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I. ABSTRACT

Despite significant advances in the field, congestive heart failure subsequent to

myocardial infarction remains a serious health problem with grave prognosis. L,oss of

myocardial tissue due to a lack of blood supply results in chronically increased workload on

the remaining viable myocardium. Cardiac hypertrophy occurs in response to the increase

in workload and also to neurohumoral adjustments. If the infarct is relatively small, the

surviving myocardium is able to compensate for the loss of heart muscle. However, if the

infarct is relatively large, heart function rapidly declines, and this decompensated

hypertrophied state is manifest as heart failure. Failing heart may be charactenzed by a

number of metabolic alterations including altered energy production and utilization,

excitation-contraction coupling, contractile protein and sympathetic support, no consensus

as to the exact cause of failure has been reached.

The use of vasodilators in the treatment of heart failure is common, and has been

shown to attenuate left ventricular dilation and improve survival rate. Recently, congestive

heart failure subsequent to myocardial infarction has been shown to be associated with a

decrease in endogenous antioxidants and an increase in oxidative stress. In the present

study, we examined the effects of two afterload reducing drugs; i) captopril, an angiotensin

converting en4lme inhibitor and ii) prazosin, an a.r blocker on the pathogenesis of heart

failure. It was reasoned that if the reported decrease in endogenous antioxidants and an

increase in oxidative stress have a causal relationship with the pathogenesis of heart failure,

then improved prognosis with vasodilatory therapy should also be accompanied by a

decrease in oxidative stress and an increase in endogenous antioxidants.



In order to characterize the effects of vasodilator therapy on the antioxidant and

oxidative stress changes in the heart at different stages of hypertrophy and heart failure

subsequent to myocardial infarction, the left anterior descending coronary arterywas ligated

in rats. After hemodynamic assessments, hearts were removed for a study of the myocardial

endogenous antioxidants and lipid peroxidation (an index of oxidative stress) at l, 4 and 16

weeks after the surgery. In addition, body weight, heart weight and degree of lung and liver

congestion were also examined at l, 4 and 16 weeks. Animals in both sham operated

control and infarcted groups, at 4-weeks post infarction, were randomly assigned to two

separate sub-groups and treated with captopril (ZglL in drinking water, daily ) and prazosin

(0.2 mgÆq S.C. daily) for up to t6 weeks post-infarction. These animals were

hemodynamically assessed at 16 weeks and sacrificed for different studies.

Hemodynamic assessment of control and experimental animals revealed no change

in left ventricular end diastolic pressure (LVEDP) at 1 week post-myocardial infarction

(PMI) compared to control. However, there was a significant increase in LVEDp at 4 and

16 weeks. Left ventricular peak systolic pressure (LVPSP) in 1 week PMI group remained

unclranged. In 4- and 16-week PMI groups, LVPSP was reduced compared to control and

tlre difference was significant at 16 weeks. Aortic systolic pressure (ASp) was also

significantly depressed at 16 weeks. The rise in LVEDP in captopril treated pMI animals

at 16 weeks was attenuated with respect to untreated experimental animals, while the

treated group exhibited significant improvement in the LVPSP and ASP parameters

compared to the non-treated PMI group. Prazosin treatment of the PMI animals also

modulated LVEDP, LVPSP and ASP changes.



The lung and liver wetldry weight ratios in the untreated PMI group remained

unchanged at 1 week as compared to the respective control. However, this ratio for lung

as well as liver was significantly increase d at L6 weeks. Both captopril and prazosin

modulated this increase in wet/dry weight ratios in these tissues. The scar mass at 4 and 16

weeks was significantly increased as compared to 1 week PMI group. This gain in scar

mass in the captopril and prazosin treated groups, when compared to 16 week pMI

untreated group, was significantly less.

Superoxide dismutase activity in the PMI group was unchanged at l week followed

by a significant decrease at 4 and 16 weeks compared to control values. Glutathione

peroxidase remained unchanged at 1 week, but at 4 and, 16 weeks the activity was

significantly depressed. A similar trend was seen with respect to catalase activity.

Treatment with captopril and prazosin resulted in improvement in the SOD activity

compared to the untreated PMI group. GSHPx and catalase activities in captopril treated

PMI group were significantly higher compared to the untreated PMI group. Ifowever, with

the prazosin treatment these activities remained unchanged compared to the untreated PMI

group. Lipid peroxidation as indicated by thiobarbituric acid reacting substances (TBARS),

remained unchanged at 1 week compared to control. At 4 and 16 weeks TBARS were

higher with a significant increase seen at 16 weeks. TBARS in the captopril and prazosin

treated PMI groups weÍe significantly lower compared to their respective untreated pMI

groups.

As both drugs improved the hemodynamic function and reduced oxidative stress, it

is suggested that reduced wall stress or other humoral changes, subsequent to a treatment



with afterload reducing drugs, may be important in modulating subcellular, cellular and

cardiac remodelling due to MI. Preservation of tissue antioxidant levels (activities) with

captopril may also involve some direct effects of the drug at the tissue level. This may

include tissue level changes in the renin-angiotensin system as well as improved coronary

flow upon inhibition of the angiotensin converting enzyme. In any case, the present study

provides evidence that heart failure subsequent to myocardial infarction is associated with

an antioxidant deficit and increase in oxidative stress. The study also shows that treatment

with vasodilators not only improved hemodynamic parameters but was also associated with

an increase in antioxidants and a decrease in oxidative stress. Although the molecular basis

of antioxidant changes remains to be understood, the study suggests the potential benefits

of augmenting myocardial endogenous antioxidants in MI patients by pharmacological

and/or other approaches.



II. INTRODUCTION

Heaft failure is a clinical state, whereby the heart is unable to provide sufficient

blood and nutrients for metabolic needs of the body. Congestive heart failure (CHF) is

defined by excessive retention and accumulation of fluid in body tissues. Although the

clinical syndrome has long been recognized and significant advances have been made in the

management of heart failure patients, pathogenesis of the congestive heart failure condition

remains to be understood. The failure may be caused by a primary defect in the cardiac

muscle or it could be secondary to a chronic increase in cardiac workload which can occur

due to valvular defects, hypertension, atherosclerosis etc. Irrespective of the inciting

stimulus, the ultimate inability of the heart to maintain flow may result either due to a loss

of the myocardial cells and/or subtle subcellular biochemical defects. Myocardial cell

damage in myocarditis or myocardial infarction with subsequent loss of heart function leads

to acute failure of the heart as a pump and can be ascribed to an inadequate number of

normally contracting cardiac myocytes. However, it is the loss of contractile function per

se in the chronic state without any further loss of myocytes, that remains to be described at

the subcellular level.

Several biochemical processes including the production and utilization of high enerry

phosphates, excitation-contraction coupling and calcium metabolism have been reported to

be defective in heart failure. Whether any or all of these changes are the result of the heart

failure condition or if in fact these may be causal, remains unanswered. Recently it has

been shown that in models of congestive heart failure in rats subsequent to myocardial

infarction and in guineapigs subjected to chronic pressure overload fhat a decrease in



myocardial endogenous antioxidants and an increase in oxidative stress occurs. The latter

has been suggested to cause myocardial cell damage and loss of contractile function, and

may also explain some of the subcellular changes seen in heart failure.

An increase in cardiac work is accomplished by adjustments in preload, contractility,

heart rate and afterload. In conditions of a chronic increase in work load, heart

hypertrophy and other compensatory neurohumoral changes also take place. In heart

failure, some of these adaptations not only become inadequate but they may in fact

contribute to a further increase in cardiac workload, thus worsening the heart failure

condition. One such change is an increase in vascular resistance which is also a major

determinant of the afterload and ventricular wall stress. Reducing vascular resistance has

been shown to decrease intracardiac pressure, increase stroke volume and improve the

condition of heart failure in patients.

Captopril, an inhibitor of angiotensin converting enzyme (ACE), blocks the

conversion of angiotensin I to angiotensin II. The latter is not only a powerful

vasoconstrictor but it is also known to have many other effæcts at the cardiac cell level. In

addition, ACE is important in the breakdown of bradykinin which is also a potent

vasodilator. Inhibition of ACE is reported to improve coronary flow. As captopril may

influence several processes, interpretation of the data from any study involving this drug

should be done with a caution. Prazosin, an a-adrenergic receptor blocker, inhibits the

vasoconstrictory effect of catecholamines which are generally present in high concentrations

ilr heart failure patients. Both captopril and prazosin have also been shown to improve the



hemodynamic function and prolong life in rats with congestive heart failure subsequent to

myocardial infarction.

In the present study, we reasoned that if the myocardial antioxidant deficit and

increased oxidative stress subsequent to myocardial infarction in rats are events intimately

Iinked to congestive heart failure, then improved prognosis with vasodilatory therapy should

be associated with a modulation of these changes. The present study was therefore designed

to test the hypothesis that improved hemodynamic function with an afterload reduction in

the treatment of congestive heart failure may also involve improvement in the myocardial

endogenous antioxidant status.

Heart failure subsequent to myocardial infarction was achieved by surgical occlusion

the Ieft descending coronary artery in rats. At mild failure stage (4 weeks), the animals were

treated with captopril and prazosin. These animals were monitored for body mass, as well

as heart, lung and liver weight; hemodynamic function; myocardial antioxidant enzyme

activities and oxidative stress. The present study shows that the use of vasodilators

mitigates the pathogenesis of heart failure. Drug treatment was not only accompanied by

an improved hemodynamic function but it was also associated with an improvement in the

endogenous antioxidants and a decrease in oxidative stress.



III. LITERÄTURE REVIEW

A. General Background

Heart failure is a common clinical problem known to affect 3 million people in North

America including approximately 200,000 in Canada. Acute heart failure occurs when

underlying conditions precipitate loss of pump function relatively quickly (i.e. in a few

seconds to days) and approximately 35Vo ofindividuals die suddenly. The remaining 65Vo

escape such a fate either spontaneously or due to appropriate medical help. On the other

hand, a slow progression of underlylng causes of heart dysfunction results in what is

generally known as chronic heart failure. In these patients a sudden increase in cardiac

demand, a failure of therapy and/or a sudden progression of the underlying heart disease

can also result in acute heart failure. Heart failure is not a disease in itself but it is a

consequence of the myocardial cell damage and/or abnonnalities of electrical conduction

secondary to other factors. In this regard, there are three basic causes of heart failure: 1)

intrinsic abnormalities such as coronary artery disease, cardiomyopathy and myocarditis; 2)

increased workload secondary to valvular defects or hypertension; and 3) iatrogenic

myocardial damage. However, left ventricular failure secondary to coronary artery disease

is the most common cause of acute as well as chronic heart failure.

