurine may also protect myocardial cell membrane from necrotic damage by its

membrane-stabilizing action and antioxidant property.

113



Fig. 4.5.17 Effect of taurine on lipid metabolism

)F——-——:l

—— »—--—-—u



4.5.3 Lipoprotein (a), apolipoprotein-B and apolipoprotein Al

Lipoprotein metabolism plays a pivotal role in atherogenesis leading to myocardial

infarction (Bobkova er al., 2003). Lipoprotein (a) is a complex of apolipoprotein (a) and

low density lipoprotein is one of the most powerful and most prevalent independent non

modifiable risk factor for coronary artery disease (Luthra er al., 1999). Apolipoprotein (a)

is a glycosylated protein that is attached to apolipoprotein B-100 of low density

lipoprotein and is reported to act as a competitive inhibitor of tissue type plasminogen

activator there by inhibiting fibrinolysis (Angles-Cano et al., 2001). This in turn

contributes to blood clot formation, damaging coronary arteries (Hopkins er al., 1998). In

the present study, the levels of lipoprotein (a) and apolipoprotein-B increased

significantly (p< 0.001) with a concomitant decrease in apolipoprotein AI in plasma of

Group III isoproterenol-inj ected rats compared to Group I control rats (Fig 4.5.11-4.5.13).

This is in agreement with a previous reported study (Sandkamp er al., 1990), which

indicated that high plasma levels of Lp (a) was an independent risk factor for myocardial

infarction. Apolipoprotein—B is the protein on the surface of each of the atherogenic

particles, low density lipoprotein, intermediate density lipoprotein, and very low density

lipoprotein remnants and lipoprotein (a), which exists as two isoforms B-48 and B-100.

Over 90% of low density lipoprotein particle is composed of apolipoprotein B.

Apolipoprotein AI is the primary protein constituent of high density lipoprotein and

serves the function of preventing the deposition of cholesterol loaded macrophages on the

atterial cell wall as foam cells. This in turn inhibits atherosclerotic lesion formations and

myocardial infarction.

Pretreatment with taurine maintained the levels of these lipoproteins in Group IV

animals at near normal compared to Group III isoproterenol-injected animals. Since
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Fig 4.5.11 Level of lipoprotein (a) in plasma of control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean 1 SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.
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apolipoprotein A1 is associated with HDL and apolipoprotein-B is associated with LDL,

the level of apolipoprotein A1 might have increased with subsequent reduction in

lipoprotein (a) and apolipoprotein-B in taurine treated-groups. Previously, Frank er al.

(1995) reported that taurine interfered with the first step of lipoprotein (a) assembly,

leading to a reduction in plasma concentration of lipoprotein (a). Reports by Field er al.

(1994) and Elzinga er al. (2003) showed that taurocholic acid inhibited the secretion of

apo-B in primary rat, mouse and human hepatocytes. Experimental studies by Kishida er

al. (2003) and Yany er al. (2002) indicated that supplementation of taurine significantly

lowered the plasma apolipoprotein-B levels and increased apolipoprotein A1 levels in rats.

4.5.4 Fatty acid composition

Alterations in fatty acid composition of membrane phospholipids and consequent

changes in membrane properties play an important role in induction of myocardial

infarction. Pepe & McLennan (2002) reported that cardiac membrane fatty acid

composition modulated myocardial oxygen consumption and post ischemic recovery of

contractile function. Table: 4.5.1 depicts the myocardial fatty acid composition of normal

and experimental groups of rats. In the present study, significant alterations were

observed in the composition of fatty acids in heart tissue of isoproterenol-administered

Group III rats compared to Group I control rats. There was a slight increase noticed in the

levels of saturated and monounsaturated fatty acids (Cl4:0, C16:0, C1810 & C16:1,

Cl8:l) in heart tissue of isoproterenol-administrated Group III rats compared to Group I

control rats (Fig. 4.5.14). This is in line, with reports by Al Makdessi er al. (1987), which

indicated modifications in the distribution of fatty acids evidenced by significant changes

of monounsaturated or saturated and of 16:1 cis/16:1 trans ratios in arterial free fatty acids

and tissue triglycerides in isoproterenol-administrated experimental animals.
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Table: 4.5.1 Levels of fatty acids in heart tissue of control and experimental
groups of rats

___.i — ~ ... _,.. 71 — <1__i
Fatryac1ds(%) Control Taurine(A) lsoprotercnol (B) (A+B)

(‘ 14:0 3.021020

CW0 15.51157

CW} 21811.95

CI6:l 3.241 0.27

Clgil 12.711.15

C'8‘2 18.11135

C2013

35310.29

15.11 1.3

21411.9

3.151 0.26

11.91081

18.31 1.31

0.7210052 0.7510.055

C-20:4 1 1.910.‘) 12.31096

C20:5

C22:6

0.2610.0l7 0.281 0.02

l 1.81085 12.31 0.85

4.421035 "~“ 3.121 0.25“

17.211.8“3“ 15011.8“

25.112.15*‘*‘ 22.11208“

3.671 0.31 3“ 3.281 0.27 °

13.811.3“~“ 12.51115“

14.91 1.1 1  17.61135“

0.6810.051“*‘ 0.7210052 °

0.3110.68“~“ 12.11 0.0“

0.211 0.013 “~“ 0.2610017 °

9.851 0.62 1*‘ 11.71 0.75 °

(A)T' 100 1<"6<1 6 "p1‘15d: aurme, mg g 0 ywt ay',1. . or ays
(B): lsoproterenol, 1 lmg 100g" body wt day", i.p. for 2 days

Results are mean 1 SD for 6 animals; Oneway ANOVA; Tuke)/‘s Multiple comparison test.

“p<0.05 significantly different compared with Group l control animals

hp<0.05 significantly different compared with Group ll taurine-administered animals

“p<I0.05 significantly diriferent compared with Group lll isoproterenol-induced myocardial intarcted rats



Polyunsaturated fatty acids, major components of membrane phospholipids, play a key

role in membrane functions (Al Makdessi er al., 1994). There was a significant (p< 0.05)

decline observed in the polyunsaturated fatty acid content (Cl8:2, C20:3, C2O:4, C20:5,

C22:6) in isoproterenol-administrated Group III rats compared to Group I control rats

(Fig. 4.5.14). A significant (p< 0.05) alteration was noticed in the composition of total n6

and n3 polyunsaturated fatty acids in isoproterenol-injected Group III rats compared to

Group I control rats (Fig 4.5.15). A slight change in the ratio of n6/n3 was also observed

in the isoproterenol-administrated rats compared to normal rats (Fig 4.5.16). This is in

line with earlier reports (Gudbjarnason, 1989; Padma er al., 2006“), which indicated that

administration of isoproterenol modified the fatty acid composition and the balance

between n-6 and n-3 fatty acids in cellular phospholipid composition. Isoproterenol

induced free radicals probably attacked the membrane phospholipids in the ischemic

myocardium, resulting in the oxidation of membrane phospholipids rich in

polyunsaturated fatty acids. This is in agreement with earlier reports (Meerson et al.,

1993; Dumelin & Tappel, 1977), which indicated that persistent cellular oxidative stress

lead to enhanced peroxidation of polyunsaturated fatty acids, macromolecular damage,

disruption of signaling pathways and stimulation of myocardial injury.

Pretreatment with taurine significantly (p< 0.05) prevented the isoproterenol-induced

aberrations in the fatty acid composition of heart tissue in Group IV rats as compared to

Group III rats. There was a decrease in the saturated and monounsaturated fatty acid

content and an increase in the polyunsaturated fatty acid content in heart tissue of Group

IV rats compared to Group III rats. It probably did so by protecting the membrane

phospholipids from the isoproterenol-induced free radical attack by virtue of its

antioxidant property (Atmaca, 2004). This is in agreement with reports by Ebrahim &

Sakthisekaran (1997), which indicated the effect of vitamin E and taurine treatment
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(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean d: SD for 6 animals; Oneway ANOVA; Tukey’s multiple comparison test
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°p<0.0l significantly diflerent compared with Group III isoproterenol-induced myocardial infarcted rats
d
p<0.05 significantly different compared with Group H taurine-administered animals

‘p<0.05 significantly difierent compared with Group IH isoproterenol-induced myocardial infarctcd rats
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protected membrane phospholipids by enhancing antioxidant defense status in

perchloroethylene-induced cytotoxicity in mice. Mori & Beilin (2001) and Nageswari

etal. (1999) reported that polyunsaturated fatty acids exerted anti-atherogenic effect and

offerred significant protection against acute myocardial infarction in experimental

animals. The increase observed in polyunsaturated fatty acid content in the heart tissue of

Group IV rats might have also contributed to the protective effect of taurine. Hamaguchi

er al. (1991) have reported that the cytoprotective effect of taurine could be due to its

ability to alter polyunsaturated fatty acids in the mitochondrial cell membrane. Reports by

Keys & Zimmerman (1999) indicated that taurine in combination with retinol prevented

oxidative loss of polyunsaturated fatty acids in rod outer segment.

