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Cardiac natriuretic peptides (NPs) is a family of peptide hormones, circulating in blood, originating from 
three prohormones: The atrial natriuretic peptide (ANP) prohormone synthesizes four active peptides 
(ANPs: Long-Acting Natriuretic Peptide, Vessel Dilator, Kaliuretic Peptide and ANP). B type natriuretic 
(BNP) and C type natriuretic (CNP) prohormones are cleaved in only one active peptide hormone each 
(BNP and CNP, respectively). ANPs and BNP bind to Natriuretic Peptide Receptor A (NPR-A) and CNP to 
NPR-B, which are transmembrane, guanylcyclase enzymes, in order to exert their biological effects. All 
NPs bind to a third receptor, NPR-C, which acts to clear them from the circulation. Activation of NPR-A 
mediates inhibition of renin-aldosterone system and natriuresis, as well as vasorelaxant, antifibrotic, 
anti-hypertrophic and anti-inflammatory and independent lipolytic effects. NPR-B activation is 
responsible for long bone growth. The properties of NPs to regulate plasma volume, through NPR-A 
activation, have been used for management of decompensated heart failure (HF) and acute renal failure. 
Human recombinant BNP (nesiritide) is commercially available for therapy of acute HF. Nesiritide 
improves hemodynamic profile and the clinical status of the patient. However, it may worsen renal 
function indicating a worse prognosis. Finally, plasma measurement of BNP has emerged as a useful, 
cost-effective biomarker for the diagnosis and prognosis of HF. However, other cardiovascular 
diseases as ischemia, arrhythmias and cardiac hypertrophy, as well as disorders of no cardiac origin, 
as sepsis and septic shock may cause elevated BNP levels. 
 
Key words: Atrial natriuretic peptide, brain natriuretic peptide, C-type natriuretic peptide, natriuretic peptide 
receptors, nesiritide, anaritide, cardiovascular diseases, cancer. 

 
 
INTRODUCTION 
 
Since the discovery of atrial granules by Kisch (1956) and 
the atrial natriuretic peptide (ANP) by de Bold et al. 
(1981) new members of this growing family were 
identified and investigated, that is brain natriuretic peptide 
(BNP), C-type natriuretic peptide (CNP), dendroaspis 
natriuretic peptide (DNP) and urodilatin (URO) (Candace 
et al., 2007). However, ANP, BNP and CNP are the main 
representatives of natriuretic peptides (NPs) group. 

The NPs are a group of endogenous hormones 
(Candace et al., 2007) that exert significant role in the 
regulation of cardiovascular, renal and endocrine 
homeostasis (Levin et al., 1998). Growing evidence 
suggests that they also play significant role in the regulation 
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of lipid metabolism (Sengenes et al., 2005), in the 
stimulation of long bone growth (Potter et al., 2005) and 
in the course of cancer as well (Vesely et al., 2005). 
Finally, a few study suggest immunological (Kiemer et al., 
2000) and neurological effects (Antunes-Rodrigues et al., 
1985). All NPs exert their actions through ligation in cell 
surface natriuretic peptide receptors. 

This review will focus on the biosynthesis and phy-
siology of NPs and will highlight the potential diagnostic 
options of BNP in cardiac and non-cardiac diseases; yet, 
the present role of NPs in the treatment of renal and 
heart failure, and their future as anticancer agents will be 
mentioned. 
 
 
NATRIURETIC PEPTIDE RECEPTORS 
 
The natriuretic peptides are ligands for three different cell 



474   Int.  J.  Med.  Med.  Sci. 
 
 
 

 
 
Figure 1. Natriuretic peptide receptor topology and ligand preferences. Action of natriuretic peptides at target cells. GC; guanylyl 
cyclase, NPR-A; natriuretic peptide receptor A, NPR-B; natriuretic peptide receptor B, NPR-C; natriuretic peptide receptor C, NEP; 
neutral endopeptidase, aldo; aldosterone, OS; orthosympathetic system (Modified from: Vanderheyden, et al. Brain and other 
natriuretic peptides: molecular apects. Europ J Heart Fail.2004; 6:261-268) 

 
 
 
surface receptors - called natriuretic peptide receptor 
NPR-A, NPR-B and NPR-C - that mediate physiological 
effects (Vanderheyden et al., 2004) (Figures 1 and 2). 
They are also known as Guanylyl Cyclase (GC) GC-A, 
GC-B, and the clearance receptor, or as NPR1, NPR2, 
NPR3, respectively. NPR-A and NPR-B are trans-
membrane, guanylyl cyclase, enzymes that catalyze the 
synthesis of 3�, 5�- cyclic guanosine monophosphate 
(cGMP); NPR-C does not possess a GC activity 
(Lafontan et al., 2005) (Figure 1). cGMP activates signal 
transduction elements such as low and high-affinity 
cGMP dependent protein kinases (Kuhn et al., 2003), 
phosphodiesterases (PDE) and cyclic nucleotide-gated 
channels (CNG).It has been shown that ATP is absolutely 
necessary for the activation of both NPR-A and NPR-B 
(Chinkers et al., 1991; Marala et al., 1991; Wong et al., 
1995). However, ATP does not activate natriuretic 
peptides but it stabilizes them (Duda et al., 1993). 

Particulate GC receptors require a single transmembr-
ane domain, composed of a ligand-binding domain in the 
extracellular side, a small hydrophobic region, a kinase-
homology domain (KHD) and an intrinsic GC activity on 
the intracytoplasmic side (Moro et al., 2006).  

Natriuretic peptides are degraded through two 
processes that have different mechanisms (Anand-

Srivastava et al., 1993): enzymatic degradation by neutral 
endopeptidase 24.11 (neprilysin-NEP) and NPR-C 
mediated internalization followed by lysosomal 
degradation (Figure 1). Even though there is no specific 
antagonist that completely blocks the GC activity, a 
polysaccharide known as HS-142-1, was found to inhibit 
ligand bindingand activation of both NPR-A and NPR-B 
but not NPR-C (Morishita et al., 1991; Sano et al., 1992; 
Poirier et al., 2002). 
 
 
Natriuretic peptide receptor A (NPR-A) 
 
The human NPR-A gene contains 22 exons and 21 
introns and is located in chromosome 1q21 - 22 23 
(Takahashi et al., 1998). 

Human and rat NPR-A mRNA are highly expressed in 
kidney, terminal ileum, adrenal gland, adipose, spleen, 
lung tissues, in vascular smooth muscle cells and in the 
heart (Lowe et al., 1989; Chang et al., 1989; Schulz et al., 
1989; McGregor et al., 1993). NPR-A has a growth factor 
receptor-like topology consisting of an intracellural 
domain of approximately 570 amino acids [26], an extra-
cellular domain of approximately 450 amino acids and a 
20 - 25 residue single  hydrophobic  membrane-spanning 
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Figure 2. Main actions of natriuretic peptides at target cells. (Other significant actions, activated mainly by only one NP, are analyzed in the 
text). NPR-A; natriuretic peptide receptor A, NPR-B; natriuretic peptide receptor B, NPRC; natriuretic peptide receptor C, ANP; atrial 
natriuretic peptide, BNP; brain natriuretic peptide , CNP; C-type natriuretic peptide, DNP; Dendroaspis natriuretic peptide, URO; urodilatin 
 
 
 
spanning region. NPR-A is mainly activated by ANP and 
BNP (Koller et al., 1991; Suga et al., 1992) (Figures 1 
and 2). NPR-A forms a head-to-head, A- like dimer with a 
stoichiometry of one molecule of ANP to two molecules of 
receptor (Ogawa et al., 2004). Therefore, the binding of 
ANP to NPR-A is asymmetric. 

Under basal conditions, NPR-A is phosporylated on 
four serines and two theonines within a stretch of 17 
amino acids at the amino-terminal portion of its kinase 
homology domain (Potter et al., 2005). Phosphorylation 
of NPR-A is absolutely required for hormonal activation 
because it is found that conversion of any phosphorylated 
residue to alanine reduces hormone-dependent GC 
activity (Potter et al., 1989; Fethiere et al., 1993). Further-
more, the mutation of four or more phosphorylation sites 
to alanine leads to a hormonally 
unresponsive receptor (Potter et al., 2002). 

NPR-A is dephosphorylated by two separate phos-
phatase activities. One is inhibited by microcystin, without 

repuiring magnesium, whereas the other one is not 
inhibited by microcystin but requires magnesium or 
manganese for activity (Bryan et al., 2002). 

NPR-A is negatively regulated by its cognate ligand 
ANP (homologous downregulation) through a mechanism 
that requires cGMP (Cao et al., 1995). It is also regulated 
by 1, 25 dihydroxyvitamin D through a single vitamin D 
response element between -498 and -484 in the pro-
moter. Finally, NPR-A is positively regulated by osmotic 
stimuli. NPR-A exhibits ligand selectivity in the order: 
ANP>BNP>>CNP (Figures 1 and 2). 
 