Loss of contracting myocardium due to myocardial infarction (MI) results in a

chronic increase in workload of the remaining viable myocardium in the surviving patients.

In addition to neurohumoral adjustments, heart responds by an increase in muscle mass and

this process of heart hypertrophy represents a fundamental compensatory mechanism that

permits the ventricle to sustain normal perfusion pressure (Cohen and Shah, 7974; Maron



and Ferrans,1978; Meerson, L969; Wikman-Coffelt et al., L979). However, if this increased

workload on the left ventricle is allowed to continue for a prolonged period, despite the

presence of hypertrophy, cardiac pumping action becomes inadequate and heart failure

supervenes. This left heart hypofunction has two major consequences: a) pulmonary

changes including pulmonary congestion, right heart abnormalities and edema manifesting

congestive heart failure; b) a drop in renal blood flow (ischemia), cerebral hypoxia and

related complications. This congestive heart failure (CHF) following MI is a common

clinical problem with grave prognosis (Braunwald,1982). It is the transition of compensated

subject of present stud)¡.

An adverse consequence of hypertrophy is the development of diastolic dysfunction

which may even precede the transition to heart failure (Kafz, 1990; Anversa et al., lgg2).

A number of subcellular biochemical alterations in terms of free radical and antioxidants,

energy production and utilization, Ca2+ metabolism and contractile proteins, have been

identified in the failing, hemodynamically overloaded heart subsequent to the development

of hypertrophy (Bing, 1983; Cohen and Shah, I974; Dhalla et al., 1983; Dhalla et al.,l97ï;

Katz,1990; Dhalla and Singal , t994; Hitl and Singal, 1995). However, there is no consensus

with respect to which of the changes is compensator], and which, if any, represents the

primary defect in heart failure. It may be possible that pathways leading to heart failure

may have a variety of origins.

It has been reported that in some patients with coron ary artery disease, there is a

down-regulation of the mechanical performance in the remaining viable myocardium



otlrerwise receiving a normal coronary flow at rest (Helfant et al., 1974; Cohn et al., 1975;

Rahimtoola, 1985). The defect has been attributed to a so called "flow-lnetabolic mismatch

phenomena" (Marshall et al., 1983; Vanoverschelde et a1.,1992). Such a depression in

function occurring in short term may be compensated and masked by other adaptive changes

in the heart (e.g. hypertrophy) as well as other neurohumoral adjustments. In this regard,

upregulation of Renin-Angiotensin System (RAS) as well as sympathetic system has been

well documented.

In a classical view of RAS function and origin, angiotensinogen produced in liver is

cleaved by renin released from kidney to produce a decapeptide known as angiotensin I.

This is then converted by angiotensin converting enryme to angiotensin II, an octapeptide

witll very strong vasopressor character. However, recent studies have provided evidence

for the presence of different components of the RAS system in several tissues including

heart (Campbell and Habener, 1986; Dzau and Re, L987; Dzau, 1988). In addition to its

strong vasopressor effect, angiotensin II has been shown to play a role in cardiac

hypertrophy (Khairallah et al., 1972;Dzau,1987; Baker, 1990). These findings have opened

a totally new perspective for the role of RAS in heart under normal as well as in different

heaft failure conditions.

B. Biochemical Basis of Heart Failure:

Although intensive research thus far in this field has not identified the precise

biochemical mechanism of heart failure, several subcellular, cellular and system level

abnormalities llave been well charactenzed.
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8.1. Contractile proteins in heart failure:

The contractile machinery of the myocardium consists of thick and thin filaments.

There are three myosin isorymes depending on the composition of the myosin. V, iso4yme

is composed of two a myosin chains and possess the highest ATPase activity. V, is

composed of one a and one B myosin chain and has intermediate ATPase activity. V, is

composed of ¡vo B myosin chains and V, has the lowest ATPase activity (Swynghedauw et

al., 1983). The VtA/, ratio is directly proportional to the velocity of muscle shortening

(Alpert and Mulien, 7982). In a normal heart, this ratio has been reported to remain

unchanged whereas during chronic pressure overload this ratio has been shown to decrease

(Mercadier et al., 1981). V, is the isoryme expressed predominantly in nonnal ventricles,

but in heart failure conditions, it is V, that is predominant (Mercadier et al., 1981). A

severe depression in myosin ATPase activity in the failing human heart was considered to

be a crucial feature in the development of end-stage heart failure (Pagani et al., 1988).

Studies on hemodynamically overloaded rat heart have shown activation of B-myosin

heavy chain (MHC) and deactivation of a-MHC at the transcriptional level, which may have

accounted for decreased ATPase activity and thus decreased velocity of contraction in these

lrypertrophied hearts (Schwartz et al., 1986). There was also an increase in mRNA

abundance for a-skeletal actin in the hypertrophied heart. Alteration of contractile proteins

is not restdcted to MHC, as changes in myosin light chain have also been reported in human

heart subjected to mechanical stress (Hirzel et al., 1985). Schwartz and associates (1993)

studied the mRNA expression of a-cardiac actin from the heart failure patients and found

that the mRNA abundance for this actin remained unchanged compared to control, thus
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suggesting that myosin and actin are independently regulated in human heart during failure.

AII tllese studies provide the evidence that there are alterations in the contractile proteins

both durjng hypertrophy and heart failure. Whether these changes could account for the

transition from compensated hypertrophy to heart failure is not known.

8.2. Energy metabolism and calcium homeostasis in heart failure:

A number of studies have delineated defects in oxidative phosphorylation, high

energy phosphate metabolism and calcium supply to myofilaments in heart failure.

However, there are conflicting reports about whether oxidative phosphorylation in

hypertrophy and heart failure is normal or altered. In this regard, mitochondrial energy

production was found to either increase or remain unchanged during hypertrophy stage

(Chidsey et al., 1966 and Meerson et al. 1964). Meanwhile another group of investigators

reported decreased mitochondrial energy production (Schwartz and Lee, 1962). In severe

end-stage failure, mitochondrial respiratory function was depressed whereas the

compensatory hypertrophy stage was accompanied by either nonnal or slightly depressed

mitochondrial respiratory function (Newman, 1983). In a guinea pig model of heart failure,

decreased ATP and creatine phosphate stores were reported (Feinstein, 1962). The high

energy phosphates were reported to be at control level during hypertrophy stage but were

below control level in the failure stage (Alpert and Hamrell,1976; Bittl and Ingwall, L9B7).

It is likely that these differences are due to the differences in the stage of failure or in the

animal model used in a given study.

Calcium plays a very important role in the contractile function of the heart (Dhalla

et al., l9BZ). Numerous studies in the past have shown that there is an impainnent in
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intracellular calcium handling, thereby accounting for impaired contraction process in the

heart (Dhalla et al., 1983). Cellular structures such as sarcolemma and the sarcoplasmic

reticulum are important sites for intracellular calcium regulation. Alteration in their

structure and activity result in reduced calcium uptake thereby resulting in increased

intracellular calcium, ultimately affecting the excitation-contraction-relaxation cycle (Dhalla

et al., 1983; Carafoli and Bing, 1988; Gwathmey and Morgan, 1985). Depressed rate of

sarcoplasmic reticular calcium uptake was demonstrated in failing heart muscle obtained

from humans (Harigaya and Schwartz, l97l). Impairment in calcium handling in human

heart failure has also been reported by others (Gwathmey et al,1987). It is clear that both

high energy phosphate and calcium metabolism are altered in heart failure, but their precise

contribution in the pathogenesis remains to be defined.

8.3. Dovmregulation of the adrenersic system:

During congestive heart failure, there is increased levels of plasma catecholamines

associated with decreased tissue catecholamine levels. Chronic exposure to such

catecholamines leads to decreased myocardial responsiveness. The decrease in the

responsiveness could be due to a downregulation of B-receptors or some other alteration in

the components of the B-adrenergic signalling pathway. Numerous studies have shown

alterations in the different components of the adrenergic system during cardiac hypertrophy.

Depletion of catecholamines in both clinical and experimental hypertrophy was

demonstrated (Chidsey et al., 1964). A reduction in the oAMP as well as norepinephrine

content of the pressure overloaded ventricle has also been reported (Mason et al., !97'!.;

Stewart et ã1., 1978). In addition to changes in catecholamine levels, decreased
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responsiveness to the adrenergic stimulation in experimental heart failure has also been

reported (Covell et al., 7966:' Tong etal.,I99l). A decrease in responsiveness may be due

to the defect or downregulation of the Br-receptors (Denniss et al., 1989; Bristow et al.,

lg82). Cardiac G, proteins have also been shown to be increased in hearts of patients with

idiopathic dilated cardiomyopathy, both at the cellular and molecular levels (Feldman et al.,

1988, 1989).

In addition to B-receptor alteration, changes in a-receptors have also been studied

but not as extensively as B-receptors. The a, adrenergic receptors were shown to be

increased in guinea pig hypertrophied hearts (Karliner et al., 1930). No change in the

density of these receptors was reported in the failing hearts (Bristow et al., 19SS).

C. Management Strategies for Heart Failure:

As the severity of heart failure ranges from mild pump dysfunction to an urgent

threat to life, the treatments for heart failure also vary from a calm non-urgent approach

to emergency measures (Braunwald et al., 1982). As a result of the harmful consequence

of ischemic heart disease, different surgical procedures and use of different pharmacological

agents have been introduced over the past many years and these measures certainly have

made a difference in managing the pathogenesis of the heart disease. Reperfusion of the

ischemic myocardium, proved to be of great importance in the treatment of ischemic heart

disease (Danfofh et al., 1960). Coronary bypass surgery which reinstitutes perfusion and

oxygen delivery to the ischemic region of the myocardium has emerged as a fundamental

strategy in the treatment of ischemic heart disease (Hearse and Bolli, L992). It is also clear

that reperfusion, though essential and initially important, may exacerbate the injury
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sustained during ischemia (Jennings et a1.,1960) and causes "reperfusion injury" (Jennings

et al., 1960). Thrombolytic agents such as streptokinase and urokinase have-been shown to

reduce myocardial infarction (Rentrop et a1.,1981). Some studies have suggested that the

benefit of thrombolytic therapy is greater if administered in the early phase of reperfusion

(Kirshenbaum, 1992).

