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Abstract: Heart failure is a significant clinical challenge associated with high morbidity,
mortality and economic burden in developing countries and the prevalence of chronic heart
failure is continuously increasing. Heart failure is characterized by exercise intolerance,
fatigability, dyspnea and volume retention occurring as a consequence of myocardial
dysfunction. The drug therapies employed to treat heart failure like diuretics, vasodilators
and inotropics have improved functional status of heart; but not decreasing long-term
mortality. Recognition of neurohormones as important substances in the pathogenesis of
heart failure has resulted in several treatment modalities including Angiotensin Converting
Enzyme (ACE) inhibitors and P blockers that yield improvements of heart failure patients.
But, heart failure is still a progressive disease with high morbidity and mortality. Tt suggests
that vital pathogenic mechanisms remain active and unchanged by the present therapeutic
strategies. Therefore, the need of new effective treatments for heart failure is mandatory. In
this article, we review potential therapies insighted from recent studies of therapeutic
interventions which may play as future drugs for heart failure.
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INTRODUCTION

Heart failure is a major clinical problem associated with high morbidity and mortality in
industrialized nations (Miller and Missov, 2001). Heart failure is a condition in which cardiac muscles
become weak and fail to pump blood efficiently to meet the metabolic requirements of body. Itisa
complex neurohumoral and inflammatory syndrome (Balakumar and Singh, 2005, 2006). The drugs like
diuretics, vasodilators, inotropic agents, Angiotensin Converting Enzyme (ACE) inhibitors and
[ adrenoceptor blockers have been presently employed to improve functional status of heart failure
(Eichhorn, 1998; Murray and Dugan, 2000). In spite of effective drugs available to treat heart failure,
it is still a progressive syndrome with high morbidity and mortality (Balakumar and Singh, 2006).
Various pharmacological target sites have been identified and implicated in pathogenesis of heart failure.

Angiotensin-11 AT, Receptor Blockers

Angiotensin-IT AT, Receptor Blockers (ARB,) have been developed to block RAAS more
completely and they are less prone to produce dry cough and angioedema as compared to ACE
inhibitors (Papademetriou and Dunlap, 2003). The candisartan has been shown to improve diastolic
dysfunction and reduce progression of cardiac remodzling (Wake ez af., 2005). Olmesartan has been
reported to produce cardioprotection by suppressing inflammatory cytokines (Yuan ef af., 2005). The
clinical trials such as ELITE (Evaluation of Losartan In The Elderly), CHARM (Candisartan in Heart
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failure Assessment of Reduction in Mortality and Morbidity) and Val-HeFT (Valsartan-Heart Failure
Trial) have demonstrated that ARBs are better alternative agents for heart failure in patients who are
unable to tolerate ACE inhibitors (Pitt ez al., 1997, 2000, Granger et al., 2003; McMurray et af.,
2003; Yusuf ez al., 2003). Moreover, combination of ARBs with either ACE inhibitors or p-blockers
may be beneficial, but triple therapy with combination of ARBs, ACE inhibitors and [ blockers is
harmful due to excessive newrohormonal blockade (Cohn and Tognoni, 2001; Granger ef al., 2003,
McMurray ef af., 2003; Yusuf ez a/., 2003, Bhakta and Dunlap, 2004).

Arginine Vasopressin Receptor Antagonists

Arginine Vasopressin (AVP) acts on V, receptor and stirmulates biosynthesis of aquoporin-2
(AQ,), a water channel protein which is involved in free water reabsorbtion (Niclsen er af., 1999).
Administration of OPC-31260, a V, receptor antagonist, has been shown to produce diuresis by
mechanistically attenuating upregulation of AQ, water channels (Xu ef /., 1997). In contrast to a loop
diuretic such as firrosemide, the OPC-31260 has been shown to stimulate free water excretion with
little or no sodium loss (Ohmishi ez @/., 1995). Tolvaptan (OPC-41061), a synthetic analogue of
OPC-31260 has produced diuresis and reduced oedema, dyspnea and jugular venous pressure
(Udelson ef af., 2002). The clinical trial named ACTIVE in CHF study (Acute and Chronic Therapeutic
Impact of a Vasopressin Antagonist in Congestive Heart Failure) has suggested that tolvaptan relieves
systemic congestion in patients of heart failure (Cleland ef af., 2004; Gheorghiade ef al., 2004). AVP
increases systemic vascular resistance, venous pressure, Pulmonary Capillary Wedge Pressure (PCWP)
and left ventricular filling pressure and produces cardiac remodeling through V., receptor
(Goldsmith, 1987, Walker ef al., 1988; Fujisawa and Lijima, 1999; Goldsmith and Gheorghiade, 2005).
Conivaptan (YM-087), a dnal V,./ V, receptor antagonist has been shown to inhibit pressor response
and stirmiate aquaresis in rats and dogs (Tahara ef al., 1997; Yatsu ef af., 1997). In patients with severe
symptomatic heart failure, conivaptan has significantly reduced both PCWP and right atrial pressure
(Udelson ef af., 2001). In summary, AVP antagonists may be useful in treatment of patients with
volume-overload heart failure. AVP antagonists appear to produce effective reduction in congestion
without worsening renal function (Lee ef of., 2003; Sanghi ef al., 2005; Costello-Boerrigter ef al., 2006).

Aldosterone Receptor Antagonists

The use of aldosterone antagonists is emerging as an attractive treatment for patients with severe
heart failure (Coca and Perazella, 2005; Dieterich ef al., 2005; Kamath et af., 2005; Tang et al., 2005).
The spironolactone has inhibited fibrosis by decreasing procollagen (type I1I). Further spironolactone
has reduced hospitalizations and increased survival rate (30%) in RALES study (Randomized
AlLdactone Evaluation Study) (Pitt ef al., 1999; Zamnad ef al., 2001). In EPHESUS study (Eplerenone
Neurohormonal Efficacy and Swrvival study), eplerenone, an aldosterone receptor antagonist has
reduced mortality, sudden death and duration of hospitalizations due to heart failure (Pitt ez al., 2003).
Morcover, spironolactone and eplerenone are life saving agents in patients with advanced heart failure
(Marcy and Ripley, 2006).

