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ABSTRACT

The incidence of cardiovascular events in hypertensive patients is clearly related to a left ventricular
mass during treatment, and a regression of left ventricular hypertrophy is associated with a better prognosis.
This is the case even independently of changes in other risk factors, including blood pressure. Evidence
indicates that lifestyle modifications such as dietary salt restriction and weight loss are effective means
in preventing the development of hypertension and reducing blood pressure and left ventricular mass
in hypertensive patients. Salt restriction may also reduce the long-term risk of cardiovascular events. It
has been recognized that the primary targets of current antihypertensive drugs are the renin-angiotensin-
aldosterone system, calcium homeostasis, the ionic transport mechanisms in the kidneys, and the sympathetic
nervous system. Clinical as well as experimental studies have demonstrated the cardioprotective effects
of antihypertensive drugs independently of their blood pressure lowering effects. Hypertension is often
complicated by other disease states including diabetes, dyslipidemia, and ischemic heart disease. Some of
the drugs used for the treatment of such complications are also shown to produce cardioprotective effects
in addition to their original effects. We ought to better understand these pleiotropic effects for the most
effective treatments of hypertension and its complications.
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INTRODUCTION

Heart failure is a final common consequence of various forms of heart disease, and is a leading
cause of mortality worldwide. Hypertension remains one of the most common causes of cardiac
failure. In the presence of a chronic pressure overload, such as arterial hypertension, a parallel
addition of sarcomeres occurs together with an increase in myocyte width, which in turn increases
wall thickness. In the development of hypertensive heart disease, myocyte hypertrophy is also
associated with apoptosis, collagen deposition, and ventricular fibrosis, along with an impairment
of coronary hemodynamics as well, thus profoundly influencing the functional properties of the
left (and right) ventricle.
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For many years, the occurrence of heart failure has been attributed to a progressive impairment
of systolic function. More recently, however, it has been observed that a considerable number
of cases with typical symptoms of congestive heart failure present a normal or only mildly
impaired systolic function, referred to as diastolic heart failure.” In hypertensive patients with
left ventricular hypertrophy (LVH), abnormalities in both myocardial relaxation and passive filling
have been detected. Diastolic heart failure may be observed in approximately one-half of all heart
failure cases. Whether it may also be associated with a lower mortality rate compared to other
forms of heart failure is still controversial; however, it is clearly associated with a high morbidity.
It is conceivable that the early recognition and appropriate therapy of diastolic dysfunction can
prevent further progression to diastolic heart failure and death.

The development of LVH in hypertension does not depend exclusively on the level of blood
pressure (BP), but may also be modulated by several neurohumoral factors and by the aortic
properties. Numerous studies have demonstrated that long-term antihypertensive treatment may
be associated with regression of LVH. Accumulating evidence indicates that a reduction of LVH
with antihypertensive treatment is associated with an improvement in outcomes and a decrease
in the risk of cardiovascular morbidity and mortality.

This review provides an overview of the cardioprotective mechanisms of lifestyle modifications
and pharmacologic interventions on cardiac remodeling and dysfunction in hypertensive heart
disease.

LIFESTYLE MODIFICATIONS

Salt restriction

In most cases, hypertension results from multiple genetic, dietary, and metabolic interactions
rather than from monogenic mutations, which can only be identified in less than 1% of patients
with hypertension.”? Several candidate genes have been identified whose products increase renal
salt retention and the risk of hypertension.? Recent epidemiological studies have confirmed a
positive correlation between salt intake and elevated blood pressure in up to half of patients
with hypertension.” Of note, high salt intake has also been shown to cause vascular remodel-
ing and an increase in the left ventricular (LV) mass, as well as to increase the incidence of
stroke, independently of blood pressure elevation.” A relationship between salt sensitivity and
increased long-term mortality that is independent of blood pressure status has been documented
by Weinberger et al.¥

Both dietary salt restriction and weight loss have been shown to reduce LV mass as well
as blood pressure.>” In addition, in the Treatment of Mild Hypertension Study (TOMHS),
nutritional-hygienic (NH) intervention with the emphasis on a reduction of dietary sodium and
weight loss was as effective as NH intervention plus pharmacological treatment in reducing LV
mass, despite a smaller decrease in blood pressure in the NH intervention-only group.? This
suggests that in mildly hypertensive patients, the effects of sodium restriction and weight loss
may be more significant in reducing LV mass rather than BP changes. Moreover, observational
follow-up of the trials of hypertension prevention (TOHP) has suggested that sodium reduction
may also reduce the long-term risk of cardiovascular events.”