The clinical syndrome of congestive heart failure subsequent to MI has long been

recognized but its management remains one of the major problems in clinical cardiology

(Pfeffer et al., 1993; Chopra et al., L989; Braunwald and Grossman, L992; Sharpe et al.,

1990). Intensive research geared towards preventing heart failure has resulted in the use

of different pharmacological agents, aiming to reduce the severity and incidence of this

clinical condition. Some of these agents include angiotensin converting enzyme inhibitors,

other vasodilators, diuretics, digitalis and B-adrenergic blockers.

C.1. Angiotensin converting enzyme inhibitors:

Afterload reduction or vasodilator therapy has now become an important form of

treatment both for acute and chronic heart failure (Franciosa et a1.,1972; Chatterjee et al.,

1973; Awan et al., L977;Toher and Francis, 7993). The recognition that patients with CHF

often have increased peripheral vascular resistance due to vasoconstriction and an

accurnulation of extravascular fluid ("congestion") associated with salt and water retention

(Francis et al., 1984; Francis, 1988) has led to the use of vasodilator therapy (Furberg and

Yusuf, 1985; Braunwald and Colucci, L984; Packer, 1983). The predominant action of the

vasodilators on the heart is to reduce afterload and impedance.
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There is now an overwhelming evidence that the renin-angiotensin system (Rl{S) is

activated in patients with severe, decompensated heart failure (Merrill et al., L946; Genest

et al., L968; Kawaguchi and Kitabatake,1995). Large scale clinical trials have suggested that

the activation of the RAS is linked to an adverse outcome in heart disease. This has led

to the use of various agents that antagonize this system (Braunwald, L99I; Riegger, L993).

In chronic heart failure, decreased contractility of the left ventricle leads to reduced cardiac

output which ultimately results in systemic arterial and venous vasoconstriction (Cannon et

a1.,1983; Cohn et al., 1979). This vasoconstriction appears to be mediated, in part, by the

renin-angiotensin system (Brown et al., 1970; Genest et al., 1968). The role of renin-

angiotensin system and the use of ACE inhibitors in heart failure has been a subject of

many reviews (Kawaguchi et al., 1995; Watkins et al., L976;Dzau et al., 1981; Curtiss et al.,

L978). Studies in the past have examined the role of this system in different stages of heart

failure. It has been shown that at the onset or in moderate heart failure, the RAS system

selves as a compensatory mechanism and when the blood pressure is normalized, this system

gets deactivated after which plasma-renin activity and angiotensin levels are back to nonnal.

However during severe heart failure, the RAS system remains activated, resulting in

increased system vascular resistance thereby reducing stroke volume (Dzau et al., 1981;

Miller et al., 1982).

Angiotensin II is also responsible for increasing the preload via sodium retention and

an increase in workload via systemic vasoconstriction (Laragh, L962, Curtis et al., 1978).

The normal cardiac response to an increase in afterload by increasing its contractility while

the failing heart is less able to do so as a result of which there is decreased cardiac output
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eventually leading to heart failure (Furberg and Yusuf, 1985). The initial activation of the

RAS system is an attempt to maintain cardiac output. However over a period of time, this

system further deteriorates cardiac function, thus worsening the condition. Therefore

angiotensin convertin g enzymeinhibitors such as captopril, enalapril and many others have

been used in an attempt to improve cardiac function (Hirsh et al., 1991; Konstam et al.,

1992; Pfeffer, 1993; Pfeffer et al., 7993; Sharpe et al., 1991). In a ventricular-pacing model

of chronic heart failure, ACE inhibition resulted in retardation of the progression of pump

failure by decreasing peripheral vascular resistance (Riegger et al., 1984).

ACE inhibitors have been classified as: ACE inhibitors from natural products,

sulphydryl (SH) containing ACE inhibitors, non-SH ACE inhibitors and other miscellaneous

inhibitors (Juggi et a1.,I993). Captopril was the first potent SH containing ACE inhibitor

synthesized. This short acting ACE inhibitor is used frequently for the treatment of

congestive heart failure (Romankiewicz et al.1983; Giles, 7991; Jugdutt et al., L995; Levine

et al., 1980). Beneficial effects of long term therapy with captopril were demonstrated not

only to improve left ventricular function but also to improre survival (Pfeffer et aL,1985b,

L992; Captopril Multicentre Research Group, 1983). Eurly treatment with captopril in

patients with left ventricular dysfunction was shown to improve exercise tolerance and

prevent progression of ventricular dilation and development of clinical heart failure (Pfeffer

et a1.,1985a, 1988; Cannon et al., 1983; Jugdutt et al, L992; oldroyd et al., 1991).

Prevention of ventricular dilation by captopril was also demonstrated in genetically

induced heart failure in rats (Pfeffer et al., l98Z). Several studies in patients with left

ventricular dysfunction following myocardial infarction have shown that ventricular
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enlargement was favourably altered by treatment with captopril (Pfeffer et al., 1988). In a

high-risk group of patients with baseline distortion of left ventricular shape, those who

received captopril had fewer clinically apparent manifestations of heart failure (Lamas et al.,

leBe).

Because of the presence of a sulphydryl group in its molecular structure, captopril

has also been found to be a free radical scavenger (Chopra eta1.,1989). Thus the beneficial

effects of captopril may also involve an anti-free radical effect in addition to its vasodilatory

action. Since ACE is known to enrymatically inactivate bradykinin, a known vasodilator,

ACE inhibition may enhance availability of bradykinin independent of its effects on

angiotensin II levels. Reduction in angiotensin facilitated release of catecholamines could

be another consequence of ACE inhibition. Thus any interpretation of the data obtained

from the use of ACE inhibitors must take these other aspects into consideration. In

addition to ACE inhibitors, a number of studies have demonstrated that blocking the

angiotensin I receptor also improved hemodynamic function (Sweet and Rucinska, 1994;

Crozier et al.,7995). Studies by Burnier et al. (1994) have shown that the beneficial effects

of ACE inhibitors and AT, antagonists are similar in terms of improving systemic and

regional hemodynamic parameters. Dickstein et al. (1994) studied the effects of losartan

(ATt antagonist) in patients with heart failure and found that losartan caused favourable

vasodilation with no side effects. Thus the use of AT, receptor antagonist may prove useful

in designing more precise e4periments for defining the role of angiotensin II in heart failure.
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C.2. Other Vasodilators:

In addition to ACE inhibitors, a wide spectrum of drugs are available including:

direct-acting vasodilators such as organic nitrates (e.g. hydralazine);ø-blocker (e.g. prazosin);

Ca2*-antagonists (e.g. nifedipine and diltiazem) and many more (Furberg and yusuf, 1985;

Packer and Le Jemtel, 1982). Several studies have clearþ established that vasodilators

improve left ventricular performance and reduce symptoms of left ventricular failure

(Franciosa,1982). Nitrates and nitroglycerin were among the earliest agents evaluated for

chronic vasodilator therapy (Steward, 1988). Hydralazine has been an effective

antihypertensive agent for many years in the management of left ventricular failure. In

patients with left ventricular failure due to ischemic or idiopathic cardiomyopathy, oral

Irydralazine increased cardiac output by 56Vo and discontinuation of the drug resulted in

significant reduction of cardiac output (Chatterjee et al., 1980).

Another widely used antihypertensive agent prazosin has been shown to improve

exercise tolerance and enhance left ventricular performance (Goldman et a1.,1980, Colucci

et al., 19B0; Schirger and Sheps, 1977). Unlike hydralazi¡e, prazosin is an indirect acting

agent, its action being receptor mediated. Prazosin does, however, resemble hydralazine in

acting primarily on arterioles than arteries (Miller et al., L982). It has also been proposed

that prazosin may have some direct effect on vascular smooth muscle although this issue is

debatable. Prazosin which reduces both preload and afterload has clinically been used for

tlre treatment of heart failure (Awan et al. 1978; Milter et al., L977; Bertel et al., 1981;

Feldman et al., 1981; Goldman et al., 1980). This dual action of the drug is suggested to

relate closely to the beneficial effects it has on the heart. Increase in stroke volume is due
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to the afteiload reducing property of the drug and decrease in the elevated Ieft ventricular

filling pressures is by decreasing the preload (Miller et al., L977; Awan et al., I97B). Awan

and associates (1977, L978) have demonstrated that both preload and afterload reduction

by prazosin not only resulted in increased cardiac output but also reduced evidence of

pulmonary venous congestion and enhanced exercise tolerance in patients with heart failure.

Packer et al., (7979a) have shown that the hemodynamic effects of initial prazosin doses i.e.

reduced systemic arterial pressure, along with increased cardiac output, are no longer

evident following repeated doses of the drug. Increasing the prazosin dosage also did not

help maintain the hemodynamic responsiveness. Thus one of the drawbacks with this agent

is the development of tolerance.

C.3. Positive inotropic agents and beta-blockers:

Positive inotropic agents increase contractile force of the myocardium. Digoxin is

one of the most commonly used inotropic agents. Indeed recent trials have provided

support for the effectiveness of digoxin in relieving symptoms, increasing ejection fraction

and improving exercise tolerance in patients with heart failure (Packer et a1.,1993, Captopril

Digoxin Multicenter Research Group, 1988). In patients with atrial fibrillation, digitalis

glycosides are very useful in controlling heart function. Agents such as dopamine and

isoproterenol act on the B-adrenergic receptors, leading to stimulation of these receptors

and thereby causing increased intracellular calcium concentrations via increase in cyclic AMP

content.

Although heart failure is accompanied by decreased contractility and beta-adrenergic

agonists such as dobutamine, dopamine etc. increase contractility at least initially, chronic
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treatment with these agents has been shown to be deleterious. Therefore beta-adrenergic

antagonists or B-blockers have been utilized in patients with heart failure (Swedberg et al.,

1980). Metoprolol is one of the most commonly usedB-blockers. Propranolol, atenolol and

timolol are some of the other B-blockers used in patients with acute myocardial infarction

and have been shown to reduce mortality and morbidity (Hjalmarson et al., 1981). In all

of the above listed pharmacological approaches, the choice of drug as well as dosage would

be determined by the type and stage of heaft failure.

