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The natriuretic system consists of the atrial natriuretic peptide (ANP) and four other similar peptides including the wrongly named
brain natriuretic peptide (BNP). Chemically they are small peptide hormones predominantly secreted by the cardiac myocytes in
response to stretching forces. The peptide hormones have multiple renal, hemodynamic, and antiproliferative effects through three
different kinds of natriuretic receptors. Clinical interest in these peptide hormones was initially stimulated by the use of these peptides
as markers to differentiate cardiac versus noncardiac causes of breathlessness. Subsequently work has been done on using these
peptides to prognosticate patients with acute and chronic heart failure and those with acute myocardial infraction. Synthetic forms
of both atrial- and brain-natriuretic peptides have been studied and approved for use in acute heart failure with mixed results. This
review focuses on the biochemistry and physiology of this fascinating hormone system and the clinical application of these hormones.
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INTRODUCTION

The fact that atrial extracts have potent natriuretic and
vasodepressor activity was discovered by De Bold ez /.
in 1981.1" Ever since the natriuretic system has been
considered as a functionally important endocrine system of
cardiovascular and renal origin. This lead to the discovery
of atrial natriuretic peptide (ANP), and subsequently
four other natriuretic peptides: Brain natriuretic peptide
(BNP), C-type natriuretic peptide (CNP), dendroaspis
natriuretic peptide (DNP), and urodilantin were discovered.
Though these molecules ate referred to as natriuretic peptides
they perform a variety of physiological functions besides
natriuresis including vasodilation, antiproliferative effects,
vascular remodeling, and modulation of renin—angiotensin—
aldosterone systems. The natriuretic system also consists
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of three receptors namely natriuretic peptide receptor-A
(NPR-A or guanylyl cyclase-A), natriuretic receptor-B
(NPR-B or guanylyl cyclase-B), and natriuretic peptide
receptor-C (NPR-C or clearance receptor).

CHEMISTRY

ANP is a 28 amino acid peptide with a ringed structure
formed by intramolecular disulfide linkages. It is synthesized
and secreted by the cardiac atria.'! The ANP gene in
humans is located on the short arm of chromosome 1.”
ANP is synthesized as a 151 amino acid preprohormone
(preproANP) and is stored in atrial myocytes as a 126 amino
acid prohormone (proANP). When secreted proANP
is cleaved yielding N-ANP and the biologically active
C-terminal hormone (ANP) in equimolar amounts.”!

BNP is a 32 amino acid peptide, structurally similar to
ANP with a 17 common amino acid sequence. It was first
isolated from porcine brain extracts by Sudoh ez /" A single-
copy gene consisting of 3 exon and 2 introns located on
chromosome 1. BNP is stored as a mature hormone in
the human heart while ANP is stored as proANP.P! The
cardiomyocytes synthesize a prepropeptide (preproBNP;
134 amino acids) which is split into a signal peptide and a
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propeptide (proBNP;108 amino acids). During secretion
from the cardiomyocytes, proBNP is split at a ratio of 1:1
into the physiologically active BNP (32 amino acids) which
corresponds to the C-terminal fragment, and the biologically
inactive N-terminal fragment (NTproBNP; 76 amino acids).1)

CNP, which was first isolated from porcine brain in 1990,
consists of 22 amino acids.” The ring structure of CNP
is highly homologous with ANP and BNP but uniquely
lacks the carboxy-terminal extension. The structure of
CNP is identical among species. PreproCNP, comprising
126 amino acids, after cleavage of the first 23 amino acids
is converted to proCNP, which is further processed to
CNP-53 and/or CNP the potencies of which are essentally
the same.*!

DNP was first isolated from the venom of the green
mamba snake, Dendroaspis angusticeps.”) The 38 amino acid
natriuretic peptide which contains a 17 amino acid disulfide
ring similar to ANP, BNP, and CNP with a 15-residue
carboxy terminal extension.

Urodilantin is a nonglycosylated 32 amino acid natriuretic
peptide was isolated from human urine."””’The amino acid
sequence of urodilantin is identical to that of ANP except
for the presence of 4 additional amino acids in the amino
terminal.l"!