 
Natriuretic peptide receptor B (NPR-B) 
 
The human NPR-B contains 22 exons and is located on 
chromosome 9p21 - 12 (Rehemudula et al., 1999). NPR-
B was identified in the kidney, adrenal, lung, uterus, 
ovary tissue, skin and in the brain and  particularly  in  the 
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Figure 3. Human preproANP is 151 amino acids in length. Cleavage of 
the amino terminal signal sequence results in the 126-amino-acid 
proANP, which is the predominant form stored in atrial granules. ProANP 
is cleaved by corin to form the biologically active carboxy-terminal 28-
aminoacid peptide (ANP 99-126). Within the 126 amino-acid proANP are 
three more peptide hormones (numbered by their amino acid sequence): 
amino acids 1-30 (long-acting natriuretic peptide; LANP), amino acids 
31-67 (vessel dilator), amino acids 79-98 (kaliuretic peptide 

 
 
 
pituitary gland (Sudoh et al., 1990; Paul et al., 1987; 
Nagase et al., 1997; Chrisman et al., 1993). It is also 
distributed in messangial cells and in cardiac fibroblasts 
(Lincoln et al., 1993) (The main sites of NPR-B are 
depicted in Figure 2). It has some common 
characteristics as NPR-A: it has the same overall 
topology and mutation in some of its residues leads to a 
decrease in hormone dependent guanylyl cyclase activity 
(Hirsch et al., 2003; Tamura et al., 2003). It has been 
noted that mutations in the alleles can lead to dwarfism 
and female sterility in mouse models. Mutations of NPR-
B are also identified in patients with dwarfism called 
acromesomelic dysplasia, type Maroteaux (Bartels et al., 
2004). 

NPR-B shows binding selectivity in the order: 
CNP>>ANP>BNP (Tremblay et al., 2002; Misono et al., 
2002) (Figures 1 and 2). 
 
 
Natriuretic peptide clearance receptor (NPR-C) 
 
The human NPR-C gene is located on chromosome 
5p14-p13 and contains 8 exons and 7 introns (Rahmutula 
et al., 2002). 

NPR-C mRNA is found in mesentery, placenta, lung, 
kidney, atrial and venous tissue (Wilcox et al., 1991; 
Porter et al., 1990), aortic smooth muscle and aortic 

endothelial cells (Fuller et al., 1988) and adrenal and 
cerebellum tissue (Herman Jet al., 1996) (Figure 2). 
Although NPR-C has some common characteristics as 
NPR-A and NPR-B, such as the fact that the extracellular 
domain is about 30% identical (Van den et al., 2001), it 
has some differences as well. It is a disulfide-linked 
homodimer containing only 37 intracellular amino acids 
and no guanylyl cyclase activity (Kuno et al., 1986) 
(Figure 1). 

The major function of NPR-C is to clear natriuretic pep-
tides from the circulation or extracellular milieu through 
receptor-mediated internalization and degradation 
(Jaubert et al., 1999; Matsukawa et al., 1999) (Figures 1 
and 2). 

The serum half-life of BNP is longer in comparison with 
ANP. This is justified of the lower affinity of NPR-C for 
BNP (Bennett et al., 1991) (Figure 1). 
 
 
NATRIURETIC PEPTIDES 
 
Atrial natriuretic peptide (ANP) 
 
All natriuretic peptides are synthesized as prohormones 
(Potter et al., 2005). Human preproANP is a 151 
aminoacids in length (Potter et al., 2005) (Figure 3). 
Cleavage of the aminoterminal signal sequence results in  



 
 
 
 
the 126-amino-acid proANP, which is the predominant 
form stored in atrial granules. When secreted, proANP 
undergoes proteolytic processing in a specific 
hydrophobic sequence by corin, which is a serine 
protease. This gives the N-terminal proANP1-98 form and 
the 28-amino-acid carboxy-terminal fragment ANP99-126 
which is the main biologically active ANP. Both forms 
circulate in plasma. In detail, the 126 amino acid ANP 
prohormone is finally divided in four peptide hormones 
(Vesely et al., 1987; Dietz et al., 2001; Vesely et al., 
1994; Vesely et al., 1998). These peptide hormones, 
numbered by their amino acids sequences beginning at 
the N-terminal end of the ANP prohorme, consist of the 
first 30 amino acids of the prohormone (long acting 
natriuretic peptide –LANP), amino acids 31 - 67 (vessel 
dilator), amino acids 79 - 98 (kaliuretic peptide) and 
amino acids 99 - 126 (ANP) (Vesely et al., 2005; Vesely 
et al., 1992). 

The human ANP gene is located on chromosome 
1p36.2 and contains 3 exons. ANP is expressed in lung, 
brain, adrenals, kidney, gastrointestinal tract and thymus, 
but its level of expression is about 50-fold higher in the 
cardiac atrium (Misono et al., 1984; Rosenzweig et al., 
1991). In cardiac ventricles of healthy adults, there is only 
1% of the atrial ANP mRNA. ANP is released in response 
to atrial stretch consecutive to a rise in cardiac filling 
pressure (Saito et al., 1989; Rodeheffer et al; 1986). In 
addition, many factors such as arginine-vasopressin, 
endothelin and angiotensin stimulate ANP release [66]. 
As already mentioned, ANP physiological actions are 
mediated through NPR-A receptors; yet, ANP is cleared 
by NPR-C and degraded by NEP [67] (Figure 1). 
 
Actions 
 
The main known biological actions of ANP and ANP 
relatives -LANP, vessel dilator and kaliuretic peptide- are 
blood pressure downregulation and the maintenance of 
plasma volume in animals (Vesely et al., 1998; Vesely et 
al., 2005; Zeidel et al., 1995; Martin et al., 1990; Gunning 
et al., 1992) and in humans (Vesely et al., 1994). Mice 
completely lacking ANP, or NPR-A, have blood pressures 
20 - 40 mmHg higher than normal (John Set al., 1995), 
whereas animals transgenically expressing higher than 
normal amounts of ANP have blood pressures 20 - 30 
mmHg lower than normal (Steinhelper et al., 1990). 

ANP regulates water and salt homeostasis protecting 
the body of fluid overload by decreasing intravascular 
fluid volume, through potent natriuretic and diuretic 
effects. It exerts its effects at the level of the glomerulus 
causing afferent arteriolar dilation together with efferent 
arteriolar vasoconsrrtiction and thus it increases 
glomelural filtration rate (Vesely et al., 1998; Vesely et al., 
2005; Vesely et al., 1992). In the collecting duct, it de-
creases sodium reabsorption, thereby increasing sodium 
excretion. ANP can be considered an endogenous 
antagonist of the  renin  angiotensin- aldosterone  system  
and the antidiuretic hormone (Zeidel et  al.,  1995;  Martin 
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et al.,1990) (Figure 2, Table 1). 

Although ANP was initially suggested to regulate blood 
pressure in a salt sensitive manner, more recent data 
suggest that this is not the case (Lopez et al., 1995). 
Even if ANP does not cross the blood-brain barrier, it 
reaches cerebral areas outside this barrier near the third 
ventricle, where NPR-A is expressed. ANP reduces, 
through effects on hypothalamic and pituitary neurons, 
vasopressin and corticotrophin (Burrell et al., 1991; 
Chartier and Schiffrin, 1986); it also reinforces its 
peripheral effects on the cardiorenal system (Blackburn 
et al., 1995). Intracerebroventricular infusion of ANP 
inhibits water intake and suppresses salt appetite (Itoh et 
al., 1986; Samson et al., 1987). Finally, ANP modulates 
blood pressure and sympathetic nervous system activity 
via inhibition of neurons in the nucleus tractus solitari 
(Steele et al., 1991) (Figure 2). 

Studies suggest that NPs may act as an 
autocrine/paracrine factor to modulate cardiac 
hypertrophy in response to various stimuli. Calderone et 
al investigated the effect of exogenously administered 
ANP on the cardiac cell hypertrophy induced by 
norepinephrine. ANP, as well as nitric oxide donor and 8-
bromo-cGMP, decreased the norepineprine - stimulated 
incorporation of [3H] leucine in ventricular myocytes 
(Calderone et al., 1998). Moreover, ANP inhibited the 
increase by the Ca2+ channel agonist BAY K8644 of 
norepinephrine-stimulated incorporation of [3H] leucine in 
myocytes (Calderone et al., 1998). These results indicate 
that ANP and NO can attenuate the effects of 
norepinephrine on the growth of cardiac myocytes via a 
cGMP-stimulated inhibition of norepinephrine stimulated 
Ca2+ influx, and raise the possibility that endogenous 
ANP supressively regulates the development of cardiac 
myocyte hypertrophy. In addition, Mori et al, showed 
volume overload resulted in exaggerated cardiac hyper-
trophy in atrial natriuretic peptide knockout mouse, which 
was not prevented by normalization of blood pressure 
(Mori et al., 2004). Therefore, the findings suggest that 
ANP plays an important physiologic role as a local 
regulator of ventricular remodelling (Calderone et al., 
1998; Mori et al., 2004; Brandt et al., 1995) (Figure 2, 
Table 1). 