Although the mechanism by which salt intake affects cardiovascular function remains unclear,
it may be related in part to changes in arterial compliance, a known marker of cardiovascular
morbidity and mortality.'” Moreover, mechanical stretch and fluid shear stress were shown to
activate Racl, a member of the Rho family of GTPases, in the kidney, and Racl-induced activa-
tion of renal mineralocorticoid receptors may lead to the development of salt-sensitive hyperten-
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sion.!? Insulin resistance is also closely related to the salt sensitivity of blood pressure,'? with
salt loading being shown to result in the development of insulin resistance in young adult black
subjects.’” Reduced systemic insulin resistance resulting from dietary salt restriction may thus
contribute to the attenuation of hypertension by such a manipulation in hypertensive patients.

Exercise training

Exercise training lowers BP, both in normotensive'¥ and hypertensive subjects.’> Moreover,
exercise and cardiorespiratory fitness have been associated with a reduced risk of cardiovascular
events in apparently healthy individuals'® as well as in subjects with multiple coronary risk
factors.'” The underlying mechanisms by which exercise training produces preventive cardiovas-
cular effects have not been fully elucidated. Moreover, improvements in lipid profile, glucose
metabolism, overweight, nitric oxide bioavailability, and sympathetic nerve activity may contribute
to the beneficial effect.

The clinical efficacy of exercise training in individuals with heart failure is well documented.
Studies have suggested that carefully designed programs of exercise in patients with heart failure
are generally safe and may improve exercise tolerance, vascular endothelial function, central
cardiac function, and an overall quality of life.'*!® Exercise training also appears to improve
survival in patients®® or animal models®'?? with heart failure. We have shown that exercise
training exerts a beneficial effect on cardiac remodeling and attenuated heart failure in rats with
salt-sensitive hypertension.?® It also promoted coronary angiogenesis mediated by the phosphati-
dylinositol 3-kinase (p110a)-Akt-mammalian target of rapamycin signaling, and it attenuated LV
concentricity and inhibited myocardial fibrosis, leading to the preservation of cardiac function and
improved survival (Fig. 1A,B). Given that the balance between cardiac growth and angiogenesis
is a key determinant of cardiac function, it may prove advantageous to stimulate angiogenesis
as part of a general strategy to prevent or reverse heart failure. It may also be possible to treat
hypertension and heart failure with a combination of antihypertrophic (antihypertensive drugs)
and proangiogenic (exercise training) protocols, with combined therapy being more effective than
either treatment alone.

PHARMACOTHERAPIES

AT, receptor blockers/ACE inhibitors

The Losartan Intervention For Endpoint reduction in hypertension study (LIFE) showed that
in the presence of a similar BP reduction, the greater regression of LVH with losartan compared
with atenolol was accompanied by a reduced incidence of cardiovascular events.” Moreover, a
non-antihypertensive dose of an angiotensin-converting enzyme (ACE) inhibitor reversed LVH in
aortic banded rats.>” The antihypertrophic effect of an angiotensin II type 1 (AT),) receptor blocker
was greater than that of hydralazine, despite the superior antihypertensive effect of hydralazine,
in spontaneously hypertensive rats.” These observations suggest that blood pressure reduction
alone is not sufficient to prevent target organ damage, and that the additional control of local
or neurohumoral factors might also be required. We have shown that the AT, receptor blocker
candesartan attenuates the development of cardiac hypertrophy and fibrosis while also reducing
cardiac calcineurin activity, in a manner independent of its antihypertensive effect, in Dahl
salt-sensitive hypertensive rats,”” suggesting that calcineurin contributes to AT, receptor—mediated
angiotensin II signaling in vivo (Fig. 2). Our recent study®® also suggested that cystein protease
cathepsins are likely to trigger and promote cardiac remodeling, and that AT, receptor blockade
with olmesartan attenuates cathepsin expression and activity by inhibiting the production of
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Fig. 1 Akt-mTOR-dependent cardiac growth and coronary angiogenesis as a determinant of cardiac function. (A)