D. Oxidative Stress and Cardiac Iqiury:

More recently an increase in oxidative stress and a relative decrease in "antioxidant

reserve" have been suggested to be involved in myocardial dysfunction and also in heart

failure in chronic conditions (Singal and Kirshenbaum, T990; Gupta and Singal, L9B9a;

Dhalla and Singal, 1994; Hill and Singal, 1995). In fact, the idea of oxidative stress and its

role in cardiac injury has currently become a hot issue.

D.1. Free radicals:

A flee radical is any atom or molecule that has an unpaired electron in its outermost

orbit thus making these species highly reactive. Endogenous sources of free radicals include

enzyme and non-enzyme systems located in the subcellular membranes, plasma membrane

and blood cell elements. These radicals can be produced in the cells and tissues by various

processes and reactions required for the maintenance of nomal metabolism as well as

energy production (Kaul et al., L983; Singal et al., 19SS). Free radical production can occur

either by the addition of an electron or by its removal in a reduction/oxidation reaction.

Because of the parallel spin of electrons in its outermost orbit, oxygen is also viewed
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as a diradical. This unique electronic configuration of oxygen leads it to an univalent

reduction pathway in which different reactive oxygen species are produced which are

potentially toxic to all biological materials. Singlet oxygen (tOr) is the first excited state of

o>rygen. Singlet oxygen can initiate different o4ygen radical chain reactions to form reactive

o)rygen intermediates. Addition of a single electron results in the production of superoxide

anion radical (Or') and its protonated form HOr'. Addition of another electron to

superoxide radical results in the formation of peroxide anion, which protonates to fonn

hydrogen peroxide (HrOr. The reduction of HrO,leads to the production of hydroryl

radical (OH') and hydroxyl anion (OH-). 'Or, O;', HOr', }IzOz, OH' and OH- are called

activated o4ygen species and are collectively termed as partially reduced forms of orygen

(PRFO) (Kaul et al., 1993). By definition, HrO, is not a radical because all the electrons

in its outermost orbit are paired. However, HrOris a strong oxidizing agent and is capable

of causing cell damage.

Although by definition only HOr', Or-' and OH' are free radicals, usually all of the

reactive oxygen intermediates are referred to as free radicals. Different species of PRFO

possess different reactivities and have different half lives. Oz-. is a highly reactive radical

and has a very short half life. HrO, on the other hand has a relatively longer half life and

therefore its site of damage can be different than its site of production. OH' has the

shortest half life and is the most reactive of all the species. Under normal physiological

conditions, the tissue concentration of free radicals is limited because of the presence of the

antioxidant defense systems and the balance between free radicals and antioxidants is

rnaintained. Any time this balance is shifted in favour of a relative increase in free radicals,
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an oxidative stress condition occurs which can cause cell injury (Clark et al., 1985; Rao et

al., 1983; Kaul et al., L993).

D.2. Free radical mediated cell iniury:

Free radicals are significantly important in the maintenance of normal physiological

function. However, an increased production of these toxic chemicals is potentially lethal.

Ample evidence suggesting that orygen radicals cause damage both at the cellular and

molecular level is now available. Biomolecules such as lipids, protein or DNA are the target

of free radical injury (Singal et al., 1988a; Clark et a1.,1985).

Lipid peroxidation is one way by which free radicals cause injury to the cell structure.

Free radicals interact with the polyunsaturated lipids on the membrane and cause oxidation

of these Iipids resulting in the production of a lipid radical. These lipid radicals interact

with the neighbouring lipids to form lipid peroxides (Kaul et al., 1993; Halliwell, 7gB7).

Lipid peroxidation can be detected by a variety of ways. Thiobarbituric acid (TBA) reaction

(Lee et al., 1991), the detection of conjugated dienes (Dormandy and Wickens, 1987) and

the measurement of fluorescent products formed by the interaction of lipid peroxides and

other tissue contents are some of the most practically used methods (Kaul et a1.,1993; Aust,

1985). Of these, the TBA method is the most widely used.

Oxidation of both structural and functional proteins, important for the normal

functioning of the cell is another site of free radical attack. Proteins rich in sulphydryl-group

are much more susceptible to this free radical attack. Evidence suggests that the free

radicals through oxidization modify the protein structure and/or function and these oxidized

proteins undergo proteolysis (Weiss, 1986). Free radicals attacking the enzymes involved
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in the signal transduction pathway have also been reported. In this regard, alteration in the

redox state of thiol groups associated with phospholipase C and phospholipase D by free

radicals have been shown to effect the enryme activity (Dai et al.,l99Z; Meij et al., L994).

Free radicals have also been reported to damage the DNA, by producing base

damage, single-strand breaks and chromosomal abberations (Schraufstatter et a1.,19S6).

Such modifications have been shown to result in cellular abnonnalities (Shamberger et al.,

te74).

D.3. Antioxidant defense system:

There are both enzymatic and non-enzymatic defense systems to protect the cell from

the deleterious effects of free radicals.

D.3.a Enzymatic antioxidants: Enzymatic defense system includes superoxide

dismutase (SOD), glutathione peroxidase (GSHPx) and catalase (CAT). Non-enrymatic

antioxidants are tocopherols, glutathione, carotenes and ascorbic acid (Kaul et al., Lgg3,

Singal and Kirshenbaum, 1990).

Superoxide dismutase (SOD): SOD is the first line of defense against oxidative

damage. SOD catalyzes the dismutation of O, reduced to HrOr. SOD is found both in the

cytosol and mitochondria of mammalian cells. There are different forms of SOD, depending

on where it is localized. The CuZn SOD found in the cytosol has a molecular weight of

about 32,000 daltons. MnSOD primarily localized in the mitochondrial matrix has a

rnolecular weight of about 95,000 daltons (Fridovich, 1975). Various other fonns of SOD

lrave recently been identified carrying different metals at its active site (Marklund, L984;

Kaul et a1.,1993).
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Glutathione peroxidase (GSHpx): This enzyme represents the second line of

defense against free radical mediated damage. It catalyzes the reduction of hydroperoxides

using glutathione (GSH) as a substrate to form oxidized glutathione (GSSG). Glutathione

peroxidase is a tetrameric protein with a molecular weight of about 85,000 daltons

(Lawrence and Burk, L978). This enzyme is present in relatively high concentrations in

cardiac muscle. For a continuous functioning of this enzyme, oxidized glutathione must be

reduced back to GSH (reduced form).

Catalase (CAT) : Located prirnarily in peroxisomes, CAT is responsible for converting

HrO, to oxygen and water, thus preventing excessive accumulation of HrOr. It is a heme

enzyme with a molecular weight of about 240,000 daltons. The concentration of catalase

is reported to be Iow in the cardiac muscle (Doroshow et a1.,1980). Both catalase and

glutathione peroxidase regulate HrO, concentration within the heart but the difference

between these two en4rmes is that GSHPx is more effective at Iower concentrations of HrOr,

whereas catalase is more effective at higher concentrations of Hror.

D.3.b. Non-enz.vmatic antioxidant defense system: Among the non-enrymatic

antioxidants, Vit E (a tocopherol), Vit C (ascorbic acid) and glutathione have been most

frequently studied.

Vitamin E: Vitamin E is known as a chain breaking antioxidant. Either alone or in

synergism with Vit C, Vit E terminates free-radical reaction. It is a determinant of the

peroxidative status of the heart tissue (Janero and Burghardt, 1989). Numerous in vitro and

in vivo studies have shown that deficiency of Vit E results in increased susceptibility of
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myocardial cell membranes to free radical mediated damage (Singal et al., 1983; Singal and

Tong, 1988b), suggesting that Vit E is an important antioxidant (Singal et al., 1983, packer,

1ee4).

Glutathione: Is present in high concentrations in most eukaryotic cells, mostly as

GSH (reduced glutathione) with little of GSSG (oxidized glutathione). It acts as a co-

substrate of GSHPx, to removeHrO, or other lipid peroxides and result in the fonnation

of water and GSSG (Ross et al., 1985).

Vitamin C: Ascorbic acid may directly reduce free radicals with the concomitant

formation of dehydroascorbate. It also plays an important role in the regeneration of Vit

E (Packer et al., L979b). It is known both to quench excited species and also to react

directly with PRFO.

D.4. Free-radical induced myocardial dysfunction:

The list of pathological conditions where olygen free radicals are involved continues

to grow rapidly. Ischemia-reperfusion, hypoxia reorygenation, inflammation, aging,

cardiomyopathy, heart failure subsequent to pressure and volume overload and drug toxicity

are some of the conditions where involvement of free radicals has been documented

(Freeman and Crapo, 1982; Thompson and Hess, 1986; Weiss, 1986; Ferrari et al., L99I;

Kaul et al., 1993, Singal et al., 1993; Cross, l98i Singal et al., lg9z). Myocardial

endogenous antioxidants have also been reported to change under these various

plrysiological and pathological conditions (Gupta and Singal,l989a; Siveski-Iliskovic et al.,

1994, L995; Hill and Singal, 1995; Dhalla and Singal , 1994; Kaul et al., L993; Singal et al.,
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1995). Thus the injury may be a combined effect of a reduction in endogenous antioxidants

and an increase in free-radical production.

Ischemia - reperfusion: Endogenous antioxidant en4rmes have been reported to be

depressed during ischemia (Ferrari et al., 1985, Guarnieri, 1980) as well as under hypoxic

conditions (Fox et al., t983; Dhaliwal et al., l99L). These changes in the enzymes correlated

with poor recovery of function upon reperfusion/reorygenation. Fuji et al., (1992) showed

that in hypoxia-reorygenation condition, mRNA abundance for manganese superoxide

dismutase was decreased during hypoxia and was increased upon subsequent reoxygenation.

Another study demonstrated significant increase in SOD and GSHPx áctivity in

hypertrophied hearts after subjected to hypoxia-reorygenation (KJrshenbaum and Singal.,

reez).

Ageine: Age-related changes in antioxidant en4rme activities have been reported.

Gupta and Singal, (1989b), showed that there was an age-dependent increase in SOD

activity in rats for up to about 6 months of age. In another study, SOD and catalase

activities were found to be depressed in rat hearts that were 72 weeks old (Sohal et al.,

1990). AIso, superoxide anion and hydrogen peroxide were reported to be increased with

age in these rat heafis (Sohal et a1.,1990). These data show an increase (Gupta and Singal,

1989a) as well as decrease in antioxidant enryme activities, depending on the age of the

animal (Sohal et a1.,1990, Singal et al., 1995).