ANP has also been reported as an antigrowth factor of 
endothelial cells (Itoh et al., 1992); endothelial prolife-
ration represents a key event in angiogenesis and tumor 
progression (Felmeden et al., 1997). ANP seems to 
attenuate the expression of vascular endothelial growth 
factor (VEGF), a protein implicated in the stimulation of 
normal angiogenesis, but also in angiogenesis that 
underlies tumor metastasis (Pedram et al., 1997). 

It has been demonstrated that VEGF also induces vas-
cular permeability (Pedram et al., 2002). Such increases 
in endothelial cell leak and formation of intercellular gaps 
in vascular endothelium is regarded as   one of the initial 
conditions contributing to the development of an 
atheromatus atheromatous plaque (Raines and Ross, 
1995). 
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Table 1. Causes of raised levels of brain natriuretic peptide in plasma 
 

S/No. Biological effects of natriuretic peptides 
 Atrial natriuretic peptide 
1 Blood pressure downregulation 
2 Increase in glomerular filtration 
3 Endogenous antagonism of the renin angiotensin-aldosterone and the antidiuretic 

hormone 
4 Natriureric and diuretic effects: regulation of water and salt homeostasis Maintanance of 

plasma volume 
5 Reduction of vasopressin and corticotrophin 
6 Suppression of salt appetite and inhibition of water intake 
7 Lipolytic activity 
  

Urodilatin 

1 Increase of urine flow, filtration rate and renal vascular resistance 
2 Regulation of Na+ and water reabsorption through actions at distal segments of the 

nephrons / Dose-dependent increase at urinary cGMP and Na+ excretion 
  

Brain Natriuretic Peptide 

1 Increase of renal plasma flow, glomelural filtration rate and urine flow rate   
2 Inhibition of sodium reabsorption through anti-aldosterone properties 
3 Natriuresis and diuresis 
4 Reduction of norepinephrine spillover leading to inhibition of cardiac sympathetic nervous 

system activity 
5 Reduction of blood pressure and ventricular preload 
6 Antiproliferative and antifibrotic actions in the heart and vascular tissues: 

ventricular/vessel remodelling 
  

C-type natriuretic peptide 

1 Stimulation of long bone growth with the chondrocyte being its major target 
2 Inhibition of vascular smooth muscle proliferation and endothelial cell          migration/anti-

atherogenic properties 
3 Weak vasorelaxation 
  

Dendroaspis 

1 Involvement in the regulation of blood volume and renal function 
2 Stimulation of guanylate cyclase in cultured aortic myocytes and in bovine aortic endothelial cells 

 
 
 

Moreover, inflammatory mediators, such as 
TNF<alpha> (Kiemer et al., 2002), can induce respective 
vascular changes. ANP was shown to abrogate such 
changes in vascular permeability associated with stress 
fiber formation and actin polymerization induced by either 
TNF-a (Pedram et al., 2002; Mounier et al., 2002) or 
VEGF (Pedram et al., 2002). Although the underlying 
mechanisms have not been elucidated yet, further data 
indicate the potency of ANP to protect from endothelial 
morphology change and increase in permeability 
occurring upon exposure to oxidants (Murohara et al., 
1999; Lofton et al., 1991) or thrombin (Baron et al., 
1989). It might be of special importance that ANP does 
not only counteract the inflammatory, permeability-

increasing actions of mediators, such as TNF<alpha> 
(Lofton et al., 1991) and VEGF (Pedram et al., 2002), but 
that it also reduces the production of these factors 
(Pedram et al., 1997; Schwartz, 1997; Tsukagoshi et al., 
2001; Morita et al., 2003). This strongly points to a double 
safeguarding function of ANP against the excessive 
activation of endothelial cells by these mediators. 

ANP exerts a specific lipolytic effect on human isolated 
fat cells through NPR-A activation. The presence of NPR-
A receptor in human adipose was confirmed by the 
binding studies performed on human fat cell membranes 
with the use of (125I) ANP as a radioligand and various 
peptide competitors (Sengenes et al., 2000). ANP 
activates hormone sensitive lipase in human fat cell in  



 
 
 
 
vitro via phosphorylation of the enzyme through a cGMP-
mediated mechanism (Sengenes et al., 2003). 
Subsequently, hormonesensitive lipase breaks down 
triglycerides into non-esterified fatty acids (NEFAs) and 
glycerol. Experimental studies have shown that 
pharmacological administration of human ANP is followed 
by a significant increase in plasma FFA and glycerol 
concentration that reflect adipose lipolysis (Galitzky et al., 
2001). 

The physiological relevance of the metabolic effect of 
ANP has been assessed during exercise, a situation 

known to induce both cardiac ANP secretion and lipid 
mobilization. ANP induces this lipid mobilization indepen-
dently of a reflex-activity of the sympathetic nervous 
system [99]. Besides, exercise-induced cardiac release of 
ANP can be potentiated by acute �-blocker treatment 
(Berlin et al., 1993). In this condition where �-blockage is 
efficient, exercice-induced subcutaneous abdominal 
tissue lipolysis is paradoxically enhanced (Moro et al., 
2004). Therefore, the therapeutic management of 
obesity-associated hypertension, combining regular 
physical activity and �-blocker treatment, might be 
attractive to lower both blood pressure and body weight. 
In addition, the lipolytic effect of natriuretic peptides is 
completely independent from the major antilipolytic hor-
mone, insulin. Insulin treatment on human fat cells has no 
effect on ANP-induced lypolytic response (Sengenes et 
al., 2000; Moro et al., 2004; Moro et al., 2005). 

Although the natriuretic peptides and their receptors 
are found in many immune cells (mainly in macrophages 
and dendritic cells), the significance of these peptides in 
the immune system is only now emerging. It seems that 
ANP elicits antiinflammatory effect by reducing pro-
duction of proinflammatory cytokines (TNF-a and IL-12) 
while enhancing production of IL-10 (Kiemer et al., 2000; 
Pedram et al., 1997; Schwartz, 1997; Tsukagoshi et al., 
2001; Morita et al., 2003; Holliday et al., 1995). However, 
ANP has been demonstrated to increase neutrophil 
migration in vitro (Elferink et al., 1995). Excessive 
neutrophil infiltration after ischemia can lead to further 
tissue damage, thus lending a cardioprotective function to 
blocking ANP signaling after ischemia. Yet, NPR-A 
knockout mice also exhibit decreased eosinophil 
accumulation in the lungs after allergic challenge with 
ovalbumin (Mohapatra et al., 2004), suggesting that ANP 
signaling may play a role in asthma. 
 
 
Urodilatin 
 
An alternative processing of proANP by an unknown 
protease in the kidney generates a 32-residue peptide 
called urodilatin (URO). URO and the “renal urodilatin 
system” were identified after the observation that 
immunoassayable ANP in urine may not be identical to 
the circulating cardiac hormone ANP (Schulz-Knappe 
Baron et al., 1988). Therefore, URO is a natriuretic 
peptide isolated from human urine belonging to the family  of 
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A-type natriuretic peptides. 
 
Actions 
 
URO is synthesized in kidney tubular cells and secreted 
luminally. After secretion from epithelial cells of the distal 
and connecting tubules, URO interacts at distal segments 
of the nephron with luminally located NPR-A receptors 
whereby it regulates Na+ and water reabsorption. Thus, 
the physiological function of the renal URO system can 
be described as a paracrine intrarenal regulator for Na+ 
and water homeostasis, considering this peptide as a real 
diuretic-natriuretic regulatory peptide. In fact, many 
investigators studying the pharmacokinetics and 
pharmacodynamics of URO in healthy men found that 
URO exerted natriuretic and diuretic effects and thus 
increased urine flow, filtration rate and renal and systemic 
vascular resistance (Dorner et al., 1998; Bestle et al., 
1999). Carstens et al. studied the pharmacokinetics and 
pharmacodynamics of URO in 12 healthy men in a 
randomized, double-blind, crossover study. The kinetics 
of URO were characterized by a large apparent volume 
of distribution, a high total body clearance and a short 
plasma half-life of 5,57 min. Mean blood pressure was 
lowered (Carstens et al., 1998). However, the regulation 
upon which the URO secretion depends is still not clear. 

Bestle et al. investigated the cardiovascular, endocrine 
and renal effects of intravenus infusion of URO in a ran-
domized, double-blind study in healthy men. An increase 
in both plasma and urinary cGMP followed the infusion of 
URO (Bestle et al., 1999). The renin-angiotensin–
aldosterone system was found to be suppressed at 5, 10 
and 20 ng kg-1 min-1 and activated by URO 40 ng Kg-1 
min-1. 

In order to compare URO with other NPs, Saxenhofer 
et al studied the outcome of the i.v. bolus injection o URO 
and ANP. Dose-dependent increase in urinary cGMP and 
Na+ excretion was observed, with URO being more 
potent than ANP (Saxenhofer et al., 1990). 
 