PI3K pl110a is reduced in the overloaded heart, and in contrast, PI3K p110y is increased in such hearts. In
addition, an increase in the phosphorylation levels of Akt and mTOR in those hearts is not accompanied
by an increase in myocardial capillary density. Furthermore, the activations of p38 MAPK and ERKs
are found in the overloaded heart, indicating the development of pathological hypertrophy, leading to
the progression to heart failure. (B) Exercise training ameliorates the isoform shift of PI3K and inhibits
the activations of p38 MAPK and ERKs, leading to the prevention of a decrease in myocardial capillary
density as well as to a further increase in the extent of Akt and mTOR phosphorylation. A reduction
in the imbalance between cardiac growth and angiogenesis induced by exercise training contributes to
the attenuation of heart failure and to a consequent improvement in the survival of hypertensive rats.
Thus, the relative balance between cardiac growth and coronary angiogenesis, rather than the extent of
hypertrophy, is a critical determinant of physiological versus pathological cardiac hypertrophy.

Abbreviations: mTOR, mammalian target of rapamycin; MAPK, mitogen-activated protein kinase; ERKs,
extracellular-signal-regulated kinases; PI3K, phosphatidylinositol 3-kinase; HIF-1, hypoxia-inducible factor
1; VEGF, vascular endothelial growth factor; eNOS, endothelial nitric oxide synthase.
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Fig. 2 AT, receptor-mediated angiotensin II signaling in the heart. In hypertensive rats, the cardiac renin-
angiotensin system is activated in the overloaded heart. Both the AT, receptor blocker candesartan and
the calcineurin inhibitor FK506 inhibit calcineurin in the heart, as well as the development of cardiac
hypertrophy and fibrosis, in a manner independent of its antihypertensive effect. However, FK506 does
not affect ACE, AT, receptor, or TGF-B1 gene expression in those rat hearts, suggesting that calcineurin
may be located downstream from TGF-B1 in AT, receptor-mediated angiotensin II signaling.

Abbreviations: AT, angiotensin II type 1; ACE, angiotensin-converting enzyme; transforming-growth
factor-B1, TGF-B1.

superoxide by NADPH oxidase, thereby attenuating cardiac remodeling and dysfunction, in Dahl
salt-sensitive hypertensive rats.

Selective MR antagonists

Selective mineralocorticoid receptor (MR) blockade with eplerenone has provided substantial
cardiovascular protection in mice suffering chronic pressure overload.”® Thus, overactivity of the
renin-angiotensin-aldosterone system (RAAS) is thought to be a risk factor for cardiovascular
disease. Studies have clearly demonstrated an aldosterone breakthrough phenomenon during
long-term inhibition of the renin-angiotensin-system (RAS). The Randomized Aldactone Evalua-
tion Study (RALES)* and the Eplerenone Post-AMI Heart Failure Efficacy and Survival Study
(EPHESUS)*® have shown that the addition of MR antagonists to the standard treatment with
ACE inhibitors or AT, receptor blockers substantially increases the survival and reduces the
hospitalization rate of individuals with severe heart failure. Moreover, our recent pilot study has
demonstrated that adding spironolactone to ACE inhibitors ameliorated LV diastolic dysfunction
and reduced chamber stiffness in association with a regression of myocardial fibrosis in mildly
symptomatic patients with idiopathic dilated cardiomyopathy.* Therefore, given the clinical
relevance of the aldosterone breakthrough, adding MR antagonists to RAS inhibitors should prove
to be a useful strategy in terms of organ protection. In most patients with essential hypertension
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or heart failure, plasma aldosterone levels are within the normal range until they receive diuretics.
Indeed, in both the RALES and EPHESUS trials, patients’ aldosterone levels were normal and
sodium status was unremarkable. These results underscore the importance of MR activation by
ligands other than aldosterone. Both ACE inhibitors and AT, receptor blockers have generally
been found to be less effective in hypertensive patients with low renin and aldosterone levels
(typically blacks and Japanese) than in hypertensive patients with high renin and aldosterone
levels (typically whites). We first demonstrated that selective MR blockade with eplerenone
exerts cardioprotective effects in Dahl salt-sensitive hypertensive rats, a model of low-renin,
low-aldosterone hypertension.’” The beneficial cardiac effects of eplerenone in this model may
be associated with an inhibition of aldosterone-independent MR activation (Fig. 3).!'3?