Exercise: Strenuous physical exercise increases oxidative metabolism, which results

in increased free radical production (Singal et al., L995). In this regard, increased free

radical production was found in the skeletal muscle and the liver of exercising rats (Davies
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et al', L982). In another study, Kanter et al., (19S5) showed that exercise trained mice

exhibited increased levels of SOD, catalase and GSHPx in their liver and blood and also

these animals showed reduced mortality due to doxorubicin (Kanter et al., 19g5), a drug

known to cause cardiomyopathy by producing free radicals (Singal et al., lggT).

Hypertrophy and heart failure: In cardiac hypertrophy subsequent to chronic

pressure overload induced by banding of the abdominal aorta, an increase in myocardial

antioxidants and decrease in lipid peroxidation was observed (Gupta and Singal, 19g9a).

Furthermore, these animals exhibited better recovery of contractile function and reduced

incidence of arrþthmias upon reperfusion (Kirshenbaum and Singal , Lgg3). In a guinea pig

model of heart hypertrophy subsequent to a chronic pressure overload, there was an increase

in the antioxidant reserve at 10 weeks. At the 20 week failure stage, the hearts showed

decreased antioxidant reselve accompanied by poor hemodynamic function (Dhalla and

Singal, 1994; Randhawa and Singal, tgg2).

In a recent study on rat hearts at different stages of heart failure subsequent to

myocardial infarction, a significant decrease in antioxidant reserve and an increase in lipid

peroxidation was seen at the severe heart failure stage (Hill and Singal, 1995). Furthermore,

oxidative stress at 1 week after the MI was significantly less and hemodynamic function at

this stage in these animals was maintained. However, at longer post-Ml intervals oxidative

stress increased while heart functions decreased with animals showing clinical signs and

symptoms of heart failure. Although a strong correlation between endogenous antioxidant

decrease and occurrence of heart failure was observed, cause and effect relationship remains
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to be determined. In this regard, an afterload reduction therapy has been reported to

decrease mortality and improve prognosis in rats subjected to coronary ligation (Pfeffer et

al., 1985a,b).

The present study was undertaken to further examine the relationship among

myocardial endogenous antioxidants, lipid peroxidation, hemodynamic function and stage

of heart failure in MI rats subjected to vasodilatory therapy with captopril and prazosin. A

comparative analysis was also done to distinguish whether the beneficial effects were

secondary to afterload reduction or due to some direct myocardial consequences of

angiotensin II effects.
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TV. MATERIALS AND METHODS

A. Animals:

Male Sprague Dawley rats weighing 150 {- 109 were purchased from the Central

Animal Care Unit, University of Manitoba and maintained in the animal holding facility of

the St. Boniface General Hospital Research Centre. Animals were provided with standard

rat chow and water ad libitum unless mentioned otherwise.

B. Experimental Model and Studv Groups:

Myocardial infarction was produced via occlusion of the left anterior descending

coronary artery according to the procedure first described by Johns and Olson (1954) and

later modified by Selye et al. (L960). The animals were anesthetized withLTo isoflurane and

the skin was then incised along the left sternal border. The third and fourth ribs were cut

proximal to the sternum with the subsequent insertion of retractors. The pericardial sac was

perforated and the heart was exteriorized through the intercostal space. The left coronary

aftery was ligated with a 6-0 silk thread. Following ligation, the heart was gentþ

repositioned in the chest. Excess air was drawn into a syringe, and the chest was closed.

Closure of the incision was accomplished by a purse-string suture. The rats were maintained

on a positive pressure ventilation, deliveringLTo isoflurane at the rate of.ZUmin throughout

the surgery. The entire surgical procedure was carried out in sterile conditions. Control

animals were handled in a similar fashion with the exception that the suture around the

coronary artery was not tied and the thread was only passed through the muscle.
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Following the operation, animals were allowed to recover on the table. Animals were

monitored for their weight, behavioral pattern, mortality, etc.

In all there were five study groups with their respective age matched controls. These

groups were as follows: 1) 1 week post myocardial infarction (PMI) and 1 week control;

2) 4-week PMI and 4-week control; 3) 16-week PMI and 16-week control; 4) Captopril

treated group: 16-week PMI and 16-week control and in each group Captopril treatment

was started 4 weeks after the surgery and continued up to 16 weeks; 5) prazosin treated

group: 16-week PMI and 16-week control and in each group, Prazosin treatment was started

4 weeks after the surgery and was continued up to 16 weeks.

C. Hemodynamic Studies:

Animals were anesthetized with sodium pentobarbital (50 mglkg i.p.). A miniature

pressure transducer catheter (Millar Micro-Tip, model PF.24g, Houston, Texas) was inserted

into the right carotid artery and then advanced into the left ventricle. Left ventricular end-

diastolic pressure (LVEDP), left ventricular systolic pressure (LVSP), aoftic diastolic

pressure (ADP) and aortic systolic pressure (ASP) were recorded on a computer for an on

line analysis (Axotape acquisition data program and Acqknowledge 3.0). After

hemodynamic assessment, the rats were sacrificed and the heart and other organs were

removed for futher studies.

D. Tissue Weight Determination:

The heart, in case of infarction, was first weighed with the scar and then the scar

tissue was cut out and the heart was weighed again, from which weight of scar tissue was

obtained. For ventricular weight in sham control group: both right and Ieft ventricles were
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included. In the PMI group, right and viable left ventricle were taken. In order to obtain

the wet/dry weight ratio of the lungs and liver, the organs were freed from adhering tissues.

The sample tissues were weighed, chopped into smaller pieces and placed in the oven at

65"C until a constant weight was obtained, which was usually after 24 hrs.

E. Antioxidant Enzyme Assays:

E.1. Superoxide Dismutase (SOD) Assay

Superoxide dismutase activity in the hearts was determined by the method previously

described by Marklund (1985). Hearts were homogenized (1:10) in 50 mmol/L Tris-HCl,

pH 8.20, containing 1 mmol/L diethylenetriamine pentaacetic acid. The homogenate was

centrifuged at20,000 * g for 20 minutes. The supernatantwas aspirated and assayed for

total superoxide dismutase activity by following the inhibition of pyrogallol auto-oxidation.

Pyrogallol (24 mmol/L) was prepared in L0 mmol/L HCI and kept at 4.C prior to use.

Catalase, 30 ¡.tmol/L stock solution was prepared in an alkaline buffer (pH 9.0). Aliquots

of supernatant (150 pg protein) were added to Tris-HCI buffer containing ,25 p.Lpyrogallol

and 10 p"L catalase. Changes in absorbance at 420 nmwere recorded at 1 min intervals for

5 min. Data are expressed as total SOD Units per milligram protein derived from an SOD

standard curve of pyrogallol autoxidation with commercially available SOD.

E.2. Glutathione Peroxidase (GSHpx) Assay

GSHPx activity was determined in whole heart by the method previously described

by Paglia and Valentine (L967). Hearts were homogenized (1:10) in 75 mmol/L phosphate

buffer, pH 7-0. Homogenate was centrifuged at20,000 gfor 25 minutes and the supernatant

was aspirated and assayed for total cytosolic GSHPx activity. GSHPx activity was assayed
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in a 3-ml cuvette containing 2.0 mL of 75 mmol/L phosphate buffer, pH 7.0. The following

solutions were then added: 50 p.L of 60 mmol/L glutathione, 100 ¡rL glutathione reductase

solution (30 u/ml-) , 50 p"L of O.LZ morlL NuN,, 100 p"L of 15 mmol/L Na, EDTA, 100 ¡L"L

of 3.0 mmol/L NADPH, and 100 p'L of cytosolic fraction. The reaction was started by the

addition of 100 p,L of 7.5 mmollL HrO, and the conversion of NADpH to NADp was

monitored by a continuous recording of the change of absorbance at 340 nm at one minute

intervals for 5 min. GSHPx activity was expressed as nanomoles of reduced nicotinamide

adenine dinucleotide phosphate (NADPH) oxidized to nicotinamide adenine dinucleotide

phosphate (NADP) per min per milligram protein, with a molar extinction coefficient for

NADPH at 340 nm of 6.22 x 106.

8.3. Catalase Assay

Catalase activity in the hearts was determined by the method previously described by

clairborne (1985). Hearts were homogenized in (1:10) 50 mmol/L potassium phosphate

buffer, p}l7.4. Homogenate was centrifuged at 40,000 g for 30 min. 50 p.L ofsupernatant

was added to a 3-mL cuvette which contained 2.95 mLof 19 mmolll hydrogen peroxide in

50 mmol/L potassium phosphate buffer, pH 7.4. Changes in absorbance at 240 nm were

continuously followed for 5 min. Catalase activity was expressed as u/mg protein.

F. Thiobarbituric Acid Reactive Substances Assay

Lipid peroxide content in hearts was determined by measuring the thiobarbituric acid

reactive substances (TBARS) by the method as described previously (Singal and Pierce,

1986). Hearts were homogenized in (107o wt/vol) 0.2MollLTris-0.16 Mol/L KCI buffer, pH

7.4 and incubated at 37"C for t hour. After one hour, a 2 mL aliquot was collected from

JJ



tlre incubation mixture and poured into a Corning culture tube. To this tube, 2.0 ml of 40Vo

trichloroacetic acid and 1.0 ml of 0.2Vo thiobarbituric acid (TBA) were added. 100 ¡^rL of

ZVo butylated hydroxy-toluene was added to the TBA reagent mixture in order to minimize

peroxidation during the assay procedure. The mixture was then boiled for 15 min and then

allowed to cool on ice for 5 min. Following that, 2 ml of 707o tnchloroacetic acid was

added' and tubes were allowed to stand for 20 min, and after Z min, the sample was

centrifuged at 800 gfor 20 min. The developed colour was read at 532nm. Commercially

available malondialdehyde was used as a standard.

G. Vasodilator Therapy:

For studying the effects of vasodilator therapy on the pathogenetic changes

subsequent to myocardial infarction, animals in two separate experiments were treated with

CaptoprilandPrazosin. Captopril,[25]-I-13-mercapto-2-methylpropienylprotine]L,wasgiven

to 4 week control as well as 4 week post myocardial infarction animals (Pfeffer et al.,

1985b). Captopril (2 g) was dissolved in I L of drinking water and equal amount of the

water was given to each rat, placed in separate cages (Pfeffer et al., 1985b). The amount

of water consumed daily by each rat was monitored. The animals were also monitored for

their body weight and behaviour during the entire course of the treatment. The treatment

was continued up to 16 weeks of post myocardial infarction. The animals at the end of 16

weeks PMI were assessed for hemodynamic function and hearts and other tissue were

studied as described above.