 
Brain natriuretic peptide (BNP) 
 
Brain natriuretic peptide is an amino 32- amino acid 
hormone that was named so because it was primarily 
detected in porcine brain (Lang et al., 1992; White, 2005; 
Zakynthinos et al., 2008). Subsequent studies found that 
BNP is constituvely released from ventricular myocytes 
as a preprohormone of 134 amino acids in response to 
ventricular stress, volume and pressure loading and 
increased neurohormonal stimuli (Grepin et al., 1994; 
Thuerauf et al., 1994; Lee et al., 2005). This prepro-
hormone undergoes cleavages which yield primarily a 
108- amino acid proBNP hormone and secondly a 76 
amino-acid N-terminal fragment (NT-proBNP), that is the 
inactive byproduct, and a 32 amino-acid hormone (BNP) 
that is the active component (Figure 4). Both BNP and NT-
proBNP   circulate  in  the  blood  (Lee et al., 2005)  and  are 
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Figure 4. Schematic represantation of the production of BNP from inactive prohormone 
proBNP1-108 to the biological active form of BNP 1-32 and to probably inactive form of 
NTproBNP1-76 after corin activation .Clearance of BNP via NPR-C. 

 
 
 
are secreted through the coronary sinus (Richards et al., 
1993). 

Although BNP is stored with ANP in atrial granules, 
BNP is not stored in granules in the ventricles (Potter et 
al., 2005). The circulating active BNP is characterized by 
a ring structure closed by a disulfide bond between two 
cysteine residues, an aminoterminal tail of nine amino 
acids, and a carboxylterminal tail of six aminoacids (Valli 
et al., 1999). The ring structure must be intact to ensure 
natriuretic peptide binding to natriuretic peptide receptors 
A and C (Figure 2). Besides BNP clearance through 
receptor binding to NPRC, renal excretion, and enzymatic 
degradation by NEP contribute to the elimination of 
circulating elimination of circulating BNP (Richards et al., 
1993; Valli et al., 1999; Pemberton et al., 2000). Renal 
clearance is the dominant mechanism for eliminating NT-
proBNP. NT-proBNP has a longer biologic half-time of 
approximately 120 min whereas the half-life of BNP is 
only 20 min (Pemberton et al., 2000; Hunt Grepin et al., 

1997). Levels of BNP and NT-proBNP surge at birth, 
plateauing on days 3 - 4. This is followed by a steady fall 
to reach a constant level in infancy (Mir Grepin et al., 
2002). This is due to the loss of placenta that has a role 
in clearance of natriuretic peptides (Mir Pemberton et al., 
2003), kidney maturation, a rise in systemic vascular 
resistance and a fall in pulmonary pressures (Afif El-
Khuffash and  Molloy, 2007). 

There are two available established methods for mea-
suring BNP levels in clinical practice. In the first one, BNP 
is measured immediately after ethylenediamine tetra-
acetic acid-anticoagulated whole blood sample acqui-
sition with well-validated immunoassay (Triage; Biosite; 
San Diego, CA) not needing laboratory personnel. In the 
other way BNP is measured by Elisa in biochemistry 
laboratory (Maisel et al., 2002; Kaditis et al., 2006). 

The human BNP gene is only 8 kb upstream of the 
ANP gene on chromosome 1p36.2. It consists of 3 exons 
and 2 introns. 



 
 
 
 
Actions 
 
Numerous studies found that the biological actions of 
BNP include kidneys, vascular vessels, endocrine and 
heart (Figure 2, Table 1). BNP increases glomelural filtra-
tion rate, renal plasma flow, urine flow rate, inhibits distal 
sodium reabsorption through antialdosterone properties 
and finally, causes natriuresis and diuresis (Richards et 
al., 1993; Li and Wang, 2000; Jensen et al., 1998). 

BNP seems to have antiproliferative and antifibrotic 
actions in the heart and vascular tissues. Early studies 
indicated that BNP inhibits the proliferation of cardiac 
fibroblasts in culture, observation that was validated in 
vivo when mice lacking BNP were shown to display 
pressure-sensitive ventricular fibrosis (Ta Mura et al., 
2000). In another study, mice with targeted disruption of 
BNP developed multifocal fibrotic lesions in the cardiac 
ventricle in the absence of systemic hypertension or ven-
tricular hypertrophy. This observation together with the 
lusitropic effects of BNP infusion suggest that BNP acts 
as a cardiomyocyte-derived antifibrotic factor in vivo that 
may function as local regulator of ventricular remodelling 
(Ta Kone, 2001). The mechanism involved in the BNP-
dependent regulation of fibroblasts is controversial 
(Takahashi et al., 2003; Kapoun et al., 2004). Evidence 
suggests that the cardiac fibrosis involves matrix 
metalloproteinases (MMPs); yet, it is observed that both 
ANP and BNP regulate MMP levels (Kapoun et al., 2004; 
Wang et al., 2003). In addition, BNP inhibits cardiac sym-
pathetic nervous system activity (which is also involved in 
cardiac fibrosis) by reducing norepinephrine spillover, in 
low dose (Westerlind et al., 2004; Maisel, 2003). 

In vessels BNP causes dilation (Clarkson et al., 1996; 
Van der et al., 1999; Van der et al., 2002) leading to 
blood pressure reduction and ventricular preload release. 
Consequently, the recombinant human BNP attenuates 
pulmonary capillary wedge pressure (PCWP) and mean 
pulmonary artery pressure in rest and during exercise 
(Zakynthinos et al., 2008; Valli et al., 1999; Clarkson et 
al., 1996). 
 
 
C-type natriuretic peptide (CNP) 
 
C-type natriuretic peptide, besides BNP, was also 
identified in porcine brain (Paul et al., 1987), where is the 
most highly expressed natriuretic peptide (Vesely et al., 
20050. It is expressed in endothelial cells, chondrocytes 
and in the urogenital tract (Suga et al., 1992; Hagiwara et 
al., 1994). It is nearly nonexistent in cardiac tissue and it 
is not stored in granules (Hagiwara et al., 1994). 

The gene encoding CNP is localized to human 
chromosome 2 between 2q24 and the 2q terminus 
(Nakayama, 2005) and contains two exons separated by 
an intron. Human proCNP contains 103 residues and is 
processed by furin to 53-amino acid peptide in vitro (Wu 
et al., 2003). In some tissues CNP-53 is cleaved to  CNP- 
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22 by an unknown extracellular enzyme (Tawaragi et al., 
1990). The CNP-22 is thought to be the biological active 
peptide, although their tissue expression differs (Mattingly 
et al., 1994). CNP-22 is more abundant in human plasma 
(Stingo et al., 1992) and cerebral spinal fluid (Togashi et 
al., 1992), whereas CNP-53 is the major form in 
endothelial cells and in the brain. It looks alike ANP in its 
amino acid sequence, except for the Carboxy-terminal tail 
of ANP (Tawaragi et al., 1991). It binds preferentially to 
natriuretic recepror-B (NPR-B) (Figure 1 and 2). 
 
Actions 
 
CNP is thought to act through a paracrine mechanism 
(Ahluwalia et al., 2004). It seems to play a role in 
cardiovascular physiology. It has been noted that CNP 
reduces pulmonary hypertension. However, CNP plasma 
concentration increases minimally, if at all, in patients 
with congestive heart failure (Kalra et al., 2003). Although 
it suppresses aldosterone release (Igaki et al., 1998), un-
like to the other natriuretic peptides, it has no significant 
natriuretic or diuretic effects (Hunt et al., 1994). 

CNP induces vasorelaxation in vivo. It may also 
enhance the vasodilatory effects of ANP and BNP 
(Ahluwalia et al., 2004). It inhibits vascular smooth 
muscle proliferation and endothelial cell migration (de 
Lemos et al., 2003). Yet, CNP is likely to exert a potent 
anti-atherogenic influence on blood vessel walls similar to 
that of nitric oxide and prostacyclin (Ahluwalia and 
Hobbs, 2005). 

Like other NPs, CNP also inhibits hypetrophy of cardiac 
myocytes and growth of fibroblasts (Tokudome et al., 
2004) (Figure 2, Table 1); it prevents the remodelling 
following myocardial infarction (Soeki et al., 2005). 