Calcium channel blockers
Calcium channel blockers (CCBs) have been used in the treatment of hypertension or heart
failure due to their vasodilating effects, resulting in a reduction of myocardial oxygen demand.
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Fig. 3 A hypothesis for MR activation and its blockade in the setting of reduced RAAS. Selective MR blockade
with eplerenone attenuates cardiac remodeling and failure as well as coronary vascular inflammation,
independent of its antihypertensive effect, in rats with salt-sensitive hypertension. The expression of
11B-HSDI1 gene is upregulated, 113-HSD2 and CYP11B1 genes are expressed at only minimal levels,
and the expression of CYP11B2 gene is not detected in the hearts of such rats. Corticosterone, an
endogenous glucocorticoid in rodents, manifests the same affinity for the MR as does aldosterone.
Glucocorticoid-mediated MR activation may thus contribute to cardiac and coronary vascular injury in
this model of low-renin, low-aldosterone hypertension. Increased oxidative stress appears to be a driver
for activation of the glucocorticoid-MR complex in the cardiovascular system of these animals.

Abbreviations: MR, mineralocorticoid receptor; RAAS, renin-angiotensin-aldosterone system; 113-HSD1
and 2, 11B-hydroxysteroid dehydrogenase types 1 and 2, respectively; GRE, glucocorticoid response
element.
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However, recent clinical studies have shown that the long-term administration of short-acting
CCBs may increase the mortality of patients with heart failure.’® Although amlodipine, as a
long-acting, dihydropyridine-based L-type CCB, was expected to produce more beneficial results,
the Prospective Randomized AmlodIpine Survival Evaluation II (PRAISE II) trial failed to
demonstrate its benefit in patients with systolic heart failure of a non-ischemic origin. However,
long-term administration of amlodipine prevented the transition to diastolic heart failure at both
depressor and subdepressor doses in Dahl salt-sensitive hypertensive rats.*® Amlodipine did not
decrease the collagen content, but attenuated myocardial stiffness by inhibiting the phenotype
shift from type III to type I collagen. Thus, amlodipine may exert beneficial effects via the
amelioration of collagen remodeling in the treatment of diastolic heart failure. These observations
are consistent with our recent results showing that nifedipine is effective in preventing cardiac
remodeling and diastolic heart failure in this model of hypertension.’”

Accumulating evidence has suggested that an upregulation of T-type Ca’** channels has been
associated with both LVH and hypertensive diastolic heart failure.*® We compared the effects of
benidipine, a blocker of T-type and L-type Ca>* channels, with those of nitrendipine, an L-type
CCB, in Dahl salt-sensitive hypertensive rats. Our results showed that benidipine reduced LV
diastolic stiffness and mortality to a greater extent than did nitrendipine, effects likely attribut-
able predominantly to the promotion of coronary angiogenesis rather than to an attenuation
of interstitial fibrosis.”” Benidipine may thus be more effective than a purely L-type CCB in
preventing hypertensive diastolic heart failure.

We also examined the pharmacological mechanisms underlying the cardioprotection afforded by
a combination of the AT, receptor blocker olmesartan and the CCB azelnidipine, independently of
their antihypertensive effects, in Dahl salt-sensitive hypertensive rats.®® The observed cardioprotec-
tive effects of the above combination are likely attributable, at least in part, to its prevention
of changes in the expression of collagen isoforms and to a decrease in the ratio of elastin to
collagen in the failing myocardium as a result of the inhibition of NADPH oxidase-dependent
superoxide generation and inflammation.