Tissue distribution

ANP gene expression is highest in the normal adult atria
and much lower in ventricles. The atrium is the major site
of ANP synthesis; however, ventricular ANP expression is
increased markedly in the failing and hypertrophied heart."”

BNP was initially isolated from the brains of pigs and
dogs.* Tts name is however a misnomer as the highest
expression level of BNP is in the ventricular myocardium.
BNP mRNA has also been found in extra cardiac tissues
including human brain, bovine adrenal medulla, and human
amnion cells.

CNP is distributed throughout the brain in rats and humans
and its concentration is 10-fold higher than ANP and
BNP in cerebrospinal fluid. CNP is also detectable in the
endothelium, kidney adrenal glands, heart, bowel, thymus,
uterus, and testes.'*1%

DNP like immnuoreactivity has been detected in canine
and human plasma and human myocardium.™

Natriuretic peptide receptors
There are three different subtypes of natriuretic peptide
receptors (NPRs), NPR-A, NPR-B, and NPR-C which

have been localized to three human chromosomes. The
designation however does not correspond to relative
affinities for ANP, CNP, and BNP.*'The biological actions
of the hormones are mediated by NPR-A and NPR-B,
whereas NPR-C mainly acts like a clearance receptor.
The NPRs are transmembrane proteins which belong to
the receptor guanylyl cyclase family, found in target tissues
of the natriuretic peptides.””> ANP, BNP, and urodilantin
selectively activate NPR-A. ANP has greater affinity for
NPR-A than BNP and CNP* CNP binds more selectively
with NPR-B.

ANP, BNP, and CNP all bind to the NPR-C receptor which
functions mainly as a clearance receptor. NPR-C acts through
internalization and lysosomal hydrolysis of the natriuretic
peptide receptor complex. The number and distribution
of NPRs vary widely. NPR-A is mainly expressed in heart
lungs, kidney, adrenal glands adipose tissue, eye, and pregnant
uterus.?>?l NPR-B has a similar distribution as NPR-A, but
has a lower density to the kidney and a higher density to the
brain. NPR-C is the most abundant NPR and its presence
has been demonstrated in heart, kidney, brain, endothelium,
smooth muscle cells, and adrenal glands.”>*)

Regulation of natriuretic peptide secretion

ANP and BNP are continuously released from the heart
but their synthesis and secretion is regulated by a number
of factors. Atrial stretch is the principal stimulus for
increase in ANP release from atrial cardiomyocytes. The
main stimulus for BNP release appears to be ventricular
stretch and increased levels of BNP have been found
in patients with increased left ventricular end diastolic
pressure, pulmonary artery pressure, and pulmonary artery
wedge pressure.? The transcription of the CNP gene is
regulated by many factors like tumor necrosis factor (TNF)
and interleukin-1. Blood levels of CNP are elevated in
conditions characterized by endothelial damage like sepsis,
hypoxia, and chronic renal failure.”

Physiologic actions

Renal effects

ANP causes intravascular volume contraction resulting in
decreased preload and blood pressure.’! In low doses, it
causes natriuresis but no change in blood pressure.F”

BNP, like ANP, is natriuretic in both humans and animals.

Hemodynamic effects

Sustained low dose infusion of ANP reduces peripheral
vascular resistance and blood pressure whereas higher
doses decrease the blood pressure which is accompanied
by a rise in the peripheral vascular resistance, which is
probably due to activation counter regulatory hormones.
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BNP causes no significant change in blood pressure
or heart rate when administered to hypertensive or
normotensive human subjects in doses sufficient to
raise plasma concentrations to levels comparable to
those seen in heart failure.” When administered in
higher doses, it causes a decrease in systemic vascular
resistance and blood pressure, rise in cardiac index, and
reduction in the pulmonary capillary wedge pressure.P
CNP induces vascular relaxation and inhibits growth
of vascular smooth muscle cells and has powerful

venodilator effects.?>7

Antiproliferative effect

ANP has been shown to be antimitogenic in endothelial
and vascular smooth muscle cells and attenuates the growth
response to adrenergic stimuli.?* CNP exerts a growth
inhibitory action and antagonizes the growth promoting
action of angiotensin I1.")