However, the most obvious physiological effect of CNP 
is to stimulate long bone growth (Figure 2, Table 1). It 
regulates many types of bone cells, with the chondrocyte 
being its major target. In a mouse osteoclast model, 1, 
25-dihydroxyvitamin D3 stimulated CNP expression, 
cGMP and osteoclast bone resorptive activity. In 
osteoblasts, CNP increased the levels of differentiation 
markers like alkaline phosphatase and increased the 
mineralization of nodules (Hagiwara et al., 1996). In 
chondrocytes, CNP increased cGMP concentrations 
while in fetal mouse tibia cultures, CNP induced 
endochondrial ossification (Yasoda et al., 1998). 
Inactivating mutations in the genes coding for CNP 
(Chusho et al., 2001) or NPR-B (Berlin et al., 1993; Tsuji 
and Kunieda, 2005), cause dwarfism and early death in 
mice, whereas superphysiological levels of CNP cause 
skeletal overgrowth. No growth abnormalities are 
observed in any of these mutant animals at birth, sugg-
esting that CNP only stimulates postpartum bone growth. 
Multiple putative loss of functional mutations in the gene 
encoding NPR-B were recently identified in human 
patients with  the  autosomal  recessive  disease,  acrom- 
esomelic dysplasia, type Maroteaux (Bartels et al., 2004). 
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CNP expression may be stimulated or suppressed by 
several factors. Thus, it was found that CNP expression 
was stimulated in vitro by TNF-a [160], transforming 
growth factor-� (TGF-�) (Suga et al., 1992) and IL-1 
(Koller et al., 1991; Suga et al., 1992), shear stress 
exerted on the endothelium wall (Ahluwalia and  Hobbs, 
2005) and suppressed by insulin. 
 
 
Dendroaspis natriuretic peptide (DNP) 
 
Dendroaspis natriuretic peptide (DNP) was isolated from 
the venom of Dendroaspis angusticeps, a green mamba 
snake (Schweitz et al., 1992). It contains a 17-amino acid 
disulfide ring structure similar to that in atrial, brain, and 
C-type natriuretic peptides. This sequence forms a loop 
structure that is considered to play an important role to 
the biological activity of the natriuretic peptides. No 
sequence homology was observed in the N- terminal 
parts of the molecules. 

Schirger et al. demonstrated, for the first time, the 
presence of DNP-like peptide in normal human plasma 
and atrial myocardium and increased DNP-like immuno-
reactivity (DNP-LI) in human CHF (Schrirger et al., 1999). 

The gene for DNP has not yet been identified in the 
human genome (Margulies and Burnett, 2006). 
 
Actions 
 
When DNP was injected in rat strips, which had been 
precontracted with KCL, a rapid relaxation was observed 
(Schweitz et al., 1992). As a vasorelaxant, DNP was 
about as potent as ANP and much more potent than 
CNP. Thus, it is assumed that the vasorelaxing action of 
this peptide is mediated by NPR-A receptors. Yet, DNP 
stimulated guanylate cyclase in cultured aortic myocytes 
and in bovine aortic endothelial cells and it obstructed the 
binding of 125I-ANP to aortic myocytes, which are 
indirect indications for DNP action through NPR-A. 

Finally, experimental studies showed that when 
recombinant DNP is administered exogenously in 
animals, it is involved in the regulation of blood volume 
and renal function (Lisy et al., 1999; Lisy et al., 2001). 
 
 
Osteocrin/musclin 
 
Two groups of investigators identified a peptide with 
limited similarities to natriuretic peptides. One group 
identified it primarily in muscle and named it musclin 
(Chusho et al., 2001), whereas the other group identified 
it primarily in bone (Thomas et al., 2003) and thus named 
it osteocrin. 
 
Actions 
 
Transgenic expression of osteocrin, under the bone 
specific   collagen   type  I  promoter,  resulted  in  mice  with 

 
 
 
 
elongated bones and marked kyphosis, which is similar to 
the phenotype of mice transgenically overexpressing 
CNP or lacking NPR-C (Suda et al., 1998). These data 
suggested that osteocrin increases local CNP levels in 
the growth plate by blocking binding to NPR-C. 

Later on, Thomas et al verified that osteocrin binds with 
high affinity to NPR-C, but not to NPR-A or NPR-B, in a 
manner that is competitive with ANP. When NPR-A and 
NPR-C were expressed in the same cells, osteocrin 
increased ANP-dependent cGMP elevations, presumably 
by blocking NPR-C mediated ANP degradation (Thomas 
et al., 2004). 
 
 
DIAGNOSTIC APPLICATIONS OF NATRIURETIC 
PEPTIDES 
 
BNP increase in cardiac and non-cardiac diseases 
 
Among NPs, only BNP is easily measured in plasma 
serum or blood (Zakynthinos et al., 2008). The fact that 
BNP levels had been found significantly elevated up to 
200- and 300- fold in patients with CHF, led the in-
vestigators to assess BNP initially in many cardiovascular 
diseases including CHF, and later in other diseases with 
no primary cardiovascular origin, as well (Mukoyama et 
al., 1991). 
 
BNP in heart failure 
 
As the diagnosis of heart failure is difficult, with both 
overdianosis and underdiagnosis occurring commonly in 
practice, BNP has been proposed as a significant test for 
assisting diagnosis. 

Plasma BNP is closely correlated with left ventricular 
end-diastolic pressure, PCWP and diastolic pulmonary 
artery pressure in CHF (Haug et al., 1993; Kazanegra et 
al., 2001; Maeda et al., 1998). Yet, an inverse 
relationship between log BNP plasma levels and left 
ventricular ejection fraction (LVEF) was noted in an early 
prospective study (Davis et al., 2007). Since the 
alteration of BNP concentration is a result of a dynamic 
process, serial monitoring is superior to a single value of 
BNP (Li and Wang, 2000). 

Karmpaliotis et al, tested the utility of BNP for dis-
criminating Acute Respiratory Distress Syndrome (ARDS) 
versus cardiogenic pulmonary edema (CPE). Eighty ICU 
patients with acute hypoxemic respiratory failure and 
bilateral pulmonary infiltrates were enrolled. Median BNP 
was 325 pg/ml in acute lung injury/ARDS patients vs 
1200 pg/ml in CPE patients. A cut point < 200 pg/ml 
provided specificity of 91% for ARDS while a cut point of 
>1200 pg/ml had a specificity of 92% for CPE. Therefore, 
BNP appears useful in excluding CPE and identifycing 
patients with a high probability of ARDS. Yet, high BNP 
levels were associated with mortality in patients with both 
ARDS and CPE. However, the correlation between BNP 
and pulmonary capillary wedge pressure was modest in  this  



 
 
 
 
(Mukoyama et al., 1991). 

Regarding NT-proBNP, levels >450 pg/mL for patients 
<50 years of age and >900 pg/mL for patients >50 years 
of age are sensitive and specific for CHF (The Criteria 
Committee of the New York Heart Association, 1979). If 
the value is <300 mg/mL, heart failure is highly unlikely 
with a negative predictive value of 99% (The Criteria 
Committee of the New York Heart Association, 1979). 
However, in the middle ranges, the predictive accuracy is 
less (grey zone), resulting in over or under- diagnosis in 
the less typical patients (Jaffe et al., 2006). 

Plasma BNP levels are elevated not only in systolic but 
in diastolic heart failure, as well. BNP levels are closely 
correlated to the severity of diastolic dysfunction, 
provided the systolic function is preserved (Maisel et al., 
2003; Lubien et al., 2002). Plasma levels were found to 
correlate with echocardiographic markers of diastolic left 
ventricular function (Lubien et al., 2002). However, BNP 
was unable to accurately differentiate preserved systolic 
left ventricular function among heart failure patients, 
although plasma levels were lower in diastolic compared 
with systolic heart failure, due to significant values’ 
overlap (Maisel et al., 2003). 

The underlying cause of the cardiac failure may modify 
the relationship between plasma levels and severity in 
some cases, but not to an extent that would impact on 
clinical judgment (Sullivan et al., 2005), that is BNP levels 
may be more markedly elevated in obstructive, as 
compared to nonobstructive hypertrophic cardiomyopathy 
(Yoshibayashi et al., 1993). 

The routine use of plasma BNP decreased 
hospitalization rates and length of stay in the hospital 
compared with ‘usual care’ and decreased the costs of 
treatment without having any significant impact on 30-day 
mortality rate (Morrison et al., 2002). Moreover, it seems 
that plasma BNP measurement in acute settings is a 
better indicator of heart failure severity compared with 
clinical assessment alone (Maisel et al., 2004). It is 
plausible that plasma BNP levels may complement the 
information obtained from patient history, physical 
examination, and chest radiography in the emergency. 

However, the utility of plasma BNP seems limited when 
used to identify asymptomatic individuals with preclinical 
heart failure. Sensitivity of plasma BNP for detecting 
asymptomatic left ventricular systolic dysfunction (mild or 
median systolic impairment) was modest in two large 
community-based investigations (Vasan et al., 2002; 
Redfield et al., 2004). Nevertheless, plasma BNP 
provided improved discrimination, when it was used to 
screen for asymptomatic individuals with severe left 
ventricular systolic dysfunction (Left Ventricular Ejection 
Fraction, LVEF <30%) (McDonagh et al., 2003). 

BNP concentrations may decrease in patients with 
decompansated heart failure after aggressive treatment 
with diuretics, vasodilators, angiotensin converting 
enzyme (ACE) inhibitors, angiotensin-receptor blockers 
and aldosterone antagonists (Maisel et al., 2004; Vasan  
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et al., 2002). When evaluating treatment regimens, a 
decreasing BNP level in a patient being treated for CHF 
appears to indicate improvement in the patient’s 
condition, while a rising level may demonstrate the need 
for more aggressive or different treatment strategies 
(Peacock and Freda, 2003). However, the change in 
response to therapy is less than anticipated regarding the 
short half-lives for BNP and NT-proBNP (20 and 120 min, 
respectively) and often less than the biological variability, 
suggesting that the natriuretic peptide system itself may 
need some time to autoregulate (Zakynthinos et al., 
2008; Miller et al., 2005). 
 