4.6 Effect of taurine on myocardial antioxidant defense system

Biological membranes are sensitive to lipid peroxidation induced by reactive oxygen

species. The oxidation of polyunsaturated fatty acids in biological membranes may cause

impairment of membrane function, decrease in membrane fluidity, inactivation of

membrane receptors and enzymes, increase of non-specific permeability to ions and

disruption of membrane structure. Peroxidation of endogenous lipids has been shown to

be a major factor in the cardiotoxic action of isoproterenol (Kumar er al., 2001; Chattopa

dhyay er al., 2003). Isoproterenol-induced myocardial infarction is generally attributed to

the formation of the highly reactive hydroxyl radical (OH'), stimulator of lipid

peroxidation and source for the destruction and damage to cell membranes (Farvin er al.,

2004). Alterations in tissue defense systems including chemical scavengers or antioxidant

molecules and the antioxidant enzymes catalase, superoxide dismutase, glutathione

peroxidase, and glutathione-S-transterase have been reported in isoproterenol-induced

myocardial infarction (Sharma er al., 2001; Saravanan & Prakash, 2004; Padma er al.,



2006b). The cnicial role of lipid peroxidation in the pathogenesis of myocardial injury can

be illustrated by the use of antioxidants (Lieber er al., 1994). Taurine has been shown to

suppress lipid peroxidation in liver of carbon tetrachloride-intoxicated rats (Nakashima

etaI., 1983) and in rabbit spermatozoa (Alvarez & Story, 1983). Reports by Wan & Li,

(2005) indicated the antioxidant effects of taurine on myocardial injury in severely bumed

rats. Reports by Tabassum er al. (2006) showed that supplementation of taurine

attenuated tamoxifen-induced hepatotoxicity in mice by its antioxidant property.

4.6.1 Lipid peroxidation

Lipid peroxidation in vivo has been identified as one of the basic deteriorative

reaction in cellular mechanisms of the myocardial ischemia (Singal er al., 1982; Rathore

etal., 1998). Lipid peroxidation of membranes is regulated by the availability of substrate

in the form of polyunsaturated fatty acids, the availability of inducers such as free radicals

and excited state molecules to initiate propagation, the antioxidant defense status of

environment and the physical status of the membrane lipids.

In this investigation, the levels of lipid peroxides in plasma and heart tissue of

Group III isoprotereno1-administered rats were significantly (p< 0.001) higher compared

with Group I control animals (Fig 4.6.1 & 4.6.2). This was in agreement with the reports

of Nirmala & Puvanakrishnan, (1996b), which indicated that a lack of antioxidant defense

might lead to an increase in lipid peroxidation and subsequent deleterious effects on the

myocardial membrane in isoproterenol-induced myocardial infarction condition.

Synthetic catecholamine isoproterenol, by its property of generating free radicals during

the course of its metabolism, alters redox homeostasis and causes damage to cell structure

and function (Kukreja & Hess, 1992). In the present experiment, the generation of free

radicals in the myocardium might have exceeded the ability of the free radical scavenging
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enzymes to dismute isoproterenol-generated free radical formation resulting in myocyte

lesions and reduction of scavengers.

Pathogenesis of myocardial injury is associated with the generation of reactive oxygen

species. The polyunsaturated fatty acids that are abundant in myocardial membranes are

easily susceptible to oxidative damage by free radicals, with consequent lipoperoxide

formation, which may lead to the degeneration of membrane phospholipids (Chien er al.,

1978: Blasig er 01., I984; Roig-Perez er al., 2004). Hypochlorous acid is a potent oxidant

produced by neutrophils, which are accumulated at the site of myocardial injury (Schaur

er al., l998). Hypochlorous acid is able to modify a great variety of biomolecules by

chlorination and/oxidation. Reports by Persad er al. (1999) showed that hypochlorous

acid increased the isoproterenol-induced adenylate cyclase activity in a dose dependent

manner. It forms chlorohydrin upon addition to double bonds in lipids (Winterbourn et

al., 1992). Chlorohydrins are polar than the parent fatty acids found in cell membrane and

its formation cause disruption to membrane structure initiating lipid peroxidation and

other free radical reactions, promoting destruction of protein-lipid complexes like

biological membranes (Panasenko er al., 1995).
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Fig 4.6.8 Effect of taurine on myocardial lipid peroxidation



In the present study, the Group IV rats pretreated with taurine showed a significant

(p< 0.001) decrease in the level of lipid peroxidation in plasma and heart tissue compared

to Group III isoproterenol-injected rats. This was probably achieved by means of its

antioxidant nature (Rodriguez-Martinez, 2004) against lipid peroxidation induced by

isoproterenol. The unpaired electron present in the hydroxyl radicals generated by

isoproterenol might have been trapped and subsequently dismuted by taurine. Previously,

Obrosova er al. (2001) reported that supplementation of taurine counteracted oxidative

stress through the ascorbate system of antioxidant defenses in experimental diabetic

nephropathy. Studies by Kerai et al. (1998) indicated the protective properties of taurine

against hepatic steatosis and lipid peroxidation during chronic ethanol consumption in

rats. Reports by Wright er al. (1985) indicated that taurine readily reacted with

hypochlorous acid to form stable N-chlorotaurine.

HOCl

NH;-CH;-CH;-SO3H —“-""—”* CINH-CH;-CH;-SO3ll + H20

Taurine N-Chlorotaurine

Nakamori er al. (1990) reported that the reaction of taurine with hypochlorous acid

was an effective mechanism for the protection of biomembrane against oxidative stress.

Studies by Patriarca et ai. (2005) showed that supplementation with N-acetylcysteine and

taurine attenuated oxidative stress in liver of streptozotocin-induced diabetic rats by their

antioxidant property.

4.6.2 Reduced glutathione and antioxidant enzymes

Oxidative stress is the result of excessive production of oxygen species and/ depletion

of intracellular antioxidant defenses leading to imbalance in the redox status of the cell.
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Fig 4.6.5 Activity of glutathione-S-transferase (GST) in heart tissue of control and
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Glutathione antioxidant system plays a fundamental role in cellular defense against

0 ctive free radicals and other oxidant species (Meister, 1983). The cellular tripeptide

iiSH exerts protective antioxidant influence through a complex enzyme system including
i.

‘glutathione peroxidase (GPx) and glutathione-S-transferase (GST).

S ln this study, a significant (p< 0.001) reduction in the activity of glutathione-dependent

intioxidant enzymes and antiperoxidative enzymes were observed in heart tissue of Group

Ill isoproterenol-administered rats as compared with Group I control animals (Fig 4.6.3

4.6.7). Also, the level of GSH was significantly (p< 0.001) reduced in isoproterenol

induced myocardial infarction. Glutathione exerts protective antioxidant functions by

reaction with superoxide radicals and peroxy radicals, followed by the formation of

oxidized glutathione and other disulphides. Decline in the activity of GPx in heart tissue of

infarction-induced rats might have made the myocardial cells more sensitive to oxidative

damage, leading to a change in the cell composition and function.