Modulation of sympathetic nervous system activity

ANP reduces sympathetic tone by dampening of
baroreceptors, suppressing the release of catecholamines
from autonomic nerve endings and suppressing sympathetic
outflow from the CNS. The effects of ANP on the
CNS also contribute to fluid and electrolyte balance and
hemodynamic regulation. CNP was initially considered
to act principally as a neuropeptide and plays a role in
prejunctional inhibition of norepinephrine release.*!

Effects on the renin-angiotensin-aldosterone system
Secretion of renin or aldosterone are markedly inhibited
following ANP infusion,*"! while BNP causes a fall or no
change in plasma rennin activity.?" ANP, but not BNP,
inhibits the plasma aldosterone response to angiotensin I1.*4
Infusion of small doses and BNP inhibits the renin-
angiotensin-aldosterone system (RAAS) while CNP does
not, unless administered in very high doses.

CLiINIcAL SIGNIFICANCE OF NATRIURETIC
PEPTIDES

Diagnostic uses

Natriuretic peptides have been found to be useful markers
in differentiating patients presenting with acute onset of
breathlessness and also as prognostic markers in patients
with congestive cardiac failure. Plasma levels of ANP and
BNP are increased in variety of conditions like heart failure,
acute myocardial infarction, hypertension, left ventricular
hypertrophy, and pulmonary hypertension.

Heart failure
BNP is a hormone that is secreted mainly by the ventricles
and its levels are markedly high in patients with acute and

congestive heart failure. Distention and stretching of the
left ventricular wall leads to increased synthesis of BNP
which produces natriuresis and vasodilatation along with an
inhibitory effect on the RAAS and adrenergic system.[**!
BNP plasma levels are also elevated in patients with acute
myocardial infarction and left ventricular dysfunction
and this increase persists during the late phase of cardiac
remodeling.* Determining plasma BNP concentration
is an effective diagnostic tool in patients presenting with
acute dyspnea. Studies have demonstrated that patients
diagnosed with dyspnea secondary to heart failure have
significantly elevated plasma BNP concentration compared
to noncardiogenic dyspnea (due to respiratory disease).!***!
BNP wvalues have been found to be directly correlating
with NYHA functional class.* BNP analysis has also been
shown to have a superior diagnostic accuracy in heart failure
compared to other parameters like high venous pressure
recruitment, increase of LV dimension and interstitial
edema detected using chest x-ray. Hence BNP is not only
a good marker for the diagnosis of heart failure but is also
an excellent indicator of its severity. In patients who present
with acute dyspnea, BNP testing is recommended according
to prescribed algorithms providing much information to
physicians in clinical practice [Figure 1].1!

Natriuretic peptide measurements are also important
for risk stratification as high levels are associated with
recurrent hospitalization and risk of sudden death.”
Predischarge BNP measurement is a significant predictor
for identifying subsequent death or hospital admissions
at 6 months.P*? Morbidity and mortality in heart failure
appear to increase markedly with a proBNP concentration
>500 pg/ml. Baseline BNP and proBNP have been
found to be similarly related to both mortality and risk of
admission with decompensated heart failure independent
of echocardiographic variables.”” For the above reasons
BNP analysis has been proposed for the clinical evaluation
and therapy guidance of heart failure.

BNP < 100 pg/ml -
T proBNP < 300 [ Probability
pg/ml of HF
Patients with Acute Natriuretic Peptide BNF;\A_OO"‘SESQ/’“' Intermediate
Breathlessness Measurement o) o
300-1800 pg/ml Probability
of HF

BNP > 500 pg/mi ; -
NP ey High Probability
pg/mi of HF

Figure 1: Decisional algorithm for HF (heart failure) diagnosis on the basis
of BNP and NT-proBNP measurement
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Even in patients with heart failure who have a preserved
systolic function proBNP values have been found to have
a strong prognostic significance.!