Thiazide diuretics

Thiazide diuretics such as hydrochlorothiazide (HCTZ) have also been used for the treatment
of hypertension by affecting the renal tubular mechanisms of electrolyte reabsorption, directly
increasing the excretion of Na* and Cl~. However, the mechanism underlying the long-term
antihypertensive effect of HCTZ has yet to be fully understood. Given that thiazide diuretics
reduce morbidity and mortality in hypertensive patients,® the Seventh Report of the Joint National
Committee recommends these agents for use as first-line drugs in the treatment of hypertension.*”
The Japanese Society of Hypertension Guidelines for the Management of Hypertension has
also recommended diuretics in low doses as first-line drugs for the treatment of hypertension.*"
Moreover, it is possible that regimens including putatively safer, non-loop diuretics such as
thiazide drugs might prove effective for the maintenance of euvolemia in salt-sensitive and
salt-avid individuals.

To elucidate the mechanism underlying the therapeutic effects of combination therapy with
losartan and HCTZ, we investigated the antihypertensive and cardioprotective effects of com-
bination therapy with these two drugs, in comparison with those of either drug alone, in Dahl
salt-sensitive hypertensive rats.*” The combination of losartan and HCTZ has prevented cardiac
hypertrophy and fibrosis as well as markedly reduced blood pressure in these rats. The HCTZ
-induced upregulation of angiotensin II type 2 receptor gene expression in the aorta may have
contributed to the lowering of blood pressure through the activation of the bradykinin-nitric
oxide (NO) pathway. Further attenuation of cardiac remodeling induced by the combination of
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losartan and HCTZ compared with that elicited by HCTZ monotherapy was likely attributable to
the inhibitory effect of losartan on the cardiac RAS. Our results also suggested that combination
therapy with an AT, receptor blocker and a thiazide diuretic is an effective strategy for the
management of salt-sensitive hypertension.

B-Adrenergic receptor blockers

B-Adrenergic receptor blockers (B-blockers) are widely used as effective antihypertensive
agents, and it has previously been shown that celiprolol, a specific B1-blocker with weak [2-
agonistic action, exerts a cardioprotective effect associated with endothelial nitric oxide synthase
(eNOS) production in hypertensive rats.*> In addition, the chronic administration of subdepressor
doses of betaxolol to Dahl salt-sensitive hypertensive rats has ameliorated perivascular fibrosis
and coronary microvascular hyperplasia. The cardioprotective effects of betaxolol have been
associated with the stimulation of eNOS production associated with vascular endothelial growth
factor and lectin-like oxidized low-density lipoprotein receptor-1, and with the inhibition of
adhesion molecules and a signal transduction in the heart.

Bisoprolol exhibits a high selectivity for f1-adrenergic receptors and was found in the Cardiac
Insufficiency Bisoprolol Study (CIBIS) II trial to greatly reduce mortality in patients with
ischemic or nonischemic heart failure.*” Moreover, the efficacy of this agent was shown to be
similar to that of ACE inhibitors for initiating the treatment of chronic heart failure in the CIBIS
IIT trial.*® A recent experimental study has shown that treatment with bisoprolol prevented LV
enlargement and LV systolic dysfunction in an animal with dilated cardiomyopathy.*® Bisoprolol
also significantly inhibited increases in the levels of oxidative stress and pro-inflammatory
cytokines in the myocardium that accompany the development of dilated cardiomyopathy in
TO-2 hamsters.

Nicorandil

Nicorandil is a nicotinamide ester with two distinct mechanisms of pharmacological action:
It induces the opening of ATP-sensitive potassium (K,p) channels, thereby dilating peripheral
and coronary resistance arterioles, and it dilates systemic veins and epicardial coronary arteries
through the effects of its nitrate moiety. Nicorandil thus increases coronary blood flow, reduces
both preload and afterload, and exerts an anti-anginal effect. This drug also exhibits potentially
cardioprotective effects, some of which are likely due to its ability to mimic ischemic precon-
ditioning by opening K,;, channels.*”

On the other hand, experimental studies have shown that NO protects the heart against
ischemia-reperfusion injury, and that NO donors also mimic the effects of preconditioning.*® We
have shown that nicorandil inhibits oxidative stress-induced apoptosis by acting as an NO donor
as well as by activating mitochondrial K., channels in rat cardiomyocytes.*” Furthermore, our
results have suggested that NO released from nicorandil interrupts apoptotic signaling by both
a ¢cGMP-dependent mechanism and probably by the direct inhibition of caspase-3-like activity
(Fig. 4).