The significant (p< 0.001) decrease noted in the activity of GST, another scavenging

enzyme involved in the removal of toxic metabolites by glutathione conjugation reactions,

in the heart tissue of Group III myocardial infarction induced rats might have been due to

the reduced availability of GSH. This was in accordance with previous reported studies

(Sathish er al., 2002; Farvin er al., 2004), which indicated that GSH and GSH-dependent

enzyme systems might be directly related to the pathogenic mechanism of isoproterenol

induced myocardial infarction. Significant (p< 0.001) reduction observed in the activity of

antiperoxidative enzymes SOD and catalase in heart tissue of Group III rats might have led

to the formation of O2' and H202, which in turn formed hydroxyl radical (OH) and brought

about a number of reactions harmful to the myocardial cell membranes. Similar

observations were reported by Kumar er al. (2007) and Gupta er al. (2004). ONOO' is a
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Fig 4.6.9 Effect of taurine on myocardial antioxidant defense system



powerful oxidant formed by the reaction of superoxide anion and nitric oxide. It causes

oxidation of thiol groups, proteins and low molecular antioxidants and induce lipid

peroxidation. It is also known to nitrate macromolecules to contribute to various

pathophysiological conditions. The role of ONOO' in ischemia-reperfusion has been

implicated to cause myocardial dysfunction and infarction (Vinten-Johansen, 2000;

Sreepriya er al., 1998). ONOO'can inactivate the SOD via nitration of a specific tyrosine

residue at its active site further promoting ROS availability (Yamakura er al., 1998).

ln the present study, prior oral administration of taurine significantly (p< 0.001)

prevented the isoproterenol-induced depletion of reduced glutathione and maintained the

activities of antioxidant enzymes in heart tissue of Group IV rats at near normalcy. Taurine

might have protected the myocardium from the oxidative damage caused by ONOO'

probably by either acting as an antioxidant or by inhibiting the production and availability

of nitric oxide. This is in agreement with Barua er al. (2001). Kocak-Toker er al. (2005)

reported that taurine acted as an antioxidant of ONOO- to decrease lipid peroxidation and

restored plasma membrane Na+, K+-ATPase activity in liver. Tabassum er al. (2006)

observed that the activities of antioxidant enzymes and glutathione-metabolizing enzymes

were considerably stabilized in mice pretreated with taurine. A significant rise (p< 0.001)

in the level of GS}-l was noticed in heart tissue in Group ll taurine-administered rats

compared to Group I control, indicating that tissue antioxidant status was operating at a

higher rate in taurine-treated rats for the counteraction of lipid peroxides. This finding is in

line with an earlier report (Tadros er a!., 2005), which indicated that taurine demonstrated

antioxidant activity against oxidative stress induced by mycotoxin 3-nitropropionic acid

administration, as evidenced by the reduced striatal malondialdehyde (MDA) and elevated

striatal glutathione (GSH) levels. It is already reported that taurine administration affected

the disposition of acetaminophen by enhancing its metabolism through the GSH-dependent
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pathway (Lee et al., 2004). The present results lead to the conclusion that a relation may

exist between the protective effects of taurine and glutathione because both antioxidant

molecules are derived from same precursor molecule, cysteine (Stipanuk er a!., 1992).

Taurine is reported to increase the GSH content in rat liver and to improve the levels of

SOD and CAT in perchloroethylene-induced cytotoxicity in mice (Ebrahim &

Sakthisekaran, 1997; Hwang et al., 2000). Studies by Hagar er al. (2006) indicated the

protective potential of taurine against cyclosporine-A induced hypertension and

nephrotoxicity and suggested a significant contribution of its antioxidant property to its

beneficial effect. Therefore from the present study, it is clear that taurine significantly

augmented the glutathione system in combating isoproterenol-induced myocardial necrosis

in rats (Shiny er al., 2005).

4.7 Effect of taurine on membrane stabilization

Cell membrane rupture by oxygen-derived free radicals is a systematic feature of

myocardial injury. The generation of lipid peroxides and hydroperoxides by isoproterenol

results in initiation of chain reactions that destabilizes myocardial membrane. Taurine is an

endogenous antioxidant and a membrane-stabilizing intracellular free [3-amino acid (Guz et

01., 2006). There is substantial evidence to suggest that taurine may protect myocardial

membrane from isoproterenol-induced free radical mediated necrotic damage (Banks er‘ al.,

I991; Huxtable, 1992).

4.7.1 Sulfhydryl content

Thiols are crucial targets for oxidation in cells. These reducing agents are an indirect

measure of oxidative damage. The oxidation of sulfliydryl groups in proteins may affect

their functional properties. Formation of protein disulfides, mixed disulfides with

glutathione or sulfenic acids can result in changes in enzymatic activity, conformation or
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Fig 4.7.2 Level of non-protein bound sulfhydryl content (NPSH) in heart tissue of
control and experimental groups of rats
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affinity towards other molecules. Such changes contribute to the cell damage caused by

oxidative stress. Modulation of thiol redox state also provides a sensitive mechanism for

regulation of metabolic processes. Lower amounts of thiols are indicative of an increase in

oxidative stress and cellular damage (Soszynski & Bartosz, 1997; Peskin & Winterbourn,

2001). In the present study, administration of isoproterenol significantly (p< 0.001) reduced

the total sulfhydryl content, protein-bound sulfliydryl and non-protein bound sulfhydryl

content in Group III rats (Fig 4.7.1-4.7.3). This is in line with earlier reported studies

(Singal er al., 1983; Ondrejickova er al., 1991). The reactive oxygen species produced by

isoproterenol might have induced oxidation of sulfhydryl groups, leading to a decline in

thiol concentration in the myocardial tissue. Similar observation reported earlier also

(Nirmala & Puvanakrishnan, 1996b). Isoproterenol can be converted into o-quinones and

undergoes cyclization into aminochromes enzymatically or through autoxidation.

Aminochromes are highly reactive molecules that can cause oxidation of protein sulfliydryl

groups (Remiao er al., 2002).

In the present investigation, pretreatment with taurine preserved total sulihydryl as well

as protein bound and non-protein bound thiol content in heart tissue of Group IV rats

compared to Group Ill rats. It probably did so by shielding the thiol groups of the

myocardial membrane from reactive oxygen species by its antioxidant property (Atmaca,

2004). This observation concurs with an earlier reported study. (Tadros er al., 2005) which

showed that taurine exerted neuroprotective role in an experimental animal model of

Huntington's disease through its antioxidant effect and Y-amino butyric acid agonistic

action. Venkatesan & Chandrakasan (1994) reported that taurine and niacin in combination

was efficient in blunting increases in lung content of lipid hydroperoxides that paralleled

the decreased levels of both free sulthydryl groups and total sulfliydryl groups in

cyclophosphamide-induced pulmonary damage. There is also evidence that administration
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of taurine along with ethanol restored glutathione and tissue thiols in rats (Pushpakiran er

al., 2004). Wu er al. (1999) reported that taurine reversed carbontetrachloride-induced

lactate dehydrogenase release, low cellular thiols and polyamine levels in isolated rat

hepatocytes.

4.7.2 Membrane-bound ATPases

There was a significant (p< 0.001) reduction noticed in the activities of the membrane

bound ATPases (Na+, Ki"-ATPase, Mg2+-ATPase and Ca2+-ATPase) in the heart tissue of

Group III isoproterenol-induced myocardial infarcted rats compared with Group I normal

rats (Fig 4.7.4- 4.7.6). This is in line with previous findings (Nirmala & Puvanakrishnan,

1996b; F arvin er al., 2005). ATPases are integral membrane proteins which require thiol

groups and phospholipids to maintain their structure and function. Isoproterenol

administration is known to produce reactive oxygen species, which modifies membrane

phospholipids and proteins, leading to lipid peroxidation and oxidation of thiol groups.

This ultimately results in the inactivation of the lipid-dependent membrane bound

ATPases. Previous reports by Garner er al., (1983) and Adhirai & Selvam (1997) indicated

that toxic insult of heart tissue promoted depletion of GSH. This depletion might have

affected membrane-bound ATPases. According to Rauchcova er al. (1995) and Hazarika &

Sarkar (2001), peroxidation of membrane phospholipids not only altered the lipid milieu

and structural as well as functional integrity of cell membrane, but also affected the

activities of various membrane-bound enzymes including Mg2+-ATPase, Ca2+-ATPase and

Na“ K+ -ATPase.