Acute coronary syndromes

Plasma ANP levels rise by the time patients with acute
myocardial infarction are hospitalized. Plasma BNP
levels usually peak 12-24 hours after the onset of
infarction, then decline and peak once again 5-7 days
later.”) BNP levels remain significantly elevated during
the chronic phase, representing permanent left ventricular
dysfunction and/or remodeling but return to normal in
patients after successful eatly coronary reperfusion.’’ In
patients with acute coronary syndromes (ACS), BNP is a
strong indicator of heart failure.’® and BNP levels have
been significantly found to be higher in patients with
multivessel than in those with single-vessel disease."”!

Hypertension and left ventricular hypertrophy

Several studies have shown that plasma ANP and BNP levels
are higher in hypertensive than in normotensive individuals
and are higher in hypertensive patients with ventricular
hypertrophy (LVH) than in those without LVH.[*"!

Cardiac amyloidosis

Limited data show BNP measurement to be important
in cardiac amyloidosis, which is a disorder characterized
by diastolic dysfunction, and levels are quite elevated in
patients with overt heart failure and cardiac amyloidosis.*")
Restrictive cardiomyopathy and constrictive pericarditis
These two nearly indistinguishable entities pose quite a
diagnostic challenge. BNP levels have been found to be
markedly elevated in patients with restrictive cardiomyopathy
(RCM) presenting in NYHA class 3 or 4 heart failure while
clinically similar patients of constrictive pericarditis (CP)
have much lower BNP levels.”? Hence BNP could serve
as a useful mechanism to differentiate between these two
diseases which have a very similar clinical presentation but
whose treatment varies completely.

Atrial fibrillation

Atrial fibrillation (AF) is common comorbidity in patients
with heart failure but BNP levels have also been found to be
elevated in heart patients with chronic AE®
finding has not been found to have much clinical significance.

| However this

Valvular heart disease

Natriuretic peptide levels increase with increasing severity
of mitral regurgitation (MR) and have been shown to be a
marker of poor outcome in patients with organic MR.I*Y
Positive correlations have been found between BNP
levels with severity of mitral stenosis, rise in pulmonary
artery pressures and a negative correlation with mitral

area.? BNP levels are also elevated in patients with aortic
regurgitation and aortic stenosis and are linearly related to
symptoms.*‘!

Cardiac inflammatory and infectious diseases

Release of BNP into the circulation may be a feature of
cardiac inflammation. BNP levels have been found to be
high in patients with perimyocarditis, infective endocarditis,

acute rheumatic fever, and Kawasaki disease.[”%)

Cardiogenic syncope

High NTproBNP levels have been found in patients with
cardiac syncope with high sensitivity and may be helpful in
differentiating cardiac from noncardiac syncope.["”

Sleep apnea and morbid obesity

Elevated BNP levels reflect an increased likelihood of
LVH in patients with severe sleep apnea.l"! NTproBNP
levels are independently predicted by sleep disordered
breathing and insulin resistance according to a cross-
sectional study involving 110 morbidly obese healthy young
female patients.

Brain natriuretic peptide and pulmonary diseases

Chronic lung disease and respiratory failure: Elevated BNP
levels have been found in hypoxemic patients with chronic
obstructive pulmonary disease (COPD), particularly in
patients with cor pulmonale when compared with patients
with COPD alone. BNP levels increase in proportion to
the severity of RV dysfunction.[” While BNP levels are
apparently elevated in those with COPD, the levels are not
neatly elevated to the degree seen in heart failure."

Pulmonary embolism (PE): Natriuretic peptides are elevated in
most patients with acute PE complicated with RV overload
or dysfunction. Decline in BNP levels has been shown to
be an indicator of efficacy of pharmacological treatment
in patients with acute PE.["

Pulmonary hypertension: In patients with RV pressure
overload due to primary pulmonary hypertension and
thromboembolism, plasma BNP levels have been found
to be correlated with mean pulmonary pressure and total
pulmonary resistance.

Natriuretic peptides and infectious diseases/sepsis
Ventricular dysfunction with reduced ejection fraction and
biventricular dilatation is a common finding in a patient
with severe sepsis. Plasma ANP, NTproBNP, and BNP
levels are significantly elevated in septic shock patients
compared to healthy shock subjects. BNP and NTproBNP
have prognostic value in the setting of sepsis in the ICU.l"
However; their role in establishing underlying cardiac
dysfunction is questionable.
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Cirrhosis of the liver

In patients with liver cirrhosis, elevated BNP, and proBNP
levels reflect increased cardiac ventricular synthesis of
natriuretic peptides thereby indicating the presence of
cardiac dysfunction. Hyperdynamic systemic circulation
could also be responsible for elevated BNP levels in such
patients.”