Another vasodilator, Prazosin hydrochloride, an a adrenergic blocker, was used for

comparison (Miller et a1.,1977). Prazosin obtained from SIGMA, was given subcutaneously
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(0.2 mg/rig), both to 4 week control and 4 week PMI rats daily for up to 16 weeks post-

surgery duration.

H. Proteins and Statistical Analysis:

Proteins were determined by the method described by Lowry et al. (1951). Data

were expressed as the mean + SEM. For a statistical analysis of the data, group means

were compared by one-way ANOVA and Bonferroni's test was used to identi$ differences

between groups. Values of p<0.05 were considered significant.
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V. RESULTS

A. General Characteristics, Mortality and Bodv Weight:

All sham control and coronary ligated animals were monitored daily for their general

behaviour and body weight. Different biometric, biochemical and hemodynamic parameters

were studied at 1, 4 and 16 weeks after the surgery. Animals in sham control group as well

as coronary ligated group were either given captopril or prazosi n at 4 weeks after the

surgery as described in the "Materials and Methods".

In terms of general appearance and behaviour of animals, nothing unusual was noted

in any of the sham control, experimental and drug treated groups. Mortality in the coronary

ligated animals during or immediately after the surgery was about 207o. Another l2Vo of.

the animals died within 24 hrs following the surgery. Body weight gain in animals in all

coronary ligated grouPs was slightly lower than their respective sham control groups (Table

1' and Fig 1). Body weight gain in 16-week PMI group treated with captopril was

significantly less than the untreated 16-week PMI group (Table 1) as well as captopril

treated sharn control group (Fig 1). Prazosin treatment did not influence the body weight

gain in any of the groups (Fig 1).

B. ventricular weisht and ventricular to Body weieht Ratio:

For ventricular weight, both the atria and extraneous fat were removed. For the

sham control group, both right and left ventricles were included and for the pMI group,

both right and the viable left ventricle were included. These data are also shown in Table

I' and Figure 2. Ventricular weight in 1- and 4-week PMI animals was comparable to
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Table 1:

Post Surgery
Duration

Body weight, ventricular weight and ventricular to body weight ratio in sham
control and myocardial infarction groups at L, 4 and l_6 weeks.

1 Week

4 Weeks

16 Weeks

SHAM

Values are mean -r S.E. of 10-12 animals. WV, Ventricle weight; BW, Body weight. For the ventricle weight in the infarcted
(PMI) group, viable left myocardium and right ventricle were included. *) Signifióantly higher (P<0.05) thin the 1 and 4 week
PMI groups,

Bodv Wt (s)

336.2-r 3.7

473.2-r 13.2

697.8 x. I4.4

320.0 'r 7.7

435 -r 5.6

630 -r 13

PMI
VW (e)

SHAM

036 -r 0.2

0.99 * 0.2

7.1 -r 0.4

PMI

0.70 t 0.6

1.0 -r 0.3

7.9 x. 0.1

VWBW (Ratio X 1000)
SHÄM PMI

2.26 -r 0.4

2.1 t 0.8

2.4'+ I.2

2.2 x. 0.2

2.3 -r 0.1

3.0 -r 0.2*

f.*
ea
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FIG 1: Effects of captopril and prazosin on body weight

subsequent to myocardial infarction (PMI). Values are mean

+ S.E. of 10-12 animals. C) Sham control; I) Infarcted group.

Arrow indicates the time at which the drug treatment was

started. *) Significantly different(P<0.05) from non-infarcted

sham control animals treated with captopril. Body weight gain

in sham control without the drug treatment was not different

from the animals receiving either of the drugs (data not shown).
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the weights in their respective sham controls. In the 16-week PMI group, ventricular weight

was -I27o increased when compared sham control but this difference was not statistically

significant.

Ventricular to body weight ratio in the 16 week sham group was not different from

1- and 4-week sham controls. However, this ratio in the 16-week PMI group was

significantly higher than the 1- and 4-week PMI groups (Table 1). In animals treated with

captopril or prazosin, this ratio at 16 weeks was less than PMI untreated group but these

differences were statistically not significant due to a large scatter around the mean values

(Fig 2).

C. Scar Weieht:

Scar tissue weight was examined in 1-, 4- and 16-week untreated PMI groups (Fig 3)

as well as in 16-week PMI animals treated with captopril or prazosin (Fig a). The scar

tissue weight in the 4- and 16-week untreated PMI groups was significantly higher as

compared to the 1 week group. This gain in scar tissue weight was signifi cantly less in the

16 week PMI animals treated with captopril or prazosin (Fig a).

D. Lung and Liver Wet/Dry Weisht Ratio:

The wet to dry weight ratio for lungs as well as liver did not change in L-, 4- and 16-

week sham control animals (Table 2). In the untreated PMI group at 1 and 4 weeks, there

was no change in this ratio for both organs. At 16 weeks, however, the ratio for the liver

was about 25Vo higher and for the lungs 33% higlter than 16-week sham group and these

differences were significant (Table 2).

In the PMI group, captopril treatment significantly attenuated wet to dry weight ratio

both for the lungs (Fig 5A) and the liver (Fig 5B). Similarly prazosin trearmenr also in rhe



þ0

É

{J
.\
bt)

.t{

o
Þ

Ê.r

d
C)

CN

400

350

300

250

200

150

100

50

0 1wk
PMI

4 rrk
PMI

16 wk
PMI

FIG 3: Scar rveight at L,4 and 16 weeks post-

surgery durations. Data are mean {- S.E. of 6-8

hearts. *) Significantly different (P<0.05) from

I rveek group (ANOVA followed by Bonferroni

test). PMI) Post myocardial infarction.

41



b¡t
L{
l-{

.{-t
¡L{
Þ0

0)

F
t{
d
C)
(n

400

350

300

250

200

150

100

50

0
PMI PMI+ PMI+

C aptopril Pr azo sin

FIG 4: Effects oI captopril and prazosin on ttìe

scar \yeight at f6 weeks. Data are mean -t- S.E-

of 6-8 hearts. *) Significantly different from the

untreated PMI group (P<0-05) by ANOVA; t)

ANOVA follorved by Bonfcrroni tcst-

42

PMI+



Table 2: Lung and liver wet/dry weight ratios in animals at l, 4
and 16-week post-surgical durations.

Post Surgery
Duration SHAM

Lune Liver
PMI SHAM PMI

l Week

4 Weeks

16 Weeks

4.76 -r 0.I9

4.66-+ 0.21

4.64 -+ 0.19

4.78 +- 0.22

4.97 -r 0.58

6.20 t- 0.32*

3.19 -r 0.02

3.21 +- 0.54

3.22 -r 0.17

3.20 -r 0.51

3.42 *.O.TL

4.04-+ 0.28t

Values aÍe mean -r S.E. of 5-8 experiments. Significantly different (p<0.05) from
respective sham control groups. t) ANOVA and *) ANOVA followed by Bonferroni test.
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PMI group, significantly modulated the increase in wet to dry weight ratio for both the lungs

(Fig 6A) and the liver (Fig 68). Neither of the drug treatment had an effect on this ratio

in any of the sham controls (Fig 5 and 6).

E. Hemodynamics:

Hemodynamic function in the sham control and PMI animals was assessed at 1, 4 and

16 weeks. Peak systolic pressure in the left ventricle (LVPSP) in the PMI group did not

change at 1week. In the 4-week PMI group, there was a marginal reduction in the LVPSP,

and this parameter was significantly depressed at 16 weeks (Table 3). Left ventricular end

diastolic pressure (LVEDP) in the PMI group was unchanged at 1 week, but was

significantly elevated in the 4 and L6 weeks. Left ventricular end diastolic pressure in the

PMI animals was significantly elevated at 4 and 16 weeks (Table 3).

Captopril treated PMI animals at 16 weeks was associated with an attenuated rise in

their LVEDP and had a significantly higher LVPSP compared to the non-treated PMI group

(Table 4). Botlt LVEDP and LVPSP were also significantly different from sham control

captopril treated animals. Prazosin treatment of the PMI animals also modulated LVEDP

and LVPSP changes in the infarcted animals. Only LVEDP was still higher than its sham

control prazosin treated anirnals, while LVPSP in the 16-week treated PMI animals was no

longer different from their 16 week sham control animals treated with this drug.

Both aortic systolic (ASP) and aortic diastolic pressures (ADP) were also monitored

and these data are shown in Table 5. ASP in the PMI group was significantly decreased at

16 weeks while ADP in these animals was significantly elevated at 4 and L6 weeks as

compared to their respective sham controls. These differences in the ASP and ADP in the
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Table 3: Ventricular pressures of rats at l.r 4 and L6 weeks post-
surgery durations as compared to sham.

Post-surgical
durations

LVEDP (mmHs) LVPSP (mmHe)
SHAM PMI SHAM PMI

l Week

4 Weeks

16 Weeks

2.0 -r 0.28

2.6 +- 0.63

3.3 -r 0.60

2.2 -+

6.5 -r

27.5 -r

L25.7 t- 6.7

L24.5 r- 8.3

128.7 -r 4.6

130.7 + 5.9

109.5 -r 1.7

88.6 -r 2.8*

1.4

0.et

1.2*

Values are mean -r S.E. of 6-8 animals. LVEDP - left ventricular end-diastolic pressure.
LVPSP - Ieft ventricular peak systolic pressure. t) Significantly different (P<0.05) from
respective sham control group by using ANOVA and *) ANOVA followed by Bonferroni
test.
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Table 4: Ventricular pressures in rats at 16 weeks post-surgery
duration, with and without captopril and prazosin
treatment.

Treatment LVEDP (mmHs) LVPSP fmmHs)
SHAM PMI PMI

Untreated

Captopril

Prazosin

3.3 -r 0.6

3.2 -r 0.4

2.8'+ 0.5

27.5 -r 1.2*

L0.8 r- 0.2Iø

8.2 -r l.6tø

128.7 -r 4.6 88.6 ¡- 2.8*

129.3 -r 6.2 103.2 -+ 4.7tØ

125.2-+ 6.2 L15.6 +- 4.6ø

Values are mean -r S.E. of.L0-I2 animals. LVEDP - Ieft ventricular end diastolic pressure.
LVPSP - left ventricular peak systolic pressure. t) Significantly different (P<0.05) from
respective control group by using ANOVA and *) ANOVA followed by Bonferroni test.
ø) Significantly different (P<0.05) from untreated PMI group.
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Table 5: Aortic pressures of rats at lr 4 and L6 weeks post-
surgery durations.

