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Abstract: Brain natriuretic peptide (BNP), also known as a B-type natriuretic peptide, is one of the important biomarkers with a proven role in
the diagnosis of congestive heart failure (CHF). Researchers from the different clinical field have researched into the performance features of
BNP testing in the acute care set-up to assist and improve in diagnosing CHF and in predicting future morbidity and mortality rates. The potency
of BNP has also been researched into in cases like myocardial ischemia and infarction, cor pulmonale, and acute pulmonary embolism (PE).
Based on their vaso-dilatory and diuretic properties and ability to inhibit renin—angiotensin—aldosterone system, natriuretic peptides are able to
provide an efficient technique and mechanism of action in the pathophysiologic framework for CHF treatment and management. Recent clinical
studies reported that ularitide, a synthetic form of urodilatin, secreted by kidney may be effective in managing and treatment of decompensated
heart failure. It has also been reported that Nesiritide, a recombinant natriuretic peptide has been proven to improve dyspnea and hemodynamic
parameters in heart failure patients. This review provides an update on natriuretic peptides and their therapeutic potential in CHF treatment.
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Introduction

Chronic Heart Failure (HF) represents a raising
health care concern in developed and developing
countries, reaching epidemic proportions. About 1 to
2% of adult population in developed countries suffers
HF, with $10% prevalence among elderly (>70 years)
(1). At least half of HF patients have reduced left ventri-
cular ejection fraction, and coronary artery disease is the
leading cause of chronic HF. Although in recent years
progresses of pharmacologic and non-pharmacologic
therapies led to substantial improvement of survival and
rate of hospitalization in HF patients, prognosis remains
poor (1,2). Heart failure is a medical condition that out-
comes once the heart is incapable to make available ade-
quate blood flow to encounter metabolic necessities or
accommodate systemic venous return. These conditions
consequence from damage to the myocardium from a
diversity of reasons involving diabetes, hypertension,
and ischemic heart disease. Less common etiologies
consist of myocarditis, infections, systemic toxins, and
cardiotoxic drugs, valvular disease, cardiomyopathies.
In place of the heart fails, patients develop symptoms
comprise peripheral edema and ascites from impaired
venous return and dyspnea from pulmonary congestion.
Heart failure is triggered by a forfeiture of a dangerous
amount of functional myocardial cells after injury to
the heart from a number of reasons. The most commu-
nal etiologies are diabetes, hypertension, and ischemic
heart disease .

Chronic and increased activities of the renin—angio-
tensin—aldosterone system (RAAS) plays an important
role in HF pathophysiology, drugs capable of inhibi-
ting order-stabilizing the important components of the
RAAS have become a foundation of new and efficient
cardiovascular drug therapy (1,3,4). It has been reported
that the biosynthesis of one of the strongest vasocons-

trictor and pro-hypertrophic hormone in man, angioten-
sin-II (Ang-I1) is inhibited by the action of angiotensin-
converting enzyme inhibitors (ACEi). In addition, ACEi
may also be responsible for inhibition of the proteolysis
of bradykinin, thus leading to inhibition of vasocons-
triction seen in patients with HF (5)

Studies have confirmed that neurohormones play a
significant role in the complex cellular and multiorgan
adaptations. Natriuretic peptides play a crucial role in
this progression, antagonizing the activities of the re-
nin-angiotensin-aldosterone system, thus encouraging
natriuresis and vasodilatation. Other significant phy-
siologic characteristics of the natriuretic peptides are
antioxidative, anti-inflammatory, anti-ischemic, pro-
lusitropic, antiproliferative, and sympathoinhibitory .
The natriuretic peptides (NPs), consisting of atrial NP
(ANP), B-type NP (BNP), C-type NP (CNP), and urodi-
latin, which are mostly generated by organs like heart,
vasculature, kidney, and central nervous system in res-
ponse to several stimuli (Table 1). Figure 1 shows the
role of natriuretic peptides in congestive heart failure
(CHF).

The NPs, especially ANP and BNP, forms the blood
pressure (BP)-lowering system which is responsible
for promoting vasodilation, in addition to promoting
vasodilation, NPs inhibits pathological growth and
dysfunction of vital organs like heart, brain, and kid-
ney. In addition, in some disease states and conditions
like left ventricular overload and hypertrophy, conges-
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Table 1. Showing types of NPs and site of production.