In the present study, the Group IV rats pretreated with taurine showed a significant

(p< 0.001) increase in the level of membrane-bound ATPases compared to Group III

isoproterenol-injected rats. It probably did so by its membrane stabilizing action (Heller
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Stilb er aI., 2001). Supplementation of thiol group generating substances and free radical

scavengers have been reported to restore the cellular thiol content and membrane functions

(Selvam & Kurien, 1992; Selvam er al., 1993). Since ATPases require sulfliydryl groups

for their structural and functional integrity, the maintenance of thiol content by taurine

might have contributed to its protective effect. Reports by Qi er al. (1995) showed that

supplementation of taurine restored the ozone exposure-induced reduction in the activity of

membrane-bound Na+, I(+-ATPase by its antioxidant property. Taurine can be considered

both as an antioxidant and as a membrane stabilizer. Pushpakiran er al. (2005) reported that

taurine prevented ethanol-induced alterations in lipids and ATPases in rat tissues. Taurine

treatment significantly prevented the inhibition in the activities of Na“ K";-ATPase and

Ca2+-ATPase in high glucose-treated red blood cells (Nandhini er al., 2003). According to

Hastings er al. (1985) taurine acted as an endogenous activator or modulator of Na+, KIL

ATPase and a membrane-bound protein mediated its action. Mankovskaya er al. (2000)

reported that taurine prevented hypoxia-induced lactate accumulation and lipid

peroxidation in brain, liver, and heart tissues and prevented the decrease of Na+, K+

ATPase activity in the liver. According to Di Leo er al. (2003) taurine supplementation

better preserved ATPase activity in comparison with vitamin E and selenium in

experimental animals. Taurine acted as an antioxidant of ONOO- to decrease lipid

peroxidation and restored liver plasma membrane Na+-K+—ATPase activity (Kocak-Toker et

al., 2005).

4.7.3 Mineral status

A significant (p< 0.001) rise was observed in the level of calcium in the plasma and

heart tissue of isoproterenol-administered Group III rats compared with Group I control

animals (Fig 4.7.7- 4.7.12). This is in accordance with an earlier reported study
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kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean 1 SD for 6 animals; Oneway AN OVA; Tul<ey’s multiple COlTlp3J'lSOI1 test

“p<0.001 significantly difierent compared with Group I control animals

bp<0.00l significantly different compared with Group II taurine-administered animals

°p<0.00l significantly different compared with Group IH isoprotenenol-induced myocardial mfarcted rats
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Fig 4.7.8 Level of potassium in heart tissue of control and experimental
groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean 1 SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly difierent compared with Group I control animals

bp<0.00l significantly different compared with Group 11 tamine-administered animals

°p<0.00l significantly different compared with Group HI isoproterenol-induced myocardial infarctcd rats
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Fig 4.7.9 Level of sodium in plasma of control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for l5 days

(B): Iscprcterenol, llmg l00g'l body wt day'1, i.p. for 2 days

Results are mean i SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly different compared with Group I control animals

"p<0.00l significantly different compared with Group II taunne-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats
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Fig 4.7.11 Level of calcium in plasma of control and experimental groups of rats
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Fig 4.7.12 Level of calcium in heart tissue of control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean i SD for 6 animals; Oneway ANOVA; Tukey’s multiple comparison test.

“p<0.00l significantly different compared with Group I control animals

bp<0.0()l significantly different oompaned with Group 11 taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats



(Namikawa er al., 1991). Isoproterenol administration is reported to induce lipolysis and

production of reactive oxygen species that destabilized the myocardial membrane. This

+
resulted in the inactivation of Na+, K -ATPase, resulting in the depletion of plasma

potassium and rise in sodium concentration. Inhibition of Ca2+ATPase under conditions of

isoproterenol-induced myocardial infarction resulted in calcium accumulation (Sathish et

al., 2003a). This leads to a disturbance in the equilibrium between the intracellular and

extracellular calcium concentrations (Kristof er al., 1999). Active calcium transport and

resultant low calcium concentrations are requirement for active Na+ /K"; transport. Since

calcium and sodium ions are competitive at a number of membrane sites, a high

concentration of calcium ions in the cells of ischemic heart would compete with sodium

specific sites at the inner surface of the membrane, leading to a decrease in myocardial

sodium content (Vincenzi, 1971).

Pretreatment with taurine significantly (p< 0.001) prevented isoproterenol-induced

alterations in the levels of sodium, potassium and calcium ions both in plasma and heart

tissue of Group IV rats. The transport of Na+ and K+ between intra and extracellular pools

and the maintenance of the transmembrane gradients are important to cell function and

integrity. The Na";/taurine co-transport mechanism might have played an important role in

the protection against Na+/K+ imbalance (Bkaily er 01., 1996) and intracellular calcium

overload. Taurine treatment has probably improved Ca2+ homeostasis by facilitating the

efflux of Ca2+ via the Na+/Ca2+ exchanger (Schaffer er al., 1995; Suleiman et al., 1992). In

addition to this, the ability of taurine to maintain the integrity of membrane-bound ATPases

might have contributed significantly to its role in maintaining the ionic equilibrium in

Group IV rats. This is in agreement with studies by Nandhini & Anuradha (2003) which

indicated that taurine inhibited lipid peroxidation and prevented the suppression of

membrane-bound ATPases in high glucose treated red blood cells. Taurine is also reported
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to normalize the content of potassium and calcium ions both in vivo and in virro (Shustova

et al., 1986). Chovan er al. (1979) reported that taurine antagonized the inhibition of

calcium binding to the sarcolemma caused by both verapamil and lanthanum. El Idrissi

(2006) reported that role of taurine in modulating mitochondrial calcium homeostasis could

be of particular importance under pathological conditions characterized by excessive

calcium overloads.

4.8 Effect of taurine on mitochondrial function

Mitochondria are intracellular centers for aerobic metabolism (Hatefi, 1985). In

morphological terms, mitochondria are relatively large particles characterized by the

presence of two membranes, a smooth outer membrane, which is permeable to most

metabolites and an inner membrane, which has unique transport properties. Many of the

proteins and enzymes of the respiratory metabolism are present in the inner membrane of

the mitochondria. The enzymes of the tricarboxylic acid cycle and oxidative

phosphorylation are present in the mitochondrial matrix region. Mitochondria are the main

consumers of molecular oxygen in the cardiac cell and provide the energy required for ATP

synthesis in the oxidative phosphorylation (Echtay er al., 2002). Therefore the function of

mitochondria in ischemic heart disease is significant. Ebenezar et al. (2003b) have reported

that myocardial infarction correlated with increased oxidative stress and loss of

mitochondrial function.

Mitochondrial respiration refers to all those processes concerned with the uptake of

oxygen and associated production of ATP, including the activity of the citric acid cycle and

respiratory chain. The citric acid cycle is the central metabolic pathway for all aerobic

processes and provides metabolic intermediates for biosynthetic purposes. The enzymes

and intermediates of the citric acid cycle are found inside the mitochondrial matrix, where
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the reductive power of NADH and FADH; can directly be fed (in the form of electrons)

into the electron transport chain of the oxidative phosphorylation process in the inner

membrane of this organelle. This electron flow is coupled to proton flow which is

temporarily stored as an electrochemical gradient which in turn is harvested by the ATP

synthase to produce chemical energy. The major source of energy for the cardiac muscle

contraction comes from the oxidative metabolism of mitochondria in the myocardial cell

(Brown, 1992).