Post-surgical
durations

ADP (mmHs) ASP fmmHs)
SHAM PMI SHAM PMI

L Week

4 Weeks

16 Weeks

63.6 +- 3.I7

61.8 -r 2.0

63.7 -+ 4.1

65.2 -r

72.3 -r

75.3 -r

L14.4 -r 2.'1.

106.6 -r 3.2

102.8 -r 3.7

101..4 -r 2.2

97.5 -r 4.5

93.6 -r 3.9t

1.7

1.3t

1.1t

Values are mean r- S.E. of 6-8 animals. ADP - aortic diastolic pressure. ASP - aortic
systolic pressure. t) Significantly different P(<0.05) from their respective sham controls
(ANovA).
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PMI animals with respect to their control values were not noticed in animals treated with

either captopril or prazosin (Table 6).

F. Antioxidant Enzymes:

Myocardial activities of endogenous antioxidant enzymes including superoxide

dismutase (SOD), glutathione peroxidase (GSHPx), and catalase (CAT) were examined at

L, 4 and 16 weeks of post-myocardial infarction in all groups and these data are shown in

Table 7. SOD activity was unchanged at 1 week in the PMI group as compared to sham

control. There was about L9Vo and 45Vo decrease in the SOD activity in the 4 and 16

week PMI groups respectively compared to their sham controls and these changes were

statistically significant. GSHPx activity at 1 week was unchanged or slightly higher in L week

PMI group. However at 4 and 16 weeks, this enryme activity was depressed by 30Vo and

37Vo respectively relative to their control values. A similar trend was seen with respect

to CAT activity. At 1 week there was no change in catalase activity in the PMI group

followed by a significant decrease at 4 and 16 weeks by about 27Vo and 40Vo respectively,

as compared to their control values.

Treatment with captopril resulted in improvement in SOD activity, compared to

nontreated PMI group (Table B). Prazosin treatment also significantly improved the SOD

activity in the PMI group. GSHPx activity in captopdl treated infarcted group was higher

compared to 16-week untreated PMI group. However in prazosin treated PMI group, the

activity remained unchanged compared to the untreated PMI group (Table 8). Catalase

activity was significantly higher in captopril group compared to the untreated PMI group.

This enryme activity in the prazosin treated group did not change much, compared to

untreated PMI group (Table 8).
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Table 6: Aortic pressures of rats at 16 weeks post-surgery
durations, with and without captopril and prazosin
treatments.

Treatment ADP lmmHs) ASP (mmHs)
STIAM PMI SHAM PMI

Untreated

Captopril

Prazosin

63.7 -r 4.1

65.6 t 2.8

62.4 *.2.1

75.3 -r L.Lt

69.2 -r I.8

64.8 ¡- 3.8

L02.8 ¡ 3.7

105.7 -r 2.3

120.1 '+ 7.6

93.6 -r 3.9t

100.2 -¡ 3.9

109.2 -r 9.1,

Values are mean -¡ S.E. of 6-8 animals. ADP - aofiic diastolic pressure. ASP - aortic
systolic pressure. t) Significantly different (P<0.05) from respective control group by using
ANOVA.
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Post-surgical
durations

Myocardial endogenous antioxidant enzyme activities in hearts of L, 4 and L6
week sham and PMI rats.

1 Week

4 Weeks

16 Weeks

SOD (U/mg proteinl
SHAM PMI

Data are mean -r s.E. of 6-8 experiments. t) significantþ different*) ANovA followed by Bonferroni test; soD - superoxide dismutase;

35.2 + 3.t

34.8 -¡ 5.L

33.1 -r 5.3

38.1 t- 2.7

28.2-+ 4.2t

L9.l -r 4.7*

GSHPx (nmoles/ms protein)
SHAM PMI

86.4 -¡ 1.9

84.6 -+ 1.3

78.6 -r 2.8

96.6 ¡ 7.t

60.3 -r 1.9t

49.5 -+ 3.6f

CAT (U/me protein)
SHAM PMI

(P<0.05) from sham control by
GSHPx - glutathione peroxidase;

26.9 -+ L.7

30.8 -r 2.6

29.7 -+ 2.3

29.4-+ 2.8

223 -+ L.1t

L8.2-+ 3.4t

using ANOVA;
CAT - catalase.
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Table 8: Effects of captopril and prazosin treatment on myocardial endogenous
antioxidant enzyme activities at L6 weeks pMf.

Treatment

Untreated

Captopril

Prazosin

SOD (U/me protein)
SHAM PMI

Data are mean of 6-8 e4periments. t) Significant$ aitrgl9pt (P<0.05) fr_om the respective sham control by using ANOVA; *)
ANOVA followed by Bonferroni test. ø) Significa¡tly different (P<0.05) from the untreated pMI grorrp. SOD _ superoxidé
dismutase; GSHPx - glutathione peroxidase; CAT - catalase.

33.1 r- 5.3

35.7 -r 2.7

35.2 -r I0.3

18.1 + 4.7*

24.2 + 10.5t

29.2 + 7.6ø

GSHPx (nmoles/me protein)
SHAM PMI

78.6 t 2.8

76.L -r 6.7

82.9 -r 2.5

49.5 -r 3.6t

69.2 -r 0.5ø

46.3 -* 4,7

SHAM
CAT (U/ms orotein)

29.7 -+- 2.3

32.3 -r 3.8

29.L -+ L.9

L8.2 -+ 3.4t

38.5 -+ 2.5ø

22.4 -r I.7I

PMI

ca
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G. Lipid Peroxidation:

Lipid peroxidation, which is an index of oxidative stress, was assessed in L-, 4- and

16-week sham and PMI groups by evaluating myocardial thiobarbituric acid reacting

substances (TBARS) and these data are shown in Table 9. TBARS in 1 week PMI

remained unchanged compared to its respective control. TBARS in the 4- and L6-week

pMI groups increased by 12Vo and 48Vo respectively as compared to their sham controls.

The increase in 16-week PMI group was statistically significant (Table 9)'

TBARS in sham controls treated with captopril or prazosin remained unchanged

compared to the untreated group (Figs 7 and 8). However in the captopril treated group,

TBARS were significantly lower as compared to its respective untreated PMI group (Fig 7).

TBARS in the prazosin treated PMI group was also lower than the untreated PMI group

(Fig 8).
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Table 9: Myocardial lipid peroxidation (TBARS) at l, 4 and L6
weeks post-surgery durations.

Post-surgery TBARS
Duration (nmoles/s wet wt)

SHAM PMI

1 Week 74.7 -+ 5.3 72.1 -r 0.8

4 Weeks 70.2 -+ 29 78.1 -r 4.5

16 Weeks '7L.L +- 3.1 L04.1 -+ 7.5t

Data are mean of 6-8 experiments. t) Significantly different (P<0.05) from respective sham
control (ANovA); TBARS - thiobarbituric acid reactive substances.
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FIG 7: Bffects of captopril on myocardial lipid
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VI. DISCUSSION

Despite major advances in the management strategies of this clinical condition, heart

failure subsequent to myocardial infarction remains a major health problem . It is generally

characterized by depressed cardiac function with associated abnormalities in the

neuroendocrine and different metabolic systems. One of the major humoral changes is the

activation of the renin-angiotensin system (RAS) which is suggested to play an important

role in the pathogenesis of congestive heart failure (Francis et al., 1984; McAlpine et al.,

1988). In addition to these mechanisms, deficit in the myocardial antioxidant system is also

suggested to be an important factor that may be contributing in the development of heart

failure (Hill and Singal, 1995; Gupta and Singal, L989a; Dhalla and Singal, 1994). In fact,

role of oxidative stress in the pathogenesis of heart failure in humans has also been

demonstrated in some studies (McMurray et al., 1990). Present study demonstrates for the

first time that improved hemodynamic function subsequent to afterload reduction therapy

in MI rats was associated with an increase in the antioxidants in the heart. The study

supports the hypothesis that antioxidant deficit may have a major role in the pathogenesis

of heart failure subsequent to MI.

We employed the coronary artery ligation procedure to develop heart failure in rats.

Tris method was originally introduced by Johns and Olson (1954) later modified by Selye

et al. (1960). In this model, different degrees of failure are achieved at different post-

myocardial infarction (PMI) durations. We studied changes in myocardial antioxidants and

oxidative stress in hemodynamically assessed animals at different stages of the PMI (1, 4 and

16 weeks) with and without afterload reduction therapy using captopril and prazosin.
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In untreated animals at L week PMI, there was no change in left ventricular peak

systolic (LVPSP), left ventricular end diastolic (LVEDP), aortic systolic (ASP) and aortic

diastolic (ADP) pressures. Signs of lung and liver congestion were also not apparent

indicating that this is "prefailure" stage. Flowever, at 4 weeks PMI, LVEDP was elevated,

whereas LVPSP was slightly depressed, but the change was not significant. Pulmonary

edema and liver congestion were also absent in this experimental group. Thus, it was

considered as a mild failure and a functionally compensated stage. At 16 weeks PMI,

LVEDP rose along with a significant depression in LVPSP as well as ASP. Lung and liver

wet to dry weight ratios were significantly higher. An increase in LVEDP may have caused

the retrograde circulatory stasis resulting in an accumulation of fluid in the lung and liver.

AII these features suggested that these animals were in a severe failure stage. The increase

in LVEDP, congestion of lung and liver seen in our study at 16 weeks have also been

previously reported by others in this animal model (Pfeffer et al., L984; Dixon et al., 1990;

Hill and Singal, 1995). Thus prefailure stage at 1 week, mild failure stage at 4 weeks and

a severe failure stage at 16 weeks were reproduced. It is pointed out that this classification

is arbitrary and is adopted for a comprehensive description of the state of the experimental

animals, in order to establish a relationship among these and other parameters.