Type of NPs Organ/site of production

Forms

Comments

Atrial NP Atria in normal adult heart

Under pathologic conditions
such as  chronic  heart
failure (CHF) or ventricular
hypertrophy, the ANP gene is
increasingly expressed in the

ventricle (11)

Brain-NP Myocardium of the left
ventricle and, in a small
fraction, in the brain, kidney,

and lung (11)

C-type NP Primarily produced in

vascular endothelial cells,
macrophages, and neurones
belonging to the central
nervous system but is also

produced locally in the kidney.

pro-CNP 1-103, a 103-amino-

acid pro-hormone

prepro-CNP  1-
126-amino-acid
hormone

126, a
prepro-

CNP is the only NP with the
highest concentration in brain
(12) and is found at very low
levels in the heart

Urodilatin Kidney, in the distal tubular

cells and its secreted into the

1

It binds to a NP type 1
receptors (NPR1) to promote

tubular lumen (11)
D-type NP
plasma

Several human tissues and

sodium excretion
Less is known about the

pharmacological ~ properties
and (patho)physiological role
of DNP (13)
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Figure 1. The role of natriuretic peptides in congestive heart fai-
lure (CHF ).
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tive heart failure, and arterial hypertension, there is an
increased production of both ANP and BNP. In these
above-mentioned cases, the ventricle is responsible for
the synthesis of both peptides with BNP levels at 10 -
50-fold higher when compared with ANP. BNP has a
more potent natriuretic effect and exerts longer duration
of action compared with ANP (6)

The cardiac NPs play a key role in controlling and
mediating the arterial blood pressure and intravascular
volume via interaction with the ANP receptor, activation
of guanylyl cyclase enzyme and increased production
of 3,5 cyclic guanosine monophosphate (cGMP). NPs
can de-activate the activities of RAAS and demonstrate
anti-fibrotic and anti-hypertrophic effects (7). Acute
administration of ANP has been reported to induce na-
triuresis, diuresis, and systemic hypotension in lower
animals. This hypotensive effect is basically associated

with reduced intravascular volume that is continuously
maintained by the heart rate via its attenuated autono-
mic reflex response.

In addition, research studies in animals reported that
at high ANP levels after chronic administration there
is a decrease in arterial blood pressure sustained basi-
cally by lower peripheral resistance (8) unfortunately
the results of this research have been linked with the
deleterious effects of ANP on the cardiovascular sym-
pathetic tone thereby leading to decrease in peripheral
resistance (8). Recent evidence has reported that there is
an increase in NPs level in subjects/patients with stage
II type of hypertension and above (9) whereas subjects/
patients with stage I type of hypertension have been re-
ported to have reduced levels of NT-proBNP1-76 com-
pared with normotensives (9). In another study that was
carried out in a large population of adults with history
of pre-hypertension and stage I type of hypertension, it
was reported that deficiency in BNP is linked with non-
activate form of ANP and other types of cardiac NPs
leading to an abnormal cardiac endocrine functions at
the on-set stages of hypertension (10).

Recent research studies have developed contempo-
rary NP-augmenting techniques that include the design
of several synthetic NPs and inhibition of neprilysin,
an important enzyme responsible for the chemical
breakdown of NP. In addition, Dual-potent angiotensin-
receptor neprilysin inhibitors (ARNi) are in the process
of been developed for the treatment of hypertension and
HF.

Renin-angiotensin aldosterone system (RAAS)

The RAAS is important in the ultimate regulation
of cardiovascular homeostasis by regulating vascular
tone and blood pressure through vasoconstriction and
renal sodium and retention of water via its hormones.
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Figure 2. Showing a schematic of the renin—angiotensin—aldoste-
rone system.

Amongst these hormones are angiotensin-II and aldos-
terone, which are directly important in HF by increasing
hypertrophy of cardiac muscle cells and cardiac fibrosis
with activation of collagen synthesis and fibroblast pro-
liferation (Figure 2) (14). RAAS has been identified to
be involved in the pathophysiology of cardio-renal syn-
drome in HF, although still with poor prognosis, howe-
ver a strategy that blocks the activation of RAAS can
serve as an efficient therapeutic strategy for HF using
RAAS modulating drugs, such as ACEi, angiotensin re-
ceptor blockers (ARBs), and mineralcorticoid receptor
antagonists (MRA) (1).