4.8.1 TCA cycle enzymes and respiratory marker enzymes

ln the present study, there was a significant (p< 0.001) reduction in the level of

myocardial ATP content with a concomitant decline in the activities of TCA cycle enzymes

(isocitrate dehydrogenase, succinate dehydrogenase, malate dehydrogenase, or-ketoglutarate

dehydrogenase) and respiratory marker enzyme (NADH dehydrogenase) (Fig 4.8.1- 4.8.6)

in heart mitochondria of Group III isoproterenol-administered rats as compared to Group I

control rats. This concurs with earlier reported studies (Sathish et al., 2002 Chagoya de

Sanchez er al., 1997; Kumar & Anandan, 2007). The free radicals generated by

isoproterenol might have damaged the mitochondrial membrane and hence inactivated

these enzymes (lthayarasi & Shyamala, 1998). In contrast with all other enzymes of the

TCA cycle, which are soluble proteins found in the mitochondrial matrix, succinate

dehydrogenase is an integral membrane protein. It is tightly attached to the inner membrane

and is directly linked to the electron transport, transferring electrons to the respiratory chain

(Singh er al., 1990). Succinate dehydrogenase is a site for metabolic control in TCA cycle

(Papa er al., 1969) and contains many cysteine rich sulfur clusters and can be inhibited by

agents that modify sulfhydryl groups. Isoproterenol administration is known to alter

protein-bound sulfhydryl groups and hence might have resulted in the inactivation of the
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Fig 4.8.1 Activity of isocitrate dehydrogenase in heart mitochondria of control and
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Results are mean :l: SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test

"p<0.00l significantly different compared with Group I control animals
b
p<0.00l significantly different compared with Group II tauiine-administered animals

°p<0.00l significantly diiferent compared with Group III isoproterenol-induced myocardial infarcted rats
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Fig 4.8.2 Activity of succinate dehydrogenase in heart mitochondna of control and
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(A): Taurine, 100mg kg" body wt day", i.p. for l5 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean 1 SD for 6 animals; Oneway ANOVA; Tukey’s multiple comparison test

°p<0.00l significantly different compared with Group I control animals

bp<().O()l significantly different compared with Group ll taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial

infarcted rats

dp<0.05 significantly different compared with Group I control animals

°p<0.05 significantly different compared with Group ll taurine-administered animals
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Fig 4.8.3 Activity of malate dehydrogenase in heart mitochondria of control and
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Fig 4.8.4 Activity of a-ketoglutarate dehydrogenase in heart mitochondria of
control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean :l: SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly diflerent compared with Group I control animals

bp<O.QOl significantly different compared with Group 11 taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted tats

dp<0.05 significantly different compared with Group II taiuine-administered animals



enzyme. The respiratory marker enzyme NADH dehydrogenase is located in the

mitochondrial membrane (Nicolay er al., 1985) and isoproterenol administration lowers its

activity. Decrease in the activity of the respiratory enzymes in rats with experimentally

induced myocardial infarction has been previously reported (Calva et al., 1966; Sathish er

al., 2002). This could be due to the free radical induced destabilization of mitochondrial

membrane or due to the enhanced phospholipid degradation (Padma & Devi, 2001). The

free radicals produced as a result of this lipid peroxidation might have attacked the RNA

polymerase corresponding to these mitochondrial enzymes. Reduction noticed in the

activities of tricarboxylic acid cycle enzymes on isoproterenol administration proved a

defect in aerobic oxidation of pyruvate, which might have resulted in lowered production

of ATP. Lipid peroxidation has been reported to alter the permeability of mitochondrial

membrane and to deplete ATP in the myocardium, as observed in the present study. Under

conditions of ischemia when supply of oxygen is compromised, the balance between ATP

production and consumption is disturbed, resulting in the decrease in ATP level (Sathish er

al., 20033).

Pretreatment with taurine maintained the activities of TCA cycle enzymes and the level

of myocardial ATP content at near normalcy in Group IV rats compared to Group III rats,

reflecting its ability to maintain the function of the heart mitochondria at near normal

status. Taurine is well known to counteract reactive oxygen species and to increase

antioxidant defense status in experimental animals (Pasantes-Morales er al., 1985). Taurine

has also been reported to increase the GSH content and to protect the reduced glutathione

from the free radical attack (Tadros er al., 2005; Lee er al., 2004). This may help to

maintain the activity of enzymes like dehydrogenases that requires or possesses sulfliydryl

groups at the active site. The membrane stabilizing property of taurine is already

recognized (Heller-Stilb er al., 2001). Since tricarboxylic acid cycle enzymes are located in
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Fig 4.8.5 Activity of NADH dehydrogenase in heart mitochondria of control and
experimental groups of rats

(A): Taurine, 100mg kg” body wt day", i.p. for l5 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean i SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly different compared with Group I control animals

bp<0.00l significantly di1T6l‘6ntO0mpaI'ed with Group 11 taurine-administered animals

°p<0.00l significantly difierent compared with Group HI isoproterenol-induced myocardial infarcted rats

dp<0.0l significantly dilferent compared with Group 11 taurine-administered animals

°p<0.05 significantly dilferent compared with Group I control animals

§o<0.01 significantly different compared with Group I control animals
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Fig 4.8.6 Level of ATP in heart tissue of control and experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 daysl 1
(B): Isoproterenol, llmg 100g" body wt day’ , i.p. for 2 days

Results are mean A: SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly different compared with Group I control animals

"p<0.00l significantly different compared with Group II tamine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats

“p<0.05 significantly diflerent compared with Group H tatuine-administered animals



the mitochondrial inner membrane and matrix region, the ability of taurine to maintain the

mitochondrial membrane intact offers important protective mechanism against

isoproterenol-induced alterations in the mitochondrial architecture. Yan & Sohal (1998)

have reported that adenine nucleotide translocase is subjected to oxidative modification.

The ability of taurine to prevent oxidative stress may beneficially effect the translocase

activity and hence ATP synthesis and transportation.

Chepkova er al. (2006) have suggested that taurine may rescue the mechanisms of

hippocampal synaptic plasticity by improving mitochondrial function under

hyperammonemic conditions. Findings by Takatani er al. (2004) demonstrated that taurine

effectively prevented myocardial ischemia-induced, mitochondria-mediated apoptosis by

inhibiting the assembly of the Apaf-l/caspase-9 apoptosome. According to El Idrissi &

Trenkner (2003) taurine prevented or reduced glutamate excitotoxicity through both the

enhancement of mitochondrial function and the regulation of intracellular (cytoplasmic and

mitochondrial) calcium homeostasis. Reports by Palmi et al. (I999) showed that the role

of taurine in modulating mitochondrial calcium homeostasis might be of particular

importance under pathological conditions characterized by cell calcium overload such as

ischaemia and oxidative stress. Waterfield et al. (1993) reported that taurine reduced the

depletion of ATP caused by 1, 4-naphthoquinone. According to studies by El Idrissi

(2006), the overall mitochondrial function was increased in the presence of taurine, when

assessed by rhodamine accumulation into mitochondria and total cellular ATP levels.

4.8.2 Mitochondrial antioxidant status

A close association between reactive oxygen species and defects in the electron

transport function leads to higher generation of reactive oxygen species, which plays an

important role in the development and progression of heart failure. Increased mitochondrial
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Fig 4.8.7 Level of lipid peroxides in heart mitochondria of control and expenmental
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Fig 4.8.8 Level of reduced glutathione (GSH) in heart mitochondria of control and
experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for I5 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean i SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

°p<0.00l significantly different compared with Group I control animals

"p<0.00l significantly different compared with Group II taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats

dp<0.0l significantly different compared with Group H tamine-administered animals



free radical production is observed under conditions such as ischemia and is associated

with impairment of mitochondrial structure and function (Ebenezar er al., 2003“).

In the present study, the level of lipid peroxidation was significantly (p< 0.001) higher

in heart mitochondria of Group Ill isoproterenol-administrated rats as compared to Group I

control (Fig 4.8.7). This was paralleled by a significant (p< 0.001) reduction in the level of

reduced glutathione and the activities of glutathione-dependent antioxidant enzymes and

antiperoxidative enzymes in the heart mitochondria of myocardial infarction induced

Group Ill rats (Fig 4.8.8-4.8.12). This is in line with an earlier reported study (Padma &

Devi, 2002), which indicated that free radicals were produced in substantial amounts in

heart mitochondria during myocardial infarction. Overproduction of reactive oxygen

species lead to decreased level of GSH and reduction in the activities of GSH related

enzymes and SOD and CAT in the mitochondria, (Sathish er al., 2003b; Fernandez-Checa

er al., 1997) as observed in the present study. The outcome of lipid peroxidation is the

development of alterations in mitochondrial membrane integrity and permeability leading

to irreversible myocardial injury (Burton er al., 1984; Spector & Yorek, 1985). Zhang et al.