There are still differing opinions about the changes in scar weight and percent Ieft

ventricular aÍea it occupies during the post-infarction period. In a dog model, infarct

expansion, thinning and ventricular enlargement has been reported to occur between 2 days

and 6 weeks after the coronary ligation (Jugdutt, 1995). In previous studies on dogs,

infarcted tissue was reported to occupy 20Vo of. the left ventricle on day 1 and l07o at 6
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weeks (Jugdutt and Khan, L994; Jugdutt and Amy, 1986). However, under chronic

conditions left ventricle dilation may also contribute to the percent reduction in scar area

reported in several studies (Jugdutt and Amy, 1986;Jugdutt and Khan, tgg4). In patients,

infarct expansion/extension has also been reported (Hutchins and Bulkley, L978; Eaton et

al., 1979; Shuster and Bulkley, 1979), and has been associated with increased mortality. It

may also be important in the formation of aneurism (McKay et al., 1986). These infarct

expansions may in fact be very early or acute changes. In a rat model of myocardial

infarction, the scar weight was repofted to remain unchanged (Dixon, et al., 1990).

In our study, scar size was assessed indirectly by weighing the ventricles including the

scar and after removal of the scar. It is pointed out that this approach of obtaining the scar

tissue weight as well as using it as a measure of the scar size may not be very precise.

Nevertheless, the scar tissue weight in our study was significantly reduced in both captopril

and prazosin group, which may partly explain the reduced mortality and improved prognosis

with captopril (Pfeffer et al., 1985a,b). The ventricle to body weight ratio was increased

from 1 to 16 weeks. Increase in this ratio in animals treated with captopril was less than the

untreated group. Pfeffer and associates (1985a) also have reported decrease in this ratio

in the captopril treated animals. ACE inhibition using captopril was shown to decrease

infarct expansion and thinning, progressive ventricle dilation and infarct collagen levels

(Jugdutt, 1995). Thus drug-induced reduction in scar expansion as well as ventricle to body

weight ratio in MI rats clearly indicate a moderation of the process of myocardium

remodelling.
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The beneficial effects of captopril have been studied extensively both in animals and

humans. Our data on animals in the captopril group demonstrated not only improved

hemodynamic function atl6 weeks PMI but any signs of lung and liver congestion were also

absent in these animals. Pfeffer and associates (1985a) showed that a prolonged treatment

with captopril resulted in normalization of hemodynamic parameters in the infarcted groups.

'We 
also noted that the increase seen in LVEDP in the L6 week infarcted group was less in

the captopril group. The volume reducing effect of captopril probably is due to its preload

and afterload reducing properties, leading to a decrease in the load, opposing shortening

and thereby pennitting the ejection of a norrnal stroke volume from a less dilated ventricle

(Pfeffer et a1.,1985a; Pfeffer et a1.,1988). In "SAVE" trial in humans with left ventricular

dysfunction, captopril was reported to improve survival and reduce morbidity and mortality

(Pfeffer et al. L982). In another study by Sharpe et al., (1988) in patient with symptom-less

left ventricular dysfunction after myocardial infarction, treatment with captopril attenuated

ventricular enlargement and prevented further deterioration of ventriiular performance.

Myocardial antioxidant enzymes including SOD, GSHPx and CAT have been

reported to change in various physiological and pathophysiological conditions (Gupta and

Singal, 1989a; Kanter et al., 1985; Rao et al. 1983; Dhalla and Singal, 7994). These

antioxidants have also been reported to change under various oxidative stress conditions

(Dhaliwal et al., 199L, Ferrari et al., 1985). Based on all these observations, it has been

suggested that "antioxidant status of the heart is a dynamic function adjusting to the

physiological and/or pathophysiological conditions imposed" (Gupta and Singal, 1989a).
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In this model of heart failure, characteristic changes in superoxide dismutase,

glutathione peroxidase and catalase were seen at different PMI durations. At 1 week, no

change or a slight increase in antioxidants was observed. At 4 weeks, there was significant

depression in SOD, GSHPx and CAT activities and at 16 weeks the decrease in these

antioxidant enrymes was even more drastic. Antioxidant decrease in heart failure has been

documented before (Hill and Singal, 1995). Lipid peroxidation was higher at 4 and, 16

weeks. Increase in lipid peroxidation in heart failure due to pressure overload (Dhalla and

Singal, L994), subsequent to myocardial infarction (Hill and Singal,1995), and in case of

cardiomyopathic hamsters (Kobayashi et al. 1987) has also been reported. Increased lipid

peroxidation measured by breath pentane content is known to occur in heart failure patients

(Weitz et al., 1991; Sobotka et al., L993). The increase in oxidative stress in the failing

stages may be conducive to causing oxidant-induced cell damage by lipid peroxidation and

by oxidation of protein thiol groups (Ferrari et al., l99l). At any rate, the study

demonstrates that decrease in antioxidants and increase in lipid peroxidation at different

PMI durations correlate with poor cardiac function or heart failure.

Since captopril and prazosin have been shown to reduce the symptoms of congestive

lreart failure as well as improve functional capacity of the heart (Pfeffer et al., 7992; Cohn

et al., 1986; Feldman et al., 1981), the other objective of the present study was to study the

effects of these two vasodilatory drugs on the myocardial antioxidants and lipid peroxidation.

Because the early signs of heart failure were evident at 4 weeks, the vasodilatory therapy was

started at 4 weeks PMI duration. The present study demonstrated for the first time that

chronic treatment with captopril, not only improved the hemodynamic function, but also
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resulted in better maintenance of the antioxidant enzymes as compared to the untreated

group. As a result, oxidative stress in the captopril and prazosin treated groups was

significantly less compared to the untreated group. This was also evidenced by a decrease

in myocardial lipid peroxidation in the drug-treated groups. Thus our data as well as the

findings reported by others suggest that a relative deficit in antioxidants and an increase in

oxidative stress may play an important role in the pathogenesis of heart failure.

Because of the other humoral and tissue level effects of ACE and angiotensin II, the

exact mechanism by which ACE inhibition with captopril treatment improves left ventricular

function is not yet defined. In this regard, the presence of sulphydryl group in captopril can

also act as a free radical scavenger (Chopra et al., 1989; Sobotka et al. 1993). Furtherrnore,

inhibition of ACE results in an increase in bradykinin, nitric oxide (Palmer et al., L987),

prostaglandin E, and prostacyclin (Needleman et al., 1975) thereby reducing the afterload

albeit using a different mechanism.

In addition to peripheral effects of ACE inhibition by captopril, direct effect on the

coronary circulation (Daly et al., 1985; Margrini et al., 1987) as well as the myocardial

tissue effects (Dzau and Re, 1987; Dzau, 1981) have also been reported. In this regard,

increases in the ventricular angiotensinogen mRNA levels in the viable myocardium

subsequent to MI have been reported (Lindpainter et al., L993). Cardiac ACE mRNA

Ievels in experimental heart failure were also found to be increased (Hirsch et al., 1991).

Angiotensinogen gene expression in the left ventricle was shown to be suppressed by ACE

inhibition (D2au,1988). These data suggest that angiotensin II in heart failure subsequent

to MI influences expression of different components of RAS at the tissue level. Thus
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ventricular remodelling in MI may involve distension of the scar tissue as well as altered

gene expression in the viable myocardium. These changes could be due to both increased

wall stress subsequent to the increased afterload and direct effects of angiotensin II on

cardiac myorytes.

Effects of ACE, other than modulating angiotensin II levels, can be better

characterized by using agents or antagonists that can specifically block angiotensin II

receptor. Losartan, a specific angiotensin II receptor antagonist, has been shown to cause

favourable vasodilation effect evident from decreased mean arterial pressure and systemic

vascular resistance in heart failure patients (Dickstein et al., 1994). These hemodynamic

changes were comparable with ACE inhibitors (Burnier et al., 1994). However, the decrease

in oxidative stress reported in our study suggests that the f¡ee radical scavenging effect of

captopril may also be important. Captopril has been shown to have a beneficial effect in

ischemia and reperfusion injury which is known to involve free radical mechanisms (Daly

et a1.,1985). Recent study by Sobotka et al. (1993) showed that in patients with congestive

heart failure, the breath pentane content was high. But with captopril therapy in these

patients, there was reduced breath pentane. Captopril has also been shown to protect

against free radical mediated injury in isolated working rat hearts (Pi and Chen, 1989;

Westlin and Mullane, L988). It is possible that some component of protection may come

from a direct antioxidant effect on the drug.

Use of prazosin in the treatment of heart failure patients have shown that this drug

produces sustained reduction in both preload and impedance with a resultant increase in

cardiac output. There was also a reduced clinical evidence of pulmonary venous congestion
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and enhanced exercise tolerance (Awan et al., 1977,1978; Goldman et a1.,1980; Colucci et

al., 1980). However, unlike captopril, prazosin does not improve survival in heart failure

patients (Cohn et al., 1986). In order to delineate the free radical scavenging effect of

captopril, another vasodilator, prazosin, with no known antioxidant property, was used for

comparison. In our study, like captopril, prazosin treatment was also started at 4 weeks PMI

duration and continued until L6 week PMI. The scar tissue weight in the prazosin group

was significantly Iess compared to the untreated group but was slightly higher than the

captopril group. The degree of lung and liver congestion was significantly reduced in the

prazosin treated group. Similar findings using prazosin have been reported earlier by others

(Awan et al., 1977, t978). The increase in LVEDP seen at severe failure stage was

significantþ reduced in the prazosin group. LVPSP and ASP were maintained near control

levels. These data clearly indicate that the peripheral vasodilatory effects , thus wall stress,

may also play a dominant role in these beneficial effects.

In terms of the antioxidant enzymes, prazosin treatment did not cause any change in

GSHPx and catalase activities as compared to the untreated group. However, SOD activity

was found to be improved in the prazosin group. TBARS were also found to be

significantly less in the prazosin treated PMI group compared to the untreated group. These

data suggest that prazosin offered beneficial hemodynamic effects and reduced the signs of

lung and liver congestion which were accompanied by a reduction in oxidative stress as

indicated by a reduction in lipid peroxidation.

Since protection was seen with both drugs with a common feature of vasodilation, it

is likely that the prime beneficial effect may be due to an afterload reduction or reduction

in wall stress. Captopril was found to be more effective and this may have to do with the
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added antioxidant effect of this drug. Thus our study demonstrated for the first time that

a decrease in afterload reduction was not only accompanied by improvement in the

hemodynamics but also by an increase in the antioxidants and a decrease in oxidative stress.

An understanding of the molecular basis of these antioxidant changes may lead to the use

of early and targeted gene therapy which can play an important role in preventing heart

failure.
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