Natriuretic Peptides

The family of natriurctic peptides consists of 3 isoforms including Atrial Natriuretic Peptide
(ANP), Brain Natriuretic Peptide (BNP) and C-type Natriuretic Peptide {CNP) (Struthers, 1994).
ANP and BNP are circulating peptides produced principally by right atrium and ventricles,
respectively where as CNP is produced by endothelial cells (Chen and Burnett, 1999). The BNP is
documented to produce natriuresis, diuresis, vasodilation and decrease the activation of RAAS and
sympathetic nervous system (Bhalla and Maisel, 2004; Richards ef af., 2006; Strunk ef /., 2000,
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Tsutamoto et al., 2006). Nesiritide is a recombinant form of human BNP (Richards ef al., 2006,
Strunk et al., 2006). In PRECEDENT (Prospective Randomized Evaluation of Cardiac Ectopy with
DobutaminE or NaTrecor) trial, infusion of nesinitide reduces PCWP and peripheral vascular resistance
in patients with decompensated heart failure (Mills ef af., 1999). The major problems with natriuretic
peptides are their peptidic nature and short half-life (Corti ez al., 2001).

Neutral Endopeptidase Inhibitors

Natriuretic peptides are degraded in body by enzyme known as Neutral Endopeptidase (NEP)
(Ronco ef al., 1988; Corti ef al., 2001). Hence agents that inhibit NEP and consequently block the
metabolism of endogenously generated natriuretic peptides are developed. Candoxatril and ecadotril
are highly specific inhibitors of NEP which have been noted to prevent the degradation of natriuretic
peptides and thus increase their biological activity {(Corti ef a/., 2001). The candoxatrilat is an active
metabolite of candoxatril and has produced diuresis and natriuresis in patients of heart failure
(Northridge e al., 1999). Further, it produced vasoconstriction rather than vasodilation in some
subjects (Ferro et al., 1998) which is still controversial. The ecadotril (sinorphan) has decreased PCWP
(Kahn ef ai., 1990) and it has been noted to produce severe pancytopenia and death in patients of heart
failure (Cleland and Swedberg, 1998). Hence the development of NEP inhibitors has been discouraged.

Vasopeptidase Inhibitors

Vasopeptidase inhibitors have combined effect of Neutral Endopeptidase (NEP) and Angiotensin
Converting Enzyme (ACE) inhibition and have produced vasodilation, diuresis and enhancement of
myocardial function (Corti e af., 2001). Omapatrilat, sampatrilat, fasidotrilat, MDL 100 240,
Z13752A, BMS 189921 and mixanpril are vasopeptidase inhibitors which have been developed for
treatment of heart failure (Basuray, 2003). The inhibition of vasopeptidase with omapatrilat has
improved cardiac geometry (Trippodo ef al., 1995). The omapatrilat is superior to ACE inhibitors to
increase glomerular filtration rate, sodium excretion and decrease PCWP (Chen et af., 2001,
Abassi et al., 2005). The OVERTURE (Omapatrilat Versus Enalapril Randomized Trial of Utility in
Reducing Events) trial has demonstrated that omapatrilat improves ventricular function in patients of
heart failure (Solomon ef af., 2005).

Endothelin Receptor Antagonists

Plasma concentration of endothelin-1 (ET-1) is elevated in patients with heart failure
(McMurray ef af., 1992). ET-1 produces vasoconstriction, cardiac remodeling through ET, receptors
and induces vasodilation through ETyp receptors by generating nitric oxide and prostacyclin
(Haynes and Webb, 1993; Verhaar ef af., 1998). FR 139317, a selective ET, receptor antagonist has
decreased cardiac pressures and increased cardiac output, glomendar filtration rate and renal blood flow.
On the other hand, RES-701-1, a selective ET, receptor antagonist has increased cardiac pressures and
decreased cardiac output as well as renal blood flow (Ohnishi ef al., 1998). Thus, blockade of ETy
receptors may not be usefill in heart failure (Cowburn ef /., 2005). Infusion of bosentan, a nonselective
ET,/ET; receptor antagonist did not demonstrate any improvement in heart failure (Packer ef al.,
1998). Further, RITZ-4 (Randomized Intravenous TeZosentan study) trial has investigated tezosentan,
a non-selective ET,/ET; receptor antagonist and it is reported not to improve functional status of
patients with heart failure. Moreover, RITZ-4 study has reported that tezosentan has produced
proischemic effect in patients with decompensated heart failure and acute coronary syndrome
(O'Connor ef af., 2003). Thus, non-selective ET,/ET, receptor antagonists are ineffective in heart
failure and thereby selective ET , receptor antagonists are evaluated clinically because activation of ETy
receptors produce mnitric oxide mediated vasodilation. The darusentan, a selective ET, receptor
antagonist has not improved symptoms of heart failure and it has increased the mortality
(Luscher et al., 2002). The earlier pre-clinical studies with endothelin receptor antagonists gave
promising result; but recent clinical trials have not substantiated them.
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DA,-e, Receptor Dual Agonist

The nolomirole has been shown to have selective dopamine2-alpha2 (DA,-e,) receptor agonistic
property. Treatment with nolomirole inhibits catecholamine release from sympathetic nerve endings
(Masson et al., 2001) and inhibits the release of tumor necrosis factor-alpha (TNF-¢) to improve
ventricular function (Rossoni er a/., 2003). Nolomirole significantly reduces cardiac hypertrophy,
attenuates signs and symptoms of monocrotaline-induced heart failure (Pasini ef af., 2004).