Natriuretic peptides in heart failure therapy

The NP system (NPS; Figure 3) has been identified
as an important endocrine system linked to particulate
guanylyl cyclase (GC) receptors, the cGMP and its ef-
fector molecule protein kinase G. It was discovered in
1981, been synthesized by the heart and its responsible
for both increasing the process of natriuresis by the kid-
ney and also reducing blood pressure.

An important attribute of natriuretic peptide system
(NPS) is the ecto-enzyme neutral endo-peptidase, also
known as neprilysin. This membrane-bound enzyme is
mostly available in the kidney. Neprilysin is principally
responsible for the strategies involved in the enzyma-
tic removal of the native NPs. In addition, neprilysin
hydrolyzes Angiotensin-I to Angiotensin-(1-7), given
that Angiotensin-(1-7) opposes the activity and action
of Angiotensin-1I, the hydrolyzes ability of neprilysin
has a promising and beneficial CV effects. Inhibition of
neprilysin has been developed as a therapeutic option.
Intrinsic characteristics like natriuresis, diuresis, RAAS
suppressing, inhibition of fibrosis, vasodilatation, and
angiogenesis of NPs has made them emerged has a pro-
mising candidate for therapeutic use for various type of
diseases especially heart failure. Recently the idea of
new NPs called designer NPs has emerged as a positive
advancement in drug discovery for the treatment and
management of several CV diseases.

Therapeutic targeting of the NP system in heart fai-
lure

Designer NPs are novel peptides with modified

amino acid structures or native NPs, which have been
genetically altered. The efficiency of this designer NPs
is in their pharmacological and biological potent pro-
files while reducing undesirable side effects. CD-NP or
Cenderitide, a novel hybrid 37 amino acid chain is the
most advanced designer NP to date and it was designed
by a scientist in the Cardio-renal Research Laboratory at
Mayo Clinic in 2008(15). It is a hybrid that consists of a
mature form of native human C-type NP integrated with
the 15 amino acid C-terminus of dendroaspis NP amino
acid, also called cenderitide. Designer NP has efficient
characteristics like anti-fibrotic (16) anti-proliferative
and anti-hypertrophic of C-type NP, as well as natriu-
retic and diuretic effects of dendroaspis NP, which are
very efficient properties for drugs to treat and manage
heart failure.

Based on the successful research findings on cende-
ritide in designer NP technology, CU-natriuretic peptide
(CU-NP) was developed as a humanized form of cen-
deritide, made up of the 17 amino acid ring of native
human CNP bonded to both the Carbon and Nitrogen
terminals of urodilatin, which is a 32 amino acid clea-
vage product of kidney processed pro-ANP. Present
researches on experimental studies have reported that
intravenous infusion of CU-NP activates Cyclic gua-
nosine monophosphate in canine suffering from heart
failure and results into the suppression of RAAS. CU-
NP also possess a direct anti-hypertrophic effect via the
inhibition of the sodium—hydrogen exchanger 1(NHE-
1)/calcineurin pathway (17).

Candoxatril was the first efficient neprilysin inhibitor
and it’s administered orally and it was responsible for
the dose-dependent increase in plasma ANP, natriure-
sis, and cGMP in humans and also increased circulating
Ang-II. Its effect in a human patient with heart failure
has been researched and it was reported that it leads to
increased ANP and BNP levels, promoted natriuresis,
and increased the circulatory time of administered ANP
(18). Furthermore, in a canine model of severe heart fai-
lure, it was reported that there was an increased level
of NP elevation and RAAS activation, candoxatril was
natriuretic and suppressed aldosterone.