(1990) and Ide er al. (2001) reported that hydroxyl radicals, which originated from the

superoxide anion and lipid peroxide formation in the mitochondria, were both increased

during myocardial infarction. Lower amounts of thiols are indicative of oxidative stress and

damage (Soszynski er al., 1997). The decline observed in the levels of mitochondrial GSH

content and in the activities of antioxidant enzymes was an indicative of the increased

oxidative stress mitochondria induced by isoproterenol. Depletion in the levels of

mitochondrial GSH seems to be a major mechanism in inducing imbalance of

mitochondrial function (Anderson er al., 1990). GST is a critical detoxification enzyme that

functions primarily in conjugating functionalized P450 metabolites with endogenous

ligands like GSH favoring its elimination (Mohandas er a1., 1984).
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Fig 4.8.9 Activity of glutathione peroxidase (GPx) in heart mitochondria of control
and experimental groups of rats

(A): Taurine, 100mg kg” body wt day", i.p. for l5 days

(B): lsoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean i SD for 6 animals; Oneway ANOVA; Tukey’s multiple comparison test.

°p<0.00l significantly different compared with Group I control animals

"p<0.0l significantly dilferent compared with Group H taurine-administered animals

°p<0.00l significantly diflerent compared with Group III isoproterenol-induced myocardial infarcted rats
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Fig 4.8.11 Activity of superoxide dismutase (SOD) in heart mitochondria of control
and experimental groups of rats

Unit: One unit of the SOD activity is the amount of protein required to give 50% inhibition of

adrenaline autcxidation.

(A): Taurine, 100mg kg" body wt day", i.p. for 15 daysl l
(B): Isoprcterencl, llmg l00g' body wt day" , i.p. for 2 days

Results are mean i SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly different compared with Group I contml animals

bp<0.00l significantly different compared with Group II taurine-administered animals

°p<0.00l significantly different compared with Group Ill isoproterenol-induced myocardial infarcted rats
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Fig 4.8.12 Activity of catalase (CAT) in heart mitochondria of control and
experimental groups of rats

(A): Taurine, 100mg kg" body wt day", i.p. for 15 days

(B): Isoproterenol, llmg 100g" body wt day", i.p. for 2 days

Results are mean A; SD for 6 animals; Oneway AN OVA; Tukey’s multiple comparison test.

“p<0.00l significantly different compared with Group I control animals
b
p<0.00l significantly different compared with Group II taurine-administered animals

°p<0.00l significantly different compared with Group III isoproterenol-induced myocardial infarcted rats



In the present study, pretreatment with taurine significantly (p< 0.001) counteracted the

isoproterenol-induced lipid peroxidation and maintained the level of GSH and the activities of

GSH-dependent antioxidant enzymes in heart mitochondria at near nonnalcy compared to that

of Group III rats. Taurine is reported to prevent lipid peroxidation and to offer protection

against cytotoxicity of different compounds such as hydrazine, carbon tetra chloride and 1, 4

naphthaquinone in isolated rat hepatocytes (Waterfield er al., 1993). You & Chang (l998b)

reported that taurine inhibited lipid peroxidation, altered the activity of the defense enzymes

and protected the liver against membrane disintegration in rat hepatocarcinogenesis. Colell er

01., (2001) reported that tauroursodeoxycholic acid protectsed hepatocytes in long—term

ethanol-fed rats through modulation of mitochondrial membrane fluidity and subsequent

normalization of mitochondrial GSH levels. Reports by Hansen er al. (2006) demonstrated the

role of taurine as mitochondrial matrix buffer for stabilizing the mitochondrial oxidation.

Taurine is reported to increase the GSH content in rat liver and to improve the levels of SOD

and CAT in perchloroethy1ene-induced cytotoxicity in mice (Ebrahim & Sakthisekaran, 1997;

Hwang er al., 2000). Present results also confirmed same pattern and showed significant rise in

the level of GSH and antioxidant enzymes in heart mitochondria of Group IV rats. The ability

of taurine to combat reactive oxygen species and to stabilize glutathione metabolizing system

under oxidative stress induced by 6-hydroxydopamine neurotoxicity has already been reported

(Hayes er al., 2001). Previous reports showed that supplementation of taurine effectively

attenuated the hyperhomocysteinemia-induced reactive oxygen species production and

inhibition of Mn-superoxide dismutase and catalase activities in the myocardial mitochondria

(Chang er al., 2004“).

4.9 Effect of taurine on lysosomal function

Lysosomes are intracytoplasmic organelles defined by an acidic milieu of pH 4.5 and

surrounded by a single membrane. Lysosomes contain numerous enzymes allowing the
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degradation of proteins, nucleic acids, polysaccharides, lipids and their conjugates.

Lysosomal hydrolases are also involved in the digestion of foreign material engulfed by

phagocytosis or pinocytosis and pathologically in necrosis and other degenerative changes

(De duve, 1959).

In the present study, administration of isoproterenol resulted in a significant (p< 0.001)

reduction in the activities of lysosomal enzymes (acid phosphatase, B-D glucosidase and [3

D-galactosidase) in the lysosomal fraction of the heart tissue of Group III rats

(Fig 4.9.1- 4.9.3) compared to Group I control. This is in agreement with the earlier reports

(Ravichandran er al., 1990; Noronha-Dutra er al., 1985; Ebenezar er al., 2003“).

lsoproterenol administration is known for its enhanced reactive oxygen production and

induction of lysosomal enzyme activity changes both in vivo and in vitro. Alterations in the

activities of lysosomal enzymes are believed to be responsible for aberration in the rate of

degradation of many tissue components. Lysosomes are organelles particularly vulnerable

to oxidative stress since they exhibit the most important pool of reactive iron in the cell

(Ollinger & Brunk, 1995). Oxidative stress can induce very fast lysosomal disruption

creating intralysosomal iron-mediated redox reactions (Persson er al., 2003). A necrotic

cell death can be triggered by a too strong lysosomal membrane permeabilization (Li er al.,

2000) and oxygen free radicals are primarily responsible for the release of lysosomal

hydrolases. It has also been suggested that abnormal release and activation of lysosomal

enzymes during ischaemia and other potentially lethal events may contribute to the tissue

damage. Therefore, oxygen free radicals in addition to their direct myocardial damaging

effect may also be responsible for the cardiac damage through the release of lysosomal

enzymes (Kalra er al., 1989).
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Pretreatment with taurine preserved lysosomal integrity as evidenced by near normal

levels of lysosomal hydrolases in heart tissue of Group IV rats compared to Group III

isoproterenol-injected rats, indicating the cytoprotective effect of taurine. Antioxidant

nature of taurine might have protected the lysosomal membrane from isoproterenol

induced reactive oxygen species and maintained the lysosomal membrane integrity. The

ability of taurine to complex with metal ions like iron may further reduce iron-mediated

redox reactions induced by lysosomal hydrolases (Pasantes-Morales er al., 1985). Since the

release of lysosomal enzymes plays an important role in the progression of myocardial

injury, maintaining the stability of lysosomal membrane and hence prevention of release of

its contents is a vital concept involved in the mechanism of cardioprotection. Marinelli er

al. (1997) reported that taurolithocholate inhibited the biliary discharge of lysosomes in the

rat without altering the functional integrity of these organelles. According to Vadgama er

al. (1991), rat liver lysosomes possessed a high Km system for taurine transport which is

sensitive to changes in K+ gradient and valinomycin induced diffusional membrane

potential. Pasantes-Morales et al. (1985) have examined the membrane stabilizing effect of

taurine and indicated that taurine increases cell viability in cultured lymphoblastoid cells.

The results of the present study indicated that the pre-treatment with taurine

significantly prevented isoproterenol-induced myocardial infarction in rats. The overall

cytoprotective effect of taurine is probably due to its membrane stabilizing action by

maintenance of calcium homeostasis and osmoregulation or to an inhibition of lipid

accumulation by its hypolipidemic property, or to a counteraction of free radicals by its

antioxidant nature, or to its ability to maintain near to normal status, the activities of the

free radical scavenging enzymes and the level of reduced glutathione, which protect

myocardial membrane against peroxidative damage by decreasing lipid peroxidation.
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5. SUMMARY AND CONCLUSION

Despite wide distribution in animal kingdom and high concentration in tissues, taurine

remains a mysterious substance, very little being known about its physiology and

biochemistry. In the present investigation, an attempt has been made to examine the

cardioprotective effects of taurine against isoproterenol-induced myocardial infarction in

rats, an animal model for myocardial infarction of human beings, by virtue of its

cytoprotective, hypolipidemic, antioxidant and membrane stabilizing properties. The

salient features of the study are summed up below,

1. Isoproterenol-induced myocardial infarction was manifested by a significant increase

in the levels of diagnostic markers such as, marker enzymes (AST, ALT, LDH, CPK,

ACP and ALP), troponin T and homocysteine in plasma. The histopathological

observation of heart tissue also confirmed the necrotic damage induced by

isoproterenol. Pretreatment with taurine for 15 days (100mg kg] body wt day‘l, i. p.)

significantly prevented the isoproterenol-induced elevation in the levels of these

diagnostic markers in plasma and maintained the normal architecture of heart tissue

evidenced by histopathological studies, indicating the cytoprotective activity of

taurine.