Dopamine -Hydroxylase Inhibitor

Dopamine B-hydroxylase (DBH) catalyses the conversion of dopamine (DA) to norepinephrine
(NE) in sympathetic nerves. Nepicastat is a DBH inhibitor which has been reported to reduce
norepinephrine synthesis. Nepicastat has attenuated ventricular remodeling and prevented systolic
dysfunction (Sabbah et al., 2000). Moreover, inhibition of DBH may augment the levels of DA that
act via dopamine receptors to produce renal vasodilation.

Adenosine Receptor Antagonists

Adenosine constricts glomerular afferent arterioles by activating A, receptors and thereby
decrease Glomerular Filtration Rate (GFR). Adenosine induces sodium reabsorbtion via A, receptors
(Gottlieb ef al., 2002, Doggrell, 2005). BG 9928, a selective A, receptor antagonist has increased GFR,
urine flow and sodium excretion (Ticho ef al., 2003).

Positive Inotropic Agents

Levosimendan is inotropic and vasodilator agent which has been developed to treat heart failure
(Perrone and Kaplinsky, 2005). The inotropic effect of levosimendan is due to calcium sensitizing
action and vasodilatory effect is mediated by opening ATP-sensitive potassium channels
(Nicklas ef alf., 1999; Nieminen ef af., 2000; Perrone and Kaplinsky, 2005). Levosimendan has
produced positive inotropic effect, vasodilation and reduced dyspnea and fatigue in patients with
severe heart failure (Nieminen ef al., 2000, McLean ef al., 2005). In LIDO (Levosimendan Infusion
versus DObutamine) trial, levosimendan has reduced PCWP and mortality (Follath ef af., 2002).
Pimobendan has calcium sensitizing effect with PDE-III inhibition and it has been noted to improve
hemodynamics and exercise tolerance in patients of heart failure (Watanabe ef af., 2003). Xanthine
Oxidase Inhibitors (XOIs) are shown to reduce mechanoenergetic uncoupling in failing heart
(Minhas er al., 2006). Oxypurinol, the active metabolite of allopurinol and potent XOI, has been
demonstrated to improve cardiac performances in heart failure (Hajjar and Leopold, 2006). Oxypurinol
has positive inotropic effect and it ameliorates endothelial dysfunction in patients with heart failure
(Freudenberger ef af., 2004).

Inhibitors of pFOX and CPT-1

Ranolazine, an inhibitor of partial fatty acid oxidation (pFOX), suppresses oxidation of fatty
acids and improves mechanical efficiency and ventricular function in heart failure (Chandler ef al., 2002)
and it has been recently approved by FDA. Increase in glucose oxidation can also be obtained by
ctoxomir, an inhibitor of Carnitine Palmitoyl Transferase-1 (CPT-1). The etoxomir reverses fetal gene
expression, preserves cardiac function and prevents ventricular dilation (Turcani and Rupp, 1999).
Etoxomir has improved ventricular function and reduced PCWP in patients with heart failure
(Schmidt-Schweda and Holubarsch, 2000). Oxfenicine is another inhibitor of carnitine palmitoyl
transferase-1 and it has prevented ventricular remodeling in heart failure (Lionetti ef af., 2005).

Novel Target Sites for Heart Failure

Recently, we have shown that inhibition of Rho-kinase (Balakumar and Singh, 2006a), poly
(ADP-ribose) polymerase (Balakumar and Singh, 2006b, ¢) and caspase-3 (Balakumar and Singh,
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2006d) prevent remodeling and improve the left ventricular function in rats subjected to pressure
overload induced by partial aortic constriction. Treatment with SB207266, a SHT, receptor antagonist
has been noted to improve cardiac function in heart failure rats, suggesting a possible beneficial effect
of 5-HT, receptor antagonist in heart failure (Birkeland et af., 2006). The enhanced expression of
Matrix Metalloproteinases (MMPs) trigger cardiac remodeling and inhibition of MMPs prevents
ventricular dysfunction and progression of heart failure (Lindsay and Lee, 2000; Jugdutt, 2003;
Moshal ef al., 2005). Batimastat, ilomastat, marimastat and prinomastat are inhibitors of MMP which
have been developed for heart failure. PG-53072, a sclective inhibitor of MMP has attenuated left
ventricular dysfiinction and cardiac remodzling in experimental heart failure (Morita ef af., 2006).
Celacade™ is animmune modulator which has prevented chronic inflammation and apoptotic cell death
by activating IL-10 mediated anti-inflammatory process. A clinical trial of Celacade™ has been shown
to improve the symptoms of heart failure (Torre-Amione ef al., 2005). Recently, a phase 1T clinical trial
of celacade™ has been shown to reduce the risk of death and hospitalization due to chronic heart failure
(Torre-Amione ef af., 2004).

CONCLUSIONS

Despite the fact that major advances in lifesaving treatment have been made; our ability to
recognize and optimally treat heart failure is limited. Novel emerging pharmacotherapy such as
aldosterone receptor antagonists, AVP receptor antagonists, natriuretic peptides, vasopeptidase
inhibitors, adenosine A, receptor antagonists, xanthine oxidase inhibitors, pFOX inhibitors, MMP
inhibitors and immune modulation therapy like celacade may be prospective candidates in future for
heart failure. Further advances in understanding of pathophysiology of heart failure will probably help
to identify novel therapeutic agents for patients with poor prognosis of heart failure.

REFERENCES

Abassi, Z.A., A. Yahia, S. Zeid, T. Karram, E. Golomb, J. Winaver and A. Hoffiman, 2005. Cardiac and
renal effects of omapatrilat, a vasopeptidase inhibitor, in rats with experimental congestive heart
failure. Am. J. Physiol. Heart Circ. Physiol., 288: H722-H728.