 
BNP in other cardiovascular diseases than left heart 
failure 
 
Plasma BNP has been reported to be of potential use in a 
number of other clinical settings antedating or associated 
with heart failure. Therefore, plasma BNP may perform 
better when used to screen for a wide array of 
cardiovascular disorders (White, 2005). 

BNP has a recognized role in cardiac ischemia. In 
patients with chronic stable angina, the BNP level was 
correlated with the size of the ischemic area (Tateishi et 
al., 2000; Kyriakides et al., 2000). In patients with 
unstable angina BNP level was higher than that in 
patients with stable angina or in healthy patients (Kikuta 
et al., 1996). An elevated BNP level 48 h after myocardial 
infarction appears to be a strong predictor of death or the 
reoccurrence of heart failure within 1 year (Kikuta et al., 
1996). 

In patients with chronic right ventricular overload due to 
primary or thromboembolic pulmonary hypertension, BNP 
level has been shown to increase depending on the 
extent of right ventricular dysfunction (Nagaya et al., 
1998). Acute right ventricular overload following pul-
monary embolism can also lead to BNP release (Kucher 
and Goldhaber, 2003), and the degree of BNP elevation 
is predictive of the occurrence of right ventricular failure 
in this setting. Cutoff levels of 50 pg/ml for BNP (Adachi 
et al., 1997) and 500 pg/ml for NT-proBNP had a 
negative predictive value of 97% for adverse clinical 
events in acute pulmonary embolism (Incalzi et al., 2002). 

Chronic obstructive pulmonary disease is often difficult 
to differentiate with CHF in the emergency department 
(Incalzi et al., 2002); yet, CHF is underdiagnosed in 
patients with COPD as they can coexist in the same 
patient (Gan et al., 2000). In 42 patients with an acute 
COPD exacerbation, including 11 with previous although 
not current CHF, BNP levels were low (54 ± 71 pg/ml) 
(Davis et al., 2007). On the other hand, 54 other patients 
with previous COPD but current decompensated CHF 
had higher BNP levels (734 ± 764 pg/ml). 

Plasma BNP seems to increase during sleep in adult 
patients with obstructive sleep apnoea, probably due to 
intermittent right or/and left heart dysfunction on apneas.  
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Kita et al. (1998) recorded increasing BNP levels in the 
second half of sleep time (2:00 - 6:00 am) that was 
correlated with average apnoea duration. Recently, we 
found that children with apnoea-hypopnea index (AHI) 
�5/h had a four-times higher risk for nocturnal increase in 
BNP (log-transformed morning to evening BNP ratio) 
>0.15 compared to subjects with AHI<5/h (Kaditis et al., 
2006). 

BNP elevation has been also reported in many other 
cardiac conditions including valvular heart disease and its 
repair (Tharaux et al., 1994). The presence of symptoms 
due to aortic stenosis is associated with higher BNP and 
NT-pro BNP levels (Gerber et al., 20030. 

Infectious, inflammatory and metabolic insults to the 
heart can also induce an increase in BNP. Elevation has 
been reported due to diverse aetiologies including 
Chagas Disease (Ribeiro et al., 2002), Kawasaki Disease 
(Kawamura and Wago, 20020, viral myocarditis (Nakao, 
1992), Duchenne muscular dystrophy and its carrier state 
(Adachi et al., 1997) and myocardial cytotoxicity during 
chemotherapy (Hayakawa et al., 2001). 

Finally, a recent investigation from the Framingham 
Heart Study reported that increased plasma BNP pre-
dicted a wide range of cardiovascular events, including 
heart failure, atrial fibrillation, stroke, transient ischemic 
attack, and death (Wang et al., 2004). In another report, 
plasma BNP was used to screen for the presence vs. 
absence of a spectrum of cardiovascular conditions 
ranging from arrhythmias and ventricular hypertrophy to 
congenital heart disease. When used for such screening 
purposes, the sensitivity and specificity of plasma BNP 
were 90% and 96%, respectively (Nakamura et al., 
2002). 
 
 
BNP in sepsis and other non-cardiovascular critical 
diseases 
 
BNP elevation in patients with sepsis can be considerably 
high, even though a cardiac disorder is not obvious. A 
small retrospective analysis revealed that BNP levels in 
patients with sepsis and preserved systolic left ventricular 
function can be as high as that in patients admitted to the 
hospital because of CHF, due to severely impaired 
systolic left ventricular function. Six of eight patients with 
sepsis and five of eight patients with CHF presented a 
BNP level of > 1.000 pg/mL (Maeder et al., 2005). 
Accordingly, BNP does not correlate with left-sided filling 
pressures in sepsis (Tung et al., 2004) as opposed to 
previous studies in patients with CHF, demonstrating a 
close relationship between BNP levels and left-sided 
filling pressures (Haug et al., 1993; Kazanegra et al., 
2001; Maeda et al., 1998). 

Charpentier et al found higher levels of BNP in septic 
patients with impaired than in those with preserved 
systolic ventricular function at days 1 - 4 during their ICU 
stay. In addition, on days 2 and  3,  BNP  levels  were  
higher  in  non-survivors  compared  to  survivors. A  BNP 

 
 
 
 
cutoff of > 190 pg/ml could differentiate survivors from 
non-survivors with a sensitivity of 70% and a specificity of 
67% (Maeder et al., 2006). Similarly, Post et al found that 
plasma BNP concentration on day 5 may be used as a 
prognostic marker to identify patients with an elevated 
risk for an adverse outcome (Post et al., 2008). 

As for NTproBNP levels, one case series demonstrated 
elevations of > 35.000 pg/mL in septic patients (Chua and 
Kang-Hoe, 2004). Roch at al evaluated NT-pro-BNP in 39 
patients with septic shock who receiving mechanical 
ventilation and found higher median maximal NT-pro-
BNP levels in nonsurvivors compared to survivors 
(Maeder et al., 2006). 

Yet, Kotanidou at al, found raised levels of plasma NT-
pro BNP in non cardiac, mixed, critically ill mechanically 
ventilated patients; nonsurvivors had consistently higher 
levels than survivors. Yet, elevated admission NT-pro-
BNP levels represented an independent predictor for 
poor ICU outcome (Kotanidou et al., 2009). 

Despite BNP increase in sepsis, other non-
cardiovascular critical diseases perform high BNP levels, 
as well. Liver cirrhosis may be associated with mildly 
elevated BNP and NT-proBNP levels probably due to 
cirrhotic cardiomyopathy (Henriksen et al., 2003). 

Brain disorders or brain injury affect BNP levels in the 
critical care settings: Plasma NT-proBNP levels are 
elevated in acute stroke and predict poststroke mortality 
(Makikallio et al., 2005). Release of BNP from the brain, 
or more probably from the heart, in subarachnoid 
haemorrhage is associated with more brain oedema, 
cerebral vasospasm, and poorer outcome (McGirt et al., 
2004) and is a possible cause of cerebral salt wasting. 

Hyperthyroidism increases while hypothyroidism de-
creases BNP and NTproBNP levels (Liang et al., 2003). 

Finally, anaemia independently predicts elevated BNP 
levels (Wold Knudsen et al., 2005) (Table 2). 
 
 
BNP in various populations 
 
Despite diseases with high plasma BNP levels, there are 
also physiological factors associated with increased 
values. These factors include increasing age, female sex, 
and impaired renal function (McCullough et al., 2003) 
(Table 2). 

The increase of BNP levels seen with advancing age is 
to be expected on the basis of a physiological decline in 
cardiac function (McLean et al., 2003). Consistent with 
the increase associated with female gender, hormone 
replacement causes an elevation of BNP (Maffei et al., 
2001). Exercise has little effect on BNP, but BNP in-
creases that occur following extreme exertion may reflect 
mild myocardial damage (Ohba et al., 2001). However, 
the ventricular Enlargement, which is consistent with elite 
training, does not appear to increase BNP (Almeida et al., 
2002). 

NPs are elevated in chronic renal failure patients. BNP  
was higher in those receiving haemodialysis, but the level 
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Table 2.  Causes of raised and lowered levels of naturetic pepetides. 
 