The Impact of Nicorandil in Angina (IONA) study, which included subjects with LV dysfunc-
tion (ejection fraction of <45%), demonstrated a significant improvement in clinical outcome
in patients with stable angina treated with nicorandil, suggesting the possible efficacy of this
drug in the treatment of heart failure.’” Long-term administration of vasodilators increases
shear stress, which is thought to be important for vascular growth in the heart. We therefore
investigated the effects of nicorandil on vascular growth and gene expression in the failing heart
of Dahl salt-sensitive hypertensive rats.’” A non-antihypertensive dose of nicorandil increased the
expression of both vascular endothelial growth factor and basic fibroblast growth factor genes in



99
CARDIOPROTECTION AND ANTIHYPERTENSIVE THERAPIES

Oxidative stress

NO donor IE'—r NO

| Mitochondrial

K,tp channel opener
; '
7

GTP cGMP

NO

(canJfican ) ol *——| NO doror |
l $
Cheeft) o+ (Grmochvome D)

DNA degradaton @

Fig. 4 Mechanisms for the nicorandil-induced inhibition of oxidative stress-induced apoptosis in cardiac myocytes.
Nicorandil inhibits oxidative stress-induced apoptosis by acting as an NO donor as well as by activating
mitochondrial K, channels in rat cardiomyocytes. NO released from nicorandil interrupts apoptotic
signaling both through a cGMP-dependent mechanism and probably by a direct inhibition of caspase-3-like
activity. Activation of mitochondrial K, channels inhibits early apoptotic events, including the loss of
mitochondrial membrane potential and cytochrome c release, as well as the subsequent fragmentation of
DNA.

Abbreviations: NO, nitric oxide; K,p, ATP-sensitive potassium; CAD, caspase-activated DNase; ICAD,
Inhibitor of CAD; PKG; protein kinase G; APafl, apoptotic protease activating factor 1.

the myocardium, as well as promoted coronary capillary and arteriolar growth, and attenuated
the development of heart failure in those rats (Fig. 5). Our results suggested that the chronic
administration of nicorandil may prove effective for the treatment of hypertensive heart failure
as well as for that of ischemic heart disease.

Thiazolidinediones

Thiazolidinediones are oral agents for the treatment of type 2 diabetes. These drugs increase
the secretion of adiponectin by inducing the activation of the peroxisome proliferator-activated
receptor Y in adipocytes.”” Thiazolidinediones also activate the AMP-activated protein kinase
(AMPK) in muscle cells,™ although the extent to which their action mediates the clinical effects
of these drugs remains unclear. AMPK is an important mediator of adiponectin signaling, and not
only improves myocardial glucose and lipid metabolism but also prevents ventricular contractile
dysfunction in the ischemic heart.*¥ Abnormalities of glucose and lipid metabolism in cardiac
muscle are also associated with heart failure,”® suggesting that the adiponectin-AMPK axis nega-
tively regulates changes in metabolism that are linked to the progression of cardiac remodeling.
We therefore investigated the effects of pioglitazone on cardiac hypertrophy and hypertrophic
signaling in Dahl salt-sensitive hypertensive rats.’® Long-term administration of pioglitazone
attenuated LV hypertrophy and fibrosis as well as inhibited phosphorylation of mammalian
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Fig. 5 Proposed molecular mechanisms underlying proangiogenic effect of nicorandil. Nicorandil, an activator of
K, channels with a nitrate-like action, may increase the production of interstitial adenosine through a
NO- or K, channel-mediated activation of ecto-5’-nucleotidase, leading to the development of coronary
vasodilation. The nicorandil-induced dilation of coronary resistance arterioles increases coronary blood
flow and shear stress, the latter of which seems to activate VEGF and bFGF gene expressions and the
angiogenic cascade. Such an effect may contribute to the beneficial action of this drug in treating heart
failure.