Balakumar, P. and M. Singh, 2005. The possible role of TNF-a¢ in physiological and
pathophysiological cardiac hypertrophy in rats. Ira. J. Pharmacol. Ther., 4: 138-142.

Balakumar, P. and M. Singh, 2006. Anti-TNF-¢ therapy in heart failure: Future directions. Basic Clin.
Pharmacol. Toxicol., 99: 391-398.

Balakumar, P. and M. Singh, 2006a. Differential role of tho-kinase in pathological and physiological
cardiac hypertrophy in rats. Pharmacol., 78: 91-97.

Balakumar, P. and M. Singh, 2006b. Possible role of poly (ADP-ribose) polymerase in pathological
and physiological cardiac hypertrophy. Meth. Find. Exp. Clin. Pharmacol., 28: 1-7.

Balakumar, P. and M. Singh, 2006c¢. Effect of 3-aminobenzamide, an inhibitor of paly (ADP-ribose)
polymerase in experimental cardiac hypertrophy. Int. J. Pharmacol., 2: 543-548.

Balakumar, P. and M. Singh, 2006d. Possible role of caspase-3 in pathological and physiclogical
cardiac hypertrophy in Rats. Basic Clin. Pharmacol. Toxicol., 99: 418-424.

Basuray, 1., 2003. Neutral peptidase inhibitors. New drugs for heart failure. Ind. J. Pharmacol.,
35: 139-145.

Bhakta, S. and M. Dunlap, 2004. Angiotensin-receptor blockers in heart failure: Evidence from the
CHARM trial. Clev. Clin. J. Med., 71: 665-673.

Bhalla, V. and A.S. Maisel, 2004. B-type natriuretic peptide. A biomarker for all the right reasons. Ital.
HeartJ., 5: 417-420.

65



Trends Med. Res., 2 (2): 61-71, 2007

Birkeland, J.A. L. Sjaastad, T. Brattelid, E. Qvigstad, E.R. Moberg, K.A. Krobert, R. Bjornerheim,
T. Skomedal, O.M. Sgjersted, J.B. Osnes and F.O. Levy, 2006. Effects of treatment with a
5-HT (4) receptor antagonist in heart failure. Br. J. Pharmacol. (In Press).

Chandler, M.P., W.C. Stanley, H. Morita, G. Suzuki, B.A. Roth, B. Blackburn, A. Wolff and
H.N. Sabbah, 2002. Short-term treatment with ranolazine improves mechanical efficiency in dogs
with chronic heart failure. Circ. Res., 91: 278-280.

Chen, H.H. and I.C. Burnett, 1999, The natriuretic peptides in heart failure: Diagnostic and therapeutic
potentials. Proc. Assoc. Am. Physicians, 111: 406-416.

Chen, HH., J.G. Lainchbury, Y. Matsuda, G.J. Harty and I.C. Burnett, 2001. Endogenous natriuretic
peptides participate in the renal and humoral actions of acute vasopeptidase inhibition in
experimental mild heart failure. Hypertension., 38: 187-191.

Cleland, J.C. and K. Swedberg, 1998. Lack of efficacy of neutral endopeptidase inhibitor ecadotril in
heart failure. The international ecadotril multi-centre dose-ranging study Investigators. Lancet,
30: 1657-1658.

Cleland, J.G., N. Freemantle, G. Kaye, M. Nasir, P. Velavan, K. Lalukota, T. Mudawi, R. Shelton,
A L. Clark and A P. Coletta, 2004. Clinical trials update from the American Heart Association
meeting: Omega-3 fatty acids and arthythmia risk in patients with an implantable defibrillator,
ACTIV in CHF, VALIANT, the Hanover autologous bone marrow transplantation study,
SPORTIF V, ORBIT and PAD and DEFINITE. Eur. J. Heart Fail., 6: 109-115.

Coca, S.G. and M. A. Perazella, 2005. The role of aldosterone blockers in the management of chronic
heart failure. Am. J. Med. Sci., 330: 176-183.

Cohn, J.N. and G. Tognoni, 2001. A randomized trial of the angiotensin-receptor blocker valsartan in
chronic heart failure. N. Engl. J. Med., 345: 1667-1675.

Corti, R, J.C. Burnett, J.I.. Rouleaw, F. Ruschitzka and T.F. Luscher, 2001. Vasopeptidase inhibitors
A new therapeutic concept in cardiovascular disease?. Circulation, 104: 1856-1862.

Costello-Boerrigter, L.C., W.B. Smith, G. Boerrigter, J. Ouyang, C.A. Zimmer, C. Orlandi and
J.C. Burnett, 2000. Vasopressin-2-receptor antagonism augments water excretion without changes
inrenal hemodynamics or sodium and potassium excretion in human heart failure. Am. J. Physiol.
Renal Physiol., 290: F273-F278.

Cowburn, P.J., I.G. Cleland, T.A. McDonagh, J.D McArthur, H.J. Dargie and J.J. Morton, 2005.
Comparison of selective ET (A) and ET (B) receptor antagonists in patients with chronic heart
failure. Eur. J. Heart Fail., 7: 37-42.

Dieterich, HA., C. Wendt and F. Saborowski, 2005. Cardioprotection by aldosterone receptor
antagomsm in heart failure. The role of aldosterone in heart failure. Fiziol. Cheloveka., 31: 97-105.

Doggrell, S.A., 2005. BG-9928 (Biogen Idec). Curr. Opin. Inves. Drugs, 6: 962-968.

Eichhorn, E.J., 1998. Medical Therapy of chronic heart failure: Role of ACE-inhibitors and beta-
blockers. Cardiol. Clin., 16: 711-725.