Hyperthyroidism

Serum NTproBNP levels are affected by thyroid functions
because of a direct stimulatory effect of thyroid hormones.
Multiple linear regression analysis has demonstrated the free
T4 and free T3 were independently associated with a high
NTproBNP. Patients with hyperthyroidism have been found
to have higher NTproBNP and BNP levels compared to
hypothyroid patients and normal controls and treatment of
thyroid dysfunction could result in their normalization.[”

Intracranial pathologies

Acute ischemic stroke (ALS): Activation of hypothalamus-
pituitary-adrenal axis in patients with AIS is associated
with elevated levels of natriuretic peptides which in turn
predict long-term mortality after AIS.[¥

Subarachnoid hemorrhage (SAH): Elevated BNP levels along
with increased diuresis and natriuresis have been found
in patients with SAH.P!In patients with traumatic SAH,
carly after SAH, elevated BNP levels are associated with
LV dysfunction and pulmonary edema.

Therapeutic uses

Natriuretic peptides have been shown to have therapeutic
potential for various pathological conditions. Synthetic
forms of both ANP and BNP have been approved in some
countries for the treatment of heart failure.®

Synthetic atrial natriuretic peptide (anaritide and carperitide)
Anaritide, also called ANF 1V, is a 25 amino acid peptide
lacking the first three amino terminal residues of the
28 amino acid mature form of ANP. ANP improves
cardiac function by altering loading conditions for the left
ventricle and ANP infusion has been shown to significantly
decrease pulmonary capillary wedge pressure and systemic
vascular resistance.® In Japan a synthetic full-length ANP
(carperitide) has been approved for the treatment of acute
decompensated heart failure in 1995. ANP treatment
has also been shown to act as an effective adjunctive
therapy in patients with acute ML.®Y Anaritide has been
investigated for its ability to prevent radio-contrast-induced
nephropathy with conflicting results.[*

Synthetic brain natriuretic peptide (nesiritide)
Nesiritide has been approved for the treatment of acute

decompensated heart failure in the United States since
2001. Twenty-hour infusion of Nesiritide in patients
with congestive heart failure has been shown to have
both preload and after load reducing actions resulting in
an increase in stroke volume.®”’ However in a recent trial
involving nearly 7000 patients Nesiritide was shown not
to be associated with an increase or decrease in the rate of
death and rehospitalization and had a nonsignificant effect
on dyspnea. There was also an increase in the rates of
hypotension but there was no association with worsening
renal failure. On the basis of this trial, Nesiritide cannot
be recommended for routine use in the broad population
of patients with acute heart failure.[*

INDIAN PERSPECTIVE

A recent study done in India compared BNP levels
with transmitral Doppler flow velocities as a marker of
diastolic dysfunction, and systolic parameters pre-and post-
pericardiectomy in patients of CP. There was a significant
decrease in the mean values of BNP post-pericardiectomy
in these patients suggesting that BNP can be used as a
marker of left ventricular diastolic dysfunction in place of
conventional transmitral Doppler studies. This however
requires further research for validation of the same.”

CoNcLUSION

Elevated natriuretic peptides have shown predictive value
in various diseases that have direct or indirect influences
on cardiac function. BNP and NTproBNP testing have a
clear and a valuable role in the diagnosis of heart failure
in patients presenting to the emergency with dyspnea.
The strength of BNP testing is in its ability to rule out
heart failure in this setting. In patients with heart failure,
natriuretic peptide has a strong correlation with its severity.
In patients of heart failure in ACS with or without ST
elevation natriuretic peptides appear to predict severity
of coronary disease and ischemic area extension. Potential
clinical applications of natriuretic peptides have expanded
but currently the only reasonable clinical use for routine
practice is limited to differentiation of acute dyspnea,
monitoring of therapeutic responses, and determining
prognosis of acute or decompensated heart failure.
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