Abbreviations: NO, nitric oxide; PKG, protein kinase G; eNOS, endothelial nitric oxide synthase; K,
ATP-sensitive potassium; VEGEF, vascular endothelial growth factor; bFGF, basic fibroblast growth fac-
tor.

target of rapamycin and p70S6 kinase in the heart of those rats. The beneficial cardiac effects
of pioglitazone are likely attributable, at least partly, both to the activation of AMPK signaling
through the stimulation of adiponectin secretion and to the inhibition of Akt signaling.

Statins

3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, or statins, have
become the most widely administered agents used to reduce serum lipid concentrations and the
associated risk of cardiovascular disease. Evidence also suggests that statin therapy prevents
cardiac myocyte hypertrophy®” as well as heart failure following experimental myocardial infarc-
tion.® In our recent study, though treatment with pravastatin did not prevent the development
of compensated hypertensive LV hypertrophy in Dahl salt-sensitive rats, it did ameliorate LV
relaxation abnormality and systolic dysfunction, and blocked the transition to heart failure.>
The beneficial effects of pravastatin were associated with an inhibition of increases both in the
activities of matrix metalloproteinases (MMPs) and in the production of superoxide induced in
the myocardium of the rats.
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Pitavastatin is a synthetic HMG-CoA reductase inhibitor that manifests a cholesterol-lowering
effect 10 times greater than that of either pravastatin or simvastatin.®® We have recently demon-
strated that pitavastatin ameliorated cardiac remodeling and dysfunction, prevented heart failure,
and prolonged survival when administered either before or after the development of LVH in
Dahl salt-sensitive hypertensive rats, the effects of which were independent of changes in blood
pressure or serum lipid levels.®” Furthermore, the inhibition of the transition from LVH to heart
failure by pitavastatin treatment was accompanied by an inhibition of changes in the cardiac
endothelin-1 system and MMP activity. Pitavastatin also blocked the translocation of RhoA to the
membrane fraction and RhoA activation, as well as the phosphorylation of the mitogen-activated
protein kinases extracellular signal-regulated kinase (ERK)-1 and ERK-2, along with an increase
in the DNA binding activity of a serum response factor (SRF) in the heart.®” These findings
suggested that the effects of pitavastatin on load-induced cardiac hypertrophy and fibrosis are
independent of its cholesterol-lowering action and may be mediated, at least in part, through the
inhibition of RhoA-ERK-SRF signaling.

Fenofibrates

Fenofibrate, a ligand and activator of peroxisome proliferator-activated receptor-o., is used
clinically for the treatment of dyslipidemia. Treatment with fenofibrate also reduced the extent
of myocardial inflammation and collagen deposition in rats infused with angiotensin II1®® as well
as ameliorated both myocardial fibrosis and diastolic dysfunction in rats with mineralocorticoid-
dependent hypertension.®? These observations suggest that fenofibrate might exert direct actions
on the heart that are independent of its lipid-lowering activity. We have recently shown that
treatment with fenofibrate markedly attenuated cardiac hypertrophy, ameliorated both diastolic and
systolic dysfunction, and improved the survival rate in Dahl salt-sensitive rats. Fenofibrate also
significantly improved the redox status and inhibited the increases in the DNA binding activities
of the redox-regulated transcription factors nuclear factor-xB, activator protein-1, early growth
response gene-1, surfactant protein 1, and E26 transformation specific-1 in the myocardium as
well as the cardiac inflammatory response.®>

CONCLUSIONS

In this review, we discussed the cardioprotective mechanisms of lifestyle modifications and
pharmacologic interventions on cardiac remodeling and dysfunction in hypertensive heart disease.
Lifestyle modifications such as dietary salt restriction can prevent hypertension and reduce BP and
LV mass in hypertensive patients via mechanisms that remain uncertain. Many antihypertensive
drugs, including inhibitors of RAAS, exert cardioprotective effects beyond lowering BP in clini-
cal and experimental settings. Hypertension is often complicated by diabetes, dyslipidemia, and
ischemic heart disease. Some of the drugs used for the treatment of such complications also
possesses cardioprotective effects in addition to their original effects. We should strive to better
understand these pleiotropic effects to discover the most effective treatments of complicated
hypertension.
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