Ferro, C.I., 1.C. Spratt, W.G. Haynes and D.J. Webb, 1998, Inhibition of neutral endopeptidase causes
vasoconsiriction of human resistance vessels # vive. Circulation, 97: 2323-2330.

Follath, F., J.G. Cleland, H. Just, ].G. Papp, H. Scholz, K. Peuhkurinen, V.P Harjola, V. Mitrovic,
M. Abdalla, E.P. Sandell and L. Lehtonen, 2002. Efficacy and safety of intravenous levosimendan
compared with dobutamine in severe low-output heart failure (the LIDO study): A randomised
double-blind trial. Lancet, 360: 196-202.

Freudenberger, R.S., R.P. Schwarz, J. Brown, A. Moore, D. Mann, M.M. Givertz, W.S. Colucci and
J M. Hare, 2004. Rationale, design and organization of an efficacy and safety study of oxypurinol
added to standard therapy in patients with NYHA class I1I-IV congestive heart failure. Expert
Opin. Invest. Drugs., 13: 1509-1516.

66



Trends Med. Res., 2 (2): 61-71, 2007

Fujisawa, S. and T. Lijima, 1999. On the inotropic actions of arginine vasopressin in ventricular muscle
of'the guinea pig heart. Jpn. I. Pharmacol., 81: 309-312.

Gheorghiade, M., W.A. Gattis, C.M. O'Connor, K.F. Adams, U. Elkayam, A. Barbagelata, J.K. Ghali,
R.L. Benza, F.A. McGrew, M. Klapholz, J. Ouyang and C. Orlandi, 2004. Acute and chronic
therapeutic impact of a vasopressin antagonist in congestive heart failure (ACTIV in CHF)
investigators. Effects of tolvaptan, a vasopressin antagonist, in patients hospitalized with
worsening heart failure: A randomized controlled trial. JAMA, 291: 1963-1971.

Goldsmith, S.R., 1987. Vasopressin as vasopressor. Am. J. Med., 82: 1213-1219.

Goldsmith, S.R. and M. Gheorghiade, 2005. Vasopressin antagonism in heart failure. J. Am. Coll.
Cardiol., 46: 1785-1791.

Gottlieb, S.S., D.C. Brater, I. Thomas, E. Havranek, R. Bourge, S. Goldman, F. Dyer, M. Gomez,
D. Bennett, B. Ticho, E. Beckman and W.T. Abraham, 2002. BG9719 (CVT-124), an Al
adenosine receptor antagonist, protects against the decline in renal function observed with diuretic
therapy. Circulation, 105: 1348-1353.

Granger, C.B., I.I. McMurray, S. Yusuf, P. Held, E.I.. Michelson, B. Olofsson, J. Ostergren,
M.A. Pfeffer and K. Swedberg, 2003. CHARM investigators and committees. Effects of
candesartan in patients with chronic heart failure and reduced left-ventricular systolic function
intolerant to angiotensin-converting-enzyme inhibitors: The CHARM-Alternative trial. Lancet,
362: 772-776.

Hajjar, R.J. and J.A. Leopold, 2006. Xanthine oxidase inhibition and heart failure: Novel therapeutic
strategy for ventricular dysfunction?. Circ. Res., 98: 169-171.

Haynes, W.G. and D.J. Webb, 1993. Endothelium-dependent modulation of responses to endothelin-1
in human veins. Clin. Sei., 84: 427-433.

Jugdutt, B.I., 2003. Remodzling of the myocardium and potential targets in the collagen degradation
and synthesis pathways. Curr. Drug Targets Cardiovas. Haematol. Disord., 3: 1-30.

Kahn, J.C., M. Patey, J.L.. Dubois-Rande, P. Merlet, A. Castaigne, C. Lim-Alexandre, J.M. Lecomte,
D. Duboc, C. Gros and J.C. Schwartz, 1990. Effect of sinorphan on plasma atrial natriuretic
factor in congestive heart failure. Lancet, 335: 118-119.

Kamath, S.A., S.R. Laskar and C.W. Yancy, 2005. Novel therapies for heart failure: Vasopressin and
selective aldosterone antagonists. Congest. Heart Fail., 11: 21-29.

Lee, G.R.,, M.L. Watkins, H. Patterson, W. Gattis, C.M. O,Connor, M. Gheorghaiade and
K.F. Adams, 2003. Vasopressin: A new target for the treatment of heart failure. Am. Heart. J.,
146: 9-18.

Lindsay, M. and R. Lee, 2000. MMP inhibition as a potential therapeutic strategy for CHF. Drugs
News Perspect., 13: 350-354.

Lionetti, V., A. Linke, M.P. Chandler, M.E. Young, M.S. Penn, S. Gupte, C. d' Agostino, T.H. Hintze,
W.C. Stanley and F.A. Recchia, 2005. Carnitine palmitoyl transferase-I inhibition prevents
ventricular remodeling and delays decompensation in pacing-induced heart failure. Cardiovasc.
Res., 66: 423-426.

Luscher, T.F., F. Enseleit, R. Pacher, V. Mitrovic, M.R. Schulze, R. Willenbrock, R. Dietz,
V. Rousson, D. Hurlimann, S. Philipp, T. Notter, G. Noll and F. Ruschitzka, 2002.
Haemodynamic and neurohormonal effects of selective endothelin A (ET,) receptor blockade in
chronic heart failure: The Heart failure ET, receptor blockade trial (HEAT). Circulation,
106: 2666-2672.

Marcy, T.R. and T L. Ripley, 2006. Aldosterone antagonists in the treatment of heart failure. Am. I.
Health Syst. Pharm., 63: 49-58.