2. Administration of isoproterenol significantly decreased the level of proteins and

glycoproteins in plasma and in the heart tissue of experimental animals. Oxidation of

protein is a common phenomenon mediated by highly reactive agents in myocardial

infarction condition and oxidized proteins are in turn capable of inducing oxidative

stress, a potential mediator of the pathogenesis. This protein oxidation might also be a

possible reason for the decline noted in the protein and glycoprotein levels in the heart

tissue of isoproterenol-injected rats. The disaggregation of polyribosomes might be
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associated with the inhibition of protein synthesis and the decreased protein synthesis

in tum might have lead to reduced glycoprotein synthesis. Pretreatment with taurine

resulted in near normal levels of protein and glycoprotein components. It probably did

so by preventing the isoproterenol~induced necrotic damage to the myocardial cell

membrane by inhibiting the disaggregation of polyribosomes or by attenuating the

isoproterenol-induced oxidation of myocardial proteins.

Significant reduction was observed in the level of taurine, aspartate and glutamate

with a concomitant increase in arginine content in the heart tissue of isoproterenol

administered rats compared to that of normal controls. Supplementation of taurine

prevented these isoproterenol-induced alterations in free amino acids. It preserved the

myocardial taurine content for other biological functions by its uptake probably

mediated through taurine transporters. It also blocked the availability of NO required

for the formation of peroxynitrite radicals probably by inhibiting the nitric oxide

synthase enzyme. lt prevented isoproterenol~induced alterations noted in the levels of

aspartate and glutamate probably by its involvement in cell volume regulation and Na

dependent transport.

The major disorder encountered in isoproterenol-induced myocardial infarction is fat

accumulation in the heart. The levels of total cholesterol and LDL-cholesterol,

apolipoprotein B, lipoprotein (a) were significantly elevated in isoproterenol

administered rats, indicating the isoproterenol-induced hypercholesterolemic

condition. This was paralleled by a decline in the level of HDL-cholesterol and

apolipoprotein Al. Also the levels of triglycerides and free fatty acids were

significantly increased in experimentally induced myocardial infarction. But

significant reduction in the level of phospholipids was observed, which might be due

137



to increased necrotic damage to the myocardial membrane. Taurine pretreatment

reversed the isoproterenol-induced alterations in the levels of cholesterol,

triglycerides, free fatty acids and phospholipids in the experimental group and

maintained their levels at near normalcy. It probably did so by its involvement in bile

acid conjugation, and indicated the antilipidemic nature of taurine.

The intraperitoneal administration of isoproterenol significantly altered the fatty acid

composition in the myocardial infarcted rats. There was a significant change in the

distribution of saturated, monounsaturated and polyunsaturated fatty acid in

isoproterenol-injected rats compared to control rats. Prior supplementation with

taurine significantly prevented the isoproterenol—induced alterations in the fatty acid

composition probably by protecting the myocardium from isoproterenol-induced free

radicals indicating its antilipid peroxidative property.

lsoproterenol induced significant rise in the level of lipid peroxides in plasma and

heart tissue, which was paralleled by a significant decrease in the level of reduced

glutathione content and a decrease in the activities of glutathione dependent

antioxidant enzymes (GPx and GST) and antiperoxidative enzymes (CAT and SOD)

in the heart tissue as compared with the activities of the control rats. Prior

supplementation with taurine significantly prevented the isoproterenol-induced

alterations in the tissue defense system and maintained the antioxidant status at near

normal level, establishing the antioxidant nature of taurine. The overall antioxidant

effect of taurine might be due to the increase in reduced glutathione synthesis and

hence increased activities of the free radical scavenging enzymes or to a counteraction

of the free radicals by its antioxidant nature.
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Significant reduction noticed in the total sulihydryl, protein bound sulfliydryl and non

protein bound sulfhydryl content and decrease in the activities of membrane-bound

ATPases (N a+, K+-ATPase, Mg2+-ATPase and Ca2+-ATPase) in isoproterenol-induced

myocardial infarction, indicated a severe derangement of subcellular metabolism and

structural alterations of cardiac cell membranes. Administration of isoproterenol

significantly altered the mineral metabolism. This might be due to increased lipid

peroxidative damage of cell membranes. In the present study, taurine administration

significantly prevented the isoproterenol-induced alterations in the activities of

membrane-bound ATPases and maintained the levels of minerals and sulfhydryl

content at near normal levels by its membrane stabilizing property.

Significant reduction was observed in the activities of TCA-cycle enzymes,

respiratory marker enzymes and ATP content in the heart mitochondria.

Mitochondrial antioxidant system was also found to be operating in diminished

manner in isoproterenol-induced condition reflecting an increased lipid peroxidation,

reduction in mitochondrial-reduced glutathione, glutathione dependent

antiperoxidative enzymes and antioxidant enzymes. Taurine pretreatment prevented

these adverse changes induced by isoproterenol, which was probably due to its

stabilization of mitochondrial membrane in isoproterenol-induced myocardial

infarction, or by its antioxidant capacity against isoproterenol induced lipid

peroxidation, which is mainly responsible for the inhibition of both oxidation and

phosphorelation. The ability of taurine to counteract free radicals induced by

isoproterenol, offers significant protection against mitochondrial oxidative damage.

Hence, it is possible that stabilization of the mitochondrial membranes by taurine may

prolong the viability of ischemic cardiac muscle from isoproterenol-induced

peroxidative damage.
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9. lsoproterenol administration to rats resulted in decreased stability of the membranes,

which was reflected by the lowered activity of heart lysosomal hydrolases in the

lysosomal fraction of heart tissue indicating the severity of myocardial infarction.

Pretreatment with taurine significantly inhibited the isoproterenol-induced release of

these hydrolytic enzymes from the lysosomes. This might be due to the stabilizing

effect of taurine on the lysosomal membranes. Since the release of lysosomal

enzymes is crucial in the pathogenesis of ischemic myocardial injury and related

inflammation process, it is likely that the reduction of such enzyme release would

prove beneficial which confirms the beneficial effect of taurine.

In conclusion, the results of the present study indicate that prior administration of

taurine is effective in minimizing all the deleterious effects induced by isoproterenol,

thereby justifying its use as a potent cytoprotective agent. The overall cardioprotective

effect of taurine is probably related to its antioxidant property evidenced by its ability to

reduce lipid peroxidation and to maintain the activities of free radical enzymes and non

enzymatic antioxidants, its membrane stabilizing action and to its hypolipidemic property.
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Protective effect of taurine on myocardial antioxidant
status in isoprenaline-induced myocardial
infarction in rats

K. S. Shiny, S. Hari Senthil Kumar, K. H. Sabeena Farvin,
R. Anandan and K. Devadasan

Abstract
We have examined the protective effect of taurine on the myocardial antioxidant defense system in
isoprenaline (isoproterenol)—induced myocardial infarction in rats, an animal model of myocardial infarc
tion in man. Levels ofdiagnostic marker enzymes in plasma, lipid peroxides and reduced glutathione, and
the activity of glutathione-dependent antioxidant enzymes and antiperoxidative enzymes in the heart
tissue were determined. lntraperitoneal administration of taurine significantly prevented the isoprena
line-induced increases in the levels of alanine aminotransferase, aspartate aminotransferase, lactate
dehydrogenase, and creatine phosphokinase in the plasma of rats. Taurine exerted an antioxidant effect
against isoprenaline-induced myocardial infarction by preventing the accumulation of lipid peroxides
and by maintaining the level of reduced glutathione and the activity of glutathione peroxidase, glu
tathione-S-transferase, catalase and superoxide dismutase at near normality. The results indicated that
the cardioprotective potential of taurine was probably due to the increase of the activity of the free
radical enzymes, or to a counteraction of free radicals by its antioxidant nature, or to a strengthening of
myocardial membrane by its membrane stabilizing property.I      .'   ., \~ _=   -' '.' .__ '-_\-  _ .- -_ _( . "; _ '_. '_: .  -_  ' .; _. _ _ _  ; _ .  .- _ :_ _\' _-  -j_ --\'_ 5- _ \ ,_ .$ \ -'~

Despite improved clinical care, heightened public awareness, and widespread use of
health innovations, myocardial infarction remains a leading cause of death. It is esti
mated that by the year A.D. 2020, up to three quarters of deaths in developing countries
will result from non-communicable diseases and that myocardial infarction will top the
list of killers (Gupta & Gupta 1998). With changing life style in developing countries like
India, particularly in urban areas, myocardial infarction is making an increasingly
important contribution to mortality statistics of such countries (Farvin et al 2004). In
India, the number of patients being hospitalized for heart attack has increased over the
past 35 years, with male patients showing a striking increase (Krishnaswami 1998).