Dual ACE/Neprilysin (Vasopeptidase) inhibition in
heart failure

Another class of therapeutic agent for heart therapy
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Figure 2. Showing a schematic of the natriuretic peptide system
(NPS).
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is the combination of the vaso-dilatory and natriuretic
effects of the NPs with the vasoconstrictor and anti-
natriuretic action of the RAAS suppression agents
(19,20), The idea behind this is to overcome the clini-
cal side effects of neprilysin inhibitors as monotherapy
with a therapy that involves RAAS blockade. A good
example of such drug is omapatrilat (Table 2) with dual
neprilysin-ACE inhib ition. Clinical trials like Omapa-
trilat Cardiovascular Treatment Versus Enalapril (OC-
TAVE) was the conclusive clinical outcome trial to ana-
lyze the positive effects of omapatrilat (versus enalapril)
(Table 2) (20)in 25 302 untreated hypertensive patients.
OCTAVE showed efficient systolic blood pressure
control with omapatrilat and more patients achieved tar-
get blood pressure compared with enalapril. There was
an increase in the prevalence of angioedema as a side
effect in omapatrilat-treated patients, 2.2% versus 0.7%
as reported by the OCTAVE trial. The angio-edema is as
a result of increased levels of bradykinin achieved with
blockade of enzymes like neprilysin, Aminopeptidase-
P and dipeptidyl peptidase-4(20). Furthermore, a clini-
cal trial called Phase IIB study (IMPRESS [Inhibition
of Metalloprotease by Omapatarilat in a Randomized
Exercise and Symptoms Study of Heart Failure]) (21)
was carried out on 573 patients to compare omapatrilat
40 mg/d with lisinopril 20 mg/d for 24 weeks (Table 2)

As reported by the clinical trial, Omapatrilat de-
creased the end point of death, heart failure admission,
or stopped the study treatment for aggravated heart fai-
lure compared with lisinopril and it leads to a significant
improvement in New York Heart Association Class III
to IV patients. In addition, there seemed to be a signi-
ficant improvement of renal function and insignificant
angio-edema signal was observed with omapatrilat
when compared with lisinopril. The improved outcome
of the IMPRESS clinical trial also led to another cli-
nical trial, Omapatrilat Versus Enalapril Randomized
Trial of Utility in Reducing Events (OVERTURE) (22),
which randomized 5770 patients with New York Heart
Association Class II to IV with HF to enalapril 10 mg
twice daily or omapatrilat 40 mg once daily for a time
period of 14.5 months. The primary end point was insi-
gnificantly different when compared with enalapril. A

Table 2. Showing ACEi+NEPi (vasopeptidase inhibitors).

twice-daily dose of omapatrilat may have led to a more
improved outcome of smoother pharmacokinetic and
pharmacodynamic, and this may have resulted into less
major primary end point side effects.

Angiotensin receptor neprilysin inhibitor LCZ696
(Dual-Acting Angiotensin-Receptor/Neprilysin Inhi-
bitors (ARNi))

New and improved therapeutics agents combining
neprilysin inhibitor (NEP1) with an angiotensin receptor
blocker (ARB) have been developed called an angio-
tensin receptor neprilysin inhibitor (ARNi). The ratio-
nale for these therapeutic agents is that ARBs are less
likely to oppose the metabolism of bradykinin and thus
reduces their ability to induce cough and angioedema.
The first and most clinically effective ARNi is LCZ-
696, that is made up of 1:1 ratio of combined valsartan
and AHU-377 (NEPi prodrug) called Sacubitril valsa-
tran(24,25). Immediately after ingestion orally, sacu-
bitril valsatran gives off two products namely, sacubi-
tril (AHU-377, which is enzymatically cleaved to the
active form, LBQ657) and valsartan (26). There have
been few clinical trials of LCZ696 including trials in
hypertension, heart failure with preserved ejection frac-
tion (HFpEF) and heart failure with reduced ejection
fraction (HFrEF). Recent research studies have investi-
gated the effect of LCZ696 in patients with heart failure
with preserved ejection fraction (HFpEF). Abnormal
left ventricular diastolic function with increased ventri-
cular filling pressures, increased vascular stiffness and
deterioration of systolic function despite preserved ejec-
tion fraction are characteristics of HFpEF(27). HFpEF
has been linked with an impaired NP response and renal
endocrine response to volume overload (27). As a re-
sult, it is hypothesized that LCZ696, by augmenting the
effects of NPs in a clinical trial called PARAMOUNT,
it was a Phase 11, randomized, double-blind multicenter
trial in patients with Heart Failure with Preserved Ejec-
tion Fraction (HFpEF) (LVEF =45%) (27). The primary
endpoint was change from baseline to Week 12 in levels
of NT-proBNP (27), the NT-proBNP serves as a marker
of left ventricular wall stress that is linked with adverse