Masson, 8., S. Chimenti, M. Salio, M. Torri, F. Limana, R. Bernasconi, L. Calvillo, D. Santambrogio,
N. Gagliano, B. Arosio, G. Annoni, R. Razzetti, S. Bongrani and R. Latini, 2001. CHF-1024, a
DA2/alpha? agonist, blunts norepinephrine excretion and cardiac fibrosis in pressure overload.
Cardiovasc. Drugs Ther., 15: 131-138.

67



Trends Med. Res., 2 (2): 61-71, 2007

McLean, A.S., S.J. Huang, M. Nalos and I. Ting, 2005. Duration of the beneficial effects of
levosimendan in decompensated heart failure as measured by echocardiographic indices and
B-type natriuretic peptide. J. Cardiovasc. Pharmacol., 46: 830-835.

McMurray, J.J., 8.G. Ray, . Abdullah, H.J. Dargie and J.J. Morton, 1992, Plasma endothelin in
chromic heart failure. Circulation, 85: 1374-1379.

McMurray, 1.J., J. Ostergren, K. Swedberg, C.B. Granger, P. Held, E.L. Michelson, B. Olofsson,
S. Yusuf and M. A. Pfeffer, 2003. CHARM investigators and committees. Effects of candesartan
in patients with chronic heart failure and reduced left-ventricular systolic function taking
angiotensin-converting-enzyme inhibitors: The CHARM-Added trial. Lancet, 362: 767-771.

Miller, L.W. and E.D. Missov, 2001. Epidemiology of heart failure. Cardiol. Clin., 19: 547-555.

Mills, R M., T.H. Lelemtel, D.P. Horton, C. Liang, R. Lang, M.A. Silver, C. Lui and K. Chatterjee,
1999, Sustained hemodynamic effects of an infusion of nesiritide (human B-type natriuretic
peptide) in heart failure: a randomized, double-blind, placebo-controlled clinical trial. Natrecor
Study Group. J. Am. Coll. Cardiel., 34; 155-162.

Minhas, K.M., R.M. Saraiva, K.H. Schuleri, S. Lehrke, M. Zheng, A.P. Saliaris, C.E. Berry,
K.M. Vandegaer, D. Li and J.M. Hare, 2006. Xanthine oxidoreductase inhibition causes reverse
remodeling in rats with dilated cardiomyopathy. Circ. Res., 98: 271.

Morita, H., 8. Khanal, 8. Rastogi, G. Suzuki, M. Imai, A. Todor, V.G. Sharov, S. Goldstein,
T.P. O'neill and H.N. Sabbah, 2006. Selective matrix metalloproteinase inhibition attenuates the
progression of left ventricular dysfunction and remodeling in dogs with chronic heart failure. Am.
J. Physiol. Heart Circ. Physiol., 290: H2522-H2527.

Moshal, K.S., N. Tvagi, V. Moss, B. Henderson, M. Steed, A. Ovechkin, G.M. Aru and 8.C. Tyagi,
2005. Early induction of matrix metalloproteinase-9 transduces signaling in human heart end stage
failure. J. Cell. Mol. Med., 9: 704-713.

Murray, D.R. and J. Dugan, 2000. Overview of recent clinical trials in heart failure: What is the current
standard of care?. Cardiol. Rev., 8: 340-347.

Nicklas, .M., J.C. Monsur and B.E. Bleske, 1999. Effects of infravenous levosimendan on plasma
neurohormone levels in patients with heartfailure: Relation to hemodynamic response. Am. J.
cardiol., 83: 12(I)-15(1).

Nielsen, S., T.H. Kwon, B.M. Christensen, D. Promenecur, J. Frokiaer and D. Marples, 1999.
Physiology and pathophysiology of renal aquaporins. J. Am. Soc. Nephrol., 10: 647-663.
Nieminen, M.S., J. Akkila, G. Hasenfuss, F.X. Kleber, L.A. Lehtonen, V. Mitrovic, O. Nyquist and
W.J. Remme, 2000. Hemodynamic and neurohumoral effects of continuous infusion of

levosimendan in patients with congestive heart failure. . Am. Coll. Cardiol., 36: 1903-1912.

Northridge, D.B., D.E. Newby, E. Rooney, J. Norrie and H.J. Dargie, 1999. Comparision of the short-
term effects of candoxatril, an orally active neutral endopeptidase inhibitor and frusemide in the
treatment of patients with chronic heart failure. Am. Heart J., 138: 1149-1157.

O'Connor, C.M., W.A. Gattis, K.F. Adams, V. Hasselblad, B. Chandler, A. Frey, I. Kobrin,
M. Raimisio, M.R. Shah, J. Teerlink and M. Gheorghiade, 2003. Randomized intravenous
tezosentan study-4 investigators. Tezosentan in patients with acute heart failure and acute
coronary syndromes. J. Am. Coll. Cardiol., 41: 1452-1457.

Ohnishi, A., Y. Orita, N. Takagi, T. Fwjita, T. Toyoki, Y. Thara, Y. Yamamura, T. Inoue and T. Tanaka,
1995, Aquaretic effect of potent, orally active, nonpeptide V2 antagonist in men. J. Pharmacol.
Exp. Ther., 272: 546-551.

Ohnishi, M., A. Wada, T. Tsutamoto, D. Fnkai and M. Kinoshita, 1998. Comparison of the acute
effects of a selective ETA and a mixed ETA/ ETB receptor antagonist in heart failure. Cardiovasc.
Res., 39: 617-624.

68



Trends Med. Res., 2 (2): 61-71, 2007

Packer, M., A. Caspi and V. Charlon, 1998. Multicenter,double-blind placebo controlled study of long
term endothelin blockade with bosentan in chronic heart failure results of the REACH-1 trial.
Abstract. Circulation, 98: 12.

Papademetriou, V. and M.E. Dunlap, 2003. Management of systolic heart failure. Cardiol. Rev.,
20: 12-20.