Situations  Causes 
Raised levels of brain natriuretic peptide in plasma 1) Left ventricular dysfunction (systolic or diastolic); 

2)Hypertension (ventricular hypertrophy); 3) Myocardial 
infarction; 4) Angina (unstable and stable); 5) 
Myocarditis; 6) Chagas disease; 7) Kawasaki disease; 8) 
Primary pulmonary hypertension; 9) Pulmonary 
embolism; 10) Chronic obstructive pulmonary disease 
associated with pulmonary hypertension; 11) Acute 
respiratory distress syndrome; 12) Congenital heart 
diseases with pulmonary hypertension; 13) Arrhythmias; 
14) Subarachnoid haemorrhage, transient ischemic 
attack, stroke; 15) Increasing age; 16) Renal failure; 17) 
Sepsis, septic shock; 18) Liver cirrhosis; 19) 
Hyperthyroidism; 20) Anaemia; 21) Valvular Heart 
disease; 22) Chronic renal failure; 23) 
Immunosuppressive treatment after liver tansplantation; 
24) Therapy with �-blockade; 25) Obstructive sleep 
apnea syndrome. 

 
Brain natriuretic peptide levels lower than expected values 

 
1) Obesity (Body mass index > 30 kg/m2) (increased 
clearance in adipose tissue); 2) Acute pulmonary 
oedema (lag in increase); 3) Acute mitral regurgitation; 4) 
Mitral stenosis/atrial myxoma (preserved left ventricular 
function); 5) Hypothyroidism 

 
Raised levels of �trial natriuretic peptide in plasma 

 
1) Congestive heart failure; 2) Chronic renal failure; 3) 
�yocardial infarction; 4) Pulmonary hypertension; 5) 
Cirrhosis; 6) Subarachnoid hemorrhage 

 
Levels of of �NP lower than expected values 

 
1) ANP decrease significantly during hemodialysis 
treatment but increase again during the interdialytic 
interval 

 
 
 
decreased in proportion to volume reduction following the 
procedure. Forfia et al reported fourfold greater BNP 
levels in patients with impaired renal function (creatinine 
clearance < 60 ml/min) compared to patients with normal 
renal function, despite similar PCWP values, cardiac 
index, and LVEF. 

Mekontso-Dessap et al studied the value of BNP during 
weaning process in one hundred and two patients in a 
medical intensive care unit of a university hospital. They 
found that baseline plasma BNP levels before the first 
weaning attempt are higher in patients with subsequent 
weaning failure and correlates to weaning duration; 
therefore, high BNP level could predict weaning failure 
(Mekontso-Dessap et al., 2006). 

Dernellis and Panaretou, (2006) evaluated the 
predictive value of BNP for assessment of cardiac risk in 
1590 pateints before non-cardiac surgery. They found 
that BNP is an independent predictor of postoperative 
cardiac events. Levels of BNP>189pg/ml identified 
patients at highest risk. Specifically, an elevated pre-
operative plasma BNP level is a strong and independent 
predictor of postoperative atrial fibrillation (AF). 

Therefore, this finding may have important implications 
for identifying patients at higher risk of postop AF who 
could receive prophylactic antiarrhythmic or b-blocker 
therapy (Wazni et al., 2004). 

Plasma BNP levels in heart failure patients may also 
vary according to their body mass index. Obese patients 
with heart failure tend to have lower plasma natriuretic 
peptide levels, whereas patients with lower body mass 
index (including but not limited to those with cardiac 
cachexia) have higher levels (Mehra et al., 2004) (Table 
2). 
 
 
THERAPEUTIC APPLICATIONS OF NATRIURETIC 
PEPTIDES 
 
Acute renal failure 
 
Acute Renal Failure (ARF) develops in 2 - 5% of all 
patients admitted to tertiary care hospitals (Woolf et al., 
1989) and has a very poor prognosis, with mortality, 
remaining in the 40 - 80% range in oliguric ARF (Woolf et  
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al., 1989; Hou et al., 1983). 
 
Atrial natriuretic peptide 
 
In animals, the infusion of ANP led to an improvement in 
renal failure that did not last much and depended on 
whether ANP was given intravenously or directly upon 
into the renal artery (Shaw et al., 1987; Neumayer et al., 
1989). However, in humans, ANP is considered more 
harmful than helpful with respect to the treatment of ARF. 
Its usefulness is hampered by its very short duration of 
action and by the hypotension that it develops (Shaw et 
al., 1987; Neumayer et al., 1989). ANP has also been 
investigated in humans with chronic renal failure to 
determine whether it could prevent radiocontrast-induced 
nephropathy and ARF. Unfortunately, no beneficial 
effects were identified (Kurnik et al., 1998). 
 
 
Vessel dilator 
 
Although not yet fully investigated, vessel dilator seems 
to present promising beneficial effects in the treatment of 
ARF. It was found that vessel dilator decreased 
creatinine and mortality rate when it was infused in 
animals with ARF [236]. Vessel dilator (0.3 �g/kg per min 
via intraperitoneal pump) decreased serum creatinine 
from 8.2 ± 0.5 - 0.98 ± 0.12 mg/dl in ARF animals (where 
ARF was established for 2 days after vascular clamping, 
before vessel dilator was given). Moreover, mortality 
decreased to 14% with vessel dilator (compared to 88% 
without vessel dilator) at day 6 of ARF (Clark et al., 
2000). 
 
 
Long-acting natriuretic, kaliuretic peptides and brain 
natriuretic peptide 
 
Neither of them has been investigated for their potential 
effects in acute or chronic renal failure. 
 
 
Congestive heart failure - Myocardial infarction 
 
NPs, as already mentioned, have actions of diuresis, 
natriuresis, vasodilation, and suppression of aldosterone 
and exert a significant role in regulating blood pressure 
and blood volume. Therefore, NPs have been tested in 
various cardiovascular diseases including CHF which is 
the leading cause of hospital admissions in persons 65 
years of age or older. 
 
Atrial natriuretic peptide 
 
The actions of ANP have led to efforts to use this peptide 
hormone in the treatment of various cardiovascular 
disorders   such  as  hypertension,  CHF  and  myocardial  

 
 
 
 
infarction (Hayashi et al., 2001). However, the peptide 
nature of ANP and its rapid elimination from the 
circulation limited its suitability as a drug. More promising 
is the development of long-acting ANP analogues and 
inhibitors of ANP degradation. 

Synthetic atrial natriuretic peptide is clinically known as 
anaritide (Vesely, 2006). Initially, a dose of 50 �g of 
anaritide was given bolus and was followed by a 45 min 
maintenance infusion at 6.25 micrograms/min. It was 
shown that i.v. infusion of �naritide in healthy men 
resulted in increase in glomelural filtration rate (GFR), a 
decrease in systemic blood pressure and induced 
natriuresis and diuresis (Weidmann et al., 1986). In 
patients with CHF the i.v. infusion of ANP resulted also in 
suppression of aldosterone and decrease in systemic 
blood pressure and PCWP. However renal response was 
attenuated compared to normals (Giles et al., 1991). 
There are several explanations for this resistance to 
anaritide such as the downregulation of NP receptors in 
the kidney, reduced production or increased degradation 
of cGMP or enhanced activity of functional antagonists. 

The efficacy of anaritide was evaluated in a 6-year 
prospective open-label registry of 3777 patients with 
acute HF (51% Killip class III or IV) who were treated with 
a median dose of 0,085 kg-1min-1 (median duration 65 h). 
It was reported that 82% of patients improved clinically 
(Suwa et al., 2005). 

Finally, ANP may prove a significant adjunctive therapy 
to acute myocardial infarction. Investigators comparing 
the effects of ANP to nitroglycerin on left ventricular re-
modeling after a first anterior acute myocardial infarction 
noted that the improvement of LVEF was greater in the 
ANP group; yet, left ventricular enlargement was 
prevented only by ANP infusion and not by nitroglycerin 
administration (Kuga et al., 2003).  

Moreover, ANP infusion showed to prevent not only left 
ventricular remodelling but also arrhythmias in patients 
with a first acute myocardial infarction (Kuga et al., 2003). 
 
 
Urodilatin 
 
The effect of Urodilatin has been evaluated in CHF. 
Mitrovic et al. (2005) investigated the influence of URO 
infusion in patients with decompensated CHF. Twenty-
four patients were included in the study. A significant 
reduction in PCWP, right arterial pressure (RAP) and N-
terminal pro-BNP was observed, compared to the 
baseline. The SIRIUS-II (Safety and efficacy of an 
Intravenous placebo controlled Randomized Infusion of 
Ularitide in a prospective double-blind Study in patients 
with symptomatic decompensated CHF) trial evaluated 
URO in 221 HF patients with dyspnea at rest or with 
minimal exertion. Patients were randomized to placebo or 
URO continuous infusion at 7.5, 15, 30 ng Kg-1 min-1 for 
24 h. Forty percent of patients in each of the URO-treated 
groups showed improvement. On the contrary,  only  25%  



 
 
 
 
of patients in the placebo group showed improvement. 
The decrease in PCWP was 11 mmHg in patients treated 
with URO 30 ng Kg-1 min-1 versus 4 mm Hg in the 
placebo group. Mean systolic BP decreased by up to 15 
mmHg without change in heart rate (URO 15 or 30 ng Kg-

1 min-1). Serum creatinine increased to a similar extent in 
the placebo group and two of the URO-treated groups 
(7.5 and 30 ng Kg-1 min-1). Death occurred in 7 placebo-
treated and 5 URO-treated patients, indicating a probable 
role of URO in CHF therapy. 
 