Drug Study or model features

Study end results

Key results (NEPi Drugs vs Comparator)

Omapatrilat (23)
heart failure because of

Preclinical. Hamsters with ~ Survival, left ventricle
remodeling and function at
dilated cardiomyopathy 8 weeks

Reduced mortality and left ventricle
remodeling, improved hemodynamics

Omapatrilat vs enalapril in

Blood pressure control at

Antihypertensive effect superior to ACEi, but

Omapatrilat (20 tients with hypertensi . .
patrilat (20) ?gée,? :VVI;I) YPEHENSIOn = 9y weeks increase of angioedema
Omapatrilat vs lisinopril in ~ Exercise capacity at 12 Reduced composite of mortality and heart
Omapatrilat (21) NYHA class II-1V systolic ~ weeks, heart failure death/  failure hospitalizations. No angioedema and
heart failure (IMPRESS) morbidity at 24 weeks fewer adverse events than ACEi
C ite of mortali
Omapeatrilat vs enalapril OmPOSIte (,) mortality
. . . . and heart failure . . . .
Omapatrilat (22) in systolic heart failure No difference in primary end point

NYHA 24 (OVERTURE)

hospitalizations at 62
weeks

IMPRESS, Inhibition of Metalloprotease by Omapatarilat in a Randomized Exercise and Symptoms Study of Heart Failure; ACEi indicates
angiotensin-converting enzyme inhibitor; NYHA, New York Heart Association (functional class; OVERTUNE indicates Omapatrilat Versus
Enalapril Randomized Trial of Utility in Reducing Events; OCTAVE indicates Omapatrilat Cardiovascular Treatment vs. Enalapril trial.
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outcomes in patients with HFpEF (28).

Patients were randomized with LCZ696 or valsartan,
200 mg twice daily or 160mg twice daily respectively
for 36 weeks. At 12th weeks, LCZ696 decreased NT-
proBNP from baseline by 23% compared with valsar-
tan. PARAMOUNT also showed the effect of LCZ696
on the anatomy of the left atria by measuring parameters
like the width, volume and volume index of the left atrial
(27), these parameters have been efficient as predictors
of signs in chronic HF, with and without reduced LVEF
(29,30). After 36 weeks of treatment, the above-mentio-
ned parameters were significantly decreased from base-
line with LCZ696 when compared with valsartan. In a
recent study, consisting of over 50 years old patient, the
administration of LCZ696 led to a constant increase in
urinary cGMP that was associated with superior blood
pressure control compared with valsartan, without si-
gnificant increase in natriuresis and diuresis in (31). In
another randomized, double-blind, placebo-controlled
study, LCZ696 was effective in decreasing SBP and PP
levels in the clinic associated with significant reduction
in ambulatory blood pressures (32). Compiled results
from a double-blind trial made up of 848 patients, most
of which are obese, demonstrated that LCZ696 was
more potent when compared with valsartan in reducing
24 h ambulatory blood pressure, PP, and office SBP and
DBP (33).

In another clinical trial it was reported that 266 Asian
patients with systolic hypertension not controlled by

Table 3. Showing clinical trials of Sacubitril Valsatran.

amlodipine (34) there was a decrease of 13.9 mmHg
in mean 24 h ambulatory SBP in the LCZ696, compa-
red with 0.8 mmHg in the amlodipine arm, this result
corroborate the potency of LCZ696 on both the RAAS
and sympathetic nervous system. LCZ696 has also been
shown to be safe and potent in Asian patients with life-
threatening hypertension (35) and has demonstrated su-
periority against valsartan in hypertensive patients over
the age of 65(36). Although the two above clinical trials
does-not have large sample area, it is of importance that
LCZ696 shown antihypertensive effects among hyper-
tensive populations with no reported cases of angio-
edema or other life-threatening side effects.