Pasini, E., A. Cargniom, F. Pastore, R. Razzetti, S. Bongram, G.L. Gitti and R. Ferrar, 2004. Effect
of nolomirole on monocrotaline-induced heart failure. Pharmacol. Res., 49: 1-5.

Perrone, 8.V. and E.J. Kaplinsky, 2005. Calcium sensitizer agents: a new class of inotropic agents in
the treatment of decompensated heart failure. Int. J. Cardiol., 103: 248-255.

Pitt, B., R. Segal, F.A. Martinez, G. Meurers, A.J. Cowley, I. Thomas, P.C. Deedwania, D.E. Ney,
D.B. Snavely and P.I. Chang, 1997. Randomised trial of losartan versus captopril in patients over
65 with heart failure (Evaluation of losartan in the elderly, ELITE). Lancet, 349: 747-752.

Pitt, B., F. Zannad, W.J. Remme, R. Cody, A. Castaigne, A. Perez, I. Palensky and J. Wittes, 1999,
The effect of spironolactone on morbidity and mortality in patients with severe heart failure.
Randomized Aldactone Evaluation Study Investigators. N. Engl. I. Med., 341: 709-717.

Pitt, B., P.A. Poole-Wilson, R. Segal, F.A. Martinez, K. Dickstein, A.J. Camm, M.A. Konstam,
G. Riegger, G.H. Klinger, I. Neaton, D. Sharma and B. Thiyagarajan, 2000. Effect of losartan
compared with captopril on mortality in patients with symptomatic heart failure: Randomised
trial. The losartan heart failure survival study ELITE II. Lancet, 355: 1582-1587.

Pitt, B., W. Remme, F. Zannad, J. Neaton, F. Martinez, B. Roniker, R. Bittman, S. Hurley, J. Kleiman
and M. Gatlin, 2003. Eplerenone post-acute myocardial infarction heart failure efficacy and
survival study investigators. Eplerenone, a selective aldosterone blocker, in patients with left
ventricwlar dysfunction after myocardial infarction. N. Engl. J. Med., 348: 1309-1321.

Richards, M., M.G. Nicholls, E.A. Espiner, J.G. Lainchbury, R.W. Troughton, J. Elliott,
C.M. Frampton, [.G. Crozier, T.G. Yandle, R. Doughty, S. MacMahon and N. Sharpe, 2006.
Comparison of B-type natriuretic peptides for assessment of cardiac function and prognosis in
stable ischemic heart disease. J. Am. Coll. Cardiol., 47: 52-60.

Ronco, P., H. Pollard, M. Galceran, M. Delauche, J.C. Schwartz and P. Verroust, 1988. Distribution
of enkaphalinase (membrane metalloendopeptidase, E.C.3.4.24.11) in rat organs. Detection using
a monoclonal antibody. Lab. Invest., 58: 210-217.

Rossoni, G., B. Manfredi, V. Cavalca, R. Razzetti, S. Bongrani, G.L. Polvam and F. Berti, 2003. The
aminotetraline derivative (+)-(R, 8)-5,6-Dihydroxy-2-methylamino-1,2,3,4-tetrahydro-
naphthalene hydrochloride (CHF-1024) displays cardioprotection in postischemic ventricular
dysfunction of the rat heart. J. Pharmacol. Exp. Ther., 307: 633-639.

Sabbah, HN., W.C. Stanley, V.G. Sharov, T. Mishima, M. Tanimura, C.R. Benedict, S. Hegde and
S. Goldstzin, 2000. Effects of dopamine beta-hydroxylase inhibition with nepicastat on the
progression of left ventricular dysfunction and remodeling in dogs with chronic heart failure.
Circulation, 102: 1990-1995.

Sanghi, P., B.F. Uretsky and E.R. Schwarz, 2005. Vasopressin antagonism: a future treatment option
in heart failure. Eur. Heart J., 26: 538-543.

Schmidt-Schweda, S. and C. Holubarsch, 2000. First climical trial with etomoxir in patients with
chromic congestive heart failure. Clin. Sci., 99: 27-35.

Solomon, S.D., H. Skali, M. Bourgoun, J. Fang, J.K. Ghali, M. Martelet, D. Wojciechowski,
B. Ansmite, J. Skards, T. Laks, D. Heury, M. Packer and M.A. Pfeffer, 2005. Effect of
angiotensin-converting enzyme or vasopeptidase inhibition on ventricular size and function in
patients with heart failure: The omapatrilat versus enalapril randomized trial of utility in reducing
events (OVERTURE) echocardiographic study. Am. Heart J., 150: 257-262.

69



Trends Med. Res., 2 (2): 61-71, 2007

Strunk, A., V. Bhalla, P. Clopton, R M. Nowak, J. McCord, J.E. Hollander, P. Due, A.B. Storrow,
W.T. Abraham, A .H. Wu, G. Steg, A. Perez, R. Kazanegra, H.C. Herrmann, M.C. Aumont,
P.A. McCullough and A. Maisel, 2006. Impact of the history of congestive heart failure on the
utility of B-type natriuretic peptide in the emergency diagnosis of heart failure: Results from the
breathing not properly multinational study. Am. J. Med., 119: 69.

Struthers, A.D., 1994. Ten years of natriuretic peptide research: A new dawn for their diagnostic and
therapeutic use. Br. Med. J., 308: 1615.

Tahara, A., Y. Tomra, K.I. Wada, T. Kusayama, J. Tsukada, M. Takanashi, T. Yatsu, W. Uchida and
A Tanaka, 1997. A. Pharmacological profile of YMO087, a novel potent vasopressin V1A and V2
receptor antagonist, in vitro and in vivo. J. Pharmacol. Exp. Ther., 282: 301-308.