Taurine (2-aminoethanesulfonic acid), a non-protein sulfur containing amino acid,
is the most abundant free amino acid and has been shown to play several essential roles
in the human body (Lombardini 1996). It is widely distributed in very high concentra
tions in brain, heart, kidney, lens, and reproductive organs (I-luxtable 1992). It is
involved in various important biological and physiological functions, which include
cell membrane stabilization (Heller-Stilb et al 2002), antioxidation (Atmaca 2004),
detoxification (Birdsall I998), osrnoregulation (Timbrell et al 1995), neuromodulation,
and brain (Renteria et al 2004) and retinal development (Wright et al 1986). Taurine
accounts for more than 50% of the total amino acid pool in the mammalian heart
(Lombardini 1996). Earlier studies (Keith etal 2001; Warskulat et al 2004) demon
strated that pathology develops in the myocardium if an animal is depleted of taurine
stores either through a taurine-deficient diet or use of taurine transport antagonists.
Pion et al (1987) were the first to explain the role of dietary taurine deficiency asso
ciated with a dilated cardiomyopathy observed in experimental animals. Other studies
by Keith et al (2001) and Lake et al (1994) have explored the relationship between
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Table 1 Levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH), and creatine
phosphokinase (CPK) in plasma of normal and experimental rats

Diagnostic Group 1 Group 2 Group 3 Group 4
marker (control) (administered (administered (administered

taurine) isoprenaline) taurine and
isoprenaline)

ALT
AST
LDH
CPK

95.8111 90.3-i_-6.5 40s=1:3s.3=*-b 10317.?
132¢9.4 12718.1 376128.?"-'=’ 14s¢s.r°
169114.55 105¢12.4 41256.1“-° l88d:l4.2°
11851.2 11511.0 343:l:l8.5“'b 14218.9“-°-8

Results are mean :l: s.d. of six animals. Values expressed: ALT, AST,
and LDH, nmol pyruvate liberated h"‘ L“'; CPK, nmol creatine
liberated h"' L". “P < 0.001 significantly different compared with
group l control; bP < 0.001 significantly different compared with
group 2 taurine-administered animals; ‘P < 0.00! significantly
different compared with group 3 isoprenaline-induced myocardial
infarcted rats; dP < 0.05 significantly different compared with group
l; °P < 0.05 significantly different compared with group 2.

Table 2 Levels of lipid peroxides (LPO) and reduced glutathione
(GSH), and the activity of glutathione peroxidase (GPx),
glutathione-S-transferase (GST), catalase and superoxide dismutase
(SOD) in the heart tissue of normal and experimental rats

Diagnostic Group 1 Group 2 Group 3 Group 4
marker (control) (administered (administered (administered

taurine) isoprenaline) taurine and
isoprenaline)

LPO 0.951004 0.92:l:0.04 2.79i0.l5“'b 1.0s.t0.1s°
osn 5.l7:l:0.27 5.991035’ 2.12¢0.15“"’ s.34¢0.25°»°
GPX 31510.29 3.27=t0.24 l.45:t0.l6"b 29810.26“
GST 1193¢s4 121a.t91 821171“-‘° 1105=tss°-=
Catalase l0.4 :l: 0.76 9.98 d: 0.84
SOD 3.73 dz 0.24 3.85 :l: 0.32

3.16 :t 0.18“ 9.02 :l: 0.556-d»=
1.01 10.05“-" 35110.21“-°

Results are meani s.d. of six animals. Values expressed: LPO, nmol
malondialdehyde (mg protein)“; GSH, nmol (g wet tissue)“; GPx,
nmol GSH oxidized min“ (mg protein)“; GST, nmol l-chloro-2,4
dinitrobenzene conjugate f onned min” (mg protein)“; catalase, nmol
H202 decomposed min" (mg protein)“; SOD, one unit of the SOD
activity is the amount of protein required to give 50% inhibition of
adrenaline autoxidation. “P < 0.001 significantly different compared
with group l control; bP < 0.001 significantly different compared with
group 2 taurine-administered animals; °P < 0.001 significantly
different compared with group 3 isoprenaline-induced myocardial
infarcted rats; dP < 0.05 significantly different compared with group 1;
‘P < 0.05 significantly different compared with group 2; ‘P < 0.001
significantly different compared with group l.

dependent antioxidant enzymes (GPx and GST) and anti
peroxidative enzymes (SOD and catalase) (Table 2).
Administration of taurine significantly prevented all the
isoprenaline-induced alterations in the tissue antioxidant
system and maintained the rats at near normal status. The
normal rats receiving taurine alone (group 2) did not show
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any significant change when compared with the normal
rats, showing that taurine itself did not have any adverse
effects.

"DiscussioI1

The significant rise noticed in the levels of AST, ALT,
LDH and CPK in plasma of group 3 isoprenaline-admi
nistered rats as compared with group l normal controls
was indicative of the severity of isoprenaline-induced
myocardial infarction. This was in line with an earlier
study (Suchalatha & Shyamala Devi 2004), which indi
cated that increased susceptibility of myocardial cell mem
brane to the isoprenaline-mediated peroxidative damage
might lead to an increased release of these diagnostic
marker enzymes into the systemic circulation. In this
study, administration of taurine resulted in a significant
reduction in the levels of these marker enzymes towards
near normality as compared with group 3 isoprenaline
administered rats, indicating the cytoprotective effect of
taurine (Schaffer etal 2003). It probably did so by its
membrane stabilizing action (Redmond etal 1998).
Timbrell et al (1995) had reported that taurine exerted
membrane stabilization against carbon tetrachloride, hydra
zine and 1,4-naphthoquinone-induced necrotic damages
by modulating intracellular calcium levels and osmo
regulation.

Biological membranes are sensitive to lipid peroxida
tion induced by reactive oxygen species. The oxidation of
polyunsaturated fatty acids in biological membranes may
cause impairment of membrane function, decrease in
membrane fluidity, inactivation of membrane receptors
and enzymes, increase of non-specific permeability to
ions and disruption of membrane structure. In this inves
tigation, the level of lipid peroxides in the heart tissue of
group 3 isoprenaline-administered rats was significantly
(P < 0.001) higher compared with group 1. This was in
agreement with Nirmala & Puvanakrishnan (1996), who
indicated that a lack of antioxidant defense might lead to
an increase in lipid peroxidation and subsequent deleter
ious effects on the myocardial membrane in the isoprena
line-induced myocardial infarction condition. The rats
pretreated with taurine showed a significant (P < 0.001)
decrease in the level of lipid peroxidation in the heart
tissue. This was probably achieved by means of its anti
oxidant nature (Rodriguez-Martinez 2004) against lipid
peroxidation induced by isoprenaline. The unpaired elec
tron present in the hydroxyl radicals generated by isopre
naline might have been trapped and subsequently
dismuted by taurine. Obrosova etal (200l) reported that
supplementation of taurine counteracted oxidative stress
through the ascorbate system of antioxidant defenses in
experimental diabetic nephropathy.

The glutathione antioxidant system plays a fundamen
tal role in cellular defense against reactive free radicals
and other oxidant species (Meister & Anderson 1983). The
cellular tripeptide GSH exerts protective antioxidant
influence through a complex enzyme system including
GPx and GST. In this study, a significant reduction in
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