 
Vessel dilator 
 
The effects of vessel dilator in CHF have significant 
similarities with ANP and URO (Vesely et al., 1998). 

Vessel dilator increased 5-hold both urinary flow and 
sodium excretion; yet, it decreased systemic vascular 
resistance and systemic blood pressure which resulted in 
improvement in both afterload and preload and improved 
cardiac output by 34% and cardiac index by 35% in CHF 
(Vesely et al., 1994). 

It seems that vessel dilator may prove as the natriuretic 
peptide with the most significant natriuretic and diuretic 
effects of all ANPs. Interestingly, no side effects with the 
administration of vessel dilator were observed [59-61]. 
 
 
Long-acting natriuretic peptide 
 
The administration of Long-acting NP in humans with 
CHF enhanced urine flow fourfold. Additionally, sodium 
excretion was increased fourfold in the first 20 min of its 
infusion (in contrast to healthy individuals that did not 
affect sodium excretion). Moreover, it increased the 
urinary excretion of K+ and the fractional excretion (FE) 
of K+ and doubled FENA (Vesely et al., 1994). 
 
 
Brain natriuretic peptide 
 
BNP, and especially its synthetic analogue Nesiritide, is 
the most investigated among all NPs. Nesiritide, a 
purified preparation of human BNP, is manufactured from 
Escherichia coli using recombinant DNA techonology 
(Keating and Goa, 2003). Nesiritide exhibits similar 
physiologic actions as endogenous BNP (Keating and 
Goa, 2003). The distribution half–life and the mean 
terminal elimination half-life of nesiritide are 2 and 18 min 
respectively; its clearance is achieved through 3 mecha-
nisms that include binding to the NPR-C, degradation by 
neutral endopeptidase and renal filtration, as endogenous 
BNP (Keating and Goa, 2003) (Figure 1). 

Nesiritide has been shown to cause vasodilation 
accompanied with increases in natriuresis and diuresis, 
as well as suppression of aldosterone and endothelin in 
patients with acute HF. Nesiritide has also shown to 
cause decrease  in  PCWP, an  increase  in  cardiac  output 

Ntalapascha   et   al.    487 
 
 
 
(Heart Failure Society of America (HFSA), 2006), a 
reduction in LV filling pressure and an improvement in 
heamodynamic function, and finally a significant 
improvevement of the clinical status in patients with 
decompansated CHF (Fonarow, 2003). Nesiritide, as an 
intravenous therapy for acute decompansated HF, is in 
use in the United States since 2001. 

Unfortunately, the spread use of nesiritide has recently 
become under scrutiny due to the observed risk of renal 
dysfunction and mortality in patients undergoing BNP 
treatment (Aaranson et al., 2007). The reason for this 
type of side-effects could be a relatively increased dose 
of BNP used. The production and secretion of ANP and 
BNP are very tightly regulated in our body; as previously 
mentioned, increased levels of natriuretic peptides com-
pensate for decompnsated heart failure. In CHF, further 
increase of natriuretic peptide levels, by exogenous 
administration, may overcome the dominant effects of 
vasodilative and antidiuretic hormones. A continuous 
infusion of relatively excessive amount of BNP could 
probably lead to the deterioration of renal failure and the 
decrease in the blood pressure due to intravascular 
volume lessening. Therefore, the side effects of nesiritide 
may be due to an inappropriate use (Aaranson et al., 
2007). 

Finally, further prospective studies are necessary to 
answer the controversy about the safety of this drug. The 
results of FUSION trial will probably enlighten whether 
the worsening of renal function is in fact a signal for 
adverse outcome (Yancy et al., 2007). 
 
 
C-type natriuretic peptide 
 
Recent evidence indicates that it can prevent cardiac 
remodeling after myocardial infarction in rats (Soeki et al., 
2005). Yet, CNP is likely to exert a potent antiatherogenic 
influence on blood vessel walls, since CNP seems to pre-
vent smooth muscle proliferation, leukocyte recruitment 
and platelet aggregation (Ahluwalia and Hobbs, 2005). 
However the therapeutic uses of CNP in cardiovascular 
disease have not yet been extensively explored. 
 
 
Cancer 
 
Recently, the natriuretic peptides have been evaluated in 
cancer cells (Vesely et al., 2003; Saba et al., 2005). 
Pancreatic adenocarcinoma was the first cancer studied 
both in vitro and in vivo. Vessel dilator, LANP, kaliuretic 
peptide and ANP not only decreased the number of 
human pancreatic adenocarcinoma cells in culture by 65, 
47, 37 and 34% respectively, but inhibited adenocarci-
noma cells proliferation for the 3 consecutive days, as 
well (Vesely et al., 2003). In vivo, the effects of peptide 
hormones as anticancer agents were even more 
impressive. Vessel dilator, when was infused for 14 days, 
stopped   completely   the   growth  of  human  pancreatic 
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adenocarcinomas in athymic mice accompanied by a 
decrease in tumour volume (Vesely et al., 2004). 
Immunocytochemical evaluation after the removal of the 
human pancreatic adenocarcinomas revealed that all 
ANP peptides (vessel dilator, LANP, kaliuretic peptide 
and ANP) were localized to the nucleus and cytoplasm of 
the cancer cells and to the endothelium of the capillaries 
growing in these tumours. Therefore, probably, they 
directly inhibited DNA synthesis (Saba et al., 2005). 

Growth-promoting peptides, such as the extracellular-
signal regulated kinase (ERK)-1 have been shown to 
move from the plasma membrane to the nucleus causing 
proliferation; recently, it was shown that a slightly 
modified kaliuretic peptide could decrease the activation 
of ERK-1. Therefore, these peptide hormones may inhibit 
the growth of cancer cells not only by directly inhibitng 
DNA synthesis in the nucleus of the cancer cell, but by 
decreasing the activation of growth-promoting 
substances, that promote the cancer cells growth, as well 
(Mohapatra et al., 2004). Yet, as already mentioned in 
the actions of ANP, ANP has been reported to attenuate 
the expression of VEGF, which has been extensively 
implicated in tumor angiogenesis. 

Vessel dilator, kaliuretic peptide and ANP caused a 
similar significant decrease in the number of breast 
adenocarcinoma and small cell lung cancer. However, 
BNP and CNP had no significant effects in any of these 
cancer cells, not only at the usual concentration of 1 
�mol/lt, but even when concentration was 10-fold 
increased (Saba et al., 2005; Vesely et al., 2005). 

Finally, it seems that NPs, except BNP and CNP, have 
anticancer effects; till now vessel dilator has been proven 
to possess the strongest anticancer properties (Saba et 
al., 2005; Vesely et al., 2004; Vesely et al., 2005). 
 
 
Conclusion 
 
It seems that NPs play important roles in the regulation of 
cardiovascular, renal, and skeletal homeostasis. 
Accordingly, dysregulation of the NP signaling systems 
appears to contribute to the pathophysiology of clinical 
disorders. As BNP plasma levels are highly increased 
mainly in HF, measurement of plasma concentrations 
heve been used to diagnose, assess severity and 
prognose the development of various cardiovascular 
diseases. Anaritide and nesiritide are being used, last 
years, in the management of acute heart failure. Despite 
significant advances in our knowledge in the field of NPs, 
much work remains to be done in refining current 
treatment strategies, in minimizing side effects, and in 
identifying opportunities in drug discovery. 
 
 
LEARNING POINTS 
 
1. Natriuretic peptides (mainly,  atrial  natriuretic  peptide- 

 
 
 
 
ANP, B type natriuretic peptide-BNP and C type 
natriuretic peptide-CNP) are protean compounds with 
currently significant diagnostic applications (BNP) and 
probably noteworthy future treatment options in 
congestive heart failure, cancer, etc. 
2. ANPs and BNP peptides bind to Natriuretic Peptide 
Receptor A (NPR-A) and CNP to NPR-B, in order to exert 
their biological effects. All NPs bind to a third receptor, 
NPR-C, which acts to clear them from the circulation. 
3. Activation of NPR-A mediates natriuresis and inhibition 
of rennin-aldosterone system, as well as vasorelaxant, 
antifibrotic, anti-hypertrophic and anti-inflammatory 
effects. NPR-B activation is mainly responsible for long 
bone growth. 
4. Among NPs, only BNP is easily measured in plasma, 
serum or blood. A plasma BNP cutoff value less than 100 
pg/ml is a widely cited threshold with high diagnostic 
accuracy for distinguishing acute heart failure from other 
causes of shortness of breath. BNP levels below 100 
pg/ml indicate that heart failure is unlikely; levels in the 
range of 100–500 pg/ml suggest an intermediate 
probability of heart failure (grey zone) while values 
exceeding 500 pg/ml are consistent with a high likelihood 
of heart failure. 
5. BNP elevation in patients with sepsis and preserved 
systolic left ventricular function can be considerably high, 
exceeding 500 pg/ml, reaching the levels of acute heart 
failure. 
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