Tang, W.H., A.C. Parameswaran, A.P. Maroo and G.S. Francis, 2005. Aldosterone receptor
antagonists in the medical management of chronic heart failure. Mayo. Clin. Proc., 80: 1623-1630.

Ticho, B., E. Whalley, A. Gill, F. Lutterodt, X. Jin, J. Auchampach and G. Smits, 2003. Renal effects
of BG9928, an Al adenosine receptor antagomnist, in rats and nonhuman primates. Drug Dev. Res.,
58: 486-492.

Torre-Amione, G., F. Sestier and B. Radovancevic, 2004. Effects of a novel immune modulation
therapy in patients with advanced chronic heart failure. Results of a randomized, controlled,
phase II trial. J. Am. Coll. Cordiol., 44: 1181-1186.

Torre-Amione, G., F. Sestier, B. Radovancevic and J. Young, 2005. Broad modulation of tissue
responses (immune activation) by celacade may favorably influence pathologic processes
associated with heart failure progression. Am. J. Cardiol., 95: 30C-40C.

Trippodo, N.C., JA. Robl, MM. Asaad, J.E. Bird, B.C. Panchal, T.R. Schaeffer, M. Fox,
M.R. Giancarli and H.S. Cheung, 1995. Cardiovascular effects of the novel dnal inhibitor of
neutral endopeptidase and angiotensin-converting enzyme BMS-182657 in experimental
hypertension and heart failure. J. Pharmacol. Exp. Ther., 275: 745-752.

Tsutamoto, T., A. Wada, H. Sakai, C. Ishikawa, T. Tanaka, M. Hayashi, M. Fujii, T. Yamamoto,
T. Dohke, M. Ohnishi, H. Takashima, M. Kinoshita and M. Horie, 2006. Relationship between
renal function and plasma brain natriuretic peptide in patients with heart failure. J. Am. Coll.
Cardiol., 47: 582-386.

Turcani, M. and H. Rupp, 1999. Modification of left ventricular hypertrophy by chronic etomoxir
treatment. Br. J. Pharmacol., 126: 501-507.

Udelson, J.E., T. O’Brien and R. Sequeira, 2002. Vasopressin receptor blockade in patients with
congestive heart failure: Results from a placebo controlled, randomized study comparing the
effects of tolvaptan, furosemide and their combination {abstract). J. Am. Coll. Cardiol., 39: 150A.

Udelson, 1.E., W.B. Smith, G.H. Hendrx, C.A. Painchaud, M. Ghazz, I. Thomas, J.K. Ghali,
P. Selaru, F. Chanoine, M L. Pressler and M.A. Konstam, 2001. Acute hemodynamic effects of
conivaptan, a dual V,,and V, vasopressin receptor antagonist in patients with advanced heart
failure. Circulation, 104: 2417-2423.

Verhaar, M.C., F.E. Strachan, D.E. Newby, N.L. Cruden, HA. Koomans, T.J. Rabeliuk and
D.J. Webb, 1998. Endothelin-A receptor antagonist-mediated vasodilation is attenuated
by inhibition of mitric oxide synthesis and by endothelin-B receptor blockade. Circulation,
97: 752-756.

Wake, R., S. Kim-Mitsuyama, Y. Izurm, K. Yoshida, Y. Izumiya, T. Yukimura, M. Shiota,
M. Yoshivama, J. Yoshikawa and H. Iwao, 2005. Beneficial effect of candesartan on rat diastolic
heart failure. J. Pharmacol. Sci., 98: 372-379.

Welker, B.R., M.E. Childs and E.M. Adams, 1988. Direct cardiac effects of vasopressin: Role of V-
and V,-vasopressinergic receptors. Am. J. Physiol. Heart Circ. Physiol., 255: H261-H265.

70



Trends Med. Res., 2 (2): 61-71, 2007

Watanabe, E., T. Shiga, N. Matsuda, K. Kajimoto, M. Naganuma, A. Kawai and H. Kasanuki, 2003.
Low-dose systemic phosphodiesterase 111 inhibitor pimobendan combined with prostacyclin
therapy in a patient with severe primary pulmonary hypertension. Cardiovasc. Drugs Ther.,
17: 375-379.

Xu, DL, PY. Martin, M. Ohara, J. St John, T. Pattison, X. Meng, K. Morris, J.K. Kim and
R.W. Schrier, 1997. Upregulation of aquaporin-2 water channel expression in chronic heart faiture
rat. I. Clin. Invest., 99: 1500-1505.

Yatsu, T., Y. Tomura, A. Tahara, K. Wada, J. Tsukada, W. Uchida, A. Tanaka and T. Takenaka, 1997.
Pharmacological profile of YMO087, a novel nonpeptide dual vasopressin V1A and V2 receptor
antagonist in dogs. Eur. J. Pharmacol., 321: 225-230.

Yuan, Z., M. Nimata, T.A. Okabe, K. Shioji, K. Hasegawa, T. Kita and C. Kishimoto, 2005.
Olmesartan, a novel AT, antagonist, suppresses cytotoxic myocardial injury in autoimmune heart
failure. Am. J. Physiol. Heart Circ. Physiol., 289: H1147-H1152.

Yusuf, S., M.A. Pfeffer, K. Swedberg, C.B. Granger, P. Held, J.J. McMurray, E.L. Michelson,
B. Olofsson and J. Ostergren, 2003. Effects of candesartan in patients with chronic heart
failure and preserved left-ventricular ejection fraction: The CHARM-preserved trial. Lancet,
362: 777-781.

Zannad, F., B. Bousset and F. Alla, 2001. Treatment of congestive heart failure. Interfering the
aldosterone-cardiac extracellular matrix relationship. Hypertension, 38: 1227-1232.

71



	Trends in Medical Research.pdf
	Page 1