However, the most concrete evidence of the thera-
peutic ability of LCZ696 stems from the recent PARA-
DIGM heart failure study (37). In this study, large sample
area of 10 521 patients was used with symptomatic
heart failure and impaired left ventricular (LV) function
(ejection fraction <35%) were randomized with either
LCZ696 or enalapril for a period of 3 years. Patients
had to be on an angiotensin converting enzyme inhibitor
or an angiotensin receptor blocker at a stable dose of
enalapril 10 mg/day and b-blocker for at least or equiva-
lent of 4 weeks, unless contra-indicated. Patients were
randomized in a 1:1 ratio to double-blind treatment with
either enalapril 10 mg twice daily or LCZ696 200 mg
twice daily. The study showed that LCZ696 was more
efficient and potent to enalapril in decreasing death as a
result of cardiovascular causes and hospitalization for

First author (Study) Sample Size and Patient Study Medications Study Design Main Findings
(Ref. #) Population
Ruilope et al. (38) n =1,328 with hypertension LCZ696 100, 200, and Randomized controlled Significant reductions

400 mg vs.
80, 160, and 320 mg vs.

valsartan ~ dose-ranging study;
primary endpoint was

reduction in  blood

in systolic and diastolic
blood pressure with

AHU377 200 mg

pressure between groups
at 8 weeks

LCZ696 200 mg vs.
valsartan 160 mg and
with LCZ696 400 mg
vs. valsartan 320 mg;
significant reduction
in ambulatory blood
pressure with LCZ vs.

LCZ696 100, 200, and
400 mg vs. placebo

Randomized controlled
dose-ranging study

Significant  reductions
in systolic and diastolic
blood pressures, pulse
pressure, and ambulatory
pressure with LCZ696

Kario et al. (32) n = 309 Asians with
hypertension
Solomon et al. n=301 with heart failure with

(PARAMOUNT) (27) preserved ejection fraction.

LCZ696 200 mg twice
daily vs. valsartan 160
mg twice daily

Randomized controlled
trial; primary endpoint
was reduction in
N-terminal pro—brain
(or B-type) natriuretic
peptide at 12 weeks

Significant reduction in
N-terminal ~ pro—brain
(or B-type) natriuretic
peptide at 12 wk with
LCZ696, as well as left
atrial volume at 36 wk;
improvement in New
York Heart Association
class in patients
receiving LCZ696 vs.
placebo

McMurray et al. n = 8,442 with heart failure
(PARADIGM-HF) (37) with reduced ejection
fraction.

LCZ696 200 mg twice
daily vs. enalapril 10 mg
twice daily

Randomized controlled
trial; primary outcome
was cardiovascular
death or heart failure
hospitalization

Significant  reductions
in the primary outcome
(20%),  cardiovascular
death (20%), and all-
cause mortality (16%)
with LCZ696 Vs.
enalapril

PARADIGM-HF = Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure; PARA-
MOUNT = Prospective Comparison of ARNI with ARB on Management of Heart Failure with Preserved Ejection Fraction.
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heart failure (hazard ratio in the LCZ696 group 0.80;
95% CI 0.73 — 0.87; P, 0.001). It should be noted that
LCZ696 exhibited fewer side effects when compared to
enalapril (Table 3).

Conclusion

The use of BNP or NT-proBNP as a source of phar-
macologic therapy in patients with chronic HF is asso-
ciated with a significant decreased mortality rate espe-
cially in patients below 75 years of age as such there is
a need for potent clinical novel therapeutic agents that
optimally control HF, hypertension, and coronary artery
disease. Any therapeutic strategy targeting the RAAS
system and reducing its deleterious effects in HF pa-
thogenesis and progression will optimally and majorly
contribute to heart failure pharmacotherapy (39-43).

Angiotensin receptor neprilysin inhibitor (ARNi)
and its first in the class molecule, LCZ 696, have been
promising in been potent to cure and manage cardiovas-
cular diseases. However, with current research works
ARNIs may well soon more efficient angiotensin re-
ceptor blockers (ARBs), ushering a new dawn of com-
pound system modulation that will shed more light on
the treatment of cardiovascular disease. Finally, exten-
sive studies should be done on the NPs and LCZ696 to
further elucidate and clarify its mechanisms of its poten-
tial cardio-renal and cardiovascular protection (44